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Background
Midland, MI Study Area
The City of Midland operates and maintains the wastewater collection system, a network of
gravity sanitary sewer pipes approximately 987,000 linear feet (LF) in length. This network of
pipes is separated into 41 individual pump station districts, ranging from 6-inch to 48-inch in
diameter.
As part of the larger Capital Improvement Plan established by OHM and HRC, it was recommended
that an asset characterization and condition assessment of the entire sanitary network take place.
A map of the network, including the maintenance hole access points, is presented in Figure 1-1.
Table 1-1 Map of Midland Collection System
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Problem Statement
The cost of pipeline failure in sanitary sewer systems serving cities and municipalities is
increasingly high. A failure where a collapse occurs typically causes a sanitary sewer overflow (SSO)
and requires bypass pumping, public notification, and costly construction under emergency
conditions. Other failures of sanitary sewers can cause soil collapse that result in a hazard to life
and property. The liability associated with collapse increases in high density areas and heavily
traveled roads.
Additionally, external factors such as wet weather events (ie. Storms) can have an immediate and
long-lasting effect on the gravity system. In May of 2017, Midland experienced a 1 in 10-year
storm resulting in 7-inches of rain on already saturated ground. This excess water can find its way
into the sanitary sewer system via various structural deficiencies in the pipes, resulting in sewage
overflows, blockages, and treating more water than necessary at the treatment plant. The City of
Midland’s wastewater treatment plant (WWTP) received 1 years’ worth of grit within 24 hours of
the storm event, resulting in costly processing and filtration. The estimated influent was
approximately 90 million gallons per day (MGD) whereas the WWTP is rated for only 18 MGD.
Outside of the damage to the collection system, there was also a greater impact to the
surrounding community, with 3000 homes affected by flooding and sewage backups.

Objectives
With the recommendation of their consulting engineers, the City of Midland established an
inspection program to identify inflow and infiltration via condition assessment. Inspection of
these pipes will consist of two core components: CCTV for all pipes and manholes and updated
attribute characteristics for the GIS and flow modeling. Larger diameter pipes will use multi-sensor
inspection technologies, specifically Laser/LiDAR, to determine corrosion and deterioration
signatures. This information will be used to identify defect trends within the system and to
prioritize the rehabilitation and maintenance needs based on the likelihood of failure and
consequence of failure of the assets. As noted by the large amount of influent into the system,
two priority areas were established to investigate inflow and infiltration (I/I) into the sanitary
network.
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Scope of Work
Scope of Work
After a competitive Request for Proposal (RFP) process, RedZone Robotics was awarded the
contract to perform the System-Wide Assessment. The inspection would utilize a virtual Pan-TiltZoom (PTZ) robotic camera called Solo to focus on the majority of sewer main (less than 12inches), following all NASSCO Pipeline Assessment Certification Program (PACP) guidelines. This
included pictures of each connection attribute details such as size and location, and current
condition. Additionally, this asset was also to be used for the manhole inspections following the
Manhole Assessment Certification Program (MACP).
Further, RedZone was to complete Multi-Sensor Inspections (MSI) using Laser and Sonar analysis
to determine the deterioration rate of the larger diameter mainline sewer, as a proper condition
assessment had yet to be completed.
Based on the geospatial documents provided by the City, the following assets were to be
inspected:
Table 2-1 Pipes to be Inspected
Pipe Diameter
0
6
8
10
12
15
18
21
24
27
30
36
42
48
63
90
Total
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Table 2-2 Manholes to be Inspected

Sum of Pipe Length (LF)
3083.07
2216.8
31407.03
729711.29
113456.82
64247.49
39906.15
21302.74
21026.55
5295.59
15504.22
16195.47
5646.07
4235.85

1073235.14

Manholes
Manholes
Total

Count of Manholes
4391
4391

Sewer Pipeline Assessment
Sewer Pipeline Assessment
The pipes within a wastewater collection system have a finite service life due to a multitude of
variables, including material, usage, operations and maintenance regimens, external
environmental conditions. In order to identify and better understand the conditions within these
main lines, utility and system owners have recognized the importance of regular inspection and
assessment of these structures. This inspection data can prevent sewer system overflows (SSO),
bypasses, and pipe collapses.

National Association of Sewer Service Companies
While CCTV inspection has been a fundamental tool for condition assessment in the
water/wastewater industry for many years, only recently has there been an established method
for how to classify and approach the data collected. In many cases, utilities and system owners
created their own defect coding standards and pipeline rating system. The National Association of
Sewer Service Companies, NASSCO, brought together professionals and utility owners to create
the Pipeline Assessment Certification Program (PACP), a standard for the approach of inspection
and defect ratings. PACP goes further by categorizing defects via structural, operations and
maintenance, and physical construction features. NASSCO continued innovating by establishing
standards for manhole inspection (MACP) and lateral connections (LACP).
The goal of NASSCO’s PACP/MACP/LACP system is to provide a standard, comprehensive database
of information to describe sewer pipelines for use in assessment, maintenance, and rehabilitation
of underground infrastructure.
Pipeline Assessment Certification Program (PACP)
The PACP system encompasses a training and certification program in order to qualify and provide
NASSCO-certified inspection results. It details the requirements for the collection of sewer video
and identifying the defect codes. Additionally, a CCTV inspection form is used by the field
personnel to document this required information. This form incorporates attribute details related
to the pipe structure such as size, material, location, address, among others. It also identifies
conditions under which the inspection was performed including weather, whether the pipe was
cleaned prior to inspection, or if the wastewater flow was bypassed. Most importantly, it provides
a place for coding the defects to easily identify structural and maintenance deficiencies.
In Figure 3-1, a reference sheet used by PACP Certified coders details the defects and categories.
The defects in Figure 3-1 were used during the CCTV inspection portion of the Midland project and
can serve as a guide to the acronyms and ratings found within this report and the individual
inspection reports.

Multi-Sensor Inspection
CCTV
While CCTV has been the standard for sewer condition assessment since the 1980’s, it is often
insufficient in larger diameter pipelines (21” and above) for a comprehensive assessment. For one,
these linear structures tend to have much higher water flows, obscuring the bottom portion of the
pipe for defect classification visually. Additionally, the PACP rating system excels when identifying
defects seen with the camera but is limited when attempting to quantify and measure the impact
of those defects. As an example, it is easy to identify corrosion signatures, but it is difficult to
measure material or wall loss based on the camera alone.
To counter these limitations, multi-sensor inspections were established. This involves the use of
not only a CCTV camera for visual representation of the interior of the pipe, but sonar for
measurements below the flow and laser/LiDAR scans for internal diameter (ID) measurements
above the flow. Most importantly, the sensors are synchronized, or collected at the same time, so
that distances and artifacts found within the pipe can be coordinated with the details from the
other sensors.
Sonar
Figure 3-2

Sound Navigation and Ranging (Sonar) is used to
measure distances and detect objects under the
surface of the water. In trunk and interceptor
sewers, the flow tends to be higher due to
aggregated flow from upstream sources, leaving the
invert and parts of the side walls concealed from
CCTV inspection. When used in pipelines, sonar
provides information about the debris and sediment
buildup at a given distance in the pipe. The
recording of these values provides insight into
where this debris is accumulating, the depth of the debris, and volume of capacity loss in the pipe
due to the debris. In figure 3-2, a cross sectional view of a pipe demonstrates the visibility made
by sonar.
Laser/LiDAR
LiDAR, which stand for Light Detection and Ranging,
Figure 3-3
is a form of sensor that uses pulsed light, or lasers,
to measure distances. LiDAR differs from other
forms of laser because it uses the ‘time-of-flight’
principle, which involves emitting a laser pulse and
measuring the time it takes to reflect off an object
and return to the receiver. LiDAR scans are
represented as point-clouds, which can be used to
create three-dimensional (3D) models of the
environment once the scans have been aligned.
The scans not only allow for a cross-sectional view of the pipe, but also a macro level view to
analyze where the pipe exists in real-world space to measure bends and curvature of the linear
structure. An example of these point cloud scans and their alignment is presented in Figure 3-3.
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Fieldwork
Mobilization and Inspection
RedZone Robotics initially deployed inspection crews for Midland in April 2019. Multiple field
crews were equipped with the autonomous inspection platform, Solo, a small and versatile CCTV
crawler capable of collecting 360-degree videos in a rapid manner. These crews were focused on
the bulk of the inspection work: pipes size ranging 8-inch to 12-inch.
Other specialized RedZone personnel were deployed to inspect the larger diameter trunk and
interceptor pipes using the Profiler suite of inspection equipment. These robotic units collect
CCTV, sonar, and laser data via a floating platform enabling a rapid and comprehensive inspection
approach.
Over the next 2 years, RedZone would continue to inspect and assess the condition of the sewer
network. Majority of the work was completed in the first 9 months, with 830,000 LF of pipe
inspected and 2400 manholes inspected. As with any system-wide assessment no system is
‘perfect’; and through coordination between Midland and RedZone staff, cleaning and access
issues encountered were identified and resolved.
In 2020, another extensive rainfall event occurred, resulting in failures on the Edenford and
Sanford dams, causing the City to flood again. This led to re-inspection of many lines previously
inspected as conditions and defects may have changed due to the event.
A summary of the work completed is listed below in Figure 4-1. Assets are identified by Line Item
as mentioned in the RFP.
Line Items
8”-12” Asset
Characterization –
SOLO/CCTV
6” & 15”-35” Asset
Characterization – CCTV
15”-33” Asset
Characterization – MSI
36”-120” Asset
Characterization – MSI
Manhole Structure
Condition Assessment,
Documentation and
Inspection; All
Diameters
Total

GIS (ft)

Inspected (ft)

876,289.61

Null Inspections

Delta

%

892,409.1

(16,119.5)

102%

115,505.52

117,567.2

(2,061.6)

102%

63,129.10

25,178.1

37,951.0

40%

26,077.39

60,676.4

(34,599.0)

233%

4,391.00

4,175.0

216.0

95%

1,081,001.62

1,095,830.76

(14,613.14)

101%

257

Figure 4-1 – Summary Table of Inspection Work Completed
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Results
NASSCO PACP Inspection Data
RedZone Robotics to date has collected over 80 million LF of data across the United States, and
uses this data to establish baselines and benchmarks for how well a system is maintained, both
structurally and operationally. On average, systems that RedZone has inspected have 20-30% of
their pipes affected by Grade Level 4 and 5 defects, as defined by the NASSCO standard. Below is
a summary of the defects found within the City of Midland’s sanitary system.
Structural

Structural Defects by Count

By Number of Defects (Fig. 5-1)

Grade Level
1
2
3
4
5

Count
1771
17152
48942
5792
575

1%

%
2%
23%
66%
8%
1%

By Number of Inspections/Assets (Fig. 5-2)
Grade Level
1
182
4%
2
1768
42%
3
1712
40%
4
485
11%
5
90
2%

2%

8%
23%

66%

1

2

3

4

5

Figure 5-1

Structural Defect By Inspections
2% 4%
11%

Number of Defects by Category
Breaks
Holes
Deformation
Fractures
Cracks
Collapse

139
49
36
1893
6130
2

42%
40%

1

2

3

4

5

Figure 5-2

Based on the NASSCO coding results, less than 15% of the pipes inspected contained defects
Grade Level 4 of higher. This also shows that while there are a fair number of higher severity
codes, these appear to be contained in a smaller subset of pipes in the system.
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Operations and Maintenance

O&M Defects by Count

By Number of Defects (Fig. 5-3)

0%

Grade Level
1
2
3
4
5

3%

6%

7561
193938
28659
14152
880

3%
79%
12%
6%
0%

By Number of Inspections/Assets (Fig. 5-4)
Grade Level
1
1307
12%
2
5429
50%
3
2720
25%
4
1244
12%
5
96
1%
Number of Defects by Category
Grease
Debris
Encrustation
Roots
Infiltration
Obstructions
Sags

12%

79%

1

2

3

4

5

Figure 5-3

O&M Defect by Inspection
1%
12%

12%

25%

1995
1880
24934
4736
9103
653
252

50%

1

2

3

4

5

Figure 5-4

Similar to the Structural Defects, the Operations and Maintenance defects reflect a similar pattern
in that less than 15% is affected by Grade Level 4 and 5’s. Of significant callout is the number of
encrustation codes, or mineral deposits, as this is an indication of the inflow and infiltration the
City was hoping to uncover and identify.
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NASSCO MACP Inspection Data
In addition to the pipe segments above, the manholes were also assessed using the NASSCO defect
codes. Just as influential as the pipes with I/I defects, manhole access points can also provide a
significant increase to the amount of water entering the system due to holes in the cover and their
direct access to the network. Below is a summary of the defects found during the MACP
inspections.
Structural Defects by Category
Breaks
31
Holes
47
Fractures
70
Cracks
62

O&M Defects by Category
Grease
8
Debris
2116
Encrustation
485
Roots
154
Infiltration
1576
Obstructions
276

By Number of MHs (Structural)
Grade Level
0
2475
1
64
2
64
3
1462
4
59
5
51

By Number of MHs (O&M)
Grade Level
0
1364
1
25
2
2593
3
117
4
48
5
28

Structural Defects By Inspection
1%

O&M Defects by Inspections

1%

1%

3%

1%

33%

35%
59%
62%

1%

2%
2%
0
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1

2

3

4

5

0

1

2

3

4

5

Recommendations
Recommendations
Compiling the pipe inspection and manhole inspection data, RedZone was able to plot these and
join specific types of defects back to the GIS, providing a high-level overview of problems areas
within the system. Figures 6-1 and 6-2 demonstrate whether I/I issues were present in the
structures.
No I/I Issues
I/I Issues
Unknown

Figure 6-1 Pipes Affected with I/I Defects

Figure 6-2 Manholes Affected with I/I Defects

While there is indication of defects related to inflow and infiltration, as expected, the overall state
of the system is not poor. Based on the types of defects present within these lines, specifically the
cracks and fractures, it is highly recommended to rehabilitate these pipes to address the structural
deficiencies and locations where excess flow can enter the system. Through the use of flow
monitoring data, it would also be possible to better locate which areas are causing the most I/I,
assessing the greatest need and risk before any new wet weather events occur. Additionally, if
any rehabilitation program were to be set up, it is important to understand and monitor the Grade
level 2 and 3 defect areas to prevent them from becoming grade level 4’s and 5’s. A lining
program could assist in mitigating that risk, prioritized by a consequence of failure analysis.
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