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1 Introduction
Ross Valley Sanitary District (RVSD) wishes to update their Infrastructure Asset Management
Plan (IAMP), develop an inflow and infiltration (I&I) reduction plan, and meet the requirements of
Cease and Desist Order No. R2-2013-0020 (CDO dated May 13, 2013 issued by the San
Francisco Regional Water Quality Control Board) and new National Pollutant Discharge
Elimination System (NPDES) requirements. This project, which is intended to help meet those
goals, comprises multiple complex components. One of the main goals is reducing SSO risk,
and part of achieving that goal is ensuring the force mains throughout the system are
functioning properly. The District maintains 8.4 miles of force mains ranging from 4 to 54 inches
in diameter and from 35 ft to 6400 ft in length.
HDR and RVSD developed a force main risk model to aid with the prioritization of inspection
activities. The Force Main Condition Assessment Plan from May 2020 documented the steps
and data used to create the force main risk model. Using that model, HDR and RVSD chose the
appropriate condition assessment technologies for the top-priority force mains and coordinated
with condition assessment vendors to provide budgetary pricing to further narrow down the
force mains to assess. An inspection plan was developed to maximize the best value of the
available inspection budget. Details of the inspection plan can be found in the report titled
Force Main Condition Assessment Plan, dated May 7, 2020.
The initial inspection was conducted on FM-33, with Pipeline Inspection and Condition
Assessment Corp. (PICA)’s Recon+ tool. This force main is of high concern for RVSD, and Pure
Technologies’ SmartBall tool was not recommended for its inspection because FM-33 is 6-inch
diameter with multiple material transitions and an alignment that crosses under Corte Madera
Creek. This inspection served as a trial run for Recon+ to show the type of information it can
provide for its relatively low price.
FM-14 and FM-13 were also inspected by the Recon+ tool following the FM-33 inspection.
Because FM-1 is downstream of FM-13 and the total length was not over 5 miles, PICA was
able to provide inspection data on FM-1 as well. A map of the inspected force mains is shown in
Figure 1.
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Figure 1: RVSD Inspected Force Mains
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The field reports documenting the activities performed during the inspections are included in
Appendix A. The Findings Reports from PICA, summarizing the findings of the inspection
following PICA’s data analysis, are provided in Appendix B. This report summarizes the results
from the inspections and makes recommendations for next steps and future inspections.

2 Results
PICA’s Findings Report describes the 4 parameters surveyed by the Recon+. Those include
pressure, leak detection (acoustic), air pockets, and the magnetic analysis.
The following is a summary of these surveys.

FM-33
Force main FM-33 is a 6-inch diameter, 1,630-foot long pipeline comprising PVC and welded
steel pipe, with rubber hose sections at each end of a crossing of Corte Madera Creek. The
alignment runs from PS-33 off Riviera Circle in Larkspur, CA, crosses Corte Madera Creek
(Figure 1), and discharges to manhole located behind the Bon Air shopping center in
Greenbrae.
Inspection with PICA Recon+ involves inserting the device, a 2.2-inch diameter ball, into the
flow at the upstream end of the force main to be inspected and retrieving it at the downstream
end. This is then repeated with a second device. The insertion and retrieval can be performed
by agency staff, as was done with these inspections. The devices are then returned to PICA,
where the data is downloaded from the devices and analyzed, and the findings report is
prepared.
The FM-33 inspection was conducted on September 10, 2020. The devices were inserted
through a check valve at PS-33 and were retrieved at the force main discharge manhole behind
the Bon Air shopping center. The detailed inspection results are provided in the FM-33 Findings
Report in Appendix B. Summary inspection findings are as follows:
•

•
•

1

Pressure: There is an unexplained pressure decrease at 180-218 ft1 and an increase at
425-446 ft. The pressure increase may be caused by a minor kink or bend that has
formed in the rubber hose section. The pressure drop was attributed by PICA to a high
spot in the pipeline that does not appear in the drawings, but the drop could also be an
increase in velocity in this section.
Leak Detection: The acoustic data measured by the Recon+ show no evidence of leaks
in the pipeline.
Gas Pockets: There were many locations in the pipeline where air or gas pockets were
detected, however it is not known if this was because the line had entrained air, or
stationary gas pockets. Locations where there may be stationary gas pockets were
identified at 125-145 ft; 185-230 ft; 257-352 ft; 374-388 ft; 473-497 ft; 509-550 ft; 556577 ft; 662-680 ft; 830-844 ft; 947-960 ft; and 1,419-1,473 ft.

All distances are reported from the point of tool launch.

hdrinc.com

2365 Iron Point Road, Suite 300, Folsom, CA 95630
3

•

Magnetic Analysis: The magnetic data indicate the river crossing was most likely built
with steel and rubber hose in the configuration labelled “Alternate B” from the
construction diagram (partially reproduced in Appendix B). Most of the line appears to be
made of non-metallic material, except for 0-14 ft, 137-176 ft, 229-431 ft, and 481-547 ft.
There are also metallic components or fittings identified in this pipeline at 556 ft; 954 ft;
971 ft; 1,021 ft; 1,126 ft; and 1,466 ft.

The pressure anomaly, magnetic data, and points of possible air pockets are labelled on the asbuilt drawing in Figure 2.
Given concern about this pipeline’s age, the multiple construction materials, and the creek
crossing, it is beneficial to RVSD operations to know that no leaks were detected. The pressure
anomalies identified surround the rubber hose sections, indicating that there may be some kink
or unidentified bend in those areas where the material transitions.
The gas pockets detected through the creek crossing are interesting given there is a working
ARV on the north side of the creek. Inadvertent gas pockets are often found where the pipe has
very little slope, like in the middle of the creek crossing, and at transitions between materials
where inflection points may exist. It is possible, as the PICA report suggested, that these are
entrained air events that were introduced during insertion of the tool. Migratory air events are
common and can be formed at the pump station, or at the tail of a larger gas pocket. Migratory
air events are not a large cause for concern in force mains with no history of hydraulic issues
and with working air release valves. Static trapped gas is more of a concern because of the
possibility of hydrogen sulfide buildup leading to corrosion (in metallic and concrete pipe
sections) and a possible loss of hydraulic capacity.
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Figure 2: Inspection results for FM-33 at creek crossing
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FM-14
Force main FM-14 is an 18-inch diameter, 4,427-foot long pipeline composed of 1,096 feet of
welded steel pipe, 3,225 feet of HDPE, and 106 feet of ductile iron pipe. The alignment runs
north from PS-14 outside Hall Middle School on Doherty Drive in Larkspur, CA, crosses Corte
Madera Creek, to connect to FM-2 to discharge at the CMSA WWPT. FM-2 can be bypassed
(which is the route that the inspection took) through a bypass pipeline to discharge at PS-13 in
the Bon Air Greenbrae Shopping Mall on Sir Francis Drake Blvd in Greenbrae, CA.
The FM-14 inspection was conducted on March 11, 2021. The devices were inserted through a
check valve at PS-14 and were retrieved at PS-13 behind the Bon Air shopping center. The
detailed inspection results are provided in the FM-14 Findings Report in Appendix B. Summary
inspection findings are as follows:
•

•
•
•

Pressure: Strong pressure fluctuations were identified at the start of the survey caused
by operational changes to the inlet flow and pressure. Pressure variations caused by
changes in pipeline elevation were identified and listed.
Leak Detection: The acoustic data measured by the Recon+ show no evidence of leaks
in the pipeline.
Gas Pockets: Significant turbulence was measured in the first 770 ft and the last 35 ft. In
addition, three locations with acoustic anomalies were identified.
Magnetic Analysis: Based on the magnetic flux, it was determined that the sections from
0 ft to 106 ft and 3,331 ft to 4,427 ft are metallic and the remaining pipeline is nonmetallic. Several pipeline features and localized anomalies were identified and
discussed.

The acoustic anomalies and pipe material transition location from the magnetic data are labelled
on the as-built drawing in Figure 3.
The strong pressure variations at the start of the survey were caused by operational changes
during the survey and do not reflect issues in the pipe. There is a significant difference between
the pressure changes when the pipeline is descending versus ascending the creek crossing (6.3
psi increase while descending versus 16 psi decrease while ascending). While the 16 psi
decrease is consistent with the 30 feet of elevation change in the pipe profile, the 6.3 psi
increase could be partially because of the pipeline being partially filled with air in this region.
There are three acoustic anomalies upstream of the creek crossing where the pipe material is
HDPE. PICA suggests that the location of the anomalies means the pipe was not filled with
water, but they could also indicate gas pockets.
The magnetic readings do not suggest any issues with the FM-14 pipeline. The magnetic flux
provides information that contributes to the pipeline as-builts to include length of metallic
sections, locations of joints and bends, and previously unknown locations of additional metal
spools or repairs. The bypass pipeline section has magnetic anomalies along the steel section
that show joints, possible repairs, and an anomaly at 3,895 feet from which PICA is unable to
draw a conclusion.
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Figure 3: Inspection results for FM-14 at creek crossing
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FM-13
Force main FM-13 is a 30-inch diameter, 3,860-foot long pipeline composed of reinforced
concrete cylinder pipe (RCCP). The alignment runs from PS-13 in the Bon Air Greenbrae
Shopping Mall in Greenbrae, CA. The pipe runs along Sir Francis Drake Blvd. before connecting
to FM-1 under Highway 101.
The FM-13 inspection was conducted on April 14, 2021. The devices were inserted through a
check valve at PS-13, traveled through and collected data for FM-13 and FM-1, and were
retrieved at the headworks of the CMSA Wastewater Treatment Plant. The detailed inspection
results are provided in the FM-13 and FM-1 Findings Report in Appendix B. Summary
inspection findings are as follows:
•
•
•
•

Pressure: The pressure is consistent between the two survey runs. Two pressure
changes are highlighted and discussed.
Leak Detection: The acoustic data measured by the Recon+ show no evidence of leaks
in the pipeline.
Gas Pockets: No acoustic anomalies were found in FM-13.
Magnetic Analysis: Several changes in the structure of the magnetic flux are discussed
in the PICA report. In addition, a flow meter and two other magnetic features are
highlighted and discussed.

No figure is provided for FM-13 because no acoustic anomalies or unexpected pressure
changes were detected. Pressure changes are only associated with known elevation changes.
Magnetic readings recognized changes in pipe diameter, pipe material, and a flow meter.

FM-1
Force main FM-1 is a 54-inch diameter, 6,214-foot long pipeline comprised of reinforced
concrete cylinder pipe (RCCP). The alignment runs from the connection to FM-13 and FM-2
under Highway 101 in Larkspur, CA. The pipe runs along Sir Francis Drake Blvd. before turning
northeast to tunnel to the Central Marin Sanitation Agency (CMSA) wastewater treatment plant
in San Rafael, CA where it discharges into the headworks.
Inspection of FM-1 occurred with FM-13 and is described above. Summary findings are as
follows:
•
•
•
•

Pressure: The pressure is consistent between the surveys. Two elevation changes are
highlighted and discussed.
Leak Detection: The acoustic data measured by the Recon+ show no evidence of leaks
in the pipeline.
Gas Pockets: All acoustic anomalies are found in the last 2,613 feet of the pipeline which
is around the area where the pipeline goes through a tunnel.
Magnetic Analysis: Several changes in the structure of the magnetic flux are discussed
in the PICA report.
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Pressure changes are only associated with known elevation changes.
The acoustic anomalies were registered in the tunnel and show the signs of air pockets or other
acoustic sources nearby. The pipe elevation in the tunnel rises at a 0.21 % slope to the
discharge. There are no local high points identified in the record drawings.
Magnetic readings recognized changes in pipe diameter and pipe material.
FM-1 had been previously inspected using Pure Technologies’ SmartBall device (December
2016). While the Pure and PICA devices have similar technologies and capabilities, they are
not identical, and the analysis and reports are different. Nevertheless, the findings of the two
inspections of FM-1 appear to be reasonably consistent, indicating that, in this case, the
Recon+ device appeared to provide information on pipeline conditions similar to that provided
by SmartBall.

3 Recommendations
The force mains inspected with Recon+ did not appear to be leaking, and showed no signs of
needing immediate repairs. There are, however, some issues that may warrant further
investigation.
The prime concern with metallic force mains is internal corrosion at the high points and near the
discharges. Spot assessments at these high points can be performed using methods such as
Ultrasonic thickness testing (UT). The pipe can be excavated at known and detected high points
to test for reductions in wall thickness. Migratory air can be managed with ARV inspections to
ensure they’re operational and monitoring the hydraulic performance at the pump stations. Time
should be invested upstream and downstream of the creek crossings of FM-33 where air could
accumulate to ensure the ARV’s are operational. Groundwater and permitting will likely be
issues for excavations near creek crossings.
The FM-14 bypass line warrants additional investigation into the current pipe material and
unknown anomalies listed in the PICA report. Because no air pockets were found in this section
of the pipeline, defects affecting the integrity of the pipeline are of less concern than
understanding the material of construction or location of previous repair. The anomaly that PICA
could not identify is at 3,895 feet from the start of the inspection (about 560 feet into the bypass
line). This area may be difficult to access in the overgrown drainage channel.

4 Future Assessments
In addition to the recommendations for the pipelines inspected as part of this project, it is
recommended that RVSD develop a long-term force main condition assessment program. The
program should consist of the following components:
•
•

Prioritization of force mains for inspection,
Implementing a Condition Assessment Schedule for regular force main inspections,
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•
•

Follow-up, detailed inspections where screening inspections identify potential risks,
Capital improvements to address deteriorating pipelines or critical defect locations
identified by condition assessment.

Additionally, it would be prudent for RVSD staff or District consultant(s) to follow developments
in pipeline condition assessment technologies. This can be done through periodic
conversations with condition assessment vendors, attendance at trade conferences with
pipeline condition assessment and rehabilitation content, and reviewing published literature
pertaining to pipeline condition assessment. The pipeline condition assessment field is
changing rapidly, and new technologies and techniques are regularly brought to market. Some
of these future condition assessment improvements could prove worthy for inclusion in RVSD’s
condition assessment suite of tools.
Based on the results of this force main condition assessment effort, PICA’s Recon+ tool
appears to be a low-cost, effective screening tool for force main pipelines.

Prioritization
Priority for future inspections should follow the risk assessment and force main prioritization set
up in the Force Main Condition Assessment Plan. The force main prioritization ranking is shown
in Table 1. In the future, as operational data continues to evolve, the ranking should be updated.
For instance, if FM-12 begins to repeatedly leak, or the pump station overflows, then it should
be considered higher priority than where it is currently ranked.
Table 1: Force Main Segment Scoring Summary

Rank
1
2
3
4
5
6
7
8
9
10
11
12
13

Force
Main
FM-14
FM-33
FM-13-30
FM-1
FM-13-24
FM-11
FM-2
FM-10
FM-24
FM-25-10
FM-15-30
FM-15-42
FM-12

Diameter
(in)
20
6
30
54
24
18
42
12
10
10
30
42
8

Length
(ft)
3,300
1,630
3,800
6,214
60
3,500
4,267
200
40
123
6,440
2,137
35

COF

LOF

7.2
6.0
6.4
7.2
6.5
6.4
5.8
5.2
4.0
4.0
5.4
6.4
3.3

6.5
7.9
7.2
6.1
6.0
5.3
5.3
5.8
6.2
6.1
3.9
2.9
5.0

Total
Score
47
47
46
44
39
34
31
30
24
24
21
19
16

Category

Higher

Moderate

Lower

Condition Assessment Schedule
Based on the results of the PICA Recon+ screening tool from the first four inspections, regular
screening inspections of the force mains are recommended. The screening inspection
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technology could continue to be Recon+ or a SmartBall, Hydromax, or Aquam tool would also
be sufficient.
The following inspection schedule is recommended for RVSD force mains:
•
•
•

Higher risk group, total 4 force mains: Screening inspection every 10 years.
Moderate risk group, total 7 force mains: Screening inspection every 15 years.
Lower risk group, total 2 force mains: Screening inspection every 25 years.

If there is evidence of a stationary air pocket in a metallic pipeline the pipeline could be
excavated for further inspection. The excavation could be large enough for manned entry where
assessments could include visual inspection or UT (will need to remove and replace the mortar
coating) and other assessment tools like the Rock Solid Broadband Electro-Magnetics (BEM) or
PICA’s Bracelet Probe. Smaller excavations like potholing could use pole-mounted tools from
either Rock Solid or PICA as well.
A benefit of a regular schedule of screening inspections is that data from multiple selections can
be compared to monitor changes in the inspected pipelines. For example, if a new station air
pocket were to appear in a location where there had been none previously, that could indicate
settlement creating a new local high point. Similarly, if stationary air pockets air pockets are
identified in the same location by multiple inspections, the District should consider adding a ARV
to release air in that location.
Higher resolution inspections, such as PICA See Snake tool, Pure Technologies’ Pipe Diver, or
similar inspection technology should be scheduled if any of the following occurs:
•
•
•

Evidence of multiple stationary air pockets in a metallic pipeline.
Multiple screening inspections using magnetic flux show possible wall loss in metallic
piping.
A shutdown or bypass is planned for the larger force mains (FM-1, FM-2, FM-15, FM13).

Higher resolution inspections should be budgeted for one every 5 years. For budgeting
purposes, the estimated costs for a mile inspection of the four relevant inspection technologies
are shown in Table 2. These costs do not include excavation or access improvements.
Table 2: Summary of Estimated Budget Cost for 1 miles of Inspection

Company
Pure
PICA
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Tool
SmartBall
PipeDiver
Recon +
SeeSnake

Estimated Cost
(1 mile inspection)
$50,000
$173,000
$12,000
$255,500
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Areas of Concern
From the screening inspections to date, the data from the magnetic flux readings have proven
capable of identifying changes in pipe diameter, material, and locations of metallic bends and
joints.
Pipe joints are difficult to inspect. For instance, even with the high-resolution of the SeeSnake,
the data at a pipe joint cannot provide conclusive evidence of issues. The PICA data cannot
distinguish between pipe wall loss in the joint bell, joint spigot, or distributed between the two,
nor can it determine if the wall loss is inside the gasket and subjected to internal pressure, or
outside the gasket, where it would be less of a concern. Given that pipe joints often tend to be
where leaks and breaks occur, knowing their location and knowing if air pockets are developing
in those locations can be critical to know whether to preemptively replace that section of pipe.
Locations along the force mains where there are changes in diameter or dissimilar materials are
also of concern. These locations have a higher chance of leaks because there is a higher
possibility of deficiencies in design or construction. At locations where dissimilar metals meet,
they should be isolated from each other. If those metals are not isolated there is an increased
likelihood of corrosion causing a leak.

Force Main Remaining Life
Determining remaining life of a force main is difficult, even with data from high resolution
inspections. Particularly for metallic pipelines, rates of corrosion and likelihood of leaks are
affected by location, soil corrosivity, flow, pressure, and wall thickness. Without data on
condition of the pipe walls, remaining life cannot be estimated. With a PICA SeeSnake
inspection, the data will provide locations of corrosion pits and remaining wall percentage. With
that data we can estimate the remaining time until that pit can no longer accommodate the
internal pressure of the pipeline.
To illustrate how future deterioration may be predicted from existing corrosion pit sizes Rajani et
al. (2011) developed curves for soils with corrosion rates classified as very low (VL), low (L),
high (H) and very high (VH) (Ellison et al., 2015). Figure 4 provides corrosion curves for each of
the five soil classifications presented above.
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Figure 4: Corrosion curves for 5 soil types. (Source: Rajani et al. 2011)

The method helped to classify locations along the pipeline where corrosion was likely to cause
leaks within 20 years, 10 years, or 5 years to make decisions for critical repairs and
replacement projects.
It must be noted that regardless of what corrosion rate curve is selected for modeling, the rate of
deterioration at any individual corrosion defect is dependent on many factors and prediction is
inexact at best. Rather than predicting the expected timing of a specific defect reaching the
stage where a leak will occur, this analysis should be thought of as helping to understand the
probability of a defect becoming problematic within a certain time period.
With the current available data, remaining life of the RVSD force mains cannot be estimated.
With regular screenings interspersed with high-resolution inspections and continued monitoring
of operations, the condition of the pipeline will become clearer and decisions on repair and
replacement projects can be made more easily.

hdrinc.com

2365 Iron Point Road, Suite 300, Folsom, CA 95630
13

Appendix A – Field Reports
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Recon+ Deployment information
Before launching the Recon+ device(s), please read and be prepared to record the following information (green input cells)
(See Operations Manual to learn how to turn on the Recon+ Devices)
Device #
0537

Launch time
10:12 am 1

0536

12:41 pm 3

Launch Location GPS coordinates 2

Flow rate/minute** Max Pressure* Photos Receive time

Receive Location GPS Coordinates

Photos

37.942473, -122.526294

280 gpm

12 psi

Yes

10:21 AM

N 37.944781, E -122.522726

Yes

37.942473, -122.526294

280 gpm

12 psi

Yes

12:56 pm 4

N 37.944781, E -122.522726

Yes

Notes:
* Pressure should not exceed 580 psig
**Flow rate should be in the range of 0.1 and 2.0 m/second
Run time should not exceed battery life of 24 hours
Recon+ internal LED light must be blinking about 1 time every 5 seconds to be operating normally
Pipe Details:
Launch location, pipe type:
Intermediate location pipe type
Intermediate location pipe type
Intermediate location pipe type
Intermediate location pipe type
Receive Location pipe type

6" WSP
6" Submersible Sewage Hose
6" WSP
6" Submersible Sewage Hose
6" WSP

From GPS
37.942473, -122.526294
Unknown
Unknown
Unknown
Unknown

Date of run:

9/10/2020

Completed by:

Run Name:

FM-33

Client name:

To GPS
Unknown
Unknown
Unknown
Unknown
37.944781, -122.522726 (receive location)
37.944781, -122.522726

Notes
Believed to be approx 50 lf
Believed to be approx 200 lf
Believed to be approx 50 lf

K. Calderwood, HDR (notes). Run performed by N. Sandoval, RVSD and RVSD
staff
Ross Valley Sanitary District

After the run(s) are completed, please return the Recon+ device(s) to PICA Corp., 4909 75 Avenue, Edmonton, Alberta, T6B 2S3, Canada, by overnight courier
Depending on run length, the data analysis (by INGU Solutions) can be 7-21 days after receipt in Canada. Questions: 1 (800) 661-0127, ask for Dave or Ad.
Notes:
1

Device 0537 placed into check valve at 10:08 am. Pump #2 started at 10:12 am. Pump #1 started immediately thereafter and run for 3-5 seconds to ensure device moved
downstream. Pump #2 run alone for remainder of device run.

2

Coordinates from Google Maps

3

Device 0536 placed into check valve at 12:20 pm. Pump #2 started at 12:41 pm. Pump #1 started immediately thereafter and run for 3-5 seconds to ensure device moved
downstream. Pump #2 run alone for remainder of device run.

4

Pump shut off at 12:56 pm. Device found to be at discharge manhole, but arrival time not noted as device was hidden from view by flow. Device travel duration unknown, but
assumed to be similar to that of Device 0537 (approx 9 minutes).

Appendix B – PICA Findings Reports
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Findings Report
Recon+ Prescreening Survey
Client:

HDR
Attn: Kevin Calderwood
2365 Iron Point Rd.
Folsom, CA 95630

Date: October 5, 2020
Reference: 20034C1045R1

Confidential Prescreening Survey Report

PICA Corp.

PICA Corp.
Recon+ Prescreening Report

CLIENT:
HDR
2365 Iron Point Rd.
Folsom, CA 95630

SERVICE PROVIDER:
PICA Corp.:
4909 75 Avenue.,
Edmonton, AB
T6B 2S3
Canada
DATA ANALYSIS PROVIDER:
INGU Solutions Inc. (INGU)
Suite #175, 601 – 10th Avenue SW
Calgary AB T2R 0B2
Canada

Contact person:
Kevin Calderwood Kevin.Calderwood@hdrinc.com
Tom Hoffman Thomas.Hoffman@hdrinc.com

Kris Embry, kembry@picacorp.com
+1 (412) 999-4783

Anouk Van Pol/Zachary Shand
+1 403 613-3930
Anouk@ingu.com

Disclaimer:
© 2020, INGU Solutions Inc. All rights reserved.

This survey report is EXPRESSLY SUBJECT to the terms and conditions of the BELOW STATED DISCLAIMER.
The data resulting from the screening survey, upon which this report is based, were produced pursuant to a “RECON+® Service
Agreement” or other written agreement with the party to whom this report is being delivered. Nothing in this report is intended, nor
shall it be deemed, to alter the terms of any such RECON+® Service Agreement between the parties. The party receiving this report
acknowledges that the information contained herein is the result of a RECON+® screening survey, and in the course of analyzing the
RECON+® data and producing this report, INGU data scientists have provided the pipeline operator with interpretations based on
their experience and judgment, but always within the limits of the RECON+® technology employed, and the operating conditions
encountered. SINCE ALL INTERPRETATIONS ARE OPINIONS BASED ON INFERENCES FROM ELECTRICAL, MAGNETIC AND OTHER FORMS
OF INDIRECT MEASUREMENT, THE ACCURACY OR COMPLETENESS OF ANY INTERPRETATION CANNOT BE AND IS NOT GUARANTEED.
Interpretation of the survey data and production of this report is further based upon customer input. The work product represented
herein is a good faith opinion by INGU personnel.
Due to the intrinsic limitations of the RECON+® screening technology and methods employed, all results contained herein are intended
to be used solely as a means for the pipeline operator to 1) decide on conducting a high resolution ILI inspection or 2) prioritize the
excavation and direct physical assessment of pipeline features in order to ascertain actual pipeline conditions. INGU SCREENING DATA
IS NOT INTENDED AS A BASIS FOR ALTERING OR ESTABLISHING OPERATING PARAMETERS OF A PIPELINE, NOR IS THIS REPORT, OR
THE SURVEY DATA UPON WHICH IT IS BASED, TO BE CONSTRUED AS ANY WARRANTY OR GUARANTEE, EXPRESSED OR IMPLIED, OF
PIPELINE QUALITY CLASSIFICATION, CONDITION, SAFETY, MERCHANTABILITY, OR FITNESS FOR A SPECIFIC PURPOSE. At no time shall
the screening data or this report be used as a reason to ignore, violate, or alter any law, regulation, published industry standard or
safe operating practice regarding any pipeline. In no event shall INGU or its affiliates be liable for any special, incidental, indirect, or
consequential damages whatsoever including, without limitation, damage to any reservoir, pipeline or facility, pipeline failure,
blowout, explosion, surface or subsurface pollution, damages for loss of business profits, business interruption, loss of business
information, or any other pecuniary loss arising out of the use of, or inability to use, the data provided herein.

Date:
Reference:

October 5, 2020
20034C1045R1
20079R0C1045

Confidential

Summary
Screening date:

September 10, 2020

Report date:

October 5, 2020

Line(s) screened: 6inch – FM-33 Ross Valley Sanitation District Force Main
Service:

Leak Detection, Gas Pocket, Magnetic Signature and Pressure/Elevation Survey

Results
- Pressure Survey: There is an unexplained pressure increase at 425-446 ft. This may be caused by
a minor downward kink or bend that has formed in the rubber hose section.
- Leak Detection: The acoustic data measured by the Recon+® shows no evidence of leaks in the
pipeline.
- Air Pocket Survey: There were many locations in the pipeline where air was heard, however it is
not known if this was because the line was not completely filled for either of the runs, or if it is
because of stationary air pockets. Locations where there may be stationary air pockets were
identified at 125-145 ft; 185-230 ft; 257-352 ft; 374-388 ft; 473-497 ft; 509-550 ft; 556-577 ft;
662-680 ft; 830-844 ft; 947-960 ft; and 1,419-1,473 ft.
- Magnetic Analysis: The magnetic data indicates the river crossing was most likely built with steel
and rubber hose in the configuration labelled Alternate B from the construction diagram
(partially reproduced in Appendix II). The majority of the line appears to be made of nonmetallic material, with the exception of 0-14 ft, 137-176 ft, 229-431 ft, and 481-547 ft. There are
also metallic components or fittings identified in this pipeline at 556 ft; 954 ft; 971 ft; 1,021 ft;
1,126 ft; and 1,466 ft.

Run date:
Report date:

June 18, 2020
July 17, 2020

Confidential
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PICA Corp.
Leak Detection Survey
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Recon+® Operations
INGU conducted a Recon+® screening survey of the ft 6 inch FM-33 pipeline on September 10, 2020
using INGU’s Recon+® screening tool deployed free-floating.

Screening Purpose
PICA requested to screen the FM-33 pipeline for the following services: Leak Detection Survey, Air
Pocket Detection & Locations, Magnetic Features, Pressure Survey.

Operational Summary
The Recon+® screening survey operational summary is listed in Table 1.
Operations:
Project Name
Conducted for
Instrumentation and Analysis
Recon+® Survey:
Tool used
Launch Site
Receive Site
Survey Date
Survey Length
Survey Duration
Pipeline:
Line Identification
Length
Screening fluid
Operating pressure
Operating temperature
Nominal pipe size
Material
Age
Project Management:
PICA CORP.
INGU Solutions Inc.

PICA - Ross Valley District
PICA CORP.
INGU Solutions Inc.
INGU Recon+® (free-floating)
37.942473, -122.526294
7.944781, -122.522726
September 10, 2020
1,505 ft
5:54 and 6:11 (mm:ss)
FM-33
1,546 ft
Wastewater
7-11 psi
Ambient
6 inch
PVC, Rubber hose, Steel (CML)
55-65 years
Kris Embry/Katrina Lingnau
Anouk van Pol

Table 1: Operational Summary
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Recon+® tool
INGU’s Recon+® technology provides utilities with immediate and affordable access to pipeline assets
even in the most challenging conditions.
This revolutionary technology uses miniaturized in-line sensors to detect leaks, magnetic features,
geometric defects and deposits that threaten pipeline performance and safety with zero-downtime.
Recon+® are developed as an in-line inspection tool particularly suitable for small diameter (< 8 inch)
pipelines.
The Recon+® can be deployed in two ways, free-floating and in combination with a cleaning pig. The
current measurement capabilities for both applications are listed below.
SERVICE
PRESSURE SURVEY
DEPOSIT SURVEY
LEAK DETECTION
SURVEY
GEOMETRIC SURVEY
MAGNETIC SCREENING

DEPLOYMENT METHOD
Free-floating Recon+®
Free-floating Recon+® or Cleaning Pig Recon+®
Free-floating Recon+®
Cleaning Pig Recon+®
Free-floating Recon+® or Cleaning Pig Recon+®

Reference Features
Reference features are well-documented features on the pipe (valve, flange, etc.) either visible from the
surface or known from previous inspections. Collectively, reference features serve to relate the position
of pipeline features detected during the Recon+® screening survey to known pipeline positions.

Tool Velocity
A constant sampling rate of 400 Hz is maintained over the course of the Recon+® screening survey. This
leads to a sampling interval down to 0.5 cm for a maximum tool velocity of 2 m/s. Above those speeds,
data resolution will be diminished and will affect feature detection and sizing capabilities. Data may
additionally be affected by sensor bounce, inconsistent velocity, and changes in distance between the
sensor and the inner pipe wall.
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Pressure
While moving through a pipeline, Recon+® continuously measure the pressure. This pressure is a
combination of flow dynamics (e.g. speed) and static components (pipeline roughness, inner diameter,
and elevation). In this pipeline, the pressure shows some variation between the runs which is linked to
launching the Recon+® and complex elevation structure as the pipeline passes underneath the river. The
provided documentation and deployment notes help provide explanations for many of the pressure
features observed in Figure 1.

Figure 1: Pressure (top) and elevation (bottom) vs. Distance. The area highlighted in yellow indicates the pressure fluctuations
due to the launch procedure, the area highlighted in blue is believed to be the “ghost” high point, the area highlighted in green
indicates an unusual pressure change.

Based on the data and the information about the pipeline, the following is observed about the
measured pressure in this pipeline:
• The pressure fluctuations from the beginning of the pipeline up until approximately 82 ft
(highlighted in yellow in Figure 1), are attributable to the launching procedure, where the
duration (or length) of the pressure variations is due to different timings of pump 1 being
started and stopped to launch the Recon+®.
• At 137 ft the river crossing section was connected to the existing 6-inch force main where the
observed pressure increase matches the expected riverbed elevation.
• The section between 180-218 ft where the pressure drops corresponds to the “ghost” high
point mentioned in the project and pipeline information. The pressure drops by 0.67 psi, which
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•

•

would correspond to an elevation increase of 1.55 ft. This section is highlighted in blue in Figure
1.
An unusual pressure increase was found in both runs between 425-446 ft and it is unknown
what caused this. The pressure increase for both runs was approximately 0.84 psi, which if this
was caused by an elevation change, indicates the elevation would have decreased by 1.9 ft
before continuing to rise out of the riverbed. This section is highlighted in green in Figure 1.
On the northern side of the river crossing and riverbank, there were unexpected pressure
fluctuations during the second run. These are not expected to indicate problems in the pipeline
and may be caused by the pumps being operated during the second run.

As an additional discussion of the pressure increase at 425-446 ft, there is no attributable change in the
elevation indicated on either the provided drawing of the river crossing, or on the Google Earth
elevation profile. The elevation profile is shown in Figure 1. One explanation for this pressure change
could be that because this is in a rubber hose section, over time a minor kink, bend, or high point has
formed.
As a comment on the elevation profile and the pressure, this elevation may not be entirely accurate
because it was made by combining the planned elevation from the river crossing drawings, with the
Google Earth elevation for the drawn path. Before and after the river crossing the Google Earth
elevation was used, but it was adjusted so that it lined up with the elevation of the start and end points
of the river crossing. Additionally, the elevation in the provided drawings do not include the “ghost” high
point or the other elevation deviation within the river crossing.
Finally, as a discussion of the distances, the location of the start of the river crossing was straightforward
to locate in the data because of the change in slope of pressure right where the pipeline transitions from
non-metallic to metallic material. For the end of the river crossing, however, the pressure and magnetic
signatures did not align as nicely, so the point where the pipeline transitioned to non-metallic material
was taken as the end point of the river crossing. This is the reason why the slope in pressure flattens out
before it is expected from the elevation profile (see Figure 1), possibly indicating further changes in the
elevation compared to the 1966 construction document.
Conclusion: There is an unexplained pressure increase at 425-446 ft. This may be caused by a minor
downward kink or bend that has formed in the rubber hose section.
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Leak Detection
Recon+® are equipped with an acoustic leak detection sensor. While moving through a pipeline,
Recon+® continuously record the relatively quiet flow noise, creating a baseline for the measured sound
intensity. When a pipeline is leaking, the jet of liquid passing through the crack or hole generates a
characteristic hissing or rushing sound that significantly deviates from the baseline noise in a localized
region around the leak. Conversely, if there is no change (or only long-term gradual change) in the
average sound intensity along the length of the pipe, no leaks were detected.
In this project the Recon+® were deployed free-floating, the audio recording contained noise of the
Recon+® colliding with and rubbing against the pipe wall. The audio signature of a leak is distinct from
other noise sources, so it can generally be identified and then isolated using digital audio filters. For
both runs, no audio signatures consistent with leaks were identified.
Conclusion: The audio recording of the Recon+® shows no evidence of leaks.

Air Pocket Survey
The acoustic sensor in the Recon+® pick up noise caused by air pockets, pumps, and other noise sources
from the line. Air pockets are usually louder than the background noise in the pipeline, although a loud
segment of audio does not necessarily mean that the pipeline has an air pocket at that location. Loud
segments of audio that could potentially be leaks or air pockets are screened in more detail to
determine their cause.
The audio amplitude as a function of distance for both runs are plotted in Figure 2. Segments where air
was heard are highlighted using the blue (run 1) and orange (run 2) boxes. The start and end of the river
crossing sections are denoted by the black dashed lines.
A few observations can be made when looking at the amplitude plots and listening to the audio:
• In both runs there are many sections where air is heard in the pipeline, which can indicate the
presence of stationary air pockets.
• There are many segments where air is heard in both runs, which are show in Figure 2 and also
tabulated in Appendix III. In the first run many of these segments are heard louder and over
longer distances than for the second run. Since there are so many of these segments this air
may be in the line because the line is not completely filled or from air introduced during the
launching procedure. In the project and pipeline information it was mentioned that the system
would be backed up prior to the runs and it is possible that this could contribute to the observed
large number of air pockets.
•
Locations which had similar sounding air pockets at the same locations were identified as the
most likely candidates for stationary air pocket locations. These occur from 125-145 ft; 185230 ft; 257-352 ft; 374-388 ft; 473-497 ft; 509-550 ft; 556-577 ft; 662-680 ft; 830-844 ft; 947-960
ft; and 1,419-1,473 ft.
• The majority of the air pockets or air sounds in the line occur underneath the river in the low
point of the line. Because of the high points at each side of the river crossing, this air could be
fully or partially trapped within this section of the line.
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Figure 2: Audio amplitude as a function of distance for run 1 (blue) and run 2 (orange). Locations where air was heard are
highlighted with blue and orange boxes for run 1 and run 2 respectively. The start and end of the river crossing section are
denoted by the black dashed lines.

Conclusion: There were many locations in the pipeline where air was heard, however it is not known if
this was because the line was not completely filled for either of the runs, or if it is because of stationary
air pockets. Locations where there may be stationary air pockets were identified at 125-145 ft; 185-230
ft; 257-352 ft; 374-388 ft; 473-497 ft; 509-550 ft; 556-577 ft; 662-680 ft; 830-844 ft; 947-960 ft; and
1,419-1,473 ft. Additional locations where air was heard are found in Appendix III.
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Magnetic Analysis
The Recon+® devices have a magnetic sensor which is used to identify and locate metallic1 features or
fittings within non-metallic pipelines. In non-metallic pipelines the Recon+® measure the constant and
uniform magnetic field of the Earth and areas with metallic fittings or sections of metallic pipe produce
measurable variations. The magnetic flux measured by the Recon+® in this pipeline is shown in Figure 3.
In this pipeline there are several short sections constructed of metallic pipe material, but most of the
pipeline appears to be non-metallic. In addition, localized magnetic signatures within the non-metallic
parts of the line can be identified to help locate metallic components or fittings.

Figure 3: The magnetic flux measured in the FM-33 wastewater pipeline. The magnetic flux is shown in blue. Areas highlighted in
orange are made of metallic material or have nearby metallic material. Areas that are highlighted in blue and purple are
expected to be made of cement lined and coated welded steel, and rubber hose, respectively.

Since the lengths and materials of different segments in the pipeline are unknown, the magnetic survey
was used to identify distinct sections within this pipeline. The distances for these sections within this
pipeline were calculated using the planned elevation of the canal and for the flat section after the canal,
the speed appears to be constant so a linear interpolation over this area was used to determine the
locations of the metallic components or fittings within the non-metallic section of the line.
1

Metallic objects which can be detected must have significant magnetic properties (usually ferromagnetic
materials). This includes iron, certain steels and other iron containing alloys, but would not be able to
detect metals like aluminum or brass.
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Based on the magnetic data, the following was observed:
• The field report indicated that at the launch location the pipeline is made of cement lined and
coated welded steel (indicated in the drawings as WS L/C). This matches the measured magnetic
flux from 0-14 ft (highlighted in orange).
• From 14-137 ft the magnetic flux indicates this section is made of non-metallic material, but
there is some small variation in the magnetic flux. This indicates there could be some near
metallic objects over this length, but the pipe section is not made of metallic pipe.
• The river crossing begins at 137 ft where there is a clear transition to metallic material
observable in the magnetic flux. When referencing the construction document, this is consistent
with the plans labelled as Alternate B which indicates both steel and rubber hose were used in
the river crossing. A copy of this note from the construction diagram is reproduced in Appendix
II and a comparison of the planned lengths and the lengths measured by the Recon+® are
tabulated in
Section
Material

Predicted Section
Start (ft)

Predicted
Section End (ft)

Predicted
Section Length
(ft)
39
53
202
50
66

Planned
Section Length
(ft)
55±
50
200
50
55±

WS L/C
137
176
Rubber Hose
176
229
WS L/C
229
431
Rubber Hose
431
481
WS L/C
481
547
• Table 2.
• The section that follows the river crossing also appears to be non-metallic and contains several
repeatable magnetic features at 556 ft; 954 ft; 971 ft; 1,021 ft; 1,126 ft; and 1,466 ft. These
sections are also highlighted in orange and are caused by metallic objects such as fittings or
other nearby metallic components (on or near the line).
• One additional location that appears to be metallic appears at 1,372 ft, but this only appeared
prominently in the first run, indicating it may not be a real signature for a metallic fitting. This is
highlighted with an orange dashed line.
The planned and predicted section lengths in the river crossing are compared and summarized in
Section
Predicted Section
Predicted
Predicted
Planned
Material
Start (ft)
Section End (ft) Section Length Section Length
(ft)
(ft)
WS L/C
137
176
39
55±
Rubber Hose
176
229
53
50
WS L/C
229
431
202
200
Rubber Hose
431
481
50
50
WS L/C
481
547
66
55±
Table 2. The construction document indicates that the existing force main was to be located in the field,
which could appears to have led to larger variation in the planned and actual lengths being constructed
at the start and end of the river.
Conclusion: The magnetic data indicates the river crossing was most likely built with steel and rubber
hose in the configuration labelled Alternate B from the construction diagram (partially reproduced in
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Appendix II). The majority of the line appears to be made of non-metallic material, with the exception of
0-14 ft, 137-176 ft, 229-431 ft, and 481-547 ft. There are also metallic components or fittings identified
in this pipeline at 556 ft; 954 ft; 971 ft; 1,021 ft; 1,126 ft; and 1,466 ft.
Section
Material
WS L/C
Rubber Hose
WS L/C
Rubber Hose
WS L/C

Predicted Section
Start (ft)

Predicted
Section End (ft)

137
176
229
431
481

176
229
431
481
547

Predicted
Section Length
(ft)
39
53
202
50
66

Planned
Section Length
(ft)
55±
50
200
50
55±

Table 2: Planned and predicted lengths of sections within the river crossing.
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System Qualification and Quality Control
Best Efforts
In the course of analyzing the data and producing this report, INGU Data Scientists have provided the
pipeline operator with interpretations based on their experience and judgment, but always within the
limits of the Recon+® screening technology employed, and operating conditions encountered. Since all
interpretations are opinions based on inferences from electrical, magnetic, and other indirect
measurements, the accuracy or completeness of any interpretation is not guaranteed.
All opinions, interpretations, and analysis provided in this report are provided to the pipeline operators
on a “best efforts” basis. It remains as the sole responsibility of the pipeline operator to use the
information contained in this report to draw their own conclusions.

Quality Control
INGU is ISO 9001:2015 compliant. The certificate (#CAN2260) of compliance has been issued on October
24, 2019 by QAS International.
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Appendix I: Line Diagram Drawn in Google Earth
Pipeline path drawn on Google Earth based on the provided KMZ file, wastewater system diagram, and
river crossing construction diagram provided by PICA.

Figure 4: Estimated path of FM-33 drawn on Google Earth.
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Appendix II: River Crossing Design Alternatives
Alternative construction options for the river crossing section of the FM-33 pipeline. These show the
different configurations of materials that were considered during planning/construction. Based on the
data it appears alternate B was used. This image is from a copy of a scanned document titled: “PS-33
Creek Crossing.pdf”
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Appendix III: Full List of Air Pocket Locations
Below is a tabulation of the locations where air pockets were heard along with their filtered audio
amplitude as plotted in Figure 2.
Table 3:Distances and filtered audio amplitude of air
pockets for run 1.

Start (ft)
116.784
128.055
184.918
257.099
374.394
473.649
509.737
558.45
646.206
662.919
830.067
850.963
888.563
947.063
963.789
1189.429
1260.464
1369.111
1419.263

Run date:
Report date:

End (ft)
124.293
144.306
230.02
351.83
387.918
496.19
550.089
575.158
650.372
679.628
834.237
855.128
896.915
955.416
972.133
1197.781
1272.991
1377.46
1469.395

June 18, 2020
July 17, 2020

Table 4: Distances and filtered audio amplitude of air
pockets for run 2.

Amplitude
(x103)
0.342
0.629
3.195
1.004
0.185
0.574
0.801
0.186
0.084
0.389
0.089
0.181
0.083
0.186
0.169
0.469
0.211
0.251
0.464

Start (ft)
103.926
125.615
219.498
258.885
381.417
477.695
521.457
556.02
668.582
810.333
835.345
952.08
985.433
1218.899
1343.971
1427.353
1435.69
1448.196

Confidential

End (ft)
111.148
145.091
223.865
307.019
385.789
482.066
534.581
576.859
676.919
818.666
843.678
960.413
993.767
1231.401
1348.136
1431.517
1439.855
1473.204

Amplitude
(x103)
0.653
0.384
0.45
0.168
0.149
0.116
0.661
0.172
0.093
0.518
0.076
0.164
0.693
0.105
0.072
0.333
0.177
0.283
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Agreement” or other written agreement with the party to whom this report is being delivered. Nothing in this report is intended,
nor shall it be deemed, to alter the terms of any such Pipers® Service Agreement between the parties. The party receiving this
report acknowledges that the information contained herein is the result of a Pipers® screening survey, and in the course of
analyzing the Pipers® data and producing this report, INGU data scientists have provided the pipeline operator with
interpretations based on their experience and judgment, but always within the limits of the Pipers® technology employed, and
the operating conditions encountered. SINCE ALL INTERPRETATIONS ARE OPINIONS BASED ON INFERENCES FROM ELECTRICAL,
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CANNOT BE AND IS NOT GUARANTEED. Interpretation of the survey data and production of this report is further based upon
customer input. The work product represented herein is a good faith opinion by INGU personnel.
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prioritize the excavation and direct physical assessment of pipeline features in order to ascertain actual pipeline conditions. INGU
SCREENING DATA IS NOT INTENDED AS A BASIS FOR ALTERING OR ESTABLISHING OPERATING PARAMETERS OF A PIPELINE, NOR
IS THIS REPORT, OR THE SURVEY DATA UPON WHICH IT IS BASED, TO BE CONSTRUED AS ANY WARRANTY OR GUARANTEE,
EXPRESSED OR IMPLIED, OF PIPELINE QUALITY CLASSIFICATION, CONDITION, SAFETY, MERCHANTABILITY, OR FITNESS FOR A
SPECIFIC PURPOSE. At no time shall the screening data or this report be used as a reason to ignore, violate, or alter any law,
regulation, published industry standard or safe operating practice regarding any pipeline. In no event shall INGU or its affiliates
be liable for any special, incidental, indirect, or consequential damages whatsoever including, without limitation, damage to any
reservoir, pipeline or facility, pipeline failure, blowout, explosion, surface or subsurface pollution, damages for loss of business
profits, business interruption, loss of business information, or any other pecuniary loss arising out of the use of, or inability to
use, the data provided herein.
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Summary
Survey date:

March 11, 2021

Report date:

April 26, 2021

Line(s) surveyed: FM-14 (37.9384352, -122.5320072 to 37.9469144, -122.5265972)
Service:

Magnetic survey, deposit survey, pressure survey, leak detection survey, and air
pocket survey

Results
-

-

Survey date:
Report date:

Pressure and Deposit Survey: Strong pressure fluctuations were identified at the start of the
Pipers® survey caused by operational changes to the inlet flow and pressure. Pressure variations
caused by changes in the pipeline elevation were identified and listed.
Leak Detection: No leaks were detected within the sensitivity of the Pipers®.
Air Pocket Survey: Significant turbulence were measured in the first 770 ft and the last 35 ft. In
addition, three locations with acoustic anomalies were identified.
Magnetic Analysis: Based on the magnetic flux, it was determined that the sections from 0 ft to
106 ft and 3,331 ft to 4,427 ft are metallic and the remaining pipeline is non-metallic. Several
pipeline features and localized anomalies were identified and discussed.

March 11, 2021
April 26, 2021
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Pipers® Operations
A Pipers® survey of the 3,300 ft Ross Valley District 3 Force Main FM-14 pipeline was conducted on
March 11, 2021 using INGU’s Pipers® tool deployed free-floating.

Survey Purpose
HDR requested a condition assessment of the Ross Valley District 3 Force Main FM-14 pipeline.

Operational Summary
The Pipers® survey operational summary is listed in Table 1.
Table 1. Operational Summary
Operations:
Project Name
Conducted for
Instrumentation and Analysis
Pipers® Survey:
Tool used
Launch Site
Receive Site
Survey Date
Survey Length
Survey Duration (mm:ss)

Pipeline:
Line identification
Survey fluid
Pipeline material
Pipeline length
Pipeline diameter
Wall Thickness
Regular operating fluid
Operating pressure
Operating temperature
Project Management:
PICA Corp.
Ingu Solutions Inc.

Ross Valley District 3 Force Mains
PICA Corp.
Ingu Solutions Inc.
INGU Pipers® (free-floating)
37.9384352, -122.5320072
37.9469144, -122.5265972
March 11, 2021
4,427 ft
Run #1: 44:56
Run #2: 46:24
Run #3: 48:25
FM-14
Wastewater
DIP
106 ft
18 inch
Unknown
Wastewater
9 – 15 psi
55 – 60 °F

HDPE
3,225 ft
20 inch OD
SDR 171

Welded Steel L/C
1,096 ft
18 inch
Unknown2

Dave Russell
Anouk van Pol

1

The section underneath the creek from 2,730 ft to 3,010 ft is listed as SDR 11.
Welded Steel pipe is shown as 14 GA in “Welded Steel to Polyethylene Pipe Connection Detail” (Larkspur Force
Main Replacement, Nute Engineering Drawings), though total wall thickness with lining and coating is unknown.

2

Survey date:
Report date:

March 11, 2021
April 26, 2021
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Pipers® tool
INGU’s Pipers® technology provides municipal water and wastewater companies with immediate and
affordable access to pipeline assets even in the most challenging conditions.
This revolutionary technology uses miniaturized in-line sensors to detect leaks, magnetic features,
geometric defects and deposits that threaten pipeline performance and safety with zero-downtime.
Pipers® are developed as an in-line inspection tool particularly suitable for small diameter (< 30 inch)
pipelines.
The Pipers® can be deployed in two ways, free-floating and in combination with a cleaning pig. The
current measurement capabilities for both applications are listed below.
Service
Pressure survey
Deposit survey
Leak detection survey
Geometric survey
Magnetic survey

Deployment method
Free-floating Pipers®
Free-floating Pipers®
Free-floating Pipers®
Cleaning Pig Pipers®
Free-floating Pipers® or Cleaning Pig Pipers®

Reference Features
Reference features are well-documented features on the pipe (valve, flange, etc.) either visible from the
surface or known from previous inspections. Collectively, reference features serve to relate the position
of pipeline features detected during the Pipers® survey to known pipeline positions.

Tool Velocity
A constant sampling rate of 400 Hz is maintained over the course of the Pipers® survey. This leads to a
sampling interval down to 0.5 cm for a maximum tool velocity of 2 m/s. Above those speeds, data
resolution will be diminished and will affect feature detection and sizing capabilities. Data may
additionally be affected by sensor bounce, inconsistent velocity and changes in distance between the
sensor and the inner pipe wall.

Survey date:
Report date:
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Pressure Survey
While moving through a pipeline, Pipers® continuously measure the pressure. This pressure is a
combination of flow dynamics (e.g., speed) and static components (pipeline roughness, inner diameter
and elevation). The pressure measured in the FM-14 pipeline is shown in local time in Figure 1 for each
Pipers® run with the launch and receive time marked with a green and purple vertical line respectively.

Figure 1: Pressure as a function of local time for each Pipers® run.
Figure 2 shows the measured pressure during the Pipers® survey in distance and the elevation profile
obtained from the pipeline drawings. For the first 1,135 ft of the pipeline and the last 1,193 ft of the
pipeline, no pipeline drawings were provided and thus no elevation profile was available.
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Figure 2: From top to bottom: pressure as a function of distance and elevation profile.
The following was observed in the pressure:
•

•

Survey date:
Report date:

There are strong fluctuations of the pressure at the start of the Pipers® survey from 11:45 to
11:59 and a smaller fluctuation from 12:07 to 12:09. Given that these fluctuations are visible in
all three Pipers® runs at the same time but not at the same distance, they are caused by
operational changes to the inlet flow and pressure and are not a pipeline feature.
The pressure increases about 6.3 psi from 2,730 ft to 3,010 ft and then decreases about 16 psi
from 3,010 ft to 3,235 ft as the pipeline passes underneath a creek (the pressure increase is
caused by the pipeline descending and the pressure decrease by it climbing). There is a
significant difference in the pressure change when the pipeline is descending versus climbing
(6.3 psi versus 16 psi). This is expected to be (partially) due to the pipeline being partially filled
with air in this region. This is consistent with the observations in the Air Pocket Survey section.

March 11, 2021
April 26, 2021
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•

The 16 psi pressure decrease as the pipeline increases elevation after the creek crossing is
consistent with the 30 ft elevation change in the elevation profile.
Smaller pressure changes occur from 990 ft to 1,100 ft; 2,215 ft to 2,290 ft; and 4,200 ft to 4,427
ft. Given that these pressure changes occur at the same distance in all runs, they are likely
smaller elevation changes.

Conclusion: Strong pressure fluctuations were identified at the start of the Pipers® survey caused by
operational changes to the inlet flow and pressure. Pressure variations caused by changes in the pipeline
elevation were identified and listed.

Survey date:
Report date:
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Leak Detection
Pipers® are equipped with an acoustic leak detection sensor. While moving through a pipeline, Pipers®
continuously record the relatively quiet flow noise, creating a baseline for the measured sound intensity.
When a pipeline is leaking, the jet of liquid passing through the crack or hole generates a characteristic
hissing or rushing sound that significantly deviates from the baseline noise in a localized region around
the leak. Conversely, if there is no change (or only long-term gradual change) in the average sound
intensity along the length of the pipe, no leaks were detected.
No leaks were detected within the sensitivity of the Pipers®.
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Air Pocket Survey
The Pipers® record sounds caused by air pockets, pumps, and other noise sources in the pipeline. These
sounds are louder than the background noise in the pipeline and their origin can be determined based
on the specific spectral signature at that location. This is illustrated in the spectrogram in Figure 3,
where the left plot shows the signature for an acoustic anomaly and the right plot shows a pipeline
section without acoustic anomalies. The spectral signature of an acoustic anomaly can be distinguished
from that of a leak because they are generally spread out and appear abruptly, whereas a leak is a point
source with a single intense peak that fades away on each side.

Figure 3: Spectrogram of an acoustic anomaly (left) and a quiet section of the pipeline (right).

The audio amplitude as a function of distance is plotted in Figure 4. There is significant turbulence in the
first 770 ft of the pipeline which causes an increased audio amplitude. Similarly, the last 35 ft of the
pipeline has an increased audio amplitude due to the changing flow conditions as the Pipers® approach
the receive location. The identified acoustic anomalies between 770 ft and 4,392 ft are highlighted
yellow in Figure 4 and listed in Table 2. These acoustic anomalies occur shortly before the creek crossing
at 2,730 ft. This suggests that these anomalies may not occur because of the presence of localized air
pockets, but instead because the pipeline is not completely filled with water.
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Figure 4: Audio amplitude as a function of distance with acoustic anomalies highlighted yellow.

Table 2. Locations of acoustic anomalies.
Acoustic Anomaly
1
2
3

Survey date:
Report date:

March 11, 2021
April 26, 2021

Start Location (ft)
2,391
2,488
2,696
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Magnetic Survey
Introduction
INGU’s Pipers® measure residual magnetization using a 3D digital magnetic sensor to determine metal
features. The residual magnetization is an after-effect which occurs as residual magnetization in
components and welded joints formed in the course of their fabrication and cooled down to ambient
temperatures under interaction with weak magnetic fields or due to irreversible change of the local
magnetization state of components in zones of stress concentration and damage under working.
The measured residual magnetization in a pipeline depends on the level of magnetization of the pipeline
material, the volume of metal and the average distance from the volume. Assuming the same level of
magnetization in a given pipeline section, the proportionality follows Equation 1:
𝐵~

𝑉
𝑟3

Equation 1: Dependence of the measured magnetic flux (B) on metal volume (V) and average distance
between the sensor and the metal (r).
The main difference with traditional MFL tools is that INGU’s Pipers® are intended as a screening tool
and only able to distinguish magnetic differences larger than 25% relative volumetric wall loss.
Relative volumetric wall loss =

𝑤∙𝑑∙𝑙
𝜋 ∙ (𝑂𝑅 2 − 𝐼𝑅 2 ) ∙ 𝑙

Equation 2: Relative volumetric wall loss is the ratio of the defect volume (w is the width, d the depth and
l the length of the defect) and metal volume (OR is the outer radius and IR the inner radius) in a given
segment of the pipeline.
The measured magnetic flux in the pipeline is a combination of magnetic characteristics caused during
the pipeline’s manufacturing and construction, and over the operational lifespan of the pipeline.
Changes in magnetic characteristics can, for example, be used to identify changes in the pipeline’s
composition and identify different pipeline sections (e.g. schedule changes, differences in material or
grade, or changes in construction date).
During an initial screening, the magnetic flux measured in each pipeline is analyzed by calculating the
statistical spread3 in the magnetic flux over the entire length of the pipeline (shown as a green band in
the following figures). In some lines breakpoints in the magnetic flux are identified (e.g. at license
changes) and the spread over these sections is calculated individually. Measurements which exceed this
spread in the measured magnetic flux (excluding joints) are identified as outliers and are further
investigated as potential anomalies.
It is important to note that the Pipers® technology is not intended for absolute measurements in a single
run, but for accurate determination of changes between subsequent runs taken over a given period of
time. The confidence level of the absolute measurement is therefore limited.

3

The spread in the magnetic flux is the median plus and minus 1.5 times the inter-quartile range (which is an
outlier resistant counterpart to the standard deviation).
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Explanation to the figures
The magnetic flux data measured by the Pipers® is represented in blue. The vertical grey lines are the
identified welds, and the vertical cyan lines mark bends obtained from the provided pipeline path. The
spread of the magnetic data is shown with a green band covering the Pipers® data.
The following markings are only marked when applicable:
•
•
•
•

Orange vertical lines: localized magnetic anomalies;
Yellow green highlighted area: area with low spread and variability in the magnetic flux;
Yellow highlighted area: area with moderate spread and/or variability in the magnetic flux;
Salmon highlighted area: area with high spread and/or variability in the magnetic flux.

As an overall condition assessment, pipelines (of the same diameter) with wider spread and/or larger
variability in the magnetic flux are expected to be in worse condition compared to those with low spread
and variability in the magnetic flux.

Survey date:
Report date:
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FM-14 Pipeline
The magnetic flux measured in the FM-14 pipeline is shown in Figure 5.

Figure 5: The magnetic flux measured in the FM-14 pipeline.
Based on the magnetic flux, it was determined that the sections from 0 ft to 106 ft and 3,331 ft to 4,427
ft are metallic and the remaining pipeline is non-metallic. It was confirmed with the provided
engineering drawings, in which the section from 0 ft to 106 ft is listed as ductile iron pipe, the section
from 106 ft to 3,331 ft as HDPE, and the section from 3,331 ft to 4,427 ft as welded steel (Larkspur Force
Main Replacement drawings from Nute Engineering dated February 1989 and Larkspur Pump Station
Improvements drawings from Nute Engineering dated August 2003). The magnetic flux of the metallic
sections are plotted in Figure 6 and Figure 7.

Figure 6: The magnetic flux measured in the FM-14 pipeline from 0 ft 120 ft.
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Figure 7: The magnetic flux measured in the FM-14 pipeline from 3,150 ft to 4,427 ft.
The following was observed in the magnetic flux:
•

A localized anomaly in the magnetic flux occurs around 59.5 ft (see Figure 8). At this location,
the magnetic flux is 20 times higher than the average magnetic flux in the rest of the pipeline.
There is a magnetic flow meter outside the lift station at this location, which is likely the origin
of this magnetic flux increase.

Figure 8: A zoom of the localized
anomaly around 59.5 ft.

•

Survey date:
Report date:

The pipe section from 3,331 ft to 3,490 ft has an increased variability in the magnetic flux (see
Figure 9). The structure in the measured magnetic flux is most likely caused by additional fittings
and nearby metal objects where the non-metallic pipe transitions to metallic pipe after the
creek crossing. Additionally, a spike in the magnetic flux occurs in the non-metallic pipe section
at 3,271 ft just before the transition which is also likely caused by an additional metallic fitting or
a nearby metal object.

March 11, 2021
April 26, 2021
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Figure 9: A zoom from 3,200 ft to
3,550 ft.

•

A localized anomaly in the magnetic flux occurs around 3,895 ft (see Figure 10). At this location,
the magnetic flux is 5 times higher than the average magnetic flux in the rest of the pipeline.
Without more detailed information on the pipeline and/or a verification of this location, it is not
possible to draw a definitive conclusion about the origin of this localized anomaly.

Figure 10: A zoom of the localized
anomaly around 3,895 ft.

•

A localized anomaly occurs between 4,100 ft and 4,116 ft (see Figure 11). At this location, the
magnetic flux is about twice as high compared to the surrounding area for about 16 ft after the
joint. Given the width and structure of the magnetic flux in this section, there is likely a repair
sleeve or similar additional metallic hardware in this section.

Figure 11: A zoom from 4,100 ft to
4,116 ft.

•

Survey date:
Report date:

The spool from 4,216 ft to 4,255 ft has increased variability in the magnetic flux compared to the
surrounding pipeline (see Figure 12). This may indicate additional supports or fittings, or a spool
of different pipe material, grade, or condition. Additionally, a second spike in the magnetic flux
occurs about 2 ft before the joint at 4,255 ft. This may indicate additional fittings or supports, or
that a different joint method was used.

March 11, 2021
April 26, 2021
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Figure 12: A zoom of the spool
from 4,216 ft to 4,255 ft.

•

There is increased variability of the magnetic flux for about 10 ft following the joints at 4,371 ft
and 4,410 ft compared to the surrounding pipeline (see Figure 13). This may indicate additional
fittings or supports or that a different joint method was used.

Figure 13: A zoom of the joints at
4,371 ft and 4,410 ft.

Without more detailed information on the pipeline and/or a verification of one of the locations, it is not
possible to draw a definitive conclusion about the origin of the beforementioned localized anomalies.
Conclusion: Based on the magnetic flux, it was determined that the sections from 0 ft to 106 ft and
3,331 ft to 4,427 ft are metallic and the remaining pipeline is non-metallic. Several pipeline features and
localized anomalies were identified and discussed.
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System Qualification and Quality Control
Best Efforts
In the course of analyzing the data and producing this report, INGU Data Scientists have provided the
pipeline operator with interpretations based on their experience and judgment, but always within the
limits of the Pipers® technology employed, and operating conditions encountered. Since all
interpretations are opinions based on inferences from electrical, magnetic, and other indirect
measurements, the accuracy or completeness of any interpretation is not guaranteed.
All opinions, interpretations, and analysis provided in this report are provided to the pipeline operators
on a “best efforts” basis. It remains as the sole responsibility of the pipeline operator to use the
information contained in this report to draw their own conclusions.

Quality Control
INGU is ISO 9001:2015 compliant. The certificate (#CAN2260) of compliance has been issued on October
24, 2020 by QAS International.
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Annex I: Pipeline Information

Launch

Receive

The path of FM-14 pipeline obtained from the provided pipeline path is shown in cyan on the map
below. The provided launch and receive coordinates are indicated with yellow pins.
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This survey report is EXPRESSLY SUBJECT to the terms and conditions of the BELOW STATED DISCLAIMER.
The data resulting from the screening survey, upon which this report is based, were produced pursuant to a “Pipers® Service
Agreement” or other written agreement with the party to whom this report is being delivered. Nothing in this report is intended,
nor shall it be deemed, to alter the terms of any such Pipers® Service Agreement between the parties. The party receiving this
report acknowledges that the information contained herein is the result of a Pipers® screening survey, and in the course of
analyzing the Pipers® data and producing this report, INGU data scientists have provided the pipeline operator with
interpretations based on their experience and judgment, but always within the limits of the Pipers® technology employed, and
the operating conditions encountered. SINCE ALL INTERPRETATIONS ARE OPINIONS BASED ON INFERENCES FROM ELECTRICAL,
MAGNETIC AND OTHER FORMS OF INDIRECT MEASUREMENT, THE ACCURACY OR COMPLETENESS OF ANY INTERPRETATION
CANNOT BE AND IS NOT GUARANTEED. Interpretation of the survey data and production of this report is further based upon
customer input. The work product represented herein is a good faith opinion by INGU personnel.
Due to the intrinsic limitations of the Pipers® screening technology and methods employed, all results contained herein are
intended to be used solely as a means for the pipeline operator to 1) decide on conducting a high resolution ILI inspection or 2)
prioritize the excavation and direct physical assessment of pipeline features in order to ascertain actual pipeline conditions. INGU
SCREENING DATA IS NOT INTENDED AS A BASIS FOR ALTERING OR ESTABLISHING OPERATING PARAMETERS OF A PIPELINE, NOR
IS THIS REPORT, OR THE SURVEY DATA UPON WHICH IT IS BASED, TO BE CONSTRUED AS ANY WARRANTY OR GUARANTEE,
EXPRESSED OR IMPLIED, OF PIPELINE QUALITY CLASSIFICATION, CONDITION, SAFETY, MERCHANTABILITY, OR FITNESS FOR A
SPECIFIC PURPOSE. At no time shall the screening data or this report be used as a reason to ignore, violate, or alter any law,
regulation, published industry standard or safe operating practice regarding any pipeline. In no event shall INGU or its affiliates
be liable for any special, incidental, indirect, or consequential damages whatsoever including, without limitation, damage to any
reservoir, pipeline or facility, pipeline failure, blowout, explosion, surface or subsurface pollution, damages for loss of business
profits, business interruption, loss of business information, or any other pecuniary loss arising out of the use of, or inability to
use, the data provided herein.
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Summary
Survey date:

April 14, 2021

Report date:

May 21, 2021

Line(s) surveyed: FM-13 and FM-1 (37.946844°, -122.526600° to 37.949905°, -122.496514°)
Service:

Magnetic features, pressure survey, leak detection survey, and air pocket survey

FM-13 and FM-1 Results
•
•
•
•

Survey date:
Report date:

Pressure Survey: Overall, the pressure is consistent between the Pipers® runs. Three elevation
changes are highlighted and discussed.
Leak Detection Survey: No leaks were detected within the sensitivity of the Pipers®.
Air Pocket Survey: All acoustic anomalies are found in the last 2,613 ft of the pipeline which is
around the area where the pipeline goes through a tunnel.
Magnetic Features: Several changes in the structure of the magnetic flux are discussed. In
addition, a flow meter and two other magnetic features are highlighted and discussed.
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May 21, 2021
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Pipers® Operations
A Pipers® survey of the 10,704 ft Ross Valley Sanitary District FM-13 and FM-1 pipelines on April 14,
2021 using INGU’s Pipers® tool deployed free-floating.

Survey Purpose
HDR requested a condition assessment of the Ross Valley Sanitary District FM-13 and FM-1 pipelines.

Operational Summary
The Pipers® survey operational summary is listed in Table 1.
Table 1: Operational Summary
Operations:
Project Name
Conducted for
Instrumentation and Analysis
Pipers® Survey:
Tool used
Launch Site
Receive Site
Survey Date
Survey Length
Survey Duration (h:mm)
Pipeline:
Line identification
Survey fluid
Survey pressure
Pipeline material
Pipeline length
Pipeline diameter
Wall Thickness
Project Management:
PICA Corp.
Ingu Solutions Inc.

Survey date:
Report date:

April 14, 2021
May 21, 2021

Ross Valley Sanitary District Force Mains
HDR
Ingu Solutions Inc.
INGU Pipers® (free-floating)
37.946844°, -122.526600°
37.949905°, -122.496514°
April 14, 2021
10,718 ft
Run 1: 9:26
Run 2: 9:01
FM-13
Wastewater
17.1 - 30.6 psi
HDPE
10 ft
24 inch
0.33 – 0.43 inch

FM-1

RCCP
3,850 ft
30 inch
0.34 – 0.49 inch

RCCP
6,214 ft
54 inch
unknown

Kris Embry
Anouk van Pol
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Pipers® tool
INGU’s Pipers® technology provides municipal water and wastewater companies with immediate and
affordable access to pipeline assets even in the most challenging conditions.
This revolutionary technology uses miniaturized in-line sensors to detect leaks, magnetic features,
geometric defects and deposits that threaten pipeline performance and safety with zero-downtime.
Pipers® are developed as an in-line inspection tool particularly suitable for small diameter (< 30 inch)
pipelines.
The Pipers® can be deployed in two ways, free-floating and in combination with a cleaning pig. The
current measurement capabilities for both applications are listed below.
Service
Pressure survey
Deposit survey
Leak detection survey
Geometric survey
Magnetic survey

Deployment method
Free-floating Pipers®
Free-floating Pipers®
Free-floating Pipers®
Cleaning Pig Pipers®
Free-floating Pipers® or Cleaning Pig Pipers®

Reference Features
Reference features are well-documented features on the pipe (valve, flange, etc.) either visible from the
surface or known from previous inspections. Collectively, reference features serve to relate the position
of pipeline features detected during the Pipers® survey to known pipeline positions.

Tool Velocity
A constant sampling rate of 400 Hz is maintained over the course of the Pipers® survey. This leads to a
sampling interval down to 0.5 cm for a maximum tool velocity of 2 m/s. Above those speeds, data
resolution will be diminished and will affect feature detection and sizing capabilities. Data may
additionally be affected by sensor bounce, inconsistent velocity and changes in distance between the
sensor and the inner pipe wall.
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Pressure Survey
While moving through a pipeline, Pipers® continuously measure the pressure. This pressure is a
combination of flow dynamics (e.g. speed) and static components (pipeline roughness, inner diameter
and elevation). Figure 1 shows the measured pressure during both Pipers® runs in distance.

Figure 1: The pressure during run 1 (top) and run 2 (bottom) as a function of distance.
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The following was observed in the pressure:
•
•

•

Survey date:
Report date:

Overall, the pressure between the two Pipers® runs is repeatable.
Several fluctuations of the pressure are observed during the Pipers® survey. Some of these
fluctuations are not visible at the same distance in both runs, but were confirmed to be at the
same time (highlighted red in Figure 1). They are thus caused by changes in the inlet flow and
pressure and are not pipeline features.
Significant pressure changes are observed from 2,077 ft to 3,535 ft; 3,806 ft to 4,186 ft; and
6,367 ft to 6,891 ft which correspond to pipeline elevation changes; the pressure increases are
caused by the pipeline descending and the pressure decreases by the pipeline climbing. The
pressure decrease from 2,077 ft to 3,535 ft is around the Redwood Highway interchange. The
pressure increase from 3,806 ft to 4,186 ft is where the pipeline passes underneath the highway
off-ramps and other pipelines in the area. The pressure increase from 6,367 ft to 6,891 ft is
where the pipeline passes underneath drainage pipes.

April 14, 2021
May 21, 2021
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Leak Detection
Pipers® are equipped with an acoustic leak detection sensor. While moving through a pipeline, Pipers®
continuously record the relatively quiet flow noise, creating a baseline for the measured sound intensity.
When a pipeline is leaking, the jet of liquid passing through the crack or hole generates a characteristic
hissing or rushing sound that significantly deviates from the baseline noise in a localized region around
the leak. Conversely, if there is no change (or only long-term gradual change) in the average sound
intensity along the length of the pipe, no leaks were detected.
No leaks were detected within the sensitivity of the Pipers®.
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Air Pocket Survey
The Pipers® record sounds caused by air pockets, pumps, and other noise sources in the pipeline. These
sounds are louder than the background noise in the pipeline and their origin can be determined based
on the specific spectral signature at that location. This is illustrated in the spectrogram in Figure 2,
where the left plot shows the signature for an acoustic anomaly and the right plot shows a pipeline
section without acoustic anomalies. The spectral signature of an acoustic anomaly can be distinguished
from that of a leak because they are generally spread out and appear abruptly, whereas a leak is a point
source with a single intense peak that fades away on each side.

Figure 2: Spectrogram of an acoustic anomaly (left) and a quiet section of the pipeline (right).
The audio amplitude as a function of distance is plotted in Figure 3. There is an increased audio
amplitude in the first 62 ft of the pipeline which is likely due to the noise generated during the launch
procedure. Locations where acoustic anomalies were identified are highlighted orange in Figure 3. All
acoustic anomalies are found in the last 2,613 ft of the pipeline which is around the area where the
pipeline goes through a tunnel. The most prominent acoustic anomalies have signatures similar to that
expected at an air pocket location. The locations of these anomalies are listed in Table 2. The remaining
highlighted sections have a similar signature but the sound is dampened, which suggests that they may
be caused by the presence of air pockets but could also be from other acoustic sources.

Survey date:
Report date:

April 14, 2021
May 21, 2021

Confidential

10/16

PICA Corp.
20096C1045 Ross Valley Sanitary District FM-13 and FM-1

Figure 3: Audio amplitude as a function of distance with acoustic anomalies highlighted orange.

Table 2: Locations of potential air pocket locations.
Acoustic Anomaly Start Location (ft)
8,105
1
8,189
2
8,246
3
8,374
4
8,527
5
8,735
6
8,842
7
9,241
8
9,300
9
9,443
10
9,717
11
9,720
12
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End Location (ft)
8,110
8,192
8,364
8,498
8,536
8,755
8,975
9,269
9,329
9,503
9,717
9,792

11/16

PICA Corp.
20096C1045 Ross Valley Sanitary District FM-13 and FM-1

Magnetic Features
FM-13 and FM-1 Pipelines
The magnetic flux measured in the FM-13 and FM-1 pipelines are shown in Figure 4 in blue. The vertical
grey lines are the identified joints, and the vertical cyan lines mark bends obtained from the provided
pipeline path. The following was observed:
•

•

•

•
•
•

Survey date:
Report date:

There is a change in the structure of the magnetic flux at 93 ft where the pipeline transitions
from 24 inch to 30 inch and another change at 3,810 ft where it transitions from 30 inch to 54
inch.
In addition, there is a change in the overall structure in the magnetic flux from 2,814 ft to 3,810
ft, which is around the Redwood Highway interchange suggesting a different pipe material or
different pipe properties, but it may also indicate a sleeve, supports or other external magnetic
sources in this area.
A repeating pattern of narrow increases in the magnetic flux was observed throughout the 24
inch and most of the 30 inch pipeline sections, indicating joint locations (marked with vertical
grey lines in Figure 4).
A sharp increase in the magnetic flux near the launch location is consistent with the signature
expected at a magnetic flow meter.
A broad increase in the magnetic flux is observed from 111 ft to 139 ft and 733 ft to 758 ft
suggesting the presence of extra metal near the pipeline.
There is a broad increase in the magnetic flux from 9,035 ft to 9,150 ft and 9,625 ft to 9,765 ft,
both of which occur around the time the flow was temporarily stopped during the Pipers®
survey and are not repeated in both Pipers® runs. They therefore do not indicate a pipeline
feature.
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Figure 4: The magnetic flux measured in the FM-13 and FM-1 pipelines.
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System Qualification and Quality Control
Best Efforts
In the course of analyzing the data and producing this report, INGU Data Scientists have provided the
pipeline operator with interpretations based on their experience and judgment, but always within the
limits of the Pipers® technology employed, and operating conditions encountered. Since all
interpretations are opinions based on inferences from electrical, magnetic, and other indirect
measurements, the accuracy or completeness of any interpretation is not guaranteed.
All opinions, interpretations, and analysis provided in this report are provided to the pipeline operators
on a “best efforts” basis. It remains as the sole responsibility of the pipeline operator to use the
information contained in this report to draw their own conclusions.

Quality Control
INGU is ISO 9001:2015 compliant. The certificate (#CAN2260) of compliance has been issued on October
24, 2020 by QAS International.
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Annex I: Pipeline Information
The path of FM-13 and FM-1 pipelines obtained from the provided pipeline path is shown in cyan on the
map below with the elevation changes highlighted yellow and the potential air pocket locations
highlighted orange. The provided launch and receive coordinates are indicated with yellow pins.
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Annex II: Overview Plot
Figure 5 shows the overview plot with from top to bottom the pressure, the audio amplitude, and the
magnetic features as a function of distance for the FM-13 and FM-1 pipelines.

Figure 5: Overview plot of the FM-13 and FM-1 pipelines.
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