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MEMORANDUM

TO: Amy Schofield, Charlie Jewell — Boston Water and Sewer Commission
FROM: Jonnas Jacques — Kleinfelder

DATE : April 7, 2017

SUBJECT: Roxbury Canal Conduit Remote-Controlled Drone Inspection Summary
CC: Rita Fordiani, Dingfang Liu, David Peterson — Kleinfelder; FILE

Background and Purpose

As part of the Fort Point Chanel CSO 070 project (“the Project”), the Kleinfelder team
performed a two-part inspection to evaluate the potentially cost-saving use of remote-
controlled (RC) drone technology to investigate connections tied to the Roxbury Canal
Conduit (RCC).

The RCC is a reinforced concrete box culvert carrying a combination of groundwater base
flow, storm flow from the local drainage system and combined sewer during certain storm
events to the Fort Point Channel through a double-culvert outlet near West Fourth Street.
At some points the RCC is single barreled and other points it is double barreled. The
RCC begins near Massachusetts Avenue near Melnea Cass Boulevard in the vicinity of
the Woods-Mullen Shelter. The RCC dimensions vary from 15-feet wide by 10-feet tall
at the beginning to 20-feet wide by 15.5-feet tall at the outlet to the Fort Point Channel.
Access to the RCC is via manholes that are installed to the side of the box culvert with an
access passage between the common wall of the access manhole and the box culvert.
The water level within the RCC is influenced by the Boston Harbor tides such that access
to the RCC for inspection is significantly impaired.

The initial inspection involved the use of an RC quadcopter drone to inspect the RCC.
The second inspection included use of the same drone coupled with an RC pontoon boat
outfitted with equipment to accomplish the same goal. Use of these emerging RC
inspection technologies, if proved successful, could dramatically reduce future inspection
costs of the RCC and other similar pipelines due to their anticipated inspection rates over
long lengths of the conduit.

The purpose of this Memorandum is to summarize the objectives, costs, and findings of
these two inspections and to provide recommendations for future inspections.

Project 20172802.001A Page 1 of 10 Mar-17
© 2016 Kleinfelder www.kleinfelder.com
KLEINFELDER 215 First Street, Suite 320, Cambridge, MA 02142 p | 617.497.7800 f|617.498.4630



http://www.kleinfelder.com/
http://www.kleinfelder.com/

Z~

KLEINFELDER

\-/ Bright People. Right Solutions.

Summary of Inspection Objectives and Results
Drone Inspection #1 — February 1, 2017

On Wednesday, February 1, 2017, crews from Kleinfelder, PEER Consultants and Drone
by the Hour conducted a drone inspection of the RCC entering the Boston Water and
Sewer Commission (BWSC) manhole 20JMH269 behind the Boston Flower Exchange
(540 Albany St). The objectives for this first inspection included:

e Gain access to the RCC and make a safe entry into the access manholes;

e Develop an understanding of the time restrictions imposed by the tidal influence
on the RCC;

e Utilize digital photography to document the inside of the RCC, including piped
connections to the conduit;

e Test multiple approaches to lighting the interior of the RCC;
e Demonstrate that a quadcopter drone can successfully fly within the conduit; and

e Render a 3D model of the conduit section inspected (if conditions permit).

All objectives, except for rendering a 3D model, were achieved from the first inspection.
The team was able to successfully access the RCC and fly the quadcopter drone inside.

Digital photography was captured by the quadcopter drone. However, the majority of the
images were fairly blurry. Image quality was impacted by several factors:

1. The drone operator indicated there existed a draft through the conduit that made
the drone difficult to stabilize.

2. There was a downdraft above the drone that developed due to the rotation of the
drone rotors, which also impaired the drone’s stability and appeared to draw
moisture off the top slab and onto the drone.

3. This drone’s camera could not accommodate motion capture shots and would
require the drone to come to a stabilized stop before a photo was shot.

4. The lights used in the conduit interfered with the focus on the camera as described
in the following paragraph.

Two different lighting schemes were attempted. First, lights were installed at the
upstream and downstream manholes and directed towards the point of inspection in the
middle. Second, no lights at the adjacent manholes were used. It was determined that
the lights at the upstream and downstream manholes were not only unnecessary, but
they impaired the drone camera’s ability to focus on the conduit wall and take clear
images.
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A 3D model was unable to be rendered. There lacked sufficient differentiation from one
image to the next for the modeling software to automatically recognize how to stitch them
together into a model.

During the first drone inspection, approximately 300 linear feet (LF) of conduit was
inspected. The drone was able to fly through the conduit and achieve speeds of more
than 10 feet per minute. The estimated cost of this initial inspection was $8,760.

Kleinfelder and Drone by the Hour debriefed after the first drone inspection. Although
most of the objectives of the inspection were met, the quality of the images and the
production rate (300 feet) was inadequate for cost-effectively inspecting the remainder of
the RCC and the Dorchester Brook Conduit (DBC). Kleinfelder and Drone by the Hour
discussed ways to enhance the inspection methodology to increase quality of the
documentation and the production rate. As an outcome of this debrief, the team identified
the following enhancements to the approach:

e Discontinue use of supplemental lighting at upstream and downstream manholes
(thus reducing crew size and cost of the inspection),

e Record high definition (4K) video instead of still photography for connectivity
investigation,

e Complement the quadcopter drone with a small pontoon boat outfitted with its own
lights and a 4K video camera,

e Test varying combinations of the quadcopter and the boat (operated in tandem or
separately),

e Test the boat’s ability to tow a wire for distance measurement.
Drone Inspection #2 — March 3, 2017

A subsequent drone inspection of the RCC was conducted by crews from Kleinfelder and
Drone by the Hour on Friday, March 3, 2017 entering the BWSC manhole 20JMH263
near the Boston University Medical Campus Building (670 Albany Street) to test the
enhancements to the approach.

It was confirmed that adequate lighting could be provided by the drone or the boat, and
that supplemental lighting is not necessary. Also, it was determined that diffused lighting
is preferable to a focused light.

The 4K video of the inspection was observed by Kleinfelder in real-time as the boat
travelled up the conduit. The quality of the video from this inspection was better than the
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firstinspection’s photography and was akin to what one would expect with a closed-circuit
television (CCTV) inspection.

There was not enough time to attempt to operate the boat and the quadcopter drone in
tandem; however, it was apparent that the boat was a more suitable method than the
guadcopter given the tidally-influenced conduit. It should be noted, however, that the
boat could not navigate during low tide due to the insufficient depth of water and the
presence of debris within the conduit. More detail regarding the debris observed is
provided later in this Memorandum.

During the second demonstration, approximately 250 LF of conduit was inspected utilizing
the boat equipped with 4K video. However, upon attempting to retrieve the boat, it
overturned and the data on the boat was not recoverable. The boat was able to travel
through the conduit and achieve speeds around 10 feet per minute. The estimated cost
of the second inspection was $5,100.

Breakdown of Costs

The following table outlines the estimated comparative cost of each inspection:

Table 1 — Estimated Cost of Inspections*

Labor Total Inspection | Unit Cost

Inspection | Crew Size Costs Expenses Cost Length (ft) ($/ft)
1st 8 staff $7,700 $1,060 $8,760 300 ft $29.20/1t
2nd 4 staff $4,700 $_ 400 $5,100 250 ft $20.40/ft

*The costs presented in this Memorandum do not include startup costs to conduct the initial records research, perform one day of
site reconnaissance, or the cost associated with the time required to obtain equipment, materials and meet with the Kleinfelder team
to coordinate activities. These costs would have been incurred regardless of the inspection technology chosen. While the costs
presented reflect those incurred during the day of the inspection, they do not include the cost of police details.

By eliminating the supplemental lighting, the unit cost rate for the inspection decreased
significantly from about $30/foot to $20/foot; however, the length of inspection did not
increase appreciably. To make the second inspection more cost effective, the
production rate would need to increase. As a point of comparison, the traditional
tethered pontoon boat inspection unit price for this project has been negotiated with
National Water Main Cleaning Company at $4.75/foot.

For the drone or boat approach to be cost competitive with the tethered pontoon
approach, the drone or boat would need to inspect 1,100 feet or more per day. This is
certainly achievable given the simpler setup requirements and the improved mobility
offered by the drone or boat approach. Assuming the drone or boat inspection was
conducted continuously over a 4-hour period, the inspection would have to average just
over 4.5 feet per minute to achieve this production rate. The inspections performed with

Project 20172802.001A Mar-17
© 2016 Kleinfelder www.kleinfelder.com
KLEINFELDER 215 First Street, Suite 320, Cambridge, MA 02142 p | 617.497.7800 f|617.498.4630

Page 4 of 10



http://www.kleinfelder.com/
http://www.kleinfelder.com/

Z~

KLEINFELDER

\-/ Bright People. Right Solutions.

both the drone and boat saw inspection speeds in excess of 10 feet per minute. This
would suggest that, once the inspection procedure is finely tuned, in excess of 2,000
feet in a 4-hour work window could be possible.

Summary of Inspection Findings

Photos from each inspection have been provided as attachments to this Memorandum.

The following summarizes the findings from the two inspections, recommendations for
future similar applications, and limitations of the two technologies demonstrated:

Inspection Findings

1.

The quadcopter drone and boat captured photo and video imagery of the conduit
and its connections when sufficient and suitable lighting was provided.

The lighting mounted on the boat demonstrated that it could properly illuminate
the conduit as its cameras captured video imagery, thus eliminating the need for
the drone and boat to work in tandem as part of the inspection.

A large enough drone or boat can carry sufficient lighting, thus eliminating the
need for a support crew to provide supplemental lighting.

The boat demonstrated that it had the capability to tow a wire and/or tape line
through the conduit, given sufficient depth of water.

The done and boat approaches can achieve inspection speeds in excess of 10
feet per minute.

In the two manholes entered on the RCC, the sediment levels were found to
reach the invert elevation of the manhole’s opening into the conduit (about 3.0
BCB per records).

The NOAA tide predictions were reasonably accurate in determining the level of
water within the tidally influenced conduit.

Considerations for Future Similar Applications

1.

2.

Ensure that a minimum of 8 inches of water depth is available for the boat to
motor through the conduit. At low tide, the depth of water was insufficient in the
upstream sections of the conduit due to the presence of sediment. Therefore,
the boat inspection needs to be carefully timed around tide conditions.

An inflatable raft can be installed and removed from within the conduit by way of
the access manholes. Since sediment levels made walking within the conduit
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near impossible, this raft may be used as a working platform for activities within
the middle of the conduit’s cross-section. The raft, however, may be subject to
the subtle motions of the entrant, and therefore, would not serve as a stable
platform for sensitive equipment.

3. A headlamp with about 330 lumens can illuminate up to about 50 feet into the
conduit. A more powerful headlamp may be necessary to illuminate further into
the conduit.

4. A mule/conduit tape would be better suited than a wire for measuring distance
within the conduit and serving as the boat’s tow line.

5. The sediment levels in the sections of the conduit inspected reduced the vertical
clearance from 10 feet to about 6 feet. Tighter working spaces may be more
challenging for drone operators to maneuver their drones due to higher risk of
crashing the drone and losing inspection equipment and data. Sediment levels
should be considered when determining sufficient clearances for drone
inspection operations.

6. The top of sediment elevations further upstream in the conduit may be higher
than the low tide elevations. Sediment levels should be considered when
targeting the appropriate tidal work windows for boat inspection operations. This
same consideration should be made when planning for use of a pontoon-
mounted camera.

7. Shining a spotlight towards the drone (or boat) camera disrupted its ability to take
guality photos in the direction of the light source. This would also impact the
guality of the videos taken. Some type of diffused lighting would be more
suitable and should be angled in a way not to impact the drone’s camera
functions. Providing a compatible lighting scheme is imperative for drone
inspections especially as the lighting needs are adjusted to accommodate the
varying pipeline conditions.

8. The camera on the drone did not appear to accommodate motion capture
photography. However, the full extent of the camera’s capabilities and settings
could not be thoroughly tested in a similar environment prior to these inspections.
The cameras used on the drone or boat should be selected according to its
intended use. And the cameras should be tested to ensure that the quality of the
photos and videos produced are acceptable.
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Observed Limitations

1. The drone and boat have limits to the amount of weight they can carry as they
perform the inspections. Weight in the form of cameras, lighting, and other
attachments will impact the maneuverability of the drone or boat. Larger drones
and boats may able to carry additional weight, however, the manhole access into
the conduits would place a cap on the maximum size of drone or boat that can be
used.

2. The quadcopter drone unit was not able to map or provide its location as it
travelled up and down the conduit due to the lack of a GPS signal (with the
inspection being conducted underground in a thick concrete conduit).

3. The quadcopter drone was impacted by a slight draft blowing through the
conduit. This draft caused the drone to rotate unintentionally as it travelled
through the conduit. Also, the downdraft from the drone’s rotors pulled moisture
off the conduit ceiling and impacted the drone’s ability to stabilize.

4. With both the quadcopter drone and the boat options, the data is recorded and
stored on the drone or boat itself. Therefore, if the equipment is damaged or
submerged then the data collected is at risk of being lost. This is not the case
with the use of a traditional pontoon boat since the data is recorded in real-time
within the camera truck, which is at street level.

5. The 3D model rendered from the photos gathered during the first drone
inspection was not successful due to the consistent color and texture of the
conduit walls. The process of rendering the model requires that there be distinct,
observable characteristics of the wall face that the modeling software can use to
stitch photographs into a single rendering. Benchmarks would have to be
established at intervals within the conduit to overcome this issue. Without a 3D
model, measurements of pipe locations and sizes would be estimated based on
relative scale and position of the drone images taken rather than measured from
within the model.

Conclusion and Recommendations

Although the inspections were partially effective in using the quadcopter drone and boat
technologies, we believe the learning curve is too steep at this time to be able to cost-
effectively complete the Project’s conduit inspections using these technologies. Due to
the limitations identified above, the Kleinfelder team recommends forgoing the use of
the drone and boat technologies to investigate the Fort Point Chanel CSO 070 project
conduits.
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However, the use of a drone or boat for the inspection of underground conduits is a new
approach that features the applications of emerging technologies. With further
optimization to the equipment and the inspection procedures these technologies may
provide a more efficient and cost-competitive alternative to the conventional pipeline

inspection approaches.

Enclosures:

e Photos from the RCC Conduit Inspections
e Locus Plans for Demonstration Locations
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Attachments

Photos from the RCC Conduit Inspection #1 — From Manhole 20JMH269

Upstream look of RCC (Camera) Downstream look of RCC (Camera)

Detected Connection (Drone) Conduit Bifurcation (Drone)
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Attachments

Photos from the RCC Conduit Inspection #2 — From Manhole 20JMH263

\

Downstream view of Sediment (Camera) Opposite MH Access (Camera)

o R

Known Downstream Connection (Camera) Upstream Ceiling View (Camera)
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	Drone Demonstration Maps (DRAFT v2)

