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Outlying Communities Report

1.0 Introduction

This Outlying Communities Report describes the activities conducted by the Philadelphia Water
Department (Water Department) to analyze, quantify and characterize the dry weather and wet
weather flows conveyed from outlying community points of connection to the City’s combined
and separate sewer systems. The Outlying Communities Report is a requirement of the Water
Department’s Consent Order and Agreement (COA), and this submission is intended to meet
that reporting requirement.

On June 1, 2011, the Commonwealth of Pennsylvania approved the City of Philadelphia’s CSO
Long Term Control Plan Update (LTCPU) and issued the COA to provide the regulatory
framework for the implementation of the plan. The approved LTCPU and its supplements are
called the Green City, Clean Waters program and represent the City’s commitments towards
meeting CSO control regulatory obligations, while helping to revitalize the City.

The Outlying Communities Report is a continuation of the Sanitary Sewer Evaluation Survey
(SSES) activities required by the COA. As required by the COA, two reports are to be prepared
and submitted to the Pennsylvania Department of Environmental Protection (PADEP) as part of
the SSES. By June 1, 2014, the Water Department was to submit a report documenting the
completed Phase 1 scope of work and the Phase 2 activities for the separate sanitary sewershed
areas located within the City limits. This requirement was met as the Green City, Clean Waters
Sewer System Evaluation Survey was submitted to PADEP on June 1, 2014. By June 1, 2015,
the Water Department is to submit an Outlying Communities Report documenting the
completed Phase 2 work for the separate sanitary sewershed areas of satellite municipalities that
contribute wastewater flow to the Water Department collection system. This report is intended
to fulfill that second reporting requirement.

1.1 Background Information

There are 10 municipal entities currently that convey separate sanitary flows to the Philadelphia
Water Department sewer system through designated points of connection between the City and
community collection systems. Service agreements have been established between the City of
Philadelphia and these outlying communities.

1.2 Approach for the Outlying Communities Report

The development of the approach for this Outlying Communities Report, and previously
submitted SSES report, was derived in-part from the American Society of Civil Engineers
(ASCE) and the Water Environment Federation (WEF) Manual of Practice FD-6, “Existing
Sewer Evaluation and Rehabilitation”. The first phase, the problem identification phase, was
intended to identify available historical data, assess the reliability, decide if additional data are
needed, and determine how this additional data would be collected. This first phase involved the
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cataloging and evaluation of existing historical data that are critical to successfully and
efficiently performing the SSES.

The second phase of the SSES, the analytical study phase, involved using reliable data for
performing global analyses and evaluations of sanitary sewer systems during dry and wet
weather conditions. A primary part of the evaluation involved analysis of monitored
precipitation and sewer flow data to quantify and characterize dry weather flow and rainfall
dependent infiltration and inflow (RDII).

The results of these analyses for the sanitary sewered areas within the City were summarized
and presented in the Green City, Clean Waters Sewer System Evaluation Survey which was
submitted on June 1, 2014. The analyses and results for monitored tributary areas outside the
City are summarized and presented in this report, the Green City, Clean Waters Outlying
Communities Report.

1.3 Overview of Report Contents

This Outlying Communities Report is organized into five sections and three appendices that are
described briefly below.

Section 1 provides an overview of the report, including descriptions of the regulatory context
behind the document, the scope of work and required elements, a brief explanation of the Water
Department’s approach for meeting the regulatory and reporting requirements, and potential
future efforts after the submission of this document.

Section 2 documents the completed Phase 1 activities for the outlying community service areas.
Note that the completed Phase 1 activities for both the City and outlying community areas were
included in the Green City, Clean Waters Sewer System Evaluation Survey. The following
categories of pertinent available data are re-iterated for the outlying community areas in this
report.

e Sanitary sewer flow monitoring data collected from outlying community service area
billing meters

¢ Regional precipitation monitoring data providing coverage for the City and outlying
community service areas

e Sanitary sewer system data and geographic information system (GIS) coverage from the
outlying communities

o Other pertinent data categories such as demographic, topographic, population and land
use data for outlying community service areas

Section 3 provides summary documentation for the analytical and assessment approaches used
to conduct the Phase 2 activities for the outlying community service areas. The narrative
explains how sewershed delineations and sewershed precipitation were refined and verified
from the available historical data. The associated quality assurance review procedures that were
conducted for the monitored precipitation and wastewater flow data are also documented. The
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section concludes with descriptions of the analysis methods, tools, and procedures that were
used to quantify and characterize dry and wet weather flow conveyed from the monitored
outlying community areas.

Section 4 provides a summary of the Phase 2 analysis results and conclusions for the outlying
community service areas. Analysis results from the precipitation gage and radar-rainfall system
monitoring data analyses are provided. Dry weather analysis results are presented using a series
of summary tables, cumulative distribution functions (CDFs), and color coded GIS maps.
Similarly, wet weather analysis results for each of the analyzed outlying community sewershed
areas are provided.

Section 5 describes actions taken to date and potential future efforts to identify needs to reduce
outlying community wet weather flows that may have a significant influence on the City’s CSO
discharge volumes.

The three appendices provide more detailed information and results for the various analyses
that were conducted. Appendix A provides the results of the long-term regional precipitation
characterization analysis as a series of plots comparing historical average monthly precipitation
volumes and event frequencies to those observed during the period coinciding with the outlying
community flow monitoring activities. Appendix B provides more detailed information on the
dry weather flow analysis results; including average weekday and weekend dry weather flow
hydrographs and ground water infiltration ratios. Finally, Appendix C provides a series of
spreadsheets that documents the wet weather flow analysis results, including the RDII
quantification for each successfully monitored storm. All three appendices are provided in
digital format on the enclosed Compact Disc (CD) found in the back of the report.
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2.0 Summary of Available Historical Data
from Phase 1 Activities

This section describes and documents the Sewer System Evaluation Survey (SSES) Phase 1
activities that were completed for the satellite separate sanitary sewer collection systems outside
the City. The Phase 1 scope of work included the processes of identifying and gathering the
available historical data and assessing its reliability. Subsequently, the data was assessed to
verify that the collected data was sufficiently complete and up to date to quantify and
characterize dry and wet weather flow from the separate sanitary sewershed areas within the
outlying communities. Finally a determination was made if additional data would be needed,
and if so, how this data would be collected.

It is important to note for context, that the completed Phase 1 SSES activities for both the City
and outlying community areas were previously presented in the Green City, Clean Waters
Sewer System Evaluation Survey, which was submitted on June 1, 2014. This report submission
focuses the documentation on the outlying community sewershed areas.

2.1 Sanitary Sewer Flow Monitoring Data Collected from
Outlying Community Billing Meters

The Water Department maintains a network of continuously recording sanitary sewer flow
meters at major points of connection from outlying communities contributing sanitary sewer
flows to the City wastewater collection system. These meters are used to quantify the flow
contributions to the City sewer system from outlying customer communities for purposes of
sewer service billing and evaluating compliance with contractual flow limits. There are two
categories of these “billing meter” sites: permanent and portable. For the permanent billing
meter sites, the monitoring equipment is installed within permanent monitoring structures, and
with some exceptions, the sites generally monitor flow from larger outlying community
sewershed areas with larger service populations. For the portable monitoring sites, also known
as standardized monitoring sites, the equipment is installed on a temporary basis within
ordinary sewer manholes and, with some exceptions, these sites generally monitor flow from
smaller sewershed areas with smaller service populations. The City generally deploys the
portable flow meters for approximately three month periods, rotating through the sites once
every two to three years to identify changes in flow quantities and update standardized billing
rates if needed.

While primarily established for quantifying wastewater flow contributions from outlying
communities for sewer service billing purposes and evaluating contractual flow limits, the data
from these monitors can be analyzed and used for characterization of tributary sewershed areas,
estimating average dry weather and peak wet weather flows, base wastewater flow (BWWF),
groundwater infiltration (GWI), and rainfall dependent infiltration and inflow (RDII).
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The range of completed activities conducted for the outlying communities Phase 1 activities
included a review of the historical and current sanitary sewer flow monitoring data collected at
each of the billing meter locations. The existing data were identified and evaluated to assess data
availability, as the Phase 1 inventory investigations identified available flow data from 2004 to
the present. For the outlying communities Phase 2 analyses, it was decided to use the more
recent monitoring data from 2007 through June 2014, where the Water Department has
collected data at 51 billing meter locations. Thirty five of these locations are permanent
monitoring sites, while the remaining 16 sites are portable. Table 2-1 provides a list of the
permanent sanitary sewer flow monitors used in the analysis, while Table 2-2 provides a list of
portable sanitary sewer flow monitors used in the analysis. These tables include the names of
the monitoring sites and the associated contractual community, the pipe diameter, the tributary
drainage area, and the tributary population, land use statistics, the dates monitoring started and
ended, and the monitoring duration.

In order to process the flow data collected in the field, the data were converted to text files that
were loaded into a series of spreadsheets. These spreadsheet data files were then compiled with
all applicable field documentation necessary to assess the accuracy and reliability of the data.
Finally, in preparation for the quality assurance / quality control (QA/QC) process, both the
data and supporting documentation were archived by contract community and site name in a
folder directory structure. Additional details regarding data management can be found in
Section 2.4 (Data Management Approach). Once the current and historical data were compiled,
the data then went through a series of established QA/QC protocols in order to determine
reliability for use in sewershed characterization and for the estimation of dry and wet weather
flows. These QA/QC protocols and procedures are discussed in detail in Section 3.3 (Quality
Assurance Reviews for Precipitation and Flow Monitoring Data). Once the collected data were
guality-reviewed, the amount of data considered to be of acceptable quality was quantified as a
percentage for each monitoring site. This capture percentage for each individual deployment, or
the percentage of usable data meeting quality assurance standards, can be found in Tables 2-1
and 2-2. Table 2-3 summarizes the percentage of acceptable quality data collected by both the
permanent and portable meters.

Table 2-4 lists the permanent and portable monitoring sites with significant periods of
unreliable data. The table also provides a short description of the quality concerns of the data
collected. There was one site, MBE_ 13 in Bensalem Township, where the data quality was
determined to be unacceptable for the entire monitoring duration. There were two portable
billing meter areas identified in the table where the data quality was determined to be
unacceptable for an individual equipment deployment period. Fortunately, each of these
monitoring sites had two successful monitoring deployments were the data quality was
acceptable for sewershed characterization.

Figure 2-1 is an overview map of the entire Philadelphia Water Department service area,
showing the locations of the outlying community billing meters. The individual metering
chambers or manholes where the monitoring was conducted are represented by blue circles.
The tributary drainage areas are depicted by the blue shading. Figures 2-2 through 2-4 display
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the coverage provided by the flow monitoring sites at a greater level of detail in the northeast,
northwest and southwest areas of the City, respectively.

The Phase 1 inventories, QA/QC reviews, and data assessments were successfully completed for
the wastewater flow monitoring data collected from the network of permanent and portable flow
meters at the points of connection from outlying community sewershed areas. By completing
these Phase 1 activities, the Water Department was able to confirm that the historical data have
adequate geographical coverage and monitoring duration, are suitably current, and are
sufficiently reliable to meet the needs and requirements of the SSES phase 2 analyses. It is
important to note that the monitored data may not always reflect the total flow generated from
the outlying community sewershed areas, as it would not include any flows lost from possible
SSO discharges upstream of the billing meter locations within the municipal collection systems.
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Table 2-1: Summary of Available Sanitary Sewer Flow Monitoring Data Collected from Outlying Community Areas (Permanent Meters)

Outlying Communities Report

. Tributary . Tributary Drainage Area Land Use = Available Flow Monitoring Data
Monitoring . P!pe Drainage Tnbu?ary
Site SRS (inscllz;s) Area p: er:nc‘e Industrial and . . . Roads and Data Duration Data Capture
(acres) PR Commercial Recreational LR B Utilities I End? (months) Percentage(‘”)
MA_2 Abington Township 10 3,161 10,222 8% 4% 71% 0% 17% 4/1/12 6/30/14 27.0 97%
MBE_1 Bensalem Township 12 241 879 39% 0% 49% 6% 7% 4/1/12 6/30/14 27.0 97%
MBE_2 Bensalem Township 10 212 1,894 16% 0% 77% 3% 4% 4/1/12 6/30/14 27.0 89%
MBE_3 Bensalem Township 12 90 554 30% 2% 68% 0% 1% 3/15/14 6/30/14 3.5 73%
MBE_3 Bensalem Township 12 90 554 30% 2% 68% 0% 1% 1/1/12 8/26/12 7.8 28%
MBE_3 Bensalem Township 12 90 554 30% 2% 68% 0% 1% 2/24/10 12/31/10 10.2 78%
MBE_4 Bensalem Township 12 193 1,377 38% 1% 51% 1% 10% 4/1/12 6/30/14 27.0 83%
MBE_5 Bensalem Township 24 1,024 2,563 63% 5% 24% 2% 7% 4/1/12 6/30/14 27.0 92%
MBE_6 Bensalem Township 16 742 4,567 24% 2% 71% 1% 2% 4/1/12 6/30/14 27.0 99%
MBE_7 Bensalem Township 12 204 2,110 15% 1% 78% 1% 6% 4/1/12 6/30/14 27.0 94%
MBE_8 Bensalem Township 12 230 1,318 39% 9% 45% 2% 6% 4/26/14 6/30/14 2.1 78%
MBE_8 Bensalem Township 12 230 1,318 39% 9% 45% 2% 6% 1/1/10 12/31/10 12.0 76%
MBE_9 Bensalem Township 10 290 2,023 49% 4% 18% 11% 18% 4/5/14 6/30/14 2.8 0%
MBE_9 Bensalem Township 10 290 2,023 49% 4% 18% 11% 18% 2/14/13 5/17/13 3.0 100%
MBE_9 Bensalem Township 10 290 2,023 49% 4% 18% 11% 18% 1/1/10 12/31/10 12.0 82%
MBE_10 Bensalem Township 12 37 272 9% 0% 90% 0% 2% 4/1/12 6/30/14 27.0 54%
MBE_11 Bensalem Township 8 71 0 97% 0% 0% 3% 1% 1/1/10 7/31/10 6.9 94%
MBE_12 Bensalem Township 12 36 1,288 45% 0% 42% 3% 11% 4/1/12 6/30/14 27.0 99%
MBE_13 Bensalem Township 10 17 12 86% 0% 0% 0% 14% 1/1/12 6/30/14 30.0 0%
MBE_14 Bensalem Township 8 15 30 42% 0% 14% 15% 29% 7/1/12 6/30/14 24.0 65%
MBE_15 Bensalem Township 9.5 145 849 49% 4% 39% 5% 4% 1/1/10 12/31/10 12.0 98%
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Outlying Communities Report

. Tributary . Tributary Drainage Area Land Use 5 Available Flow Monitoring Data
Monitoring . Pl.pe Drainage Tr|bufary
Site Contract Community (i:(:;zs) Area P OS er:nc'e Industrial and . : . Roads and Data Duration Data Capture
(acres) pESHoN Commercial Recreational Residential Utilities Undeveloped End® (months) Percentage®
MBE_16 Bensalem Township 12 25 904 0% 12% 79% 7% 2% 4/1/12 6/30/14 27.0 42%
MB_1 Bucks County 42 24,992 96,028 14% 6% 44% 4% 33% 1/1/12 6/30/14 30.0 99%
MC_1 Cheltenham Township 16 203 3,533 26% 3% 69% 0% 3% 4/1/12 6/30/14 27.0 100%
MC_2 Cheltenham Township 36 8,444 64,742 17% 6% 67% 2% 9% 4/1/12 11/25/13 19.8 96%
MC_3 Cheltenham Township 10 139 1,208 28% 1% 67% 0% 3% 4/1/12 6/30/14 27.0 99%
MD_1 Delaware County 66 41,340 277,202 15% 6% 59% 3% 18% 4/1/11 6/30/14 39.0 99%
ML_1 Lower Merion Township 24 2,671 15,278 9% 4% 76% 2% 10% 4/1/12 6/30/14 27.0 99%
ML_3 Lower Merion Township 14 618 3,782 11% 6% 79% 2% 2% 4/1/12 6/30/14 27.0 97%
ML_4 Lower Merion Township 24 7,486 26,716 11% 3% 74% 2% 11% 10/1/10 9/30/11 12.0 65%
ML_5 Lower Merion Township 16 1,064 8,883 11% 7% 78% 0% 4% 1/1/12 6/30/14 30.0 98%
ML_6 Lower Merion Township 8 58 420 56% 3% 34% 7% 0% 1/1/12 6/30/14 30.0 93%
ML_7 Lower Merion Township 12 205 373 69% 0% 11% 5% 15% 4/1/12 6/30/14 27.0 98%
MLM_1 Lower Moreland Township 10 448 1,748 18% 0% 76% 0% 5% 1/1/12 6/30/14 30.0 92%
MLM_2 Lower Moreland Township 12 1,797 6,529 14% 4% 74% 1% 7% 1/1/12 6/30/14 30.0 36%
MSH_1 #‘;‘x‘:}gs;“thampt°” 30 5,132 21,642 16% 3% 71% 1% 8% 1/1/12 6/30/14 30.0 75%
MS_2 Springfield Township 30 2,648 12,155 10% 9% 69% 2% 10% 4/1/12 6/30/14 27.0 78%
MS_3 Springfield Township 20 1,429 6,941 11% 10% 70% 1% 8% 4/1/12 6/30/14 27.0 84%
MS_6 Springfield Township 12 189 1,169 48% 3% 40% 6% 4% 4/1/12 6/30/14 27.0 100%
MUD_1 Upper Darby Township 24 7,668 100,393 16% 9% 67% 2% 6% 1/1/11 6/30/14 42.0 99%

) Land Use data courtesy of The Delaware Valley Regional Planning Commission.

) As of June 30, 2014

Data was collected from aerials flown in Spring, 2010. Changes to Land Use occurring after Spring, 2010 are not reflected.

®) Data capture percentage is defined as monitored flow data that was deemed to be reasonably reliable after undergoing QA/QC reviews. This percentage reflects the amount of reasonably reliable data that were analyzed within the date ranges listed under the "Data Start" and "Data End"

columns.
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Outlying Communities Report

Table 2-2: Summary of Available Sanitary Sewer Flow Monitoring Data Collected from Outlying Community Areas (Portable Meters)

Available Flow Monitoring Data

Tributary Drainage Area Land Use w0

Tributary

o Pipe . Tributary
Monitoring . . Drainage .
Site Contract Community Size Area Service . . Data Overall Data
(inches) Population  Industrial and : - : Roads and Data Duration
(acres) . Recreational Residential L Undeveloped 2) Capture Capture
Commercial Utilities End (months) @) @)
Percentage Percentage
MA_1 Abington Township 10 32 169 0% 0% 93% 0% 7% 2/13/13 5/16/13 3.0 100%
MA_1 Abington Township 10 32 169 0% 0% 93% 0% 7% 2/6/10 5/7/10 3.0 100% 87%
MA_1 Abington Township 10 32 169 0% 0% 93% 0% 7% 8/28/07 11/16/07 2.6 60%
MA_3 Abington Township 12 353 3,456 15% 1% 74% 0% 10% 2/13/13 3/7/14 12.7 98%
MA_3 Abington Township 12 353 3,456 15% 1% 74% 0% 10% 2/6/10 5/7/10 3.0 100% 99%
MA_3 Abington Township 12 353 3,456 15% 1% 74% 0% 10% 8/29/07 11/17/07 2.6 100%
MA_4 Abington Township 10 120 432 3% 0% 82% 0% 15% 2/13/13 5/16/13 3.0 100%
MA_4 Abington Township 10 120 432 3% 0% 82% 0% 15% 2/6/10 5/7/10 3.0 100% 100%
MA_4 Abington Township 10 120 432 3% 0% 82% 0% 15% 8/31/07 11/17/07 2.6 100%
MBE_17 Bensalem Township 8 27 3 14% 0% 1% 0% 85% 2/11/13 5/16/13 3.1 100% 100%
ML_2 Lower Merion Township 8 55 379 31% 28% 38% 0% 3% 2/13/13 5/17/13 3.1 100%
ML_2 Lower Merion Township 8 55 379 31% 28% 38% 0% 3% 2/6/10 5/31/10 3.7 62% 87%
ML_2 Lower Merion Township 8 55 379 31% 28% 38% 0% 3% 8/16/07 11/16/07 3.0 100%
MLM_3 Lower Moreland Township 8 96 344 12% 0% 83% 0% 5% 2/6/10 5/5/10 2.9 100%
92%
MLM_3 Lower Moreland Township 8 96 344 12% 0% 83% 0% 5% 8/17/07 11/17/07 3.0 84%
MLM_4 Lower Moreland Township 10 22 80 0% 0% 99% 0% 1% 2/13/13 5/17/13 3.1 98%
MLM_4 Lower Moreland Township 10 22 80 0% 0% 99% 0% 1% 2/6/10 5/5/10 2.9 77% 92%
MLM_4 Lower Moreland Township 10 22 80 0% 0% 99% 0% 1% 8/28/07 11/17/07 2.7 100%
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Outlying Communities Report

Tributary Drainage Area Land Use & Available Flow Monitoring Data

Tributary
Drainage
Area

Tributary

Service
Data Overall Data
A Industrial and Roads and Data Duration
Population Capture Capture

Recreational Residential Undeveloped )
End (months) @) 3
Percentage Percentage

Pipe
Contract Community Size
(inches)

Monitoring
Site

(acres) Commercial Utilities )

MLM_5 Lower Moreland Township 8 13 54 0% 2% 98% 0% 0% 2/13/13 5/17/13 3.1 0%
MLM_5 Lower Moreland Township 8 13 54 0% 2% 98% 0% 0% 2/6/10 5/5/10 2.9 100% 67%
MLM_5 Lower Moreland Township 8 13 54 0% 2% 98% 0% 0% 9/8/07 11/17/07 2.3 100%
MLM_6 Lower Moreland Township 8 17 79 0% 0% 100% 0% 0% 2/11/13 5/16/13 3.1 100%
MLM_6 Lower Moreland Township 8 17 79 0% 0% 100% 0% 0% 2/6/10 5/5/10 2.9 100% 100%
MLM_6 Lower Moreland Township 8 17 79 0% 0% 100% 0% 0% 8/28/07 11/17/07 2.7 100%
MLM_7 Lower Moreland Township 10 23 87 0% 0% 95% 0% 5% 2/13/13 5/16/13 3.0 100%
MLM_7 Lower Moreland Township 10 23 87 0% 0% 95% 0% 5% 2/6/10 5/5/10 2.9 100% 67%
MLM_7 Lower Moreland Township 10 23 87 0% 0% 95% 0% 5% 8/16/07 11/17/07 3.1 0%
MSH_2 #‘;‘\’;’;23; UHE ] 8 60 282 0% 0% 98% 0% 2% 2/13/13 5/16/13 3.0 97%
MSH_2 #2‘\’/"\/‘:\2:; uthampton 8 60 282 0% 0% 98% 0% 2% 2/6/10 5/4/10 2.9 76% 91%
MSH_2 #‘;‘\’,"v‘;g; uthampton 8 60 282 0% 0% 98% 0% 2% 9/1/07 11/16/07 25 100%
MS_1 Springfield Township 12 77 404 3% 4% 83% 0% 10% 2/11/13 5/16/13 3.1 100%
MS_1 Springfield Township 12 77 404 3% 4% 83% 0% 10% 2/6/10 5/6/10 2.9 100% 100%
MS_1 Springfield Township 12 77 404 3% 4% 83% 0% 10% 8/16/07 11/17/07 3.1 100%
MS_4 Springfield Township 12 64 399 6% 0% 94% 0% 0% 2/11/13 5/16/13 3.1 100%
MS_4 Springfield Township 12 64 399 6% 0% 94% 0% 0% 2/6/10 5/25/10 3.6 100% 100%
MS_4 Springfield Township 12 64 399 6% 0% 94% 0% 0% 8/31/07 11/17/07 2.6 100%
MS_5 Springfield Township 8 69 410 0% 1% 99% 0% 0% 2/15/13 5/15/13 2.9 100%
MS_5 Springfield Township 8 69 410 0% 1% 99% 0% 0% 2/6/10 5/6/10 2.9 100% 89%
MS_5 Springfield Township 8 69 410 0% 1% 99% 0% 0% 8/17/07 11/17/07 3.0 68%
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Tributary Drainage Area Land Use )

Outlying Communities Report

Available Flow Monitoring Data

Pipe Ui L] Tributary
Monitoring . . Drainage .
Site Contract Community Size Area Service . . Data Overall Data
(inches) Population  Industrial and ional : ial Roads and I DEI] Duration
(acres) C . Recreationa Residentia - Undeveloped 2) Capture Capture
ommercial Utilities End (months) @) @)
Percentage Percentage
MS_7 Springfield Township 12 13 110 0% 0% 100% 0% 0% 2/16/13 5/16/13 2.9 100%
MS_7 Springfield Township 12 13 110 0% 0% 100% 0% 0% 2/6/10 5/7/10 3.0 82% 89%
MS_7 Springfield Township 12 13 110 0% 0% 100% 0% 0% 8/29/07 11/17/07 2.6 85%
MS_8 Springfield Township 10 5 11 95% 0% 5% 0% 0% 2/14/13 5/16/13 3.0 100%
MS_8 Springfield Township 10 5 11 95% 0% 5% 0% 0% 2/6/10 5/7/10 3.0 100% 100%
MS_8 Springfield Township 10 5 11 95% 0% 5% 0% 0% 10/27/07 11/16/07 0.7 100%

) |and Use data courtesy of The Delaware Valley Regional Planning Commission. Data was collected from aerials flown in spring, 2010. Changes to Land Use occurring after spring, 2010 are not reflected.

2 As of June 30, 2014

®) Data capture percentage is defined as monitored flow data that was deemed to be reasonably reliable after undergoing QA/QC reviews. This percentage reflects the amount of reasonably reliable data that were analyzed within the date ranges listed under the "Data Start" and "Data End"

columns.

Table 2-3: Summary of Acceptable Quality Data Collected

Percentage of

Acceptable Number of Number of
Quali:’y Data Permanent Meter Sites Portable Meter Sites
100% ) .

90% to 99.9% 19 .
50% to 89.9% 10 6
0.1% to 49.9% 3 0
0% 1 0
Total 33 18
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Table 2-4: Sanitary Sewer Flow Monitoring Locations with Significant Periods of Unusable Data

Monitoring

Site

Contract

Community

Meter Type

Tributary
Drainage
Area (acres)

Tributary
Service
Population

Duration
(months)

Data
Capture
Percentage

Outlying Communities Report

Comments

The collected data during 2014 have been determined to be unusable
Bensalem and will not be used for sewershed characterization. The sensor does not
MBE_9 Township Permanent 290 2,023 4/5/14 6/30/14 2.8 0% appear to be calibrated when comparing metered readings to field
measurements. Instead, data collected during the 2010 and 2013
deployments will be used for sewershed characterization.
Bensalem The collected data have been determined to be unusable and will not be
MBE_13 T Permanent 17 12 1/1/12 6/30/14 30.0 0% used for sewershed characterization. The level data are very erratic due
to the low depths and slow velocities.
The collected data during 2013 have been determined to be unusable
Lower and will not be used for sewershed characterization. The velocity data are
MLM_5 Moreland Portable 13 54 2/13/13 5/17/13 3.1 0% very erratic throughout the monitoring period. Instead, data collected
Township during 2007 and 2010 deployments will be used for sewershed
characterization.
The 2007 data collected at this site have been determined to be unusable
Lower and will not be used for sewershed characterization. The level data are
MLM_7 Moreland Portable 23 87 8/16/07 11/17/07 3.1 0% very erratic due to the low depths and slow velocities. The level data also
Township appears to drift throughout the monitoring period. Data collected during
2010 and 2013 deployments will be used for sewershed characterization.
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Figure 2-2: Map of the Outlying Community Billing Meter Locations and Tributary Drainage Areas with Acceptable Quality Rated Data (Northeast Area)
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2.2 Collected Precipitation Data

Phase 1 SSES activities for the outlying community areas included a review and assessment of
the available historic precipitation data. Precipitation data are a fundamental component of the
Water Department’s Sanitary Sewer System (SSS) monitoring program. Accurate and
representative precipitation data has been, and will continue to be, used in conjunction with the
SSS flow monitoring data to conduct sewershed characterization analyses and to validate the
regional hydrologic and hydraulic (H&H) models developed and maintained by the Water
Department.

In conjunction with the Phase 1 monitoring activities the Water Department has implemented,
there are four primary sources of precipitation data used in the SSES.

e The Philadelphia International Airport (PHL) rain gage
e The Water Department’s rain gage network
e Gage adjusted radar rainfall system (GARR)

e Area-weighted, sewershed specific precipitation data

The availability of the four categories of precipitation data are detailed in Table 2-5 below. The
remainder of this section will focus on the first three sources of data. The area-weighted
sewershed specific precipitation data is briefly discussed here; however, it is discussed in detail
in Section 3.2 (Refinement and Verification of Sewershed Precipitation) of this report. Section
3.2 will describe how this source of precipitation data is derived and also how it is used in
conjunction with the United States Environmental Protection Agency’s Sanitary Sewer Overflow
Analysis and Planning (SSOAP) toolbox to perform subsequent sewershed characterization
analyses.

Table 2-5: Precipitation Data Utilized in the SSES

Precipitation Data Source Data Start Data End Primary Use

Establishing long-term precipitation
PHL Rain Gage 1940 Present characteristics over the Water Department
service area

Water Department Rain Gage 1990 Present Generation of Calibrated Radar Rainfall
Network with a 1 km by 1 km pixel resolution

Flow data QA/QC for post April 2007 flow

Calibrated Radar Rainfall System 2007 Present data
- Sewershed characterization for post April
Sewershed Specific Data 2007 Present 2007 flow data
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2.2.1 The Philadelphia International Airport Rain Gage

One source of precipitation data used in the SSES was the PHL rain gage. The data gathered
from this gage was used to establish long-term precipitation characteristics over the Water
Department service area. Data from this gage were available from 1940 through the present.
While this gage provides a long-term record, it does not account for the spatial distribution of
rainfall over the service area. Section 4.1 (Precipitation Data Analysis Results) further discusses
these long-term characteristics and how they were derived.

2.2.2 The Water Department’s Rain Gage Network

The Water Department currently maintains a rain gage network consisting of 35 tipping bucket
rain gages located throughout the City and outlying communities that record rainfall depths
(minimum recorded depth of 0.01 inches) in 2.5-minute increments. During 2013, the Water
Department expanded their gage network from 24 gages to 35 gages. The raw 2.5-minute
tipping bucket rain gage data was extracted from a link to the Water Department’s real-time
control unit (RTU) database which collects data directly via automatic telephone polling of the
gages. The Water Department’s raw 2.5-minute data were then summed to fixed 15-minute
intervals. The locations of the 35 Water Department rain gages are presented in Figure 2-5.

2.2.3 Gage Adjusted Radar Rainfall Measurements

Like any rain gage network, the City gage network cannot fully quantify and characterize the
spatial variability of precipitation volumes and patterns that occur between the gage sites. To
better characterize the spatial variability of rainfall, the Water Department obtained a higher
resolution, spatially distributed set of rainfall data to be used along with the existing rain gage
network. A professional services contractor, specializing in providing radar rainfall data,
generated gage adjusted radar rainfall (GARR) data with a 1 km by 1 km pixel resolution in 15
minute reporting increments covering the Water Department’s service area for the period of
April 2007 through the present. This high-resolution, spatially distributed precipitation data
were acquired for the SSS flow monitoring program and the calibration of H&H models as part
of the Phase 1 and Phase 2 SSES activities.

In order to produce quality controlled GARR over the Water Department service area, the radar
rainfall provider utilizes the National Weather Service’s (NWS) Next Generation Weather Radar
(NEXRAD). The NEXRAD program generates products used for estimating spatially variable
rainfall data. The Water Department’s rain gage data, along with neighboring United States
Geological Survey (USGS) and NWS rain gages, are used to calibrate NEXRAD data to create a
detailed and accurate rainfall record that preserves the total rainfall volume reported at the
gages while incorporating the spatial variability provided by the NEXRAD data. In the
production of GARR, radar rainfall is bias corrected through comparison with rain gage
accumulations. Due to the large extent of the GARR grid, a local bias adjustment method is used
to adjust the radar rainfall using the ratio of gage to radar accumulations from surrounding
gages with the closest gage having the most weight. The local bias approach distributes the
variation of bias over the region, and is computed and applied to the data.
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Precipitation data from as many as 51 gages were used to adjust the radar. The City of
Philadelphia provided data for 35 Water Department rain gages. In addition, rain gage data
were obtained from ten USGS stations and six NWS Automated Surface Observing System
(ASOS) stations. The City also provided GIS files showing the geographic extent of the system,
which determined the coverage extent of the 1 km by 1 km pixel domain. Figure 2-5 depicts the
spatial distribution of the GARR network along with locations of the 35 Water Department rain
gages. Note that USGS and NWS rain gages used for producing the GARR are located outside
the bounds of the GARR grid.

2.2.4 Area-Weighted Sewershed Specific Precipitation Data

After acquiring the calibrated radar rainfall data, the Water Department then applied this data
to the specific sewershed areas tributary to each of the individual flow monitoring locations.
This was done by intersecting the delineated tributary drainage areas (described in Section 3.1 -
Refinement and Verification of Sewershed Delineations and Information) for each flow monitor
with the 1 km by 1 km pixel grid, and calculating area-weighted precipitation data for each
tributary drainage area. By doing this, a precipitation data set unique to each flow monitor’s
tributary drainage area was produced. More information regarding this process is found in
Section 3.2 (Refinement and Verification of Sewershed Precipitation) of this report.
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Figure 2-5: The Philadelphia Water Department Rain Gage Network Locations and 1x1 km Radar Rainfall Pixel Grid
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2.2.5 Precipitation Data in the Flow Monitoring QA/QC Process

In order to assess and ensure the quality of the collected wastewater flow monitoring data, the
precipitation data were used by the data analysts in the quality assurance and quality control
(QA/QC) process. During the QA/QC process, precipitation data were superimposed onto time-
series plots in order to correlate the observed rainfall to the sanitary sewer responses. This also
aided in confirming that increases in level, velocity, and corresponding flow rates throughout
the monitoring period were attributed to precipitation events and not spurious discharges or
errant data. Data from either the nearest network gage or the calibrated radar-rainfall network
(if available) were used as an acceptable source of precipitation data. Figure 2-6 illustrates an
example time-series plot with precipitation data superimposed. Additional information about

these plots and the flow data QA/QC process is can be found in Section 3.3 (Quality Assurance
Reviews for Precipitation and Flow Monitoring Data).

Philadelphia Water Department - Sanitary Sewer Evaluation Program
Time-Series Plot of Raw Data (April 2014)
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Figure 2-6: Example Time-Series Plot with Precipitation Data Superimposed

The completed Phase 1 activities for the Outlying Communities Report confirmed that the
available historic record for precipitation data was adequate to meet the needs and requirements
of the SSES. The long-term record from the PHL gage provided the needed historic context,
while the data from the Water Department gage network, coupled with the data from the high-
resolution radar-rainfall system, provided the needed spatially distributed data. The archived
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record data were verified to be adequately accurate, reliable, and up to date to conduct the
subsequent Phase 2 analyses, and quantify and characterize precipitation over the Water
Department service area. It was further determined that no additional data needed to be
collected to meet the needs and requirements of the SSES.

2.3 Sewer System Data and other GIS Coverage for Outlying

Community Areas

The Phase 1 SSES activities included a review and evaluation of the historical mapping and
drawing information available for the separate sanitary sewers located within the outlying
community service areas. These outlying communities are shown on Figures 2-1 through 2-4 in
Section 2.1 (Sanitary Sewer Flow Monitoring Data Collected from Outlying Community Billing
Meters) of this report. Points of connection between these community systems and the Water
Department sewer system were identified and analyzed, and the extent and location of the
corresponding tributary areas from the outlying communities were delineated. The existing
available data for each customer community were inventoried, cataloged, and evaluated to
assess its age, completeness and reliability. The availability and extent of GIS coverage were also
investigated. The available information was evaluated for completeness and where gaps and/or
inconsistencies were identified, the outlying communities were contacted and the necessary
information was obtained.

Sanitary Sewer Maps

The completed SSES Phase 1 assessment confirmed that all of the outlying communities that
convey wastewater flow to the Water Department have maps of their separate sanitary sewer
collection systems. Some communities also had other archived sewer system plans and
drawings. The sewer map information was typically superimposed over street system base maps
and provided the locations of manholes and pipes, pipe sizes, direction of flow, and often the
invert elevations of junction structures. Each of the outlying communities has a service
agreement with the City for the collection and treatment of their sanitary wastes. These service
agreements direct the outlying communities to provide the City with mapping of the existing
tributary sewer systems as well as updated information if any changes or extensions to the
system are made. The completed Phase 1 SSES activities included contacting the outlying
communities, verifying the sewer mapping in possession of the Water Department was current,
and obtaining any needed updated information.

GIS Databases

Few of the outlying communities were found to have integrated the sewer system information
from their maps into GIS databases. Therefore, it was usually the information contained within
the sewer maps that was assessed for the Phase 1 SSES to determine the age, completeness and
reliability of available outlying community data. The outlying community paper maps, or
scanned copies of the sewer maps, were geo-referenced into the PA Southeast State Plane
Coordinate System so they could be viewed together and overlaid with other GIS data such as
census population information. The resulting GIS database information for the outlying
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community service areas was subsequently integrated into the Water Department’s GIS
database.

GIS pipe networks were generally unavailable for outlying community areas, and visual
inspections of the rectified map layers along with orthophotographic overlays were performed to
determine connectivity and flow direction. This GIS information on the outlying community
service areas was applied to available digital orthophotography and census population data,
allowing sewershed delineations and corresponding service populations to be generated. This
allowed the analysts to trace the network of sewer system pipes upstream from any selected
point of interest and check the connectivity of the sewer system. The completed analyses were
able to identify specific gaps and inconsistencies within the available community data. The
affected outlying communities were subsequently contacted and the needed information was
obtained.

After gaps and inconsistencies identified in the Phase 1 assessments were remedied, the
completed SSES inventories and assessments confirmed that the existing information collected
and archived by the Water Department on the outlying community service areas were
sufficiently complete, current, and reliable to meet the requirements of the SSES. They were also
sufficient to meet the input data requirements for H&H modeling tools and system
characterization, and to support the implementation of the City’s Green City, Clean Waters
program.

Other GIS Coverage

The Phase 1 SSES activities conducted for the Outlying Communities Report included an
inventory and review of spatially referenced GIS information that would supplement the
collected sanitary sewer infrastructure information, and be useful and relevant to supporting the
City’s Green City, Clean Waters program. This supplemental data was explored both for areas
within the City and for the outlying community areas. The existing available data were
identified, inventoried and evaluated to assess the age, completeness and reliability. Pertinent
data categories that were successfully identified and obtained included the following.

e 2010 census block data
e Land use data

e Orthophotography data
e Street center line data

All the data categories listed above were found to contain useful and relevant information that
could supplement the information found within the sanitary sewer maps and the GIS database.
Orthophotography and street centerline data were used to support the delineation of sewershed
areas tributary to points of connection between outlying community collection systems and the
Water Department system. The census block data were used to help derive the service
populations associated with the delineated sewershed areas. Land use data were used in the
analyses to characterize tributary service areas within the Outlying Communities.

The completed Phase 1 inventories and assessments for the Outlying Communities Report
confirmed that other spatially referenced GIS information collected and archived by the Water
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Department was relevant and useful in supplementing the collected sanitary sewer system
information. The Phase 1 activities were able to verify that the total inventory of the various
categories of GIS database information obtained, archived and utilized by the Water
Department was sufficiently complete and current. It was also determined the information was
reliable to support H&H modeling, the quantification and characterization of dry and wet
weather flow, and the identification of any sewershed areas that may convey relatively high
inflow and infiltration to the Water Department system.

2.4 Data Management Approach

One important aspect of the Phase 1 SSES activities that supported the preparation of this
Outlying Communities Report was the management and organization of the large quantity of
data utilized by the Philadelphia Water Department. This section documents the means and
methods that were used to manage the data. A proper data management approach is necessary
to archive the data in a consistent and organized form. This allows for accurate and efficient
reference when looking back through large amounts of data. Over the years, the Water
Department has obtained and archived a large volume of data relevant to supporting the City’s
Green City, Clean Waters program. The data were stored with consistent formatting, labeling,
and documentation, making the data readily accessible and straightforward for multiple users.
The categories of Water Department data that needed to be managed and were pertinent to the
SSES include the following.

e Regional and local precipitation data
e Sanitary sewer flow monitoring data

e Geographic Information Systems (GIS) data

In addition to describing the various approaches used to manage these data sets, this section
also identifies and describes the various software programs and analysis tools that were used in
conducting the Phase 2 analysis activities for the outlying community areas.

2.4.1 Data Management Software and Procedures

The Water Department utilized either a local network drive or Microsoft SQL Server databases
in order to store and retrieve data. In this capacity, the data can be stored and retrieved by
multiple users across the local system. The data on both systems were backed up on a regular
basis by the Water Department’s Information Technology (IT) group. Since SQL Server has the
ability to allow other software applications to retrieve data stored within it, the Water
Department staff used Microsoft Access (MS Access) as an interface with an open database
connection (ODBC) to the SQL Server. By doing this, they are able to query selected data from
the database as necessary. Currently these servers house the flow monitoring data for the
outlying community billing meters and the precipitation data collected by the Water
Department’s rain gage network. In addition, the SQL Server was also used to store the GIS geo-
databases used for this report.
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Management of Regional and Local Precipitation Data

The Water Department has acquired several sources of precipitation data used as part of the
Phase 2 activities. They are the Philadelphia International Airport (PHL) rain gage data, the
Water Department’s rain gage network data, the gage adjusted radar rainfall system data, and
the area-weighted sewershed precipitation data. These data were previously described in Section
2.2 (Collected Precipitation Data).

The PHL rainfall data were collected from the rain gage located at the Philadelphia International
Airport (WBAN ID 13739). The data were in 1 hour increments and were downloaded from the
National Climatic Data Center (NCDC) and stored in a database that resides on the Water
Department’s server. The long-term record data used for the Phase 2 analyses ranged from 1961
through the present.

The Water Department’s rain gage data available for this report extended from 1990 through the
present. However, the data from 2007 through June 2014 period were sufficient for the Phase 2
analyses. The raw 2.5-minute tipping bucket rain gage data were extracted from a Telog
Instruments database using MS Access open database connection (OBDC) links. The raw 2.5-
minute data were then imported to MS Excel and summed to fixed 15-minute intervals. Quality
assurance and quality control (QA/QC) procedures were performed on this 15 minute data to
visually identify and flag any suspect or missing data. The data were then brought back into MS
Access where the flagged data were subsequently removed and any gaps filled using an inverse
distance weighting procedure that was applied to accepted data from surrounding gages so that
a continuous precipitation record was available for each gage location. Copies of the
precipitation data were stored and loaded into MS Excel spreadsheets for use during the quality
assurance reviews of the wastewater flow monitoring data.

The calibrated radar rainfall system data were available in 15-minute reporting periods from
January 2004 through the present. However, the data from January 2007 through June 2014
were sufficient for the Phase 2 analyses. The data were stored in comma separated values (.csv)
file format on the local network share drive.

The area-weighted sewershed precipitation data were generated using a GIS based program with
the output data in the form of a text (.txt) file and a United States Environmental Protection
Agency Storm Water Management Model (SWMM) input (.inp) file.

Management of Sanitary Sewer Flow Monitoring Data

The sanity sewer monitoring data collected for the outlying communities is described in Section
2.1 (Sanitary Sewer Flow Monitoring Data Collected from Outlying Community Billing Meters).
Data management began in the field when the technicians maintained field logs of flow
monitoring measurements and equipment interrogations. The data from these field logs were
then entered into MS Excel spreadsheets for storage.

After physical measurements and corresponding data were collected in the field, the permanent
billing meter data is then transmitted wirelessly (using Telog Instruments software) from the
meter into MS Access databases for storage. For portable billing meters, the field technicians
downloaded the data from the flow meter and uploaded it to their laptops. In preparation for
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QA/QC analyses, both the permanent and portable flow meter data were uploaded into quarterly
MS Excel files after which they were named and stored in a consistent and logical manner in
order to identify the meter’s location and the time period the data were collected.

When the MS Excel files were generated, the data were in 15-minute reporting increments and
the quarterly site files would contain three months of raw and quality-reviewed data. Within the
MS Excel files, there are worksheet tabs labeled as Flow Data which contain the raw
interrogated data from the portable meters, or the permanent meter data that were previously
stored in MS Access databases. These data include the date, time, monitored level(s), monitored
velocity and corresponding calculated flow rate(s). In this same worksheet tab the quality-
reviewed data were labeled as the corrected level and flow. The quality-reviewed data also have a
column that grades the data and communicates what form of data correction was used (if a data
correction method was needed for a particular range of data). Rainfall data, obtained from
nearby rain gages or the region’s calibrated radar rainfall network, were also added to this
spreadsheet.

Any field documentation by the field technicians was also stored in each MS Excel file. A
worksheet tab labeled Site Info contains site specific information such as sewershed name, pipe
diameter, meter type, and installation and removal dates. This worksheet also includes any
available field data information, such as dates of site visits, documentation of field
measurements and adjustments, and documentation of any general observations made by the
technicians.

Once these MS Excel files were created and finalized, they were saved on the local network
server in a uniform directory so that the data can be accessed in a consistent fashion at any time.

Management of Geographic Information Systems (GIS) Data

Another key set of data used during the Phase 1 and Phase 2 activities was GIS data. As
described in Section 2.3 (Sewer System Data and other GIS Coverage for Outlying Community
Areas), GIS infrastructure data were stored within geodatabases. By doing this, the GIS
databases can be updated on an as-needed basis as revisions to the data or improvements to the
sewer system are implemented. Also, by storing the data in a database, Water Department users
had one centralized location that housed all the files allowing the data to be more readily and
easily maintained. Within the geodatabase there are feature classes which are stored as points,
lines, polygons and annotations. Much of the Water Department’s GIS data were stored in Esri
ArcSDE geodatabases. The allowable size of ArcSDE geodatabases depends on the licensing
agreements on SQL Server. With some licensing agreements there is a 4GB limit, but for those
operating on an ArcGIS Server enterprise, the database size is unlimited. By using this type of
database, users have the ability to extract the data to smaller personal geodatabases or separate
shapefiles. These geodatabases are ultimately housed on the local network server for final
storage.
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2.4.2 Data Analysis Tools

The Water Department utilized several software programs and analysis tools for the outlying
communities Phase 2 activities. Below is a listing of these programs and tools. The remainder of
this section will describe each one of these and their specific purposes.

e The United States Environmental Protection Agency (US EPA) Sanitary Sewer Overflow
Analysis Program (SSOAP) toolbox

e Esri ArcMap Geo-database analysis tools
e Microsoft Access analysis tools
e Microsoft Excel analysis tools

e NetSTORM analysis tool

The USEPA Sanitary Sewer Overflow Analysis Program Toolbox

One of the key tools used by the Water Department to characterize dry and wet weather flow
from monitored sanitary sewer flow data was the US EPA SSOAP toolbox. The SSOAP toolbox is
a collection of computer software tools used for the quantification of dry and wet weather flow
and allow for capacity analysis and condition assessment of sanitary sewer systems. Further
details regarding this tool and analysis approach can be found in Section 3.5 (Wet Weather Flow
Characterization) of this report.

The SSOAP toolbox also serves as a form of independent data storage. Flow monitoring and
precipitation data are uploaded into a proprietary SSOAP database (.sdb) file. This file provides
storage capacity while at the same time enabling the toolbox the ability to analyze the uploaded
data. It does not use a stand-alone database, instead giving the user the ability to specify the
location of each .sdb database. The SSOAP toolbox also offers the user the ability to export the
analysis results to either text editor (.txt) or comma separated values (.csv) file formats.

Esri ArcMap Geo-database Analysis Tools

Esri ArcMap software tools were used extensively for both displaying and analyzing geographic
information as part of the SSES. The software allowed for the overlaying of orthophotography
with sewer system maps in order to facilitate more accurate delineation of tributary drainage
areas. A geo-processing tool that performed spatial intersections of two polygon layers was used
for drainage area characterization in order to estimate population and characterize land use. In
addition, spatial intersections of the monitor drainage area polygons with the gage adjusted
radar rainfall (GARR) grid polygons were used to generate shed rainfall from GARR data.

Microsoft Access Analysis Tools

One of the main applications used for storing the Water Department’s rain gage precipitation
data throughout the SSES was the MS Access database management system (DBMS). Choosing
a relational database such as MS Access gave the Water Department the conveniences of adding,
modifying or deleting tabular data from the database, while also providing the valuable tool of
querying the data stored in the database. As new precipitation data were being collected, they
were uploaded to the database for storage and then readily accessible when needed. As this
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database grew over time, the capacity of a stand-alone MS Access database was reached and this
rain gage data was expanded to multiple databases with one central database providing the
ability of linking to or querying data from the others.

In addition to the Water Department’s rain gage precipitation data, raw flow monitoring data
from the outlying community billing meters was also managed via MS Access. As mentioned
above, this data was stored in SQL Server; however the Water Department manages this data
using a MS Access interface with an ODBC. By using MS Access as an interface with the ODBC,
the Water Department can directly query and manage the data on the SQL Server in an effective
manner, while preserving the integrity of the raw data. The Office of Watersheds downloads
these data from SQL Server and stores them in a MS Access database from which QA/QC
reviews were performed and quality flagging of the data was conducted. The Water
Department’s rain gage precipitation data and the raw flow monitoring data from the outlying
community billing meters were queried or extracted from these databases for further analyses as
part of this report.

Microsoft Excel Analysis Tools

The MS Excel software program was used to conduct the QA/QC reviews for the flow monitoring
data and for post-processing data from other software packages. As a QA/QC tool, MS Excel was
used to generate monthly time-series and scatter plots of the raw and corrected data as
described in Section 3.3 (Quality Assurance Reviews for Precipitation and Flow Monitoring
Data). These time-series and scatter plot tools expedited the QA/QC reviews by enabling the
analysts to quickly review and assess the data, and determine whether the data is errant or of
acceptable quality. Scatter plots were generated for each month of data collected, displaying flow
or velocity on the vertical axis versus monitored depth on the horizontal axis. Field measured
data points were superimposed over the monitored data to verify the equipment was properly
calibrated. Time-series plots were generated for each month of data collected displaying flow,
level and velocity on the vertical axis versus time on the horizontal axis. Field measured data
points were superimposed over the monitored data to verify the equipment was properly
calibrated. A secondary time-series plot was placed above the flow data plot displaying
precipitation on the vertical axis versus time on the horizontal axis. This enabled the analyst to
correlate the observed rainfall to the sanitary sewer responses.

In addition, analysis results from the SSOAP toolbox were compiled into MS Excel workbooks in
order to perform system-wide comparisons and subsequent analyses. These analyses included
the development of cumulative distribution function (CDF) curves that were used in Section 4.2
(Dry Weather Flow Analysis Results) and Section 4.3 (Wet Weather Flow Analysis Results) to
rank the groundwater infiltration and rainfall dependent infiltration flow volumes and identify
specific sewershed areas with relatively high wet weather flow volumes.
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The MS Excel software program was also used to perform QA/QC of the Water Department’s
rain gage data. The Water Department’s raw 2.5-minute rain gage data were summed into
15-minute increments and imported to a MS Excel workbook for performing QA/QC procedures.
The QA/QC procedures identified and flagged questionable and missing data. The quality
reviewed data were then imported into an MS Access database where flagged data were replaced
with quality accepted data from surrounding gages using the inverse distance squared weighting
method.

NetSTORM Analysis Tool
NetSTORM is a CDM Smith computer program for precipitation data assessment and rapid
long-term urban runoff simulation. The software performs the following functions.

e Storage — Treatment — Overflow Runoff Modeling

e Precipitation intensity — duration — frequency (IDF) analysis

e Time series aggregation and synthetic disaggregation

o Data conversion from various US National Weather Service formats to tabular formats

¢ SWMM and MOUSE calibration and statistics tools

NetSTORM adapts selected algorithms originally included in the U.S. Army Corps of Engineers
HEC-STORM program and extends the STORM methodology to simulate systems with multiple
control structures. It has been used in CSO, SSO, industrial stormwater, and pump station
planning studies worldwide. The IDF analysis module of NetSTORM was used to conduct the
precipitation analyses, which are described and presented in Section 4.1 (Precipitation Data
Analysis Results) of this report.
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3.0 Summary of Analytical Assessment
Approach

This section provides summary documentation of the analytical and assessment methodologies
used to conduct the Phase 2 analysis activities for the outlying community sewershed areas. The
narrative explains how sewershed delineations and sewershed precipitation were refined and
verified from the available historical data. Explanations are also provided for the quality
assurance review procedures that were conducted for the monitored precipitation and
wastewater flow data. The section concludes with descriptions of the analysis methods, tools,
and procedures that were used to quantify and characterize dry and wet weather flow conveyed
from the successfully monitored outlying community sewershed areas.

3.1 Refinement and Verification of Sewershed Delineations and

Information

As described in Section 2 (Summary of Available Historical Data Collected from Phase 1
activities, the completed Phase 1 inventories and assessments confirmed that the existing
archived sets of sanitary sewer collection system maps and drawings were sufficiently complete,
up-to-date and reliable for outlying community sewershed areas. The availability and extent of
Geographic Information System (GIS) coverage were also assessed. Few of the outlying
communities were found to have integrated the sewer system information from their maps into
GIS databases. Phase 2 activities included the verification and refinement of sewershed
delineations and the corresponding sewershed areas and service populations.

As was previously described in Section 2.3 (Sewer System Data and GIS Coverages for Outlying
Community Areas), the Philadelphia Water Department (Water Department) confirmed that all
of the outlying communities that convey flow to the Water Department have maps of their
sanitary sewer collection systems. Some communities also had other archived sewer system
plans and drawings. Therefore, it was usually the information contained within these sewer
maps that was collected and assessed for Phase 1 of the SSES to determine the age,
completeness and reliability of available outlying community data. The sewer map information
was typically superimposed over street system base maps and provided the locations of
manholes and pipes, pipe sizes, direction of flow, and often the invert elevations of junction
structures. They were then geo-referenced into the PA Southeast State Plane coordinate system
so they could be viewed together and overlaid with other GIS data such as census population
information. The resulting GIS database information for the outlying community service areas
was subsequently integrated into the Water Department’s GIS database. Doing this allowed the
analyst to determine the collection sewer network tributary to each monitoring site, based upon
the most up-to-date and reliable information.

Once the refined sewershed delineations were completed, the analysts utilized GIS tools to
directly compute the polygon area for each of the delineated flow monitoring sewershed areas.
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The verified sewershed areas were subsequently used in the wet weather flow characterization
analyses described in Section 3.5 (Wet Weather Flow Characterization). The updated and
refined sewershed area polygons were also applied to 2010 U.S. census block information to
determine the updated tributary service populations. Previously, service populations for
sewershed areas had been computed using simple polygon intersects between delineated
sewershed polygons and census block polygons. The assumption was made that the population
distribution and density were uniform over the census block. For the Phase 2 analyses, a more
complex and accurate analysis method was employed.

The GIS database information includes the footprint area and roof height for each building in
the City. The volume was calculated for each residential building, to coincide with the residential
population data provided by the census. Within each census block area, the total census
population was divided by the total residential building volume. The resulting average unit value
was applied to each building volume to calculate approximate building populations. Utilizing
building volume helped to distinguish between and account for single family residences,
apartment buildings, and multi-story condominium complexes. The building populations were
subsequently applied to the building footprint areas. The refined polygon intersects were
implemented between the refined sewershed delineation polygons and the residential building
footprint area populations. The resulting GIS analysis results provided a more refined and
accurate estimate of sewershed service populations. The refined and verified sewershed service
populations were used in the dry weather flow characterization analyses to calculate per-capita
sewer flows (see Section 4.2 (Dry Weather Flow Analysis Results)).

Sewershed Information Verification Conclusions

The completed Phase 2 outlying community analysis activities were successful in verifying that
the refined sewershed delineations were accurate and reliable, and that any apparent
inconsistencies between the sewershed boundaries and the sewer collection system pipe
network were adequately examined and rectified. The completed analysis activities were also
successful in verifying that the corresponding sewershed areas and service populations were
accurate and reliable.

3.2 Refinement and Verification of Sewershed Precipitation

Phase 1 outlying community analysis activities included a review and assessment of the available
precipitation data. As discussed in Section 2.2 (Collected Precipitation Data), there are four
primary sources of precipitation data used in the SSES. Section 2.2 describes in detail the Water
Department’s city-wide rain gage network and the calibrated radar rainfall system, while
Section 4.1 (Precipitation Data Analysis Results) of this report provides an analysis of the
historical data collected at the Philadelphia International Airport (PHL) rain gage and compares
those results to the period of August 2007 through June 2014. The August 2007 through June
2014 analysis period coincides with the outlying communities flow monitoring activities
supporting this report and the precipitation comparisons were used to determine if specific
months or years were higher or lower than the historical norms.
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The purpose of this section is to discuss the area-weighted sewershed precipitation data.
Moreover, this section describes how the area-weighted sewershed precipitation was generated
as well as the availability and usage of the data in subsequent analyses.

Generation of Area-Weighted Sewershed Precipitation Data

The generation of the area-weighted sewershed precipitation data for the outlying community
SSES analyses was done using ArcGIS software. The ArcGIS software uses the ArcPy library
which provides Python programming language access for geo-processing tools within ArcGIS.
By using this library, a single Python program was written which imports the 15-minute
calibrated radar rainfall data, the 1 km by 1 km radar rainfall pixel grid, and the flow monitors
tributary sewershed polygon layers. The program then intersects the pixel grid and the shed
polygons to determine the area from each pixel cell that falls within each shed polygon. Once
these areas are derived, an area-weighted sewershed precipitation value is calculated for each
time step. The weight for a given 1 km by 1 km pixel is calculated as the pixel area within the
shed polygon divided by the total shed polygon area. The average or weighted rainfall is the sum
of the product of the rainfall and the weight of each 1 km by 1 km pixel. The program then
exports the output data in the form of a text (.txt) file and a United States Environmental
Protection Agency Storm Water Management Model (SWMM) input (.inp) file.

Available Area-Weighted Sewershed Precipitation Data and Use in Wet Weather
Flow Characterization Analyses

As discussed in Section 2.2 (Collected Precipitation Data), the calibrated radar rainfall data is
currently available from January 2004 through the present. The datasets resulting from the
process of calibrating the weather radar reflectivity data to the monitored precipitation gage
data is known as gage adjusted radar rainfall (GARR.) The wet weather flow characterization
analyses that were conducted on wastewater flow monitoring data collected from the outlying
community billing meters from May 2007 onward were completed using the area-weighted
sewershed precipitation data.

The completed Phase 2 outlying community analysis activities were successful in utilizing the
available archived rain gage and GARR data and the sewershed delineations to create area-
weighted sewershed precipitation. The generated area-weighted sewershed precipitation was
successfully used for rainfall characterization and wet weather analyses.

3.3 Quality Assurance Reviews for Precipitation and Flow

Monitoring Data

The June 2011 Consent Order and Agreement (COA) requires a flow monitoring quality
assurance and quality control (QA/QC) plan to ensure that the data quality is sufficient for use
in the development and validation of a hydraulic and hydrologic (H&H) model of the Water
Department’s service area. This section describes the QA/QC protocols that were utilized to
ensure that the flow and precipitation monitoring data collected and used in Phase 2 analysis
activities was reasonably reliable.
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3.3.1 Quality Assurance Reviews for Precipitation Monitoring Data

The QA/QC reviews extended to the two primary sources of precipitation data used for the
outlying communities Phase 2 SSES activities: data from the Water Department’s network of
precipitation gages, and data from the gage adjusted radar rainfall (GARR) system.

Water Department Precipitation Data Processing and QA/QC

The Water Department’s raw 2.5-minute data were summed to fixed 15-minute intervals.
QA/QC review of this data was performed on a monthly basis by visual comparison of the
individual gage data across the network in order to identify and flag missing or questionable
data. Flagged data were then filled with coincident data from the six nearest gages using an
inverse distance squared weighting method. In addition to the visual inspections conducted by
the Water Department, automated QA/QC reviews of the gage data were also conducted by the
GARR contractor as described below.

GARR Data Processing and QA/QC

The professional services contractor that provided the high-resolution GARR data conducted the
comprehensive QA/QC reviews on a monthly basis before the GARR data were submitted to the

Water Department. During each month, radar and rain gage data were segmented into qualified

storm periods for QA/QC and GARR processing. The QA/QC process involved three steps.

o Initial QA/QC review of the raw precipitation gage data
e Adjustment of the raw radar reflection data to produce GARR

o Final QA/QC review of the GARR data

Initial QA/QC review of the Precipitation Data

Rainfall data from as many as 51 gages were used to adjust the next generation (NEXRAD)
Doppler radar. The City of Philadelphia provided coordinate locations and 2.5-minute
precipitation data for the 35 rain gages in the Water Department network. In addition, rain gage
data were obtained from ten United States Geological Survey (USGS) stations and six National
Weather Service Automated Surface Observing System (ASOS) stations. The collected rain gage
data were systematically reviewed, utilizing software developed by the GARR contractor, to
identify gages that were not consistent with the radar or surrounding gages during both the
qualified storm and inter-event periods. Qualified rainfall events were defined based on a storm
definition where, for any given hour, at least 50% of all working gages reported an accumulation
of 0.05 inches.

Reasons for quality flagging gage data and not using flagged gages in rainfall analysis included
clogs, significant under- or over-reporting of rainfall, gages that stop reporting during rainfall,
timing issues or a combination of these reasons. A list of possible reasons for not using a gage

based on the completed analyses is shown in Table 3-1.
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Table 3-1: QA/QC Criteria for not using a Gage for Storm Quantification

\ Reason Explanation
Clog (C) Gage appeared to be clogged
Zero (2) Gage did not report any rainfall while radar rainfall estimates reported significant rainfall

Gage appeared to stop reporting rainfall while radar rainfall estimates reported

Stop () significant rainfall

Gage appeared to significantly over-report rainfall as compared to radar rainfall estimates
Over (0) and surrounding gages (e.g. anomalously high rainfall values caused by field calibration,
data transmission error, or switch malfunctions)

Gage appeared to significantly under-report as compared to radar rainfall estimates and

Under (U) surrounding gages (e.g. half-tipper)
Sync (SY) Gage appeared to be reporting out-of-sync with the radar rainfall estimates
Frozen (F) Gage not reporting properly due to frozen precipitation
Melt (M) Gage not reporting properly due to melting precipitation
Other (T) Combination of multiple reasons
No Data (ND) Gage reported "no data" for a significant amount of time

Radar Data Adjustment and Refinement Methodology

In the production of GARR, radar reflection data were bias corrected through comparison with
rain gage accumulations. The first step in the data refinement process was to perform a local
bias review to adjust the radar rainfall. The local bias method used the ratio of gage to radar
accumulations from surrounding gages with the closest gage having the most weight. By
statistical comparison between the radar and rain gage accumulations during a calibration
interval, outliers were identified. The approach distributed the variation of bias over the entire
Water Department service area, and the computed bias adjustments were applied within each
storm period. The calculated bias correction factors were applied to the radar reflection data to
enhance the accuracy of the GARR for any accumulation period.

The statistical QA/QC reviews of the data made the radar rainfall measurements more accurate.
Though generally small, differences between rain gage and radar rainfall accumulations still
exist due to sampling differences or local meteorological conditions. Radar measures raindrop
reflectivity above the ground, while rain gages measure precipitation close to the ground.
Updrafts and downdrafts during storms can decrease or increase rainfall rates, respectively. The
GARR system preserves the precipitation volumes measured at the gage sites and utilizes the
spatial variability provided by the radar data. By adjusting the radar data with rain gage data,
more accurate rainfall measurements were generated than either the radar or gages could
produce alone.
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Final QA/QC Review Methodology for the GARR

As a final QA/QC review measure, cumulative distribution plots (CDPs) were produced at each
gage location showing gage, unadjusted radar, and GARR values for each qualified rainfall
event. Rain gages that were not performing consistently with the radar or surrounding gages
were visually identified in the CDP graphs. Figure 3-1 shows a representative example of rainfall
accumulation at a gage during a storm as measured by the gage (green), unadjusted radar
(blue), and gage-adjusted radar (red). Final statistical reviews of the data provided an indication
of data quality. Calibrated average difference (CAD) values for individual events less than 10%
were considered excellent, 10 to 20% were considered good, and 20 to 30% were considered fair.
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Figure 3-1: CDP Showing Rain Gage versus Unadjusted Radar versus GARR
(Source: Philadelphia Water Department (PWD) Radar Rainfall Analysis by Vieux, Inc.)

The final QA/QC process included an additional graphic comparison between the GARR and
gage data. A representative example of a scatter plot that shows this comparison for a
representative storm is provided in Figure 3-2. The QA/QC linear regression analysis verified
that the GARR had been properly adjusted, because the adjusted pairs formed a linear
relationship.
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Figure 3-2: Scatter Plot of GARR versus Gage Pairs
(Source: PWD Radar Rainfall Analysis by Vieux, Inc.)

A representative example of a storm total plot for a storm where the GARR adjustment
processes had been completed and the QA/QC reviews had been conducted is provided in
Figure 3-3.

Features

Rain Gauges
Phila County
Counties
Major Roads
Watersheds
Modelshed

ity

Rainfall values (in.)

0.00 - 0.02
0.02-0.04
0.04 0.10
0.10 - 0.21
0.21-0.31
0.31-042
0.42
0.42-0.52
0.52 - 0.62
0.62-0.83
0.83-1.04
1.04-125
1.25

1.25- 146
146 - 1.67
1.67 - 1.88
1.88
1.88-2.08
2.08 -2.50
2.50+

T

Figure 3-3: GARR Storm Total for an Example Event
(Source: PWD Radar Rainfall Analysis by Vieux, Inc.)
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Precipitation Monitoring QA/QC Review Conclusions

The completed QA/QC reviews for the collected precipitation data from the regional rain gage
network and the GARR system were able to confirm and verify that the archived precipitation
data used to conduct the Phase 2 analyses were of sufficient quality and reliability. The
completed QA/QC reviews were capable of detecting and identifying errant and unacceptable
gage data and ensure that unreliable data were not incorporated into the SSES analyses. The
existing available archived precipitation data were sufficient to quantify and characterize rainfall
and snowfall over the outlying community’s sewershed areas, quantify and characterize rainfall
dependent infiltration and inflow (see report Section 3.5 (Wet Weather Flow Characterization)),
and identify outlying community sewershed areas that contribute excessive extraneous flow to
the Water Department conveyance and treatment system (see Section 4.3 (Wet Weather Flow
Analysis Results)).

3.3.2 Quality Assurance Reviews for Flow Monitoring Data

Quality assurance (QA) refers to programmatic efforts to ensure the quality of monitored and
field measured data. QA programs increase confidence in the validity of the reported analytical
data. Quality control (QC), a subset of quality assurance, refers to the application of procedures
designed to obtain prescribed standards of performance in monitoring. The QA/QC plan that
the Water Department implemented for this outlying communities study is organized into two
main categories: protocols for directing activities and procedures in the field, and protocols
directing data verification in the office.

Protocols and Standards for Field Activities

Comprehensive protocols and standards for field activities are required elements to execute the
flow monitoring program to maximize the collection of high quality data. Proposed outlying
community billing meter sites were pre-screened, and field verification investigations were
conducted to ensure conditions were conducive to accurate and reliable flow monitoring. An
effective inspection and assessment process ensured proper selection of monitoring sites and
equipment. The physical and hydraulic characteristics of each site were matched with
technology selection and sensor placement that maximized the quality of collected data. All
meter installations conformed to the flow monitoring equipment manufacturer’s specifications.

Qualified field technicians routinely interrogated the data, maintained the monitoring
equipment, performed as-needed sensor calibrations, and documented field procedures and
observations. These routine field visits consisted of the field technician obtaining physical
measured levels and velocities, comparing these measurements to the real-time metered
readings and calibrating and/or cleaning the sensors when needed. These field measurements
and activities were documented in field logs and were used by the data analysts in the QA/QC
process, in order to ensure the quality of the collected data.

Protocols and Standards for Office Activities

The second category of required activities within the QA/QC process is data verification in the
office. A data QA/QC system was implemented to standardize the format and file names
associated with collected data from the selected flow monitoring sites. This system included a
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comprehensive review of collected data, the identification of data gaps, and the conversion of
raw flow data into final quality-reviewed data sets.

Individual site files were generated for each monitoring site which contain either one month or
three months (organized on a quarterly basis) of data. Also, monthly time-series and scatter
plots of the monitored data were included in the site file. These time-series and scatter plots
were prepared to assist in the data review process and verify the reliability and accuracy of the
collected flow monitoring data.

Time-series plots were used to flag any inconsistencies in the monitored diurnal cycles that
could not be attributed to precipitation or seasonal changes in groundwater levels, and also to
flag inconsistencies due to equipment failures. Figure 3-4 illustrates an example time-series plot
of raw data used in the QA/QC process. These plots have the flow and velocity plotted on the
primary y-axis, the level(s) plotted on the secondary y-axis, and the precipitation data plotted in
a separate smaller graph above this data. Field measured calibration points were superimposed
over the monitored data to ensure the equipment was properly calibrated.

When redundant level sensors were utilized, their monitored depths were compared to one
another to verify that they were internally consistent, thus adding confidence to the accuracy of
the monitored levels. More importantly, the monitored levels needed to be confirmed by
comparing them to independent field measurements. If the field measured readings were within
an acceptable range of the monitored data recorded at the time of the field visit, the data was
considered to be reasonably reliable. When the redundant levels were not tracking one another,
the field logs were used to confirm which level was more reliable by comparing which one was
closest and within the acceptable range of the field measured readings at that time.

Precipitation data, obtained from a nearby rain gage or the region’s calibrated radar rainfall
network, was also added to the time-series plots. This aided in confirming that increases in level,
velocity, and corresponding flow rates throughout the monitoring period were attributed to
precipitation events and not errant data.

In addition to the time-series plots, scatter plots were generated for each month of data collected
displaying flow and/or velocity on the vertical axis versus monitored depth on the horizontal
axis. Field measured calibration points were superimposed over the monitored data to ensure
the equipment was properly calibrated. Scatter plots were used to review the quality of the data
collected and verify that the equipment was properly calibrated. A depth-flow relationship with
a consistent envelope curve and a minimal degree of scatter in the data typically is indicative
that the equipment was functioning properly and the data was reasonably reliable. Figure 3-5
provides an example scatter plot of raw data used in the QA/QC process.
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Philadelphia Water Department - Sanitary Sewer Evaluation Program
Time-Series Plot of Raw Data (June 2013)
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Figure 3-4: Example Time-Series Plot for Raw Data
Philadelphia Water Department - Sanitary Sewer Evaluation Program
Scatter Plot of Raw Data (June 2013)
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Figure 3-5: Example Scatter Plot for Raw Data
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Two general categories of data errors were identified through the QA/QC process: short-term
errors and long-term errors. Short-term errors are generally caused by temporary hydraulic
conditions or intermittent sensor fouling lasting for a brief duration. Since these brief periods of
errant data are surrounded by reliable data points, both depth and velocity errors could usually
be corrected by interpolating between adjacent points. Long-term errors, on the other hand, are
caused by ongoing hydraulic conditions, extended sensor fouling, improper equipment
calibration and/or equipment failures and can last from several hours to several weeks in
extreme cases. Errant data identified through the review process was either flagged as unusable
in subsequent analyses, or corrected using approved techniques such as a rating curve
(established depth-flow relationship developed based on reasonably reliable monitored data) or
interpolation between adjacent reliable data points as mentioned above.

The final step in the QA/QC process was to take the final quality-reviewed ‘corrected’ datasets
and plot them on time-series and scatter plots. These plots show only the quality-reviewed data
and any necessary data quality comments. Figure 3-6 illustrates an example final quality
reviewed time-series plot resulting from the QA/QC process. It displays the corrected level as a
red line and the corrected flow as a dark blue line. Figure 3-7 illustrates an example final quality
reviewed scatter plot produced resulting from the QA/QC process. It displays the corrected flow
as dark blue points with the field measured calibration points (in pink) superimposed over the
‘corrected’ monitored data.

Philadelphia Water Department - Sanitary Sewer Evaluation Program
Time-Series Plot of QA/QC Data (June 2013)
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Figure 3-6: Example QA/QC’d Time-Series Plot
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Philadelphia Water Department - Sanitary Sewer Evaluation Program
Scatter Plot of QA/QC Data (June 2013)
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Figure 3-7: Example QA/QC’d Scatter Plot

Flow Monitoring QA/QC Review Conclusions

The completed QA/QC reviews for the collected flow monitoring data were able to confirm and
verify that the data used to conduct the detailed Phase 2 analyses for this Outlying Communities
Report was of sufficient reliability. The completed QA/QC reviews were also able to identify
errant or unacceptable data and ensure that unreliable data was not incorporated into the

Phase 2 analyses. The existing available wastewater flow monitoring information with
acceptable data quality was sufficient to quantify and characterize dry and wet weather flow
from outlying communities sewershed areas, quantify and characterize rainfall dependent
infiltration and inflow, and identify outlying communities sewershed areas that convey relatively
high wet weather flow to the Water Department conveyance system.

3.4 Dry Weather Flow Characterization

The Phase 2 activities for the outlying community service areas included a series of analyses that
were conducted to quantify and characterize dry weather flow. For each of the monitoring sites,
and corresponding sewershed areas located within the outlying community areas, dry weather
flow periods were identified and corresponding monitored flows were analyzed to characterize
dry weather hydrology. The dry weather flow analyses were conducted to quantify the total base
wastewater flow (BWWF) and ground water infiltration (GWI) tributary to each of the
monitoring sites. BWWF and GWI together comprise the DWF that occurs in a sanitary sewer
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system. Similar analyses for the sanitary sewered areas within the City were summarized and
presented in the Green City, Clean Waters Sewer System Evaluation Survey which was
submitted on June 1, 2014.

BWWEF, often referred to as the base sanitary flow, represents the residential, commercial,
institutional, and industrial flow that is discharged to a sanitary sewer system for collection and
treatment. BWWF normally varies with water use patterns throughout a 24-hour period with
higher flows occurring during the morning hours and lower flows during the night. GWI
represents the infiltration of groundwater that enters the collection system through leaking
pipes, pipe joints, and manhole walls. GWI varies throughout the year, often trending higher in
late winter and spring as groundwater levels and soil moisture levels rise, and subsiding in late
summer or after an extended dry period. For the Phase 2 outlying community analyses, the
assumption was made that all of the monitored minimum nighttime flow was GWI. While this
assumption is admittedly conservative, as there is usually some sanitary BWWF being conveyed
in the early morning hours, the consistent use of this assumption for all analyzed monitoring
data should not significantly bias the analysis results. Figure 3-8 below depicts a typical DWF
hydrograph. The orange shading represents the BWWF component of DWF, while the blue
shading represents the GWI component.
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Figure 3-8: Components of Dry Weather Flow

3.4.1 Weekday and Weekend Dry Weather Flow Hydrographs

As part of the dry weather flow characterization process, weekday and weekend average daily
dry weather flow hydrographs and corresponding flow summaries were produced using the
Environmental Protection Agency (USEPA) Sanitary Sewer Overflow Analysis Program
(SSOAP). Using this program, periods of dry weather flow with no recorded precipitation, no
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influence from prior storms, and consistent diurnal patterns were manually selected by the
analyst. After these periods of dry weather flow were selected, the incremental flow data points
for these days were then averaged together by SSOAP to produce average weekday and weekend
dry weather flow hydrographs for each monitoring site. Weekdays and weekend days were
evaluated independently because weekdays and weekends typically exhibit their own unique,
repeatable flow patterns. In predominantly residential areas, there usually is a lag between the
weekday and weekend hydrographs due to residents starting their day earlier during the week.
In non-residential areas, the weekday and weekend patterns can differ greatly due to almost
non-existent weekend populations. Plots of these hydrographs were produced showing flow on
the vertical axis versus time on the horizontal axis. Figure 3-9 illustrates the difference between
weekday and weekend hydrographs in a primarily residential area, while Figure 3-10 shows the
difference between weekday and weekend hydrographs in a commercial/industrial area.

These average dry weather flow hydrographs were then summarized and the resulting average
daily dry weather flow for each site, and the average maximum and minimum dry weather flows,
were calculated and expressed in million gallons per day (mgd). The dry weather flow rates were
also calculated in units of gallons per capita per day (gpcd). These average daily dry weather
flow hydrograph plots, and corresponding dry weather flow summaries, can be found in
Appendix B of this report. The appendix information is provided in digital format on the
attached compact disc (CD).
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Figure 3-9: Example Weekday and Weekend Dry Weather Flow Hydrographs in a
Residential Area
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Figure 3-10: Example Weekday and Weekend Dry Weather Flow Hydrographs in a
Commercial/Industrial Area

3.4.2 Ground Water Infiltration Ratios

The computed average daily maximum and minimum dry weather flows characterize the
fluctuation seen in the dry weather diurnal flow pattern, while the average daily minimum flow
was calculated to approximate the rate of extraneous groundwater infiltration, or GWI, entering
the upstream collection system. Also computed as part of the dry weather flow analyses are the
GWI ratios for each site. Assuming BWWF during minimum flow nighttime hours is negligible
in tributary areas that are predominately residential, a ratio can be calculated to approximate
the percentage of GWI observed in the total dry weather flow. These GWI ratios were calculated
by dividing the average minimum dry weather flow by the average daily dry weather flow. If the
GWI ratio is high, then it can be assumed that either the sewer is ‘leaky’, with a higher incidence
of extraneous infiltration flow, or there may be nighttime flow from industrial or other round-
the-clock operations.

An analysis was conducted to determine if there is a direct correlation between the GWI ratio
and the percentage of the sewershed area comprised of industrial and commercial land-use
areas. The results of that correlation analysis are provided in Figure 3-11. Of the two sewershed
areas with the highest percentage of industrial/commercial land-use, one had a relatively high
GWI value and the other had an average GWI value. Among the sewershed areas with minimal
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or no industrial/commercial areas, GWI values extend along the entire range from high to low
values. Similarly, the Figure 3-11 plot shows that among sewershed areas with relatively higher
GWI values, the percentage of industrial/commercial areas also extends along the entire range
from high to low values. Therefore, the completed analysis demonstrates that there appears to
be no significant correlation between GWI ratio and the percentage of the sewershed comprised
by industrial and commercial land use areas.
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Figure 3-11: GWI Ratio versus Industrial/ Commercial Sewershed Area

3.4.3 Dry Weather Flow Analysis Results

The completed Phase 2 analyses were successful in quantifying and characterizing dry weather
flow from separate sanitary sewershed areas within the outlying communities. Section 4.2 (Dry
Weather Flow Analysis Results) provides various tables and graphics that summarize the dry
weather flow analysis results.

The dry weather flow analysis results for the sanitary sewer system monitors located within the
outlying communities can be found in Appendix B of this report. The appendix further details
the following:

e The tributary drainage area and service population for each of the monitoring locations
analyzed
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e The resulting average weekday and weekend hydrographs for each site
e The average, maximum, and minimum dry weather flows
e The GWI ratio

e The number of days used in generating the dry weather flow statistics

3.5 Wet Weather Flow Characterization

In addition to the dry weather flow analyses described in Section 3.4 (Dry Weather Flow
Characterization), wet weather flow analyses were conducted as part of Phase 2 activities for the
outlying community service areas. For each of the sanitary sewer flow monitoring sites located
within the outlying communities, wet weather flow periods were identified and corresponding
monitored flows were analyzed to characterize wet weather hydrology. Analyses were conducted
to quantify the total base wastewater flow (BWWF), ground water infiltration (GWI), and
rainfall dependent inflow and infiltration (RDI1) tributary to each of the monitoring locations.
The understanding of each of these major flow components is essential to understanding the
sources of flow into the sanitary sewer systems, the relative quantities of RDII in the systems,
and whether the RDII is relatively high. Listed below are the analyses conducted as part of the
wet weather flow characterization process. Each analysis is described in detail throughout the
remainder of this section.

e Hydrograph Deconstruction and RDII Quantification
e Largest Monitored Event and Peaking Factor Summaries

As described in Section 3.4 (Dry Weather Flow Characterization), BWWF and GWI1 together
comprise the dry weather flow that occurs in a sanitary sewer system. RDI1 is the rainfall-
derived flow response in a sanitary system. In most systems, RDII is the major component of
peak wastewater flows and is typically responsible for capacity issues, SSOs, and/or basement
backups. Figure 3-12 depicts various pathways that RDII can enter into a sanitary sewer system.

Inflow is the water that enters the sanitary sewer system directly via leaky manhole lids and
frames, roof drain connections, sump pumps, foundation drains, and cross-connections with
storm sewers. Although direct connections such as downspouts, sump pumps, foundation
drains, and areaway drains are no longer common design practices, they still exist and
contribute to inflow in many older sanitary systems. Inflow typically occurs shortly after a
rainfall event starts and is usually the major component of the peak RDII flow.

Rainfall-derived infiltration refers to rainfall runoff that filters through the soil before entering a
sanitary sewer system through damaged pipe sections, leaky joints, etc. These defects can occur
in both the public right-of-way portions of the sanitary sewer system or in individual service
laterals on private property. Infiltration typically extends beyond the end of rainfall and takes
some time to recede to zero after an event.
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Figure 3-12: Causes for RDII in a Sanitary Sewer System
(Source: City of Oregon, OH)

3.5.1 Hydrograph Deconstruction and RDII Quantification

The United States Environmental Protection Agency’s SSOAP toolbox was used to analyze the
successfully collected and quality assurance-reviewed precipitation and flow monitoring data in
order to develop an understanding of the system RDII characteristics. More specifically, the
total monitored flows were deconstructed into their characteristic flow components of BWWF,
GWI, and RDII. Figure 3-13 illustrates these components of the total monitored wastewater
flow. The BWWF and GW!I1 flows represent the dry weather flow component of the total flow,
while the RDII component represents the rainfall-produced response in the sanitary sewer
system.
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Figure 3-13: Components of Wet Weather Wastewater Flow
(Source: CDM SHAPE manual)

To conduct the SSOAP analyses, a graphical representation of the total monitored flow was
generated for the entire monitoring duration. The analyst then took the typical weekday and
weekend dry weather flow quantities and patterns, previously determined during the dry
weather flow analyses, and superimposed them over the total monitored flow. The typical dry
weather pattern of five weekdays and two weekend days was repeated as necessary to cover the
entire duration of the monitoring period. For the hydrograph deconstruction process, SSOAP
was used to address variability in the dry weather flow by accounting for the seasonal variations
of GWI and ensure that the RDII flows were approximately equal to zero during dry periods not
directly influenced by rainfall. This deconstruction of the total monitored flows was
accomplished by adjusting the GWI flows to set the proper dry weather flow conditions prior to
rainfall events to determine rainfall event specific RDII hydrographs.

After the GWI adjustments were made, the data analyst identified the start and end times of the
individual RDII events during the period of record. Once individual events were defined,
statistics were produced detailing each event’s RDII volume, rainfall volume, total-R value, and
the deconstructed components of total monitored flow.

The calculated volume of RDII for each storm was divided by the corresponding volume of
rainfall over the sewershed area and expressed as a percentage, or R-value. This R-value
represents the fraction of the rainfall that fell over the tributary sewershed area that entered the
sanitary sewer system. For example, a computed R-value of 0.045 would indicate that 4.5% of
the measured rainfall over the sewershed area “leaked” into the sewer system as monitored
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RDII. Lower values typically indicate a tighter sewer system with less extraneous flow. On the
contrary, higher values indicate higher quantities of extraneous flow originating from possible
sources such as roof leader connections, foundation drain connections, connections with storm
inlets or area drains, and leaking pipe joints. When the analysis was completed, the volume,
duration and pattern of RDII flow were determined for each successfully monitored storm
event.

An individual spreadsheet of results was prepared for each flow monitoring site that was
analyzed and can be found in Appendix C of this report.

3.5.2 Largest Monitored Events and Peaking Factors

For each of the Water Department’s outlying community monitoring locations, additional wet
weather analyses were conducted to provide an understanding of the hydraulic capacity and
system response during wet weather. For these analyses, the five independent wet weather
events that produced the largest monitored peak 15-minute flow rates were identified for each
monitoring location.

Largest Monitored Events

Once the five independent wet weather events were identified, the corresponding monitored
peak hourly flows were calculated. In addition, the monitored peak 15-minute and hourly levels
were identified for each event. In conjunction with monitored flow rates and flow depths,
monitored precipitation data were examined to determine the total precipitation volume during
the duration of the event, and the monitored peak 15-minute precipitation volume within the
defined event. Itis also important to note that events with missing and/or errant data during
any part of the storm were not included in the largest monitored event analyses.

Peaking Factors

Along with the monitored flow rates, depths, and precipitation data that were examined for the
five largest independent wet weather events, a flow rate peaking factor was also computed. The
peaking factor was calculated by taking the monitored peak hourly flow during the event and
dividing it by the calculated average daily dry weather flow for the monitored sewershed area.
This peaking factor represents the magnitude of the increase of RDII flow through the
monitored sewer pipes during large storms, compared to the magnitude of flow during typical
dry weather conditions.

The results from the five largest monitored wet weather events, and corresponding peaking
factors, were compiled into summary tables. These summaries can be found in Appendix B of
this report. An example wet weather summary is provided in Table 3-2 below.
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Table 3-2: Example Largest Monitored Events and Peaking Factor Summary Table

Philadelphia Water Department - Sanitary Sewer Evaluation Program
Wet Weather Flow Analysis Results
MA_2
General Information
Site: MA_2
Description of Location: Pine Road and Pennypack Creek
Data Range: 4/1/2012 to 6/30/14
Pipe Diameter: 20"
Contract Community: Abington
Drainage Area (Acres): 3.161
Semice Population: 10,222
Wet Weather Flow Summary
Total Monitored | Monitored | Monitored Peak Monitored | Monitored .
Event F;:.ak 15 Pe.ak 15 Pe.ak 15 Hourly Peak Peak Peaking
Storm Date Rainfall |_nute Minute Minute Rainfall Hourly Hourly Factor
Rainfall Flow Level Flow Level (PHF!
ADDWF)
(inches) '1'20,:?:; (mgd) | (inches) "Eg‘;‘:}"" (mgd) | (inches)
4/30/2014 5.15 0.34 6.25 17.2 0.90 5.97 17.0 3.69
5/9/2014 1.28 0.31 5£.33 16.9 0.87 4.95 16.5 3.06
6/7/2013 3.65 019 3.79 14.1 0.64 3.54 13.7 219
6/27/2013 1.37 0.34 3.78 14.6 0.75 3.52 14.1 217
5/10/2014 0.91 0.22 3T 14.1 0.36 335 13.7 207
Five-Storm Average 2.47 0.28 4.58 15.4 0.70 4.27 15.0 2.63

3.5.3 Wet Weather Flow Analysis Results

The completed Phase 2 analyses were successful in quantifying and characterizing wet weather
flow from separate sanitary sewershed areas within the outlying communities. Section 4.3 (Wet
Weather Flow Analysis Results) summarizes the wet weather analysis results and conclusions
for the wet weather characterization of the outlying communities that convey flow to the City
sewer system.

The five largest monitored wet weather events and peaking factor summary tables can be found
in Appendix B of this report that are provided in digital format on the enclosed compact disc
(CD). For successfully monitored storms that resulted in pipe-full conditions and/or
surcharging, these summary tables allow for the hydraulic capacity of the monitored sewers to
be quantified and assessed. In addition, the peaking factors included in these summaries allow
for an understanding of the relative quantities of RDII, as higher wet weather peaking factors
are indicative of drainage areas that have relatively high wet weather flow.
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Individual RDII analysis results spreadsheets were prepared for each flow monitoring site that
was analyzed and can be found in Appendix C of this report, also provided in digital format on

the enclosed CD. These results allow for an understanding of the relative sewershed ‘leakiness’,
and can be used to guide further investigation of RDII sources.
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4.0 Analysis Results

This section provides a summary of the completed Phase 2 analysis results and conclusions for
the outlying communities that convey flow to the Philadelphia Water Department (Water
Department) sewer system. The results of the precipitation characterization analyses for the
long-term record gage data are provided and compared to the annual precipitation over the
Water Department service area for each of the years that were included in the period of record
used for the outlying community analyses. Dry weather flow characterization analysis results are
presented using a series of summary tables, cumulative distribution function (CDF) curves, and
color coded geographic information system (GIS) maps. The analyses allow for the identification
of specific outlying community sewershed areas where the quantity of extraneous ground water
infiltration (GWI) is relatively high. Similarly, wet weather characterization analysis results for
each of the analyzed outlying community sewershed areas are provided. These completed
analyses allow for the Water Department to identify specific outlying community areas where
the quantity of extraneous rainfall dependent infiltration and inflow (RDI1) is relatively high.
Similar analyses for the quantification and characterization of dry and wet weather flow from
the separate sanitary sewershed areas located within the City were provided in the Green City,
Clean Waters Sewer System Evaluation Survey (SSES) that was submitted by the Water
Department on June 1, 2014. This 2014 report identified specific sewershed areas within the
City where the quantity of extraneous GWI and RDII were relatively high.

4.1 Precipitation Data Analysis Results

Accurate and reliable precipitation data are a vital component of any sanitary sewer evaluation
study. The monitoring of the volume, intensity, duration, and distribution of precipitation is
necessary to analyze sanitary sewer system responses to wet weather, validate computer
simulation models, and identify and prioritize sewer rehabilitation activities. Adequate
precipitation data should include regional long-term precipitation records as well as spatially
distributed data. Because precipitation conditions can vary over short distances, regional gage
data needs to be supplemented with data from a distributed network of local precipitation
monitoring stations. Available precipitation data for the outlying communities study included
long-term historical data from the Philadelphia International Airport (PHL) gage, data from the
regional gage network, and high resolution spatially distributed data from the calibrated radar-
rainfall system.

Section 2.2 of this Outlying Communities Report (Collected Precipitation Data) provides a
summary of the available precipitation data within the City and outlying community areas, the
various sources of these data, and how they were utilized in support of the Phase 2 efforts.
Section 3.3 (Quality Assurance Reviews for Precipitation and Flow Monitoring Data) describes
the quality assurance reviews conducted on these data. This section includes an analysis of the
historical data set in order to establish long-term characteristics of precipitation over the Water
Department service area as well as analysis of individual years that coincide with the flow
monitoring activities conducted to characterize dry and wet weather flow conveyed from
monitored outlying community areas.
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4.1.1 Long-Term Historical Precipitation Analysis

The two criteria used in the Phase 2 activities for establishing long-term precipitation
characteristics over the Water Department service area were the total volume of precipitation
and the total number of precipitation events occurring during each calendar year. Comparing a
particular year’s precipitation to the long-term average allows for the determination of wetter-
and dryer- than average years. Monthly totals and averages were also computed in the same way
to examine seasonal differences. By examining these annual and monthly precipitation totals,
the characteristics of precipitation over the service area for specific time periods could be
evaluated.

Precipitation Volume Analysis Results

Figure 4-1 displays the annual precipitation volumes at the PHL gage from 1961 through 2013.
The average annual precipitation volume of 41.71 inches is shown on the plot by a solid
horizontal line and can be used as a bench mark for comparing a particular year’s precipitation
to the long-term annual average. The average annual precipitation volume plus and minus one
standard deviation is shown as well (by dashed lines) and can be used to assess the range or
extent of expected variability in the annual precipitation volumes. Figure 4-1 shows that the
wettest and driest calendar years over the historical record were 2011 (64.33 in.) and 1965
(29.34 in.), respectively.

Figure 4-2 shows the average monthly precipitation volumes based upon the PHL historical
record. Also depicted on the figure are the average monthly precipitation volumes plus and
minus one standard deviation. Figure 4-2 can be used to assess the variability in the monthly
precipitation volumes and identify the typically wetter and drier seasonal periods of the year.
The figure shows that, on average, the summer months of July and August are the months of the
year with the greatest precipitation volume while February is the month with the lowest.

Precipitation Event Analysis Method and Results

In addition to the annual and monthly volumetric statistics produced for the long-term period of
record, characteristics of individual precipitation events were developed. Each event in the
historical record was characterized by its duration, volume, peak intensity, and the time interval
between successive events.

Prior to performing the event analysis, a minimum inter-event time (MIT) needed to be selected
indicating the number of zero-rainfall hours that constitute an inter-event period. In other
words, the number of consecutive dry hours encountered in the search must be equal to or
greater than the MIT in order for the preceding wet period (made up of at least one non-zero
precipitation value) to be considered a separate event. In order to be consistent with the MIT
selected in the analysis included in Section 3.5 of the Philadelphia Long Term Control Plan
Update (LTCPU), and other precipitation analyses conducted by the Water Department, a MIT
of 6 hours was selected for this analysis.
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In addition to selecting a MIT, a minimum precipitation depth was needed to define an event.
For this historical precipitation analysis, it was important to differentiate between event
precipitation that would contribute to RDII, and event precipitation that would be intercepted
by vegetation above the ground and depression storage on the ground and would not be a cause
of RDII in the outlying community sewers. Per the wet weather flow characterization analyses
that are described in Section 3.5, (Wet Weather Flow Characterization) and presented in Section
4.3 (Wet Weather Flow Analysis Results), smaller event volumes of less than 0.10 inches were
determined to have little to no impact on RDII from outlying community areas. As a result,
event volumes greater than or equal to 0.10 inches were selected as the minimum precipitation
depth for defining wet weather events.

Based on the wet weather event definition described above, information was developed on the
characteristics of individual events from the PHL historical record. The sequence of hourly
precipitation volumes were grouped into separate events and each storm was then characterized
by its duration, volume, peak intensity, and time interval between successive events. The event
data were analyzed using standard statistical procedures to determine the mean and standard
deviations for various event parameters. A rainfall characteristics summary table for the PHL
historical record is shown on Table 4-1.

Based upon the minimum inter-event time (6 hours) and minimum event volume (0.10 inches)
selected, the average annual number of wet weather events in the Water Department service
area, based on the historical record, is 62.

Table 4-1: Mean Precipitation Event Characteristics for Philadelphia, PA 2

Mean Event Rainfall Statistics °

Total Average
Number of Annual Number

Events ° of Events ” Volume Duration Peak Intensity

(inches) (hours) (inches/hour)

3,297 62 0.65 10.4 0.23 5.9

? Based upon 53 years of records at the Philadelphia International Airport, from 1961 through 2013
®Events greater than or equal to 0.10 inches with a minimum of 6 dry hours to separate events
¢ Delta is the average interval between the midpoint of events

Figure 4-3 shows the average monthly number of events based upon the PHL historical record.
Also depicted on the figure is the average monthly number of events plus and minus one
standard deviation. This figure can be used to assess the variability in the number of events
occurring during each month of the year. Figure 4-3 shows that, on average, more events tend to
occur during the summer months of May, June, and July while the fewest occur during the
month of October.
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4.1.2 Precipitation Data Analysis (August 2007 through June 2014)

As described in Section 2.1, (Sanitary Sewer Flow Monitoring Data Collected from Outlying
Community Billing Meters) the extent of sewer monitoring activities of outlying community
areas in support of this study spans the period of August 2007 through June 2014. To gain an
understanding of the hydrologic characteristics during this period, and interpret the dry and wet
weather flow characterizations of the monitored outlying community areas presented in
Sections 4.2 (Dry Weather Flow Analysis Results) and 4.3 (Wet Weather flow Analysis Results),
comparisons were made between the precipitation statistics that occurred during this period
and historic norms.

Several steps were involved in analyzing the PHL rainfall that was collected during this time
period. For each month, the total monthly volume of precipitation at the PHL was calculated.
These monthly totals were computed to examine seasonal differences and were used as the basis
for identifying atypical wet and dry periods coinciding with the outlying community sewer flow
monitoring activities. The frequency (i.e. the number) of events that occurred during each
month over the analysis period was another parameter that was used to assess how the
precipitation data collected from August 2007 through June 2014 compared to “typical” historic
norms. For each month, the total number of wet weather events at the PHL was identified. It is
important to note that the same event definition that was used in the historic data analysis was
applied to the event analysis for the August 2007 through June 2014 period of record. To
reiterate, an event was defined as having a minimum rainfall volume of 0.10 inches and a
minimum inter-event period of 6 hours.

The precipitation volumes and number of events occurring during each month were calculated,
displayed, and analyzed. Annual plots were produced for each year during the analysis period.
Shown on each are the monthly precipitation volume (in blue) and number of events (in red).
These same monthly totals, as well as the historic monthly averages, are displayed on the table
at the bottom of each plot. In order to assess the magnitude of these monthly values, the
variability of the long-term historic averages was illustrated by plotting the historic average
monthly volumes and event frequency plus and minus one standard deviation. These values are
represented on the plot by typical range extent bars. These annual plots, for 2007 through June
2014, can be found in Appendix A of this report. Figure 4-4, showing the monthly precipitation
volume and number of events for 2013, provides an example of the plots included in

Appendix A. The appendix is provided in digital format on the attached compact disc (CD).

Table 4-2, which follows the figure, identifies atypical wet and dry months during the period of
August 2007 through June 2014 coinciding with the outlying community flow monitoring
activities. Months during which the monthly precipitation volume exceeded plus one standard
deviation from the mean were identified as atypically wet (shown on the table as “Wet”).

Months during which the monthly precipitation volumes were more than one standard deviation
lower than the mean were identified as uncharacteristically dry (shown on the table as “Dry”).
The wettest month during the analysis period was August 2011 (19.31 inches) while the driest
was September 2007 (0.58 inches).
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Table 4-2: Identification of Wet and Dry Months (August 2007-June 2014)

2008

Wet

Very Dry

Outlying Communities Report

Wet

2009

Dry

Dry

Wet

Wet

Wet

2010

Wet

Wet

2011

Very Wet

Wet

2012

Dry

Dry

Dry

2013

Wet

Wet

2014

Wet
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While it is understood that various other factors influence wet weather responses in sanitary
sewer systems (e.g. depth to groundwater, number and size of defects, soil characteristics, etc.),
these precipitation summaries serve as useful tools in understanding the hydrologic
characteristics associated with the flow monitoring analysis results presented in Sections 4.2
(Dry Weather Flow Analysis Results) and 4.3 (Wet Weather Flow Analysis Results). The
summaries provide the precipitation characteristics necessary in understanding the antecedent
moisture conditions associated with the GWI levels and RDII characteristics computed over the
course of the monitoring periods and for individual events.

4.2 Dry Weather Flow Analysis Results

Section 4.2 provides a summary of the completed Phase 2 SSES analysis results and conclusions
for the characterization of dry weather flow for the outlying communities that convey flow to the
City sewer system. After the Phase 1 data collection process had been completed, and the data
quality review process had been performed, Phase 2 analyses were conducted on the monitored
wastewater flows. Phase 2 analyses and results for this Outlying Communities Report were
focused on monitored sewershed areas located within the satellite municipalities and authorities
outside the City. A separate SSES report documenting the analysis results for monitored
separate sanitary sewershed areas within the City was previously submitted on

June 1, 2014. The dry weather flow characterization analysis process for the outlying community
areas was described in Section 3.4 (Dry Weather Flow Characterization). This section provides
and explains the results and conclusions from those completed analyses. The analyses enabled
the Water Department to identify specific sewershed areas within the outlying communities
where the quantity of GWI flow was relatively high. This could be an indication of a leaky
wastewater collection system where localized rehabilitation of sanitary sewers tributary to the
City of Philadelphia’s combined sewer system could potentially reduce the frequency, duration
and volume of combined sewer overflow (CSO) discharges.

The analyses were conducted on monitored wastewater flow data collected from the network of
metering sites that are operated and maintained by the Water Department and are situated at
major points of connection between the outlying community and City sewer systems. The
collected data are used by the Water Department for purposes of sewer service billing. There are
two categories of monitoring sites, permanent billing meter sites and portable or standardized
billing meter sites. The monitoring equipment for permanent sites is installed within permanent
monitoring structures. The equipment for the portable sites is installed on a temporary basis,
rotating through the sites approximately every two to three years, in a standard sewer manhole
for a monitoring duration of about three months at each site.

The results from the dry weather flow analyses completed for each successfully monitored
outlying community sewershed area are summarized in Tables 4-3 and 4-4. Table 4-3 provides
the analysis information for the permanent monitoring sites and Table 4-4 provides the
information for the portable sites. The monitoring sites are identified by their billing meter site
identification names and are grouped by the outlying community which conveys the monitored
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sewershed wastewater flow to the City sewer system. The tables provide the drainage area and
service population for the sewershed areas tributary to the monitoring sites. It is important to
note that the service populations were obtained from the U.S. Census and would include only
the people living in the sewershed areas and would not include the people who work in
commercial and/or industrial facilities located within the sewershed. The monitoring period and
duration are also provided for each site. The tables provide the average daily dry weather flow,
average maximum daily dry weather flow, and average minimum daily dry weather flow for the
monitored sheds. For the portable monitoring sites (and three permanent billing meter sites)
with multiple meter deployment periods, the analysis results for the duration of each individual
monitor deployment period are shown on the tables, as well as the results for the entire multi-
deployment monitoring duration. The analyses that were conducted to develop these values are
described in Section 3.4 (Dry Weather Flow Characterization). These calculated values extend
over the identified monitoring duration and deliberately exclude days in which significant
rainfall occurred.

The average daily dry weather flow was broken down into its two components; base wastewater
flow (BWWF) and GWI. The BWWF component consists of the household residential wastes,
commercial and industrial wastes, and the industrial process flows that are discharged by
customers into the sanitary sewer collection system. The remaining component is generally
comprised mostly of GWI that enters the sewer system through cracks in the sewer pipes, open
sewer pipe joints, and/or flow contributions from foundation drains.

For the Phase 2 outlying community analyses, the monitored average minimum daily dry
weather flow was assumed to be entirely GWI. This assumption is conservative because even in
sewershed areas that have a predominately residential land use, there is almost always some
sanitary base wastewater flow (BWWF) being conveyed in the early morning hours. In some
sewershed areas, the average minimum daily flow may also contain commercial/industrial flows
from any round-the-clock hospitals, factories and other facilities located within the monitored
sewershed area. The average daily BWWF values for each monitored sewershed area are
provided in the tables. The average daily GWI values can be read directly from the average
minimum daily dry weather flow columns in the tables. For the portable monitoring sites (and
three permanent billing meter site) with multiple meter deployment periods, the
characterization results for the duration of each monitor deployment period are shown on the
tables, as well as the results for the entire multi-deployment monitoring duration. Additional
dry weather flow characterization information, including average dry weather flow hydrograph
plots for each successfully monitored sewershed area, is provided in Appendix B.

Finally, the Phase 2 outlying community analyses also included estimates of per capita and per
acre average daily dry weather flow and BWWEF rates as a potential means of comparing
sewershed areas of differing sizes. Land use information was used to evaluate the results of the
hydrologic analyses. As part of the dry weather flow analyses, the percentage of the monitored
sewershed areas that had commercial and industrial land uses was calculated to assess the
potential for bias from the use of this conservative assumption in the GWI analysis results. The
results of the land use assessments for each monitored outlying community sewershed area were
previously provided in Table 2-1 (For the permanent metering sites) and Table 2-2 (for the
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portable metering sites). The results of the per capita and per-acre analyses are provided in
Tables 4-3 and 4-4.
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Table 4-3: Summary of Dry Weather Flow (DWF) Analysis Results for Permanent Monitoring Sites

Outlying Communities Report

Tributary . Average Daily Average Daily Per Capita Per Acre Average Per Capita Per Acre
o ) Tributary . Average " . . . . .
Billing Meter Contract Communit Drainage Service Data Duration Dailv DWF Maximum Minimum Average Daily Average Daily Daily Average Average GWI
Site ID y Area Sonulation End™ (months) (n‘: 4) DWF DWF DWF DWF BWWF Daily BWWF = Daily BWWF  Ratio®®
(acres) g - (med) (med) (gpcd)  (gal/acre/d)  (mgd) (gpcd)  (gal/acre/d)
MA_2 Abington Township 3,161 10,222 4/1/12 6/30/14 27.0 1.69 2.21 1.03 166 536 0.667 65 211 0.60
MBE_1 Bensalem Township 241 879 4/1/12 6/30/14 27.0 0.188 0.265 0.099 214 781 0.089 101 369 0.53
MBE_2 Bensalem Township 212 1,894 4/1/12 6/30/14 27.0 0.265 0.344 0.152 140 1,250 0.114 60 536 0.58
MBE_3 Bensalem Township 90 554 3/15/14 6/30/14 3.5 0.139 0.182 0.087 251 1,540 0.052 94 579 0.63
MBE_3 Bensalem Township 90 554 1/1/12 8/26/12 7.8 0.110 0.151 0.056 199 1,219 0.054 97 594 0.51
MBE_3 Bensalem Township 90 554 2/24/10 12/31/10 10.2 0.102 0.135 0.058 184 1,130 0.044 80 490 0.57
MBE_3 Bensalem Township Monitoring Duration Average(3) 0.108 0.144 0.061 195 1,198 0.047 85 521 0.57
MBE_4 Bensalem Township 193 1,377 4/1/12 6/30/14 27.0 0.16 0.21 0.069 114 814 0.087 63 454 0.44
MBE_5 Bensalem Township 1,024 2,563 4/1/12 6/30/14 27.0 0.768 0.930 0.562 300 750 0.206 80 201 0.74
MBE_6 Bensalem Township 742 4,567 4/1/12 6/30/14 27.0 0.388 0.533 0.178 85 522 0.210 46 283 0.47
MBE_7 Bensalem Township 204 2,110 4/1/12 6/30/14 27.0 0.185 0.251 0.100 88 908 0.086 41 419 0.53
MBE_8 Bensalem Township 230 1,318 4/26/14 6/30/14 2.1 0.551 0.725 0.253 418 2,395 0.298 226 1,295 0.46
MBE_8 Bensalem Township 230 1,318 1/1/10 12/31/10 12.0 0.724 0.933 0.380 549 3,147 0.344 261 1,495 0.52
Monitoring
MBE_8 Bensalem Township Duration 0.71 0.912 0.367 536 3,072 0.339 258 1,475 0.51 0.339 258 1,475 0.51
Averagem
MBE_9 Bensalem Township 290 2,023 4/5/14 6/30/14 2.8 NA® NA® NA® NA® NA® NA® NA® NA® NA®)
MBE_9 Bensalem Township 290 2,023 2/14/13 5/17/13 3.0 0.325 0.402 0.203 161 1,120 0.122 60 421 0.63
MBE_9 Bensalem Township 290 2,023 1/1/10 12/31/10 12.0 0.383 0.439 0.295 189 1,320 0.088 43 303 0.77
Monitoring
MBE_9 Bensalem Township Duration 0.37 0.428 0.267 180 1,259 0.099 49 340 0.73 0.099 49 340 0.73
Averagem
MBE_10 Bensalem Township 37 272 4/1/12 6/30/14 27.0 0.011 0.130 0.002 42 308 0.009 34 249 0.15
MBE_11 Bensalem Township 71 0 1/1/10 7/31/10 6.9 0.066 0.104 0.041 NA® 934 0.025 NAW 357 0.64
MBE_12 Bensalem Township 36 1,288 4/1/12 6/30/14 27.0 0.089 0.132 0.030 69 2,463 0.059 46 1,637 0.34
MBE_13 Bensalem Township 17 12 1/1/12 6/30/14 30.0 NA® NA® NA® NA®) NA® NA® NA® NA® NA®
MBE_14 Bensalem Township 15 30 7/1/12 6/30/14 24.0 0.023 0.032 0.015 761 1,518 0.008 254 507 0.66
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Table 4-3: Summary of Dry Weather Flow (DWF) Analysis Results for Permanent Monitoring Sites

Outlying Communities Report

Tributary . Average Daily Average Daily Per Capita Per Acre Average Per Capita Per Acre
o ) Tributary . Average " .. . . .
Billing Meter Contract Communit Drainage Service Data Duration Dailv DWF Maximum Minimum Average Daily Average Daily Daily Average Average GWI
Site ID y Area Sonulation End™ (months) (n‘: 4) DWF DWF DWF DWF BWWF Daily BWWF = Daily BWWF  Ratio®®
(acres) ‘ s (med) (med) (gped)  (gal/acre/d)  (mgd) (gpcd)  (gal/acre/d)
MBE_15 Bensalem Township 145 849 1/1/10 12/31/10 12.0 0.120 0.160 0.065 141 829 0.055 65 381 0.54
MBE_16 Bensalem Township 25 904 4/1/12 6/30/14 27.0 0.210 0.309 0.084 232 8,353 0.126 140 5,026 0.39
MB-1 Bucks County 24,992 96,028 1/1/12 6/30/14 30.0 16.1 19.6 111 167 643 4.96 52 198 0.69
MC_1 Cheltenham Township 203 3,533 4/1/12 6/30/14 27.0 0.545 0.682 0.351 154 2,684 0.194 55 955 0.65
MC_2 Cheltenham Township 8,444 64,742 4/1/12 11/25/13 19.8 8.18 9.72 5.44 126 969 2.74 42 325 0.67
MC_3 Cheltenham Township 139 1,208 4/1/12 6/30/14 27.0 0.348 0.406 0.264 288 2,501 0.084 69 601 0.76
MD_1 Delaware County 41,340 277,202 4/1/11 6/30/14 39.0 225 26.9 153 81 545 7.20 26 174 0.68
ML_1 Lower Merion Township 2,671 15,278 4/1/12 6/30/14 27.0 1.74 2.40 1.14 114 653 0.602 39 225 0.65
ML_3 Lower Merion Township 618 3,782 4/1/12 6/30/14 27.0 0.414 0.554 0.265 110 670 0.149 39 241 0.64
ML_4 Lower Merion Township 7,486 26,716 10/1/10 9/30/11 12.0 4.39 5.18 3.18 164 586 1.21 45 162 0.72
ML_5 Lower Merion Township 1,064 8,883 1/1/12 6/30/14 30.0 0.526 0.805 0.290 59 494 0.236 27 222 0.55
ML_6 Lower Merion Township 58 420 1/1/12 6/30/14 30.0 0.097 0.137 0.032 231 1,669 0.065 155 1,119 0.33
ML_7 Lower Merion Township 205 373 4/1/12 6/30/14 27.0 0.231 0.381 0.113 619 1,126 0.118 317 577 0.50
MLM_1 Lower Moreland Township 448 1,748 1/1/12 6/30/14 30.0 0.333 0.445 0.191 190 743 0.141 81 315 0.58
MLM_2 Lower Moreland Township 1,797 6,529 1/1/12 6/30/14 30.0 0.815 0.967 0.652 125 453 0.163 25 91 0.80
MSH_1 Lower Southampton Township 5,132 21,642 4/1/12 6/30/14 27.0 5.67 6.60 4.28 