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Executive Summary Report %D“KE'S

Berryville VA — Microdetection I1&I Study

Purpose of Study:

ROOTED IN INNOVATION"

Dukes Microdetection seeks to identify and prioritize areas of most concern, while also eliminating certain areas that
are less likely to need additional resources. Specific follow up actions are identified and can be applied strategically to
a much more concentrated area, resulting in cost effective and efficient next steps.

Methods:

This study seeks to identify sources of Inflow and Infiltration due to rain events as well as potential 0&M defects
causing reduced capacity. Three technologies were deployed for this study. Ultrasonic level microdetection meters,
known as iTrackers, which continuously measure level changes in 15 minute increments were deployed throughout the
study area. This level data is compared during times of dry weather versus selected wet weather periods in order to
determine which areas show the greatest impact. Volumetric flow estimates are calculated in order to provide context

in the overall evaluation.

In addition to the iTracker Microdetection, (3) area velocity meters were installed in strategic locations in order to

measure volumetric flow.

Study Quick Glance Statistics

iTrackers Installed 88
Linear Feet (LF) 17,086
Study Length (days) 98
Number Rain Days 28
Total Rainfall (inches) 8.92
Average Rainfall (inches) 0.32
Average Wet Period 29%
Heaviest Rainfall (24 hours) 1.21
Good/Fair Rating 73
Moderate/Severe Rating 15
Surcharged or Not Measured 0

Manhole 177 and upstream noted as SEVERE, along Batteletown Drive



iTracker Study Findings:

The purpose of a microdetection metering study is to pinpoint and isolate key contributor lines within a
collection system that are prone to respond to rain events with increases in level, and corresponding flow. Those
additional wet weather flows increase WWTP costs, reduce system capacity and have the potential to cause
surcharging, overflows and backups in the system. Dukes deployed microdetection meters, called ITrackers,

throughout the system.

It was observed that this area experiences relatively small amounts of inflow. Surcharge conditions did not
exist thoughout the study period. Each area just upstream of each iTracker receives a final priority rating of; good, fair,

moderate, or severe. All data is available and provided in a .csv file.

Method of Analysis: Flow levels during wet weather are compared with flow levels during dry weather in
order to compare the collection system’s reaction, and determine potential areas of I&I sources. The dry weather
period used for this study is a 4-day period beginning June 20 through June 23. The 4-day wet weather period is
defined during the dates between May 23 and May 26. A four day wet weather flow estimate will capture both inflow

(1 day of heaviest rain) and infiltration (plus 3 days).

The 4 day wet weather volume is compared with the 4-day dry weather volume. Consideration is given
towards upstream values in order to differentiate and not include upstream contributions. Results are scored based
on the relative severity of estimated inflow and infiltration volumes as compared with the estimated average dry
weather flows (ADWF). For example, a pipe segment with relatively small ADWF showing large amounts of 1&! would
generate a high score of severity. The intent of the score is to help determine pipe segments that would be better
candidates for further investigative or rehabilitation efforts. Recommended follow up action steps would include
smoke testing of areas with a SEVERE or MODERATE score. Often, smoke tests can generate relatively quick and cost
effective repairs that can significantly reduce sources of inflow, such as cross connections and illegal roof/gutter

connections.
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iTracker Results

Severity Rating Distribution
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iTracker Results:

Flow Meter Summary:

A detailed appendix of flow data is provided as an electronic .csv file. The equipment utilized were Hach FL900 series, with a sub-
merged area velocity sensor that measures level and velocity in 5 minute intervals. Data is sent via cellular modem to a server in 2
hour increments. All raw data is available via the Claros weh platform. The data appendix contains data that is lightly edited to
account for “pops” and “drops” within the data. All installation and maintenance logs are provided separately within the flow me-
ter portion of the report. An overall summary of findings is included within this section of the report.

It should he noted that Site 3 had site conditions that were such that in-
tended results were not possible to obtain. This was noted during the time
of equipment installation. However, it was decided to make an attempt in
order to get the best results possible, with the possibility that pump cycles
could be determined and analyzed. Level and velocity characteristics were
outside of the manufacturer’s recommendations. Post study, this data was
analyzed further in order to assess whether or not it would be possible to
draw a conclusion based on recognizing individual pump cycles, in order to
determine a higher pumping frequency during rain events. While it is pos-
sible to determine some pump cycles, the data quality is not sufficient to
determine a final conclusion regarding increased pumping during rain
event time periods. Therefore the data for Site 3 was removed.
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Flow Meter Summary:

Site 3

(no

data)

Site 2
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FIELD SERVICE APPROACH %DUKE' &
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PRECISION |&I MICRODETECTION

Precision 1&| Microdetection seeks to identify sources of
Inflow and Infiltration due to rain events, which is classified
of RDII — Rain Derived Inflow and Infiltration. Other anom-
alies such as reduced flow capacity due to pipe structural
or O&M conditions can also be identified. Ultrasonic level
detectors, known as iTrackers, continuously measure sew-
er levels in 15-minute increments are deployed throughout
the study area. Our algorithms prioritize areas of most
concern by looking at dry weather levels, wet weather lev-
els, pipe sizes, and pipe connectivity. All data is reviewed
to eliminate occurrences of erroneous data that can im-
pact the final priority score.

FIELD DATA COLLECTION

Basin isolation studies utilize iTrackers in key outfalls within a study area to determine which basin(s) may be
contributing I&I within a system.

Microdetection studies utilize the installation of iTrackers in manholes canvassing the study area in an effort
to pinpoint which pipe segments may be contributing 1&I within a basin or system.

Study durations are dependent on major (>1 inch) rain events. Minimum study length is typically 30 days.
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This section contains definitions and abbreviations commonly used throughout this report.

Base Flow- sustained or dry weather flows not directly generated by rainfall. It commonly constitutes flows
generated by domestic and industrial discharge and also infiltration.

CCTV- Closed Circuit Television

Direct Cross Connection— a connection of a collector of storm water, e.g. area drain or inlet, to the sanitary
sewer main line or building lateral.

Drop Pipe Connection— A vertical connection to or near the invert level of a manhole from a sewer or drain
at a higher level.

GIS— Geographical Information System
GPD- Gallons per day

GPM- Gallons per minute

GPS— Global Positioning System

Gravity System (or Gravity Sewer)- a drain or sewerage system whereby flow is created by the action of
gravity and where the pipeline is designed to operate partially full.

Hydrograph—-a graph showing, for a given point on a stream or conduit, the discharge, stage, velocity, availa-
ble power or other property of water with respect to time.

Indirect Cross Connection—the storm sewer is not directly connected to the sanitary sewer main line or
building lateral, but there are leaks in both storm sewer and the sanitary sewer allowing storm water to mi-
grate to the sanitary sewer.

Infiltration (as defined by USEPA) - the water entering a sewer system and service connections from the
ground through such means as, but not limited to, defective pipe, pipe joints, service connections, service
laterals, or manhole walls.

Inflow (as defined by USEPA) - the water discharge into a sewer system, including service connections, from
such sources as downspouts; sump pumps; cellar, yard, and area drains; foundation drains; cooling water dis-
charges; drains from springs and swampy areas; manhole covers; cross connections from storm sewers, com-
bined sewers, or catch basins; storm waters; surface runoff; or drainage.

Inflow and Infiltration 1&I-the extraneous clean water from rainfall that enters the sanitary sewer system
that can be eliminated on a cost-effective basis.

Invert— The lowest point of the internal surface of a drain, sewer or channel at any cross section.

Lagoon—a pond in which algae, sunlight, and oxygen interact to restore wastewater to a quality often equal
to that of the effluent from the secondary treatment stage.

MACP— Manhole Assessment Certification Program

Manhole— A working chamber with cover constructed on a drain or sewer within which a person may in-
spect, test or clear and remove obstructions.

MGD-Million gallons per day



Outfall-the point, location or structure where wastewater or drainage discharges from a pipe, channel, weir,
drain or other conduit.

Overflow—the intentional or unintentional discharge of sewage to the environment before it has been treat-
ed.

NASSCO- National Association of Sewer Service Companies
PACP- Pipeline Assessment Certification Program

Pump Station— a structure containing pumps and appurtenant piping, valves and other mechanical and elec-
trical equipment for pumping water, wastewater and other liquids.

PVC- Polyvinyl Chloride

Sanitary Sewer Evaluation Survey (SSES) - the study of a sanitary system through various investigation tech-
niques, to identify sources of extraneous rainwater that are entering the sewers. These investigations may
include flow monitoring, precision I&l microdetection, dye testing, smoke testing, television inspection, man-
hole inspection and flood prevention inspection.

Sewage— wastewater and/or surface water conveyed by a drain or sewer

Sewer System—the network of pipelines and ancillary works, which conveys wastewater and/or surface wa-
ter from drains to a treatment works or other place of disposal.

Silt—sediment (often soil) consisting of particles which is carried in the waterflow and may settle to the
bottom of a pipe.

Standard Deviation 2- Two standard deviations represent 95% of all observations within the data population.
Storm Sewer— a sewer that carries only runoff from storm events

Surcharge— overloading of the sewer beyond its design capacity. The channel entrance and exit are sub-
merged and the pipe is flowing full.

VCP- Vitrified Clay Pipe
Wastewater- water changed by use and discharged to a drain or sewer system

WWTP-Wastewater Treatment Plant
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Manhole ID- The unique identifier of the manhole where the iTracker was installed.

Pipe Diameter — Diameter of Pipe

Depth Max — The maximum water level across the data set

Depth Min — The minimum water level across the data set

Average Dry Level — The average dry level associated during a two-day period with no rain events

Surcharge — The condition in which the water has exceeded the pipe diameter, or anything more than
full pipe

Time in surcharge — The total amount of time that the site experienced a surcharge condition

% of full pipe DRY — This value represents the level as compared with diameter during dry weather con-
ditions

Dry Weather Average Flow — The estimated flow value in a defined dry weather period. Flow is calcu-

lated with Eastech algorithm

Priority Level — Indicates the level of priority in terms of the reaction to wet weather based on all data
collected

Manhole ID- The unique identifier of the manhole where the iTracker was installed.

Pipe Diameter — Diameter of Pipe

Depth Max — The maximum water level across the data set

Depth Min — The minimum water level across the data set

Average Dry Level — The average dry level associated during a two-day period with no rain event

Surcharge — The condition in which the water has exceeded the pipe diameter, or anything more than
full pipe
Time in surcharge — The total amount of time that the site experienced a surcharge condition

Surcharge Max — The maximum amount of surcharge observed over full pipe (note that levels above the
measuring device cannot be measured)

Estimated 4 Day Dry Weather - the volume during dry weather pattern that is representative of flow
without impacts of inflow and infiltration

4 Day Rain Event I&I - The estimated value of total inflow and infiltration measured. This total would
include both 1&I that is determined to be adjacent/local AND "carrier" |&I from sources determined to
be further upstream

Delta Q - A calculated value utilizing local I1&I values, ADWF, and total I&I. This score determined the rel-
ative severity






