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ABSTRACT

The Anacostia Force Main (AFM) in Washington, DC, is a 108-inch, prestressed concrete cylinder
pipe (PCCP) over 33,000 feet in length and conveying approximately 200 million gallons per day
(mgd). DC Water (DCW) believes biogenic corrosion is the most plausible root cause for past AFM
localized failures. We therefore focused on tools that could identify air pockets that are known to
foster biogenic corrosion and successfully navigate the AFM’s interior. We therefore selected a
screening level inspection approach as a first step.

We selected the INGU Pipers inspection tool, an autonomous, small (3-inch dia.), free-floating,
neutrally buoyant multi-sensor tool for acquiring screening-level inspection data. The acquired data
indicated only 3% of the AFM length containing air pockets and therefore susceptible to biogenic
corrosion. The AFM rehabilitation may now be limited to areas affected by biogenic corrosion as
identified from the data, potentially reducing planned capital investment by approximately 60%.

KEYWORDS
Condition Assessment, Pressure Pipe, Screening-Level Inspection, Biogenic Corrosion, Air Pocket
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INTRODUCTION | BACKGROUND

Inspection of the Anacostia Force Main (AFM) is required once every 10-years as documented in the
Nine Minimum Controls Annual Report for Combined Sewer System — Year 2020.

Inspection of the AFM was previously considered and evaluated as documented in the AFM
Electromagnetic Testing Feasibility Study (2013). The objectives of this testing were to identify
distressed pipe segments associated with wire breakage and to identify locations of gas/air pockets
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and possible leaks. The stated conclusion of the Testing Feasibility Study was the cost of testing in
relation to the anticipated level of measurement accuracy would not warrant proceeding. An
additional consideration was that the locations, operability, and orientations of butterfly and other
valves, as shown on AFM record documents, were unknown. The Testing Feasibility Study noted that
electromagnetic (EM) based inspection tools had the potential to become stuck or entangled at a valve
location, creating an additional level of risk for proceeding with the inspection. A determination was
made to not proceed with this inspection method.

Due to DCW’s commitment to inspecting and assessing its infrastructure, and recognizing the
continued need to inspect the AFM, DCW and the Sewer Program Management (SPM) Team, led by
Brown and Caldwell, collaborated to develop a scope of work to conduct a screening level inspection
of the AFM. A screening level inspection serves as a preliminary inspection to identify potential
problems and guide further courses of action. It is not meant to provide conclusive evidence of
specific issues or their possible consequences, but to identify the presence of said issues so they may
be further investigated. A screening level inspection is also commonly referred to as a Level 1
inspection, and is the first step in a well-recognized phased, multi-step approach to conducting cost-
effective condition assessments of sewer structures and pipelines.

The objectives of screening level inspections are to evaluate general conditions of the inspected asset.
Common tasks of a screening level inspection include reviewing record documents and acquiring
limited inspection data. Results and findings from screening level inspections are used to make
recommendations that might include the need to acquire more detailed, higher level inspection data
to develop better informed opinions related to the hydraulic performance, and operational and
structural condition, of pipelines.

The AFM begins at the Anacostia Pump Station #2 (PS2) near Interstate Highway 295 and Route 50
in Capitol Heights, a town in Prince George's County, Maryland. PS2 is owned and operated by the
Washington Suburban Sanitary Commission (WSSC). The AFM runs over 33,000 linear feet
southwest to Structure 5C, the sewer outfall located near South Capitol Street SE and Firth Sterling
Avenue in Washington, DC. Before discharging into Structure 5C, the AFM transitions from 108-
inch PCCP to 96-inch PCCP, approximately 217 feet west of Structure 5C. Structure 5C is owned
and operated by DC Water.. At approximately 16,000 LF, the East Side Force Main (ESFM) ties into
the AFM. The ESFM begins at the East Side Pumping Station (ESPS) and flows southeast under the
Anacostia River to the AFM tie-in near where the Anacostia Riverwalk Trail crosses the railroad
tracks off Anacostia Drive.

The AFM, constructed in several phases under separate construction contracts in the early- to mid-
1970s was originally commissioned as a pressurized water supply pipeline in the mid-1990s, is greater
than 33,000 linear feet (If) in length. The AFM primarily consists of 108-inch diameter prestressed
concrete cylinder pipe (PCCP), with 72-, 78-, and 84-inch diameter pipe segments near valves and
associated reducers (2). The furthest downstream section of the AFM consists of approximately 1,800
If of 96- and 108-inch diameter reinforced concrete pipe (RCP).

During the mid-1990’s the AFM was repurposed as a low-pressure sanitary sewer conveyance
pipeline after the decommissioning of the Anacostia Force Main and Gravity Sewer (AFMGS).

The AFM PCCP pipe type is embedded cylinder pipe (ECP), as described in the AWWA C304
Standard for Design of Prestressed Concrete Cylinder Pipe. This 1970’s vintage of PCCP has had
historical operational issues related to its manufacturing, which have been investigated and well
documented in separate studies for the AFM.

Table 1 summarizes the assets of the AFM.
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Table 1 — AFM Asset Data

Segmfzgength TOt?}};’;‘ gth Material Diameter (in)
5,274.7 5,274.7 PCCP 108
10.0 5,284.7 PCCP 78
7,116.5 12,401.2 PCCP 108
40.0 12,441.2 PCCP 72
134.0 12,575.2 PCCP 108
86.4 12,661.6 PCCP 72
4,478.7 17,140.3 PCCP 108
10.0 17,150.3 PCCP 72
385.5 17,535.8 PCCP 108
42.7 17,578.6 PCCP 84
12,124.8 29,703.4 PCCP 108
1,560.8 31,264.2 RCP 108
230.8 31,494.9 RCP 96

Figure 1 illustrates the AFM’s alignment adjacent to the Anacostia River.
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Figure 1 — AFM Alignment

METHODOLOY

Screening level inspection of the AFM was successfully performed during July 2024 using the INGU
Pipers tool. A limited length of the interior of the AFM at the Pipers launch site, air release valve
(ARV) #1, was visually inspected using a pole-mounted zooming camera during Pipers inspection
planning efforts. Additional efforts to visually inspect the interior of the AFM at ARV #1 were
performed during December 2024 using a camera-equipped unmanned aerial vehicle (UAV), also
known as a drone.

The AFM screening level inspection began at ARV #1, south of WSSC’s PS2. The screening level
inspection ended at Structure 5A, near South Capitol Street SE and Defense Boulevard, close to the
entrance of DC Water’s Poplar Point Pump Station.

The purposes of the screening level inspection were to:
e Detect and locate leaks.
e Detect and locate gas/air pockets.

e Detect and locate magnetic anomalies that may indicate the presence of metallic
appurtenances such as valves, pipe material changes, pipe joints, external repairs, and other
constructed features.
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Although not originally planned, absolute pressure data were additionally acquired for the AFM.
Pressure data were used by INGU to calculate the existing hydraulic grade line (HGL) at select
locations for comparison against INGU-calculated theoretical HGL values.

Pipers Inspection

Pipers is an autonomous, small, free-floating, neutrally buoyant inspection tool used for the collection
of screening level inspection data in pressurized potable water, raw water, and wastewater (force
main) pipelines. The Pipers tool is suitable for use in pipelines 3- to 120-inches in diameter, and was
considered suitable for the AFM inspection. For the Pipers tool to record valid data, the inspected
pipeline must be in service during inspections, with flow velocity maintained between 0.3 ft/s and
13.1 ft/s.

The Pipers tool records several sensor data sets during an inspection, as summarized below.

e Acoustic Data — A passive acoustic sensor records the ambient acoustic background as the
tool is conveyed through a pipeline. Leaks and gas/air pockets will present as characteristic
signals in the acoustic record. Identification of such a characteristic signal indicates the
presence of a leak or gas/air pocket at a specific location. The intensity (i.e., how loud the
signal is) will provide a relative measure as to the magnitude of a leak or gas/air pocket but
will not provide an absolute measure of leak rate or gas/air pocket magnitude. For best results,
the Pipers tool should be used on conduits that are flowing fully under pressure, as the tool is
unable to detect leaks or gas/air pockets in open channel (zero pressure) flow conditions.

e Magnetometer Data — The earth’s ambient magnetic field is a constant over the length of an
inspected pipeline. Measured variability in the field’s magnitude in the interior of the pipeline
is due to changes in the amount of magnetically susceptible material within, or adjacent to,
the pipeline. Therefore, changes in the amount of local material due to localized features (e.g.,
joints, valves) or significant changes to the pipeline wall (e.g., corrosion, change in wall
thickness) cause these measured changes. Data analysis of local field variability of sufficient
magnitude to be detected may identify causes of these field changes but will not provide an
exact cause or allow exact calculation of pipe parameters - measured changes simply indicate
that local attributes of the pipe have changed.

e Pressure Data — Pressure data will vary due to a change in elevation or a change in local flow
conditions within the pipeline. Recorded data may be used to estimate vertical alignment or
estimate the existing HGL at specific points within the pipeline.

Multiple Pipers tools are successively launched during an inspection, separated by pre-determined
time intervals, with data from each individual tool analyzed independently. The multiple data sets are
then combined and analyzed to generate the reported data set. The use of multiple data sets decreases
measurement noise and enables confirmation of detected features.

RESULTS

Inspection data were obtained for the full length of the pipeline. During the inspection, the average
tool velocity was 1.0 ft/s with a maximum observed velocity of 1.9 ft/s. This is within the average
flow velocity requirements for acquiring valid data.

Throughout the inspection, there were significant flow variations, as further discussed in this
manuscript, that may lead to additional uncertainty in reported distances of identified features. This
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flow variation was known and discussed during the project preparation, with the fluctuations in the
inspection velocity anticipated.

The pipeline inspection data results consist of leak detection, gas/air pockets detection, magnetic
anomaly detection, pressure inspection, and estimation of the flow velocity profile (average flow
velocity as function of location along the AFM).

Details of the AFM inspection are presented in Table 2.
Table 2 — AFM Inspection Detail

Inspection tool INGU free-floating Pipers
Launch coordinates (ARV #1) 38.912696°, -76.939520°
Receive coordinates (Str 5C) 38.861935°, -77.002431°
Inspection length 31,4949 ft
Inspection fluid Untreated (raw) wastewater
Inspection pressure 10 —25 PSI
Inspection temperature 20-30°C
Inspection duration 08:30 (hh:mm)
Inspection date July 31, 2024

Leak Detection

While moving through a pipeline, the Pipers’ acoustic sensor continuously records ambient sound
within the conduit, creating a baseline level of measured sound intensity (how loud the sound is).
When a pipeline leak is approached, the jet of liquid passing through the crack or hole generates a
signal intensity that significantly deviates from the baseline level in the localized region around the
leak. Conversely, if there is no change (or only long-term gradual change) in the sound intensity along
the length of the pipe, no leaks are detected.

Figure 2 presents an example spectrogram of a leak (graph on the left) compared to an anticipated
baseline level (graph on the right). As the Pipers tool nears the leak, sound amplitude increases, peaks,
and then decreases as it moves away. This creates a symmetrical signal extending into higher
frequencies near the leak's center.

WEFTEC Conference Proceedings Copyright 1 2025 Water Environment Federation



WEFTEC 2025

Example Leak Signature Example Quiet Segment

8000 — -20 8000 -20

7000 i 7000

6000 =40 6000 —40
~N N
L5000 & <5000 o
Z -60 8 > -60 2
€ 4000 ¥ o g 4000 o]
s s 3 3

3000 o 3000 o
e -80 2 -80

2000 2000

1000 ' -100 1000 —-100

U 3250 3260 3270 3280 3290 g 3130 3140 3150 3160
Distance (ft) Distance (ft)

Figure 2 — Spectrogram Examples of Leak Signatures

No leaks were detected in the AFM within the sensitivity of the Pipers tool.

Gas/Air Pocket Detection

Signals from gas/air pockets, entrained air, pumps, and other noise sources in the pipeline differ from
those of a leak. Gas/air pockets typically show higher sound intensity than the background level and
have distinct spectral signatures, as illustrated in Figure 3 (spectrogram example). Figure 3 presents
an example spectrogram of a gas/air pocket signal (graph on the left) compared to an anticipated
baseline level (graph on the right). Gas/air pockets appear abruptly with consistent intensity levels,
unlike leaks, which have a strong peak near the center of the spectrogram.
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Figure 3 — Spectrogram Examples of Gas/Air Pocket Signatures

Figure 4 presents the measured acoustic amplitude (proportional to the square root of intensity)
relative to distance from the launch point. The amplitude increase in the last 100 feet of the inspection
appears to be noise due to changing flow conditions as the Pipers tool neared its retrieval location.
Acoustic anomalies, indicating presence of gas/air, are observed along the first 228 feet of the
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inspection. Four significant anomalies are summarized in Table 3. Note: Scaling may obscure low
intensity features at some gas/air pockets, but all are identified by their spectrographs and plotted as
gas/air pockets, even if they appear as "zero amplitude" in the plot.

Acoustic data analysis by INGU found 19 anomalies indicating gas/air in the force main, marked
orange in Figure 4 and summarized in Table 3. Of these, 12 have a spectral signature of localized
gas/air pockets, labeled “Air pocket” in Table 3. The rest have repeating signatures typical of gas/air
pockets along extended segments and are labeled “Segment with air pockets” in Table 3.

Four identified gas/air pockets have spectral signatures indicating gas/air around elevation changes.
Additionally, seven gas/air pockets were observed only in one Pipers run and are marked as "Non-
repeatable" in Table 3.
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Figure 4 — Acoustic Amplitude and Gas/Air Pockets as a Function of Distance Along the AFM

Table 3 — Location of AFM Acoustic Features as Distance from Launch Location

Feature Distance (ft) Comment

Segment with gas/air pockets 19.2-31.3 Around an elevation change

Segment with gas/air pockets 47.9 - 65.8 Around an elevation change

Segment with gas/air pockets 162.6 - 203.6 -

Gas/air pocket 222.1-224.4 -
Gas/air pocket 2,423.7 - 2,425.7 Non repeatable
Gas/air pocket 2,444.1 - 2,445.6 Non-repeatable

Segment with gas/air pockets 4,370.8 - 4,382.2 -
Gas/air pocket 8,045.9 - 8,047.3 -

Segment with gas/air pockets 9,130.7 - 9,168.1 Non-repeatable
Gas/air pocket 11,225.9 - 11,249.3 Non-repeatable
Gas/air pocket 11,953.3 - 11,960.0 -

Segment with gas/air pockets | 12,001.6 - 12,182.0 Around an elevation change
Gas/air pocket 15,981.4 - 15,989.0 Non-repeatable
Gas/air pocket 17,647.2 -17,670.1 -
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Feature Distance (ft) Comment
Segment with gas/air pockets| 17,817.4 - 18,155.2 Around an elevation change
Gas/air pocket 26,457.2 - 26,459.9 Non-repeatable
Gas/air pocket 27,347.9 - 27,359.6 -
Gas/air pocket 28,101.8 - 28,105.9 -
Gas/air pocket 28,742.6 - 28,747.5 Non-repeatable
Gas/Air Pockets

Figure 5 illustrates the location of identified gas/air pockets overlaid on a portion of the AFM
alignment, along with the locations of gas/air pockets suggested by an independent hydraulic model
of the AFM — Gas/air pocket 1 located at/near ARV #14, gas/air pocket 2 located at/near ARV #5,
and gas/air pocket 3 located at/near ARV #1. While these three model-predicted gas/air pockets
correspond with Pipers-detected gas/air pockets, other gas/air pockets were detected and located that
are not suggested by the model.
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Figure 5 — Pipers Gas/Air Pocket Locations vs Hydraulic Model Predictions Along the AFM

The DC Water Hydraulic Model predicted gas/air pocket 3 would be located at/near ARV #1. Visual
inspection of the AFM’s interior at ARV #1 was performed prior to the Pipers inspection (July 2024)
using a pole-mounted zooming camera. The Figure 6 photo to the left provides visual evidence of the
presence of a gas/air pocket with open channel flow in the AFM at/near ARV #1, along with apparent
pipe wall deterioration. The Pipers detection of this gas/air pocket and its visual confirmation provides
evidence of the validity of Pipers inspection data.

The ARV #1 site was inspected again in December 2024 using a camera-equipped drone, to make
further visual inspection to further document pipe wall conditions. The Figure 6 photo to the right
provides visual evidence of pipe wall deterioration as recorded by the drone’s camera. The conclusion
of this effort was that pipe wall deterioration in this area is likely due to biogenic corrosion. A
reasonable conclusion is such corrosion is possible at all Pipers identified gas/air pocket locations.
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Figure 6 — Gas/Air Pocket located at ARV #1. Photo on left was acquired using a pole-
mounted zooming camera prior to Pipers launch (July 2024) at this location. The photo on the
right was later acquired (Dec. 2024) using a camera-equipped drone to confirm the presence
of pipe wall deterioration.

Pressure Inspection

During its transit through a pipeline, the Pipers tool continuously monitors pressure. This pressure is
influenced by various pipeline characteristics such as conduit roughness, internal diameter, and
elevation, as well as by conditions like debris and pipe wall deterioration. Figure 7 illustrates the
pressure measured throughout the Pipers inspection, with DC Water’s East Side Force Main (ESFM)
tie-in marked at approximately 16,000 feet.

—— Data Tie-in
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Figure 7 — Measured Pressure as a Function of Distance Along the AFM

Most of the pressure fluctuations measured are due to changes in elevation. Smaller and smoother
variations may result from pipeline conditions.
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Pressure measurements were used by INGU to calculate a data-based hydraulic grade line (HGL) at
discreet locations on the AFM. A theoretical HGL was calculated by INGU assuming new pipe
parameters for different flow rates at five (5) discreet locations on the AFM. These data-based HGL
values were found to be lower than these theoretical values for the AFM. This analysis suggests the
hydraulic capacity of the AFM has decreased over time.

Table 4 presents the calculated HGL for discreet locations for various assumed flow rates.
Table 4 — Calculated HGL at Various Locations Along the AFM

Distance |Pressure|Elevation Dl;lt:fli:ls‘z d Flow rate }'{h(e;irgttlgzgl }'{h(e;irgttlg%l I?Il(lfl(:r:ttllcgé
(fo) (PSI) @\ aeL gy | MOD) | MGD (f) | MGD (ft) | MGD (ft)
18,463 23.2 -16.8 2.9 72.6 2.7 5.5 8.7
21,806 19.2 -14.9 -4.7 43.7 1.1 4.0 8.0
25,124 24.1 -23.2 -1.6 39.0 0.0 2.7 7.4
27,407 21.3 -15.5 -0.2 77.1 -0.9 1.5 6.9
30,344 22.6 -18.4 0.0 74.8 -1.3 1.4 6.4

Magnetic Anomaly Detection

The Pipers' magnetic sensor detects the Earth's magnetic field and any disturbances from magnetically
susceptible materials in the pipeline or nearby. In non-metallic pipelines, it measures only the Earth's
field unless metallic fittings or sleeves alter it. The magnetic flux density measurements confirm that
the pipeline contains magnetic components, consistent with it being made of PCCP and RCP
segments.

Twelve (12) magnetic anomalies were found during the inspection, as presented in Table 5. These
anomalies were cross-referenced with known AFM constructed features per DCW record documents.
Comments were added to the observations when force main features were near observed magnetic
observations. Summarized observations are presented as follows:

e The identified magnetic anomalies near the 2,172.7-, 3,107.1, and 14,173.6-foot distances
appear to be at pipe joints and are labeled as anomalous joints.

e Magnetic anomalies near the 5,311.9- and 20,453.5-foot distances may be isolation valve
locations. Similar signatures were identified around the 13,857.1- and 18,005.1-foot distance
locations.

e The identified magnetic features near the 4,371.0- and 20,292.6-foot distances are locations
where ARVs were expected.

e Magnetic features at the 8,522.0-, 13,004.7-, 13,857.1-, 15,140.2-, and 18,005.1-foot distances
are locations that do not correspond to known infrastructure per DC Water record documents.

Table 5 — Summary of Magnetic Features Identified Along the AFM

Feature Distance (ft) Comment
Magnetic feature 2,172.7 Anomalous Joint
Magnetic feature 3,107.1 Anomalous Joint
Magnetic feature 4,371.0 Near ARV
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Magnetic feature 5,311.9 Near Butterfly Valve
Magnetic feature 8,522.0 Unknown

Magnetic feature 13,004.7 Unknown

Magnetic feature 13,857.1 Possible Valve

Magnetic feature 14,173.6 Anomalous Joint

Magnetic feature 15,140.2 Unknown

Magnetic feature 18,005.1 Possible Valve (at large gas/air pocket)
Magnetic feature 20,292.6 Near ARV

Magnetic feature 20,453.4 Near Butterfly Valve

The “Known” Gate Valve

DC Water has been unable to field locate a 72-inch gate valve that is known to be a constructed feature
on the AFM. DC Water refers to this unlocated valve as the “known” valve. The distances of Pipers
detected magnetic anomalies were examined to correlate them to record documents and to determine
a potential location of the known valve. Record documents consisting of Drawings and Lay Schedules
were used for the comparison.

Review of the record documents show a 72-inch gate valve located at approximately STA 7+04 of
Contract D. This corresponds to the 17,145.4-ft distance in the Pipers data, as determined by
correlating Pipers travel distances with the drawing’s station values. The Pipers magnetic data
documents a “possible valve™ at the 18,005.1-ft. distance, shown in Table 5. The difference in distance
between the 17,145.4 and 18,005.1 reported distances is likely due to several factors, such as errors
in correlating Station Numbers over multiple construction contracts to distances reported by the
Pipers data and the inherent errors in the reported Pipers distance data. While not insignificant, the
difference in distance is not enough to simply label the correlation of the record drawings with the
Pipers result as “coincidence”. This valve has not been field located and is therefore the potential
location for the “known” gate valve.
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Velocity Profile

DCW provided flow rate data for the AFM and ESFM based on July 31, 2024 data from PS2 and
the ESPS. Flows for the AFM upstream of the ESFM tie-in are solely from PS2. Flows downstream
of the tie-in are the sum of flows from PS2 and the ESPS. The average flow rate in the AFM
upstream of the tie-in was calculated to be approximately 47 million gallons per day (MGD), while
the average flow rate downstream of the tie-in was calculated to be approximately 60 MGD. These
average flow rates were used to calculate an average flow velocity of approximately 1.1 ft/s
upstream of the ESFM tie-in and approximately 1.5 ft/s downstream of the tie-in. Total expected
Pipers inspection duration for the AFM was therefore calculated to be approximately 7 hours,
assuming full pipe flow.

On the day the inspections were performed, July 31, 2024, the actual duration of each Pipers
inspection was timed to be between 8 and 8.5 hours. Total inspected length of the AFM was
31,494.9 1f. An estimate of the Pipers average travel velocity is derived from the length of the
pipeline inspected divided by the measured travel time of the Pipers.

Pipers average travel velocity was calculated by INGU to be 0.9 ft/s upstream of the ESFM tie-in
and 1.1 ft/s downstream of the tie-in. These calculated velocity values are then adjusted by
incorporating inspection data measured concurrently by the Pipers, such as sudden deviations in
acceleration or direction as measured by the Pipers inertial measurement unit (IMU), or the time
recorded by the Pipers to reach a known constructed feature such as the ESFM tie-in.

This average travel velocity is assumed to be equivalent to the average flow velocity. Therefore,
the above estimated average travel velocity values 0.9 upstream of the ESFM tie-in and 1.1 ft/s
downstream of the tie-in correspond to an approximate average flow rates of 37 MGD upstream
of the ESFM tie-in and 45 MGD downstream of the tie-in.

The difference between the PS2 and the ESPS flow rates provided by DC Water and the INGU
calculated flow rates could reasonably be caused by a number of factors that cause the Pipers to
not be conveyed ambiently with the pipeline’s flow velocity. Flows within the pipeline may vary
due to elevation changes, accumulated debris, pump cycling, sections of non-pressurized flow, or
restrictions, increased pipe wall surface roughness, etc. Errors in the reported pump station flow
rates could also contribute to the noted differences.

The Pipers average travel velocity values calculated by INGU to be 0.9 ft/s upstream of the ESFM
tie-in and 1.1 ft/s downstream of the tie-in fall well within the Pipers specification range of 0.5 —
13.1 ft/s for velocity measurement.

Figure 8 presents pump station flow rate data provided by DC Water and Pipers average travel
velocity values as calculated by INGU from Pipers data recorded during the inspections. The upper
plot shows individual pump station flow rates from the contributing pump stations. The middle
plot shows combined flow rates of all contributing pump stations as a function of distance from
the launch location up to the retrieval location. The bottom plot shows Pipers average travel
velocity per segment calculated by INGU based on recorded Pipers data.

Not that all the above velocities comply with the Pipers flow requirement that flow velocity be
between 0.3 ft/s and 13.1 ft/s during inspections.
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Figure 8 — Individual and Combined Pump Station Flow Rates and Average Pipers Travel
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CONCLUSIONS

Data recorded by the INGU Pipers were reported to be within the sensitivity of the technology and
were considered valid and of acceptable quality.

With respect to the presence of gas/air pockets, biogenic corrosion of internal pipe wall surfaces
due to the presence of hydrogen sulfide (H>S) gas is known to contribute to sewer force main pipe
materials deterioration and wall loss. Understanding the extent and severity of pipe materials
deterioration and wall loss due to biogenic corrosion at gas/air pockets is necessary to assess
whether the structural condition of the AFM have been negatively impacted.

Pressure measurements were used by INGU to calculate a data-based hydraulic grade line (HGL)
at discreet locations on the AFM. A theoretical HGL was calculated by INGU assuming new pipe
parameters for different flow rates at five (5) discreet locations on the AFM. These data-based
HGL values were found to be lower than these theoretical values for the AFM. This analysis
suggests the hydraulic capacity of the AFM has decreased over time.

Multiple magnetic anomalies were detected. Comparison of record documents against magnetic
anomalies indicate locations that correlate with a number of constructed features, including inline
valves. A magnetic anomaly in the vicinity of ARV-14 appears to correlate with a 72-inch butterfly
valve shown in record documents. Attempts by others to field locate this “known” butterfly valve
have reportedly been previously attempted but have not been successful to date. It is speculated
that fill has been placed that has buried the butterfly vault at this location.

Based on the SPM Team interpretation of INGU Pipers screening level inspection results,
additional inspections of the AFM at locations identified to have gas/air pockets, or at locations
where the force main pipelines are known or anticipated to experience less than full pipe, gravity
flow conditions, are recommended. These additional inspections will assist in documenting
evidence of the presence of biogenic corrosion and resultant pipeline wall surface deterioration
and wall loss. The additional inspections will provide data that can be used for structural condition
assessment of the AFM. Additionally, the magnetic anomalies identified by the INGU Pipers
should be field verified, including excavating and exposing the AFM where inline valves are
suspected to be located.
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