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1. Expert Opinion

This written report is submitted in compliance with the disclosure requirements set forth in the Federal
Rules of Civil Procedure (FRCP) 26(a)(2)(B), subject to the right to supplement the report in accordance
with FRCP 26(e). This report focuses on the TMDL attainability for phosphorus and enterococci for
Bailey’s Brook and North Easton Pond, Rhode Island.

The exhibits that will be used to summarize and support the opinions expressed in this report are
exhibits which appear in, are transmitted with, or referred to in this report. The exhibits may be revised
to allow for presentation in a manner more suitable to the proceedings where they are used. 1 reserve the
right to update my opinion as new information becomes available.

Disclosure items as required by FRCP 26(a)(2)(B) are listed below and can be found in the following
sections:

Vi.

A complete statement of all opinions the witness will express and the basis and reasons for them
are contained within the entirety of this Report;

The facts or data considered by the witness in forming them are contained or referred to within
the entirety of this Report;

Any exhibits that will be used to summarize or support the witness’s opinions are contained or
referred to within the entirety of this Report;

The witness's qualifications, including a list of all publications authored in the previous 10 years
(Section 1.3 and Appendix A);

A list of all other cases in which, during the previous 4 years, the witness testified as an expert at
trial or by deposition (Section 1.3.3 and Appendix A); and

A statement of the compensation to be paid for the study and testimony in the case (Section
1.3.4).

1.1. Report Objectives
Waterstone Engineering PLLC has been retained to conduct the following scope of services:

1.

2.
3.

Conduct an analysis of pollutant loading for the watersheds of Bailey’s Brook and North Easton
Pond;

Review available documentation including permits and related studies;

Develop a watershed model to calculate the pollutant loading from stormwater for phosphorous
and enterococci;

Calculate the load reduction potential for regulated areas for a range of performance scenarios
for BMP implementation; and

Establish opinions related to TMDL attainability for phosphorous and enterococci based on
potential BMP implementation and RDA scenarios.
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1.2. Summary Opinions
The following opinions are based on:
1. Review of immediately relevant permits, reports and related information by EPA and RIDEM
including TMDLs for Baileys Brook and North Easton Pond:
a. Final Rhode Island Statewide TMDL for Bacteria Impaired Waters, September 2011
I. Bailey’s Brook Watershed Summary
b. Total Maximum Daily Loads for Phosphorus to Address 9 Eutrophic Ponds in Rhode
Island, September 2007
2. Review of relevant regulatory requirements for Residual Designation Authority including the

Fact Sheet for the RDA General Permit For Designated Discharges! and Basis for Phosphorous

Reduction Requirements?;

Review of land use and land cover data of the Site;

4. Development and analysis of a hydrologic and hydraulic model of the watersheds to quantify the
annual average volume of discharge from the watersheds, and to quantify potential pollutant
loading to Baileys Brook and North Easton Pond; and

5. Development and analysis of a spreadsheet model to parcel based loading by land use, quantify
potential pollutant loading, and BMP pollutant load reduction to Baileys Brook and North Easton
Pond.

w

Phosphorus TMDL Attainability:

This analysis determined that the Phosphorus TMDL can be met for North Easton Pond by
implementing the maximum potential load reduction for all areas currently covered and not covered
under the NPDES program. Phosphorous attainability would require parcels larger than 0.2-acres to be
managed with the best available BMP technology (bioretention systems) for residential, commercial,
and industrial. For the purposes of this analyses, it was assumed that government-owned properties that
drain to an MS4 are regulated under NPDES, and residential, commercial, industrial, agricultural, and
open space properties are not. This analysis assumed that EPA® would exercise the authority for use of
residual designation to regulate residential, commercial, and industrial properties >0.2 acres. A parcel-
based pollutant loading analysis identified the minimum parcel area of 0.2 acres for which RDA could
be applied to achieve the required load reductions.

With respect to phosphorous, parcel areas >0.2 acres encompass 73% of all residential parcels, 90% of
all commercial parcels, and 97% of all industrial parcels (1554 total parcels) and manages (removes)
91% (2,896 Ibs. TP) of the existing load in the North Easton Pond watershed. In contrast, a target area of
>1 acre encompasses only 4% of all residential parcels, 34% of commercial parcels, and 75% of
industrial parcels (223 total parcels) and reduces the existing load by 77% (2,457 Ibs. TP).

1 EPA (2012). Fact Sheet For The General Permit For Designated Discharges In The Charles River Watershed In Milford,
Bellingham And Franklin Massachusetts. RD Fact Sheet, Office of Ecosystem Protection, U.S. Environmental Protection
Agency, Region I, Boston, Massachusetts.

2 EPA (2012). Attachment 3 to Fact Sheet: Basis for Phosphorus Reduction Requirements. RD Fact Sheet Attachment 3,
Office of Ecosystem Protection, U.S. Environmental Protection Agency, Region I, Boston, Massachusetts.

3 EPA (2012). Fact Sheet for the General Permit For Designated Discharges in the Charles River Watershed in Milford,
Bellingham and Franklin Massachusetts. RD Fact Sheet, Office of Ecosystem Protection, U.S. Environmental Protection
Agency, Region I, Boston, Massachusetts.
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Enterococci TMDL Attainability:

The analysis indicates a tremendous 73% reduction in pollutant load could be achieved for Enterococci
however TMDL attainability does not appear to be possible at this point in time. It is important to
recognize that the significant bacterial load reduction would still bring tremendous benefits. It is
possible that bacterial reduction requirements could be achieved with an improved understanding of the
system through monitoring and modeling.

With respect to enterococci in the smaller Baileys Brook watershed, parcel areas >0.2 acres encompass
71% of all residential parcels, 91% of all commercial parcels, and 82% of all industrial parcels (1301
total parcels) and manages (removes) 73% of the existing load (1.22E+14 Enterococci CFUS). In
contrast, a target area of >1 acre encompasses only 3% of all residential parcels, 34% of commercial
parcels, and 41% of industrial parcels (164 total parcels) and reduces the existing load by 54%
(8.97E+13 Enterococci CFUs).

1.3. Qualifications and Compensation
1.3.1. Education

Dr. Roseen received a Bachelor of Arts in Environmental Science/Chemistry from Clark University in
1994. Dr. Roseen received a Master of Science in Environmental Science and Engineering from the
Colorado School of Mines in 1998 and a Doctor of Philosophy (Ph.D.) in Civil and Waste Resources
Engineering from the University of New Hampshire in 2002. Dr. Roseen served as the Director of the
University of New Hampshire Stormwater Center from 2004 through 2012, and served as a Research
Assistant Professor from 2007-2012. Dr. Roseen has a Professional Engineering license for the State of
New Hampshire and is a Diplomat of Water Resources Engineering (“D.WRE”), the highest
professional engineering distinction in this area, through the American Academy of Water Resources
Engineers.

1.3.2. Professional Experience
Dr. Roseen is the owner and principal at Waterstone Engineering, Inc. and a Water Resources Engineer
in New Hampshire who offers municipal and private clients over 20 years of experience in the
investigation, design, testing, and implementation of stormwater management. Dr. Roseen has many
years of experience in water resources investigations and most recently, led a project team in the
development of an Integrated Plan for nutrient management for stormwater and wastewater. This plan
has received provisional approval by EPA and would be one of the first in the nation. Dr. Roseen is a
licensed professional engineering in NH, ME, and MA. Dr. Roseen is a recognized industry leader in
green infrastructure and watershed management, and the recipient of 2010 and 2016 Environmental
Merit Awards by the US Environmental Protection Agency Region 1. Dr. Roseen consults nationally
and locally on stormwater management and planning and directed the University of New Hampshire
Stormwater Center for 10 years, and served as faculty in the Department of Civil Engineering for 5
years, and is deeply versed in the practice, policy, and planning of stormwater management. Dr. Roseen
has over 20 years of experience in the investigation, design, testing, and implementation of innovative
approaches to stormwater management. Dr. Roseen has led the technical analysis of dozens of nutrient
and contaminant studies examining surface water pathways, system performance, management
strategies, and system optimization.

Expert Report of Robert Roseen
November 2018 Page 7



Dr. Roseen has also served as Research Assistant Professor for five years. His areas of expertise include
water resources engineering, stormwater management (including low impact development design), and
porous pavements. Dr. Roseen also possesses additional expertise in water resource engineering
including hydrology and hydraulics evaluations, stream restoration and enhancement alternatives, dam
removal assessment, groundwater investigations, nutrient and TMDL studies, remote sensing, and GIS
applications.

Dr. Roseen has also taught classes on Stormwater Management and Design, Fluid Mechanics, and
Hydrologic Monitoring and have lectured frequently on these subjects. He is frequently called upon as
an expert on stormwater management locally, regionally, and nationally.

As a consultant, Dr. Roseen has worked for private clients engaged in site development and written
erosion and sediment control plans, construction management plans, conducted construction inspections,
and engaged in construction inspection and reporting.

Dr. Roseen’s current activities include Chairing the ASCE EWRI 2016 International Low Impact
Development Conference, an annual event that draws participants from around the world to discuss
advances in water resources engineering. Dr. Roseen also participate as a Control Group member for the
ASCE Urban Water Resources Research Council (UWRRC). Dr. Roseen has also served on the ASCE
Task Committee on Guidelines for Certification of Manufactured Stormwater BMPs, EWRI Permeable
Pavement Technical Committee, and the Hydrology, Hydraulics, and Water Quality Committee of the
Transportation Research Board. Dr. Roseen has also been the author or co-author of over two dozen
professional publications on the topics of stormwater runoff, mitigation measures, best management
practices (BMPs), etc. He has also been the recipient of several awards and other honors for his work,
including the 2010 Outstanding Civil Engineering Achievement Award from the New Hampshire
Chapter of the American Society of Civil Engineers, and an Environmental Merit Award from the EPA.
He has extensive experience working with local, state, and regional agencies and participates on a
national level for EPA Headquarters, WEF, and the White Council on Environmental Quality on urban
retrofit innovations and next generation LID/GI technology and financing solutions. His resume,
including a list of all publications over the past 10 years and all cases in which he has served as an
expert in for the past 5 years, is provided in Appendix A: Expert Witness Resume, Publications
Authored in Previous 10 years, Expert Witness Experience

1.3.3. Cases During the Previous 4 Years | have Testified as an Expert at Trial or
by Deposition, or Provided Expert Witness Services

Construction General Permit (CGP), and Clean Water Act Expert Services

Dr. Roseen is currently providing expert consultation, analysis, modeling, advice, reports and testimony
in regards to construction general permit compliance, erosion and sedimentation control, and
monitoring. Such services include sworn to written or oral expert testimony regarding such matters in
Court, and on-site inspections of defendants’ facilities.

Municipal Separate Storm Sewer System (MS4) Permit and Clean Water Act Expert Services

Dr. Roseen is currently providing expert consultation, analysis, modelling, advice, reports and testimony
regarding stormwater discharges in regards to MS4 violations under the Clean Water Act. Such services
may include sworn to written or oral expert testimony regarding such matters in Court, and on-site
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inspections of defendants’ facilities. This service is being provided for the plaintiff for two (2) cases of
significant size geographically and in project scope.

Multi Sector General Permit, Stormwater Pollution Prevention Plan, and Clean Water Act Expert Services

Dr. Roseen is currently providing expert consultation, analysis, modelling, advice, reports and testimony
regarding stormwater discharges in regards to MSGP under the Clean Water Act. Such services may
include sworn to written or oral expert testimony regarding such matters in Court, and on-site
inspections of facilities. This service is being provided for the plaintiff for over ten (10) separate cases in
the northeastern United States.

Expert Study and Testimony for Erosion and Sediment Control Litigation

Dr. Roseen is currently providing expert study and testimony in defense of an undisclosed Federal Client
in a $25-million-dollar lawsuit from a private entity. The plaintiff alleges impacts from upstream

channel erosion and sediment transport. The efforts examine urban runoff and off-site impacts to a
downstream channel and subsequent erosion and sediment transport into the downstream storm sewer
system.

1.3.4. Compensation
The flat rate for all work including future deposition and testimony is $135 per hour. The compensation
for this effort is entirely unrelated to the outcome of this litigation.
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2. Introduction

2.1. Overview
Enterococci and phosphorus loads were calculated for Bailey’s Brook (RI0007035R-01) and North
Easton Pond (R10007035L-03) for the purpose of identifying if required reductions for the 2007-2011
Statewide TMDLs are attainable within the existing NPDES permit programs. The analytical methods
used to determine the pollutant loads, waste load allocations, and assess BMP performance are
consistent with those published by EPA* USGS® and others®, and are generally accepted for water
quality permitting purposes.

A pollutant load analysis was conducted using published contaminant concentrations and pollutant load
export rates (existing’ and derived) for specific hydrologic response units (HRUS) for respective
combinations of land use, soil type, and impervious area. This included a review of relevant federal and
state permitting documents® for the water bodies of interest and related studies®,® for methods
assessment and modeling of enterococci and phosphorous loads.

The pollutant load reduction potential for each watershed was assessed assuming that new development,
redevelopment, or installation of stormwater best management practice (BMP) retrofits in all runoff-
producing areas would provide treatment for the 1” water quality volume (WQYV). The pollutant removal
efficiencies from the EPA (2010)*and the Rhode Island Stormwater Manual (RISWM)?® for a range of
BMPs were applied to each watershed in 4 scenarios (maximum, high, moderate, and minimum) to
determine upper and lower bounds for pollutant load reduction attainability. This represents a
conservative assessment given that site-specific feasibility for stormwater management was not
considered, it is unlikely that stormwater management (SWM) would be required for all impervious
areas (IA). Taking this approach identifies the best-case scenario for pollutant load reduction, useful for
evaluating if a given TMDL is even theoretically achievable within the current regulatory framework.

Finally, a parcel-based analysis was layered on top of the four BMP scenarios to assess how three
different potential RDA scenarios would impact TMDL attainability in the Bailey’s Brook and North
Easton Pond watersheds. The results of this analysis suggest that, if the best available BMP technology
is applied to all residential, commercial, and industrial areas within the North Easton Pond watershed
(including areas currently-regulated under NPDES) then the 2007 phosphorus TMDL is attainable.
However, there is no realistic scenario in which the Bailey’s Brook 2011 enterococci TMDL is
attainable with current technology, regardless of which land uses are included or excluded from an RDA
process.

* EPA (2010a)

5 Zarriello, P. J. and L. K. Barlow (2002)

& Gamache, M., M. Heineman, et al. (2013)
TEPA (2017)

8 RIDEM, EPA (2011)

® RIDEM (2015)
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2.2. Study Area

2.2.1. Bailey’s Brook
Bailey’s Brook (RI0007035R-01) is a 4.8-mile long stream located in Middletown, RI.1° Bailey’s Brook
has two stream branches flowing southerly to join at North Easton Pond at the southern boundary of the
watershed. North Easton Pond is connected to South Easton Pond, which discharges directly to the
Atlantic Ocean. North and South Easton Ponds provide drinking water to the residents of Aquidneck
Island. Bailey’s Brook is a Class AA!! fresh water stream and is a tributary within the Newport public
drinking water supply system. The Bailey’s Brook watershed covers 3.1 square miles and is highly
developed. Approximately two-thirds (68%) of the Bailey’s Brook watershed is developed land,*2
including the Newport State Airport and other commercial, residential, and transportation land uses.

2.2.2. North Easton Pond
North Easton Pond, a pond fed by Bailey’s Brook, has been assessed as impaired for phosphorus and is
included in the 2007 Eutrophic Ponds Phosphorus TMDL. Bailey’s Brook is recognized as a significant
source of phosphorus to North Easton Pond. North Easton Pond is located on the southern end of
Aquidneck Island only 600 meters north of Newport’s First Beach and Easton Bay. The majority of the
pond is located in the Town of Middletown, but its southwest corner extends into the City of Newport.

The North Easton Pond watershed encompasses approximately 982 hectares. The watershed is mostly
sewered. Approximately 30% of the watershed consists of high density residential development. Forest,
wetland and water and agriculture comprise approximately 19% and 16% of the watershed, respectively.
Commercial and mixed urban development each account for approximately 12% of the watershed.
Industrial development accounts for approximately 7% of the watershed. North Easton Pond has a
surface area of 45 hectares and a maximum depth of 3.3 meters. With an average depth of 2.6 meters,
the estimated volume of North Easton Pond is 1.17 x 10° m®. Inflow to the pond consists primarily of
groundwater, surface water runoff, stormwater runoff, tributary inflow, and direct precipitation.

North Easton Pond, along with eight other reservoirs, comprises the drinking water utilized by the
Newport Water Division. Bailey’s Brook is the main source of surface water into North Easton Pond.
Bailey’s Brook, along with an unnamed perennial stream, discharge into a marsh located to the
immediate north of North Easton Pond, opposite Green End Avenue. Inspection of aerial photographs
reveals that the marsh was a small body of open water in the 1970’s. The area has since filled in with
sediment, probably due to erosion from nearby agricultural fields and upstream urban development. A

10 The Town of Middletown is located on Aquidneck Island and Bailey’s Brook is situated in the southern portion of the
Island. Statewide Bacteria TMDL at 1.

11 These waters are designated as a source of public drinking water supply (PDWS) or as tributary waters within a public
drinking water supply watershed (the terminal reservoir of the PDWS are identified in Appendix A), for primary and
secondary contact recreational activities and for fish and wildlife habitat. These waters shall have excellent aesthetic value.
State of Rhode Island and Providence Plantations DEM, Water Quality Regulations R.I. Gen. Laws Chapters 46-12, 42-17.1,
and 42-35 (DEC. 2010), http://www.dem.ri.gov/pubs/regs/regs/water/h20q10.pdf.

12 Currently, the Bailey’s Brook watershed is approximately 16% undeveloped and only a small portion is protected as open
space. It is important to preserve these undeveloped areas, and institute controls on development in Bailey’s Brook
watershed. Id. at 10.
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potential phosphorus impairment to North Easton Pond was first identified based on anecdotal evidence
of algal blooms.

2.3. Pollutants of Concern

2.3.1. Bailey’s Brook
During 2006-2008, water samples were collected from three sampling locations (WW407, WW408, and
WW409) and analyzed for the indicator bacteria, enterococci. During all years sampled and at all three
sampling locations, the geometric mean statistical metric for these data exceeded the water quality
criteria value. The water quality criteria for enterococci is a geometric mean of 54 colonies/100mL.
Single sample enterococci results for Bailey’s Brook from 2006-2008 with geometric mean statistics
showed mean bacteria levels ranging from 84 to 713 colonies/100mL. Due to the elevated bacteria
measurements, Bailey’s Brook was identified as impaired and was placed on the 303(d) list.

The State of Rhode Island 2014 303(d) List identifies Bailey’s Brook & Tribs (Waterbody ID Number
R10006017L-06) as impaired by excess benthic-macroinvertebrate, bio assessments, lead, and
enterococcus. Potential sources of harmful bacteria in the Bailey’s Brook watershed include stormwater
runoff from developed areas, illicit discharges, and agricultural activities. A watershed management plan
was developed for Bailey’s Brook and identified numerous locations'® where stormwater runoff was
directly connected to the Brook. Because stormwater is known to carry a suite of pollutants other than
phosphorus, these locations are likely sources of bacteria to Bailey’s Brook.

Sewer system leaks and other illicit discharges have historically been reported in Bailey’s Brook.
Because agricultural land use makes up 15% of the Bailey’s Brook watershed, agricultural runoffis a
potential source of bacteria to Bailey’s Brook. The goals of the TMDL are to mitigate bacteria sources
and meet water quality standards in Bailey’s Brook. The percent reduction required to meet the TMDL
IS 97% (includes 5% margin of safety).

Though the Town of Middletown has developed and implemented programs to protect water quality
from bacterial contamination, future mitigative activities are necessary to ensure the long-term
protection of Bailey’s Brook. The existing watershed management plan and the Eutrophic Ponds
Phosphorus TMDL provide a strong technical basis for beginning to reduce a suite of pollutants,
including bacteria. The entire watershed is regulated under the Phase II program. Middletown’s SWMPP
(2008) outlines the goals for the reduction of stormwater runoff to Bailey’s Brook through the
implementation of Best Management Practices (BMPs). In 2006, the Town of Middletown adopted an
illicit discharge detection and elimination ordinance, based on the model ordinance developed by the
Center for Watershed Protection. This ordinance prohibits illicit discharges to the MS4 and provides an
enforcement mechanism.

2.3.2. North Easton Pond
The State of Rhode Island 2014 303(d) List, List of Impaired Waters FINAL identifies North Easton
Pond (Waterbody ID Number R10006017L-06) as impaired by excess algal growth, other flow regime

13 In the 2007 Eutrophic Ponds Phosphorus TMDL . . . stormwater outfalls were also considered to contribute large amounts
of phosphorus to Bailey’s Brook, resulting in high concentrations in North Easton Pond. Id.
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alterations, phosphorus (total), and total organic carbon (TOC). The 2014 303(d) List of Impaired
Waters identifies North Easton Pond as a Category 5 waterbody, which is impaired/threatened for
designated use(s) by a pollutant(s), and requires a TMDL.

2.4. Regulatory Background

2.4.1. TMDL Process
As per EPA™ a TMDL is the calculation of the maximum amount of a pollutant allowed to enter a
waterbody so that the waterbody will meet and continue to meet water quality standards for that
particular pollutant. A TMDL determines a pollutant reduction target and allocates load reductions
necessary to the source(s) of the pollutant.

Pollutant sources are characterized as either point sources that receive a wasteload allocation (WLA), or
nonpoint sources that receive a load allocation (LA). For purposes of assigning WLAS, point sources
include all sources subject to regulation under the National Pollutant Discharge Elimination System
(NPDES) program, e.g. wastewater treatment facilities, some stormwater discharges and concentrated
animal feeding operations (CAFOs). For purposes of assigning LAs, nonpoint sources include all
remaining sources of the pollutant as well as natural background sources. TMDLs must also account for
seasonal variations in water quality, and include a margin of safety (MOS) to account for uncertainty in
predicting how well pollutant reductions will result in meeting water quality standards.

The objective of a TMDL is to determine the loading capacity of the waterbody and to allocate that load
among different pollutant sources so that the appropriate control actions can be taken and water quality
standards achieved. The TMDL process is important for improving water quality because it serves as a
link in the chain between water quality standards and implementation of control actions designed to
attain those standards.

TMDLs are developed using a range of techniques, from simple mass balance calculations to complex
water quality modeling approaches. The degree of analysis varies based on a variety of factors including
the waterbody type, complexity of flow conditions and pollutant causing the impairment.

All contributing sources of the pollutants (point and nonpoint sources) are identified, and they are
allocated a portion of the allowable load that usually contemplates a reduction in their pollution
discharge in order to help solve the problem. Natural background sources, seasonal variations and a
margin of safety are all taken into account in the allocations.

It is important to note that, throughout the remainder of this document, a distinction will be made
between the terms ‘total maximum daily load’, which will be used to refer to the numeric load target for
a given pollutant, and ‘TMDL’, which will be used to refer to the actual document generated by EPA
that defines and describes the total maximum daily load.

14 hitps://www.epa.gov/tmdl/overview-total-maximum-daily-loads-tmdls
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2.4.2. Existing TMDLs

North Easton Pond Phosphorus TMDLs

In 2007 a TMDL was developed for North Easton Pond to address excessive phosphorous loading. As
per the 2007 TMDL, the major sources of phosphorus to North Easton Pond, not necessarily in order of
significance, are Bailey’s Brook and to a lesser extent an unnamed tributary, stormwater, waterfowl,
wastewater, erosion/sedimentation and internal cycling, and perhaps Rhode Island Nursery properties.
The TMDL process resulted in the designation of a total maximum annual phosphorus load of 664 Ibs.
for North Easton Pond.

Bailey’s Brook Enterococci TMDL

In 2011 a TMDL was developed for Bailey’s Brook to address excessive enterococci loading. The
TMDL identified a required percentage reduction in enterococci loading of 97% based on observed
concentrations in the water body.

2.4.3. Role of RDA
Under the Clean Water Act “Residual Designation Authority” (RDA) found in § 402(p)(2)(E) of the
Clean Water Act, and 40 C.F.R. § 122.26(a)(9)(i)(C) and (D), EPA can require permits for new and
existing stormwater discharges that contribute to a water quality violation or are a significant contributor
of pollutants to waters of the United States. RDA has been used to issue NPDES permits to control
unregulated discharges—including discharges from wastewater treatment facilities and MS4
communities—to include requirements for pollutant reduction consistent with the wasteload allocations
of a TMDL. Within TMDLs, two major waste sources are generally defined, and allocations set: 1) a
wasteload allocation (WLA), which is generally defined as the sum of the pollutant load discharged
from all “discrete conveyances” contributing to the impairment, such as discharge pipes or ditches and is
regulated under a NPDES permit; and 2) a load allocation (LA), which is the sum of the remaining
sources such as runoff, groundwater and atmospheric deposition that are more diffuse and not subject to
regulation under a NPDES permit. This division occasionally causes confusion as certain classes of
stormwater are regulated under the various stormwater permits (i.e., MS4, industrial stormwater, and
construction stormwater) that were previously considered non-point sources. But, because they come
under a permit, they become part of the WLA,; nearly identical stormwater sources in non-MS4 areas are
not regulated and remain in the LA and are not typically subject to an NPDES permit.

Since 2008, EPA Region 1 has exercised RDA in watersheds in Maine, Massachusetts, and Vermont
where existing programs were not adequately addressing stormwater. In these instances, RDA was used
to address sources of pollution not covered under existing NPDES programs such as communities
outside of the MS4 jurisdiction, and large unregulated impervious areas such as malls and shopping
centers.

This approach is the centerpiece of a stormwater management pilot program that EPA and MADEP are
implementing in Milford, Bellingham and Franklin, Massachusetts. Similar stormwater management
programs are being implemented in impaired streams in South Burlington, Vermont and in Long Creek
and around South Portland, Maine. Those programs grew from residual designation determinations
requiring stormwater controls on previously unregulated discharges and provide a third regional model
for the designation and permitting of stormwater discharges to impaired waters, a significant
environmental concern in New England?. In these cases, the TMDLs address severe water quality
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impairments resulting from nutrients and bacteria in stormwater. At the time of the establishment of the
TMDLs, NPDES stormwater permitting addressed only discharges from Municipal Separate Storm
Sewer Systems (“MS4s”), limited industrial activity sectors, and construction activities disturbing one or
more acres of land. In these cases, EPA has taken the position that the existing permitting regime is not
sufficiently comprehensive to achieve the necessary cuts in WLAS and that new strategies are needed to
implement the TMDL. As such, EPA has expanded the scope of its stormwater permitting program in
these instances by including large impervious areas primarily in commercial and industrial use to which
TMDLs attribute significant pollutant loads through the use of RDA.

2.4.4. Unregulated Properties and Designated Discharge
In a similar manner, EPA is using the definition of “designated discharge” in the proposed final
designation of the RDA general permit for the Charles River watershed in Milford, Bellingham and
Franklin Massachusetts. EPA applies the designated discharge determination to cover discharges that
flow directly into surface waters and its tributaries through MS4 systems or other private or public
conveyance systems. Specifically, local state and federal government properties that discharge wholly
into an MS4 owned and operated by the government unit need not be included. Those discharges are
already being addressed by the government unit under its MS4 permit. However, a nongovernment
property that discharges into an MS4 system must be counted. In the instance of the Charles River,
EPA defines designated discharge as those properties typically with a commercial land use designation
with two or more acres of impervious surfaces located: (1) in the watershed; (2) in whole or in part in
the municipalities; and (3) on a single lot or two or more contiguous lots. The following impervious
surfaces are not included: Any impervious surfaces associated solely with any of the following land
uses:
Sporting and recreational camps;
Recreational vehicle parks and campsites;
Manufactured housing communities;
Detached single-family homes located on individual lots;
Stand-alone multi-family houses with four or fewer units; and
Any property owned by a local, state or federal government unit where the property
discharges wholly into an MS4 system operated by that local, state or federal government
unit that has a valid NPDES permit.

D OO0 T

2.4.5. Small MS4 General Permit Updates 2017
Aspects of this analysis are intended to be consistent (in part) with recent advancements in NPDES
permitting by EPA. Elements of the 2017 updates to the NH Small MS4 General Permit include
requirements for BMPs to be optimized for pollutant removal, retrofit inventory and priority ranking to
reduce discharges, and Pollutant Source Identification Reporting. It could be expected that future MS4
requirements for these Rhode Island communities could be subject to similar requirements and these
analyses could satisfy some permit elements.

Specifically, Appendix H Requirements Related to Discharges to Certain Water Quality Limited
Waterbodies add new requirements for Discharges to water quality limited waterbodies and their
tributaries. Part I, 1.a Additional or Enhanced BMPs.i.2 refers to the requirement for
adoption/amendment of the permittee’s ordinance or other regulatory mechanism shall include a
requirement that new development and redevelopment stormwater management BMPs be optimized for
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[pollutant]nitrogen removal; retrofit inventory and priority ranking to reduce nitrogen discharges. Part I,
1.b Nitrogen Source Identification Report - requires within four years of the permit effective date the
permittee shall complete a Nitrogen Source Identification Report. The report shall include the following
elements: 1. Calculation of total MS4 area draining to the water quality limited water segments or their
tributaries, incorporating updated mapping of the MS4 and catchment delineations produced pursuant
to Part 2.3.4.6;2. All screening and monitoring results pursuant to Part 2.3.4.7.d., targeting the
receiving water segment(s); 3. Impervious area and DCIA for the target catchment; 4. Identification,
delineation and prioritization of potential catchments with high nitrogen loading;5. Identification of
potential retrofit opportunities or opportunities for the installation of structural BMPs during
redevelopment.
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3. Methods

3.1. Land Use Assessment
In order to perform the pollutant load analysis and waste load allocation, detailed land use data from a
2011 Rhode Island GIS dataset!® was generalized to fit into categories for which pollutant load export
rates are available.
Table 1 lists the detailed land uses and resultant categorization into more generalized land uses. Figures
1 and 2 show the land use, impervious cover, and soil type distribution for the North Easton Pond and
Bailey’s Brook watersheds. Lands classified as ‘Forest” and ‘Water’ were excluded from pollutant load

reduction calculations.

Table 1 - Land use category generalization

Original RIGIS Detailed Land Use

Converted to...for PLA

Converted to...for RDA

Cropland (tillable) Agriculture RDA — Agriculture
Orchards, Groves, Nurseries Agriculture RDA — Agriculture
Pasture (agricultural not suitable for tillage) Agriculture RDA — Agriculture
Idle Agriculture (abandoned fields and orchards) | Open Land RDA — Open Space
Cemeteries Open Land RDA — Open Space
Developed Recreation (all recreation) Open Land RDA — Open Space
Power Lines (100" or more width) Open Land RDA — Open Space
Transitional Areas (urban open) Open Land RDA — Open Space
Vacant Land Open Land RDA — Open Space
Brushland (shrub and brush areas, reforestation) Forest RDA — Forest

Deciduous Forest (>80% hardwood) Forest RDA — Forest

Mixed Forest Forest RDA — Forest

High Density Residential (<1/8 acre lots)

High Density Residential

RDA - Residential

Medium High Density Residential (1/4 to 1/8 acre

High Density Residential

RDA — Residential

Medium Density Residential (1 to 1/4 acre lots)

Medium Density

RDA — Residential

Medium Low Density Residential (1 to 2 acres

Medium Density

RDA — Residential

Low Density Residential (>2 acre lots)

Low Density Residential

RDA — Residential

Commercial (sale of products and services)

Commercial and Industrial

RDA — Commercial

Commercial/Industrial Mixed

Commercial and Industrial

RDA — Industrial

Industrial (manufacturing, design, assembly, etc.)

Commercial and Industrial

RDA — Industrial

Institutional (schools, hospitals, churches, etc.) Commercial and Industrial | MS4
Other Transportation (terminals, docks, etc.) Commercial and Industrial | MS4
Airports (and associated facilities) Commercial and Industrial | MS4
Waste Disposal (landfills, junkyards, etc.) Commercial and Industrial | MS4
Water and Sewage Treatment Commercial and Industrial | MS4
Roads (divided highways > 200’ plus related Highway MS4
Water Water Water
Wetland Water Water

15 http://www.rigis.org/datasets/land-use-and-land-cover-2011
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Figure 1 - Land Use in the North Easton Pond and Bailey's Brook Watersheds
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3.2. Pollutant Load Analysis Modeling Approach
The volume and quality of stormwater runoff generated from each major land use within the study
watershed was characterized through the use of modeling of hydrologic response units (HRUs). HRUs
are idealized catchments, 1 acre in size, which represent a land use cover, one of four hydrologic soil
groups (HSG) and an imperviousness condition, either 100% impervious or 100% pervious. HRUs can
be used as sub-elements to represent the various combinations of land use, land cover, imperviousness,
and soil type within a watershed.

Each HRU was modeled in the EPA Stormwater Management Model (SWMM)?*® as a subcatchment.
Subcatchments are defined as hydrologic units of land whose topography and drainage system elements
direct surface runoff to a single discharge point. SWMM calculates estimated rates at which rainfall
infiltrates into the upper soil zone of a subcatchment’s pervious area. Infiltration is estimated for each
HRU using the Curve Number (CN) Method. The CN Method is adopted from the NRCS?’ (SCS) and
assumes that the total infiltration capacity of a soil can be found from the soil’s tabulated Curve
Number. During a rain event this capacity is depleted as a function of the cumulative rainfall and
remaining capacity. The input parameters for this method are the Curve Number and the time it takes a
fully saturated soil to completely dry (used to compute the recovery of infiltration capacity during dry
periods). Curve numbers were assigned to HRUs based on the soil type and impervious cover.

After the stormwater runoff volumes were determined by HRU analysis, the pollutant load analysis was
conducted. This was accomplished by using event mean concentrations (EMCs), the flow weighted
average concentration of a pollutant throughout a storm event. EMCs for phosphorous, nitrogen, total
suspended solids, and fecal coliform bacteria were available from a variety of sources®1%20:2 for a wide
range of land uses and are listed in Table 2. Insufficient EMC data was found in the literature for
specific land uses for enterococci concentrations. As a result, EMCs were developed for enterococci
(Table 3) by applying a multiplier based on the ratio of fecal coliform to enterococci that was reported
by a related water quality assessment study performed by the USGS for the Charles River Watershed in
Massachusetts.??

Pollutant load export rates (PLERS) are the mass of pollutant load that is expected to be produced by a
specific land use and soil type combination for a given period of time. PLERs were developed by
combining the EMCs with the computed runoff volume for each HRU and specific land use type for
fecal coliform and enterococci to determine colonies per acre per year for each major land use / land
cover combination (Table 3). PLERs for phosphorus were developed previously using this method in
prior efforts and studies and published in the recent MS4 permit’. The EMCs used to derive enterococci
PLERs represent the contribution solely from wet weather events. Dry weather enterococci loading can
occur from sewer leaks, septic tanks, and illicit discharges. This effort focused on wet weather loads

16 EPA (2010b)

7 NRCS (1986)

18 Roseen, R. et al (2015)

19 Steuer et al (1996)

20 Pjtt, R. National Stormwater Quality Database v1.1. Summary Table.
2 Claytor & Schueler (1996)

2 Breault, R. F., J. R. Sorenson, et al. (2002)
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assuming dry weather contributions to be insignificant based on findings by a similar study in the
Charles River Watershed by the Boston Water and Sewer Commission and CDM?®. That study found that
wet weather loads were the predominant source for drainage areas without point sources and that dry
weather flows were negligible (as low as 0.9%) which includes loading from sewer leaks, septic tanks,
and illicit discharges.

Table 2 - Event Mean Concentration (EMC) values for water quality modeling®®

Event Mean Concentration (EMC)
Total . Total Suspended .
Land Use Category Cover Type Phosphorus ;I'rgtz;ILl)\lltrogen Solids P '(:C%Ii%:éi:f)
(mg/L) ’ (mg/L)
Pervious (Lawn) | 0.414  afghm 171 am 4700 a
Residential Roof 0.1 afglm 28 al 2400 al
Other Impervious | 0.81  &fim 178 2 1900 a
Pervious 0.414 afglm 171 am 4700 a
Commercial, Services Roof 0.152 afglm | Buildup/ 14 alm 1100 '
Other Impervious | 0.26  fglm Ctineit 64 alm 3350 al
- T functions used hk
o Pervious 0.24 : for these land 29.5 ’
Institutional, Government Roof 0.24 Nk RS 295 MK
Other Impervious | 0.24 Mk 295  hk
Pervious 0.414 afglm 171 am 4700 a
Industrial Roof 0.08 17 : 5800 !
Other Impervious | 0.65 ' 228 ! 2500 !
Road 054  afglm | 151 am 248 @l 2400 a
Transportation, Freeway 0.36  dhkm | 558 dhkm 87 d.hkm
Communications, and Right-of-Way 0.54  afglm 1157 am 248 @ 2400 a
Utilities Utilities 0.2 h 1.2 h 20.7 h
Rail 013 ¢ 163 ¢ 97 ¢
- Pervious 0.414  aflm | Buildup/ Washoff | 171 M 4700 a
g]g#]ﬁé?::izrll%omplexes Roof 0.116 funCtiOFr)]s usedfor | 16 3450
Parking 0.46 these land uses 146 2925
Mixed Developed Uses 029  ehikm 1948 ehikm | 1093 ehikm | 4500 K
Outdoor & Other Urban him him him
and Built-up Land 0.12 1.36 273
Agriculture 0.53  bdhim | g5  bdhim | gn bdhim
Transitional 031 X 133 K 485 K 7200 K
Forest 0.15  bdhim 94  bdhikm | 57 bdhikm | 7200 K
Wetlands 0.16  dhm 1.36 dhm 9.6 dm
Barren 0.13 ¢ 163 ¢ 97 ¢
aSteuer et al (1996);° Line, D.E. et al (2002); ¢Los Angeles County Stormwater Monitoring Report: 1998-1999;
dHarper, H.H. (1998); ¢ Guerard, P., and Weiss, W.B. (1995); f Bannerman et al (1992); 9Waschbusch et al (2000)
" CH2MHill Technical Memo. Urban Stormwater Pollutant Assessment, NC DENR 2001.; ' Adamus and Bergman
(1995);1 Results of the Nationwide Urban Runoff Program (NURP). Volume 1 — Final Report; ¥ Pitt, R. National
Stormwater Quality Database v1.1. Summary Table.;' Claytor & Shueler (1996). Design of Stormwater Filtering
Systems; ™ New Hampshire Stormwater Manual, Appendix D.

Expert Report of Robert Roseen

November 2018

Page 21




Table 3 — Fecal Coliform and Derived Enterococci Event Mean Concentrations (EMCs) and Pollutant

Load Export Rates

Fecal Coliform | Enterococci | Average Annual Fecal Enterococci
EMCs EMCs Runoff Coliform
Land Use Land Cover col/L col/L L/acre col/acre/yr col/acrelyr
A 72,000 80,640 246,052 1.77E+10 1.98E+10
B 72,000 80,640 635,408 4.57E+10 5.12E+10
Agriculture C 72,000 80,640 1,070,731 7.71E+10 8.63E+10
D 72,000 80,640 1,343,821 9.68E+10 1.08E+11
Impervious 72,000 80,640 4,085,541 2.94E+11 3.29E+11
A 47,000 52,640 246,052 1.16E+10 1.30E+10
c ial and B 47,000 52,640 635,408 2.99E+10 3.34E+10
il C 47,000 52,640 1,070,731 5.03E+10 | 5.64E+10
D 47,000 52,640 1,343,821 6.32E+10 7.07E+10
Impervious 29,250 32,760 4,085,541 1.20E+11 1.34E+11
A 72,000 80,640 246,052 1.77E+10 1.98E+10
B 72,000 80,640 635,408 4.57E+10 5.12E+10
Forest C 72,000 80,640 1,070,731 7.71E+10 8.63E+10
D 72,000 80,640 1,343,821 9.68E+10 1.08E+11
Impervious 72,000 80,640 4,085,541 2.94E+11 3.29E+11
A 47,000 52,640 246,052 1.16E+10 1.30E+10
B 47,000 52,640 635,408 2.99E+10 3.34E+10
High Density Residential | C 47,000 52,640 1,070,731 5.03E+10 5.64E+10
D 47,000 52,640 1,343,821 6.32E+10 7.07E+10
Impervious 21,500 24,080 4,085,541 8.78E+10 9.84E+10
A 47,000 52,640 246,052 1.16E+10 1.30E+10
B 47,000 52,640 635,408 2.99E+10 3.34E+10
Low Density Residential | C 47,000 52,640 1,070,731 5.03E+10 5.64E+10
D 47,000 52,640 1,343,821 6.32E+10 7.07E+10
Impervious 21,500 24,080 4,085,541 8.78E+10 9.84E+10
A 47,000 52,640 246,052 1.16E+10 1.30E+10
Medium Density B 47,000 52,640 635,408 2.99E+10 3.34E+10
Residential C 47,000 52,640 1,070,731 5.03E+10 5.64E+10
D 47,000 52,640 1,343,821 6.32E+10 7.07E+10
Impervious 21,500 24,080 4,085,541 8.78E+10 9.84E+10
A 47,000 52,640 246,052 1.16E+10 1.30E+10
B 47,000 52,640 635,408 2.99E+10 3.34E+10
Highway C 47,000 52,640 1,070,731 5.03E+10 5.64E+10
D 47,000 52,640 1,343,821 6.32E+10 7.07E+10
Impervious 24,000 26,880 4,085,541 9.81E+10 1.10E+11
A 72,000 80,640 246,052 1.77E+10 1.98E+10
B 72,000 80,640 635,408 4.57E+10 5.12E+10
Open Land C 72,000 80,640 1,070,731 7.71E+10 8.63E+10
D 72,000 80,640 1,343,821 9.68E+10 1.08E+11
Impervious 72,000 80,640 4,085,541 2.94E+11 3.29E+11
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3.3. Calculating Total Maximum Daily Load based on TMDL Data
The enterococci TMDL for Bailey’s Brook does not give an actual total maximum daily load,
rather it states the need for a 97% reduction including a 5% margin of safety. For these analyses,
the total maximum daily load target for enterococci for the Bailey’s Brook watershed was
calculated by formulas (see Formula 1 below) in the Rhode Island Statewide TMDL for Bacteria
Impaired Waters®. This enables the conversion of water quality standard bacterial into a total
load. The bacterial total maximum daily load for rivers and streams is based on average daily
flow from the contributing watershed multiplied by the allowable bacteria concentration?, If
stream-flow data are not available, a range of flows can be assumed based on drainage area.
Flows within the assumed range are multiplied by the water quality standard to obtain the
loading capacity or total maximum daily load for the stream segment or watershed.

The following formula for determining total maximum daily loads for bacteria in freshwater
rivers and streams is given in the Rhode Island Statewide TMDL for Bacteria Impaired Waters,
Appendix M¥

Formula 1: Enterococci Freshwater Rivers and Streams Daily Loads

9 . 3 - .
mvpr| 10700 | _ g 7 xW’QS(m]OmeS)XStS,EIOO see xlO(lOOmL}MOOO(%]+IOQ
ay sec 100mL day L m

For Bailey’s Brook, a simple watershed model was created using SWMM with a curve number
approach for determining runoff/infiltration and average daily flow. A continuous simulation was
modeled using a 14-year record of 1-hour rainfall data for the period 1/1/2000 through
12/31/2013%*. From the long-term rainfall record and SWMM simulation the average daily flow
was determined to be 0.26 m®/s.

According to the Rhode Island Statewide TMDL for Bacteria Impaired Waters, Appendix M?,
the Water Quality Standard (WQS) for enterococci is 54 colonies / 100mL.

3.4. Assessing TMDL Attainability
It is important to note that the North Easton Pond TMDL?® states that the waste load allocation
(WLA) includes all NPDES regulated discharges including stormwater runoff to North Easton
Pond, while the load allocation (LA) includes unregulated contributions from nonpoint sources
(groundwater and atmospheric deposition and stormwater not covered by the MS4). The TMDL
makes an important assumption that allocates the WLA and LA based on the degree of
imperviousness in the contributing watershed. As described previously, TMDLSs define and
allocate two major waste sources: 1) a wasteload allocation (WLA), which is generally defined
as the sum of the pollutant load discharged from all “discrete conveyances” contributing to the
impairment, such as discharge pipes or ditches and is regulated under a NPDES permit; and 2) a
load allocation (LA), which is the sum of the remaining sources such as runoff, groundwater and
atmospheric deposition that are more diffuse and not subject to regulation under a NPDES

23 As detailed in the 2011 RI Statewide TMDL, Appendix M, mass per unit time TMDLs for rivers and streams are
calculated by multiplying river or stream flow at a given point in time by the allowable bacteria concentration.

24 NOAA precipitation gauge, https://www.ncdc.noaa.gov/cdo-
web/datasets/PRECIPHLY/locations/CITY:US440002/detail

% RIDEM (2007b)
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permit. This division occasionally causes confusion as certain classes of stormwater are
regulated under the various stormwater permits (i.e., MS4, industrial stormwater, and
construction stormwater) that were previously considered non-point sources. But, because they
come under a permit, they become part of the WLA,; nearly identical stormwater sources in non-
MS4 areas are not regulated and remain in the LA and are not typically subject to an NPDES
permit.

TMDL attainability was assessed for both the Bailey’s Brook and North Easton Pond watersheds
by applying several BMP efficiency scenarios to the results of the pollutant load analysis and
also by performing a parcel-based pollutant loading assessment. The parcel-based assessment
demonstrates which land use types must be included in an RDA scheme in order to facilitate
attainment of total maximum daily loading goals.

3.4.1. BMP Efficiency Scenarios
The pollutant load reduction potential for each watershed was assessed assuming that new
development, redevelopment, or installation of stormwater best management practice (BMP)
retrofits in all runoff-producing areas would provide treatment for the 1 water quality volume
(WQV). This represents a conservative assessment given that site-specific feasibility for
stormwater management was not considered. Taking this approach identifies the best-case
scenario for pollutant load reduction, useful for evaluating if a given TMDL is even theoretically
achievable within the current regulatory framework.

The following 4 load reductions scenarios were analyzed for a 1” water quality volume:

1. ‘Maximum Potential Load Reduction’ - This scenario applies estimated load
reductions based on the EPA 2010 BMP performance curves for bioretention, assuming
all areas would be managed by the most effective BMP with the greatest load reduction
potential regardless of site-specific feasibility. This scenario represents the highest tier of
pollutant removal and was only applied to phosphorous load reductions because bacteria
removal performance was not provided for within EPA 2010.

2. ‘High Load Reduction’ - This scenario applies estimated load reductions based on the
2010 Rhode Island SWM for infiltration practices, assuming all areas would be managed
by the most effective BMP with the greatest load reduction potential regardless of site-
specific feasibility. This scenario represents the second highest tier of pollutant removal,
using the highest published removal efficiencies within the state manual.

3. ‘Moderate Load Reduction’ - This scenario applies estimated load reductions based on
the 2010 Rhode Island SWM for infiltration practices, assuming all areas would be
managed by BMPs of intermediate effectiveness regardless of site-specific feasibility.
This scenario represents the third highest tier of pollutant removal, using intermediate
published removal efficiencies within the state manual.

4. ‘Minimum Load Reduction’ - This scenario applies estimated load reductions based on
the 2010 Rhode Island SWM for dry detention. This scenario represents the lowest tier of
pollutant removal, using the lowest published removal efficiencies within the state
manual which represents the past standard of practice.
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3.4.2. Parcel-Based Analysis
As discussed in detail in ‘Section 2.4.3. Role of RDA’, government-owned properties that drain
to an MS4 are regulated under NPDES, however residential, commercial, industrial, agricultural,
and open space properties are not. However, EPA has the authority to use residual designation to
permit other un-regulated sources. For this reason a parcel-based pollutant loading analysis was
performed for the Bailey’s Brook and North Easton Pond watersheds to determine the minimum
parcel area for which RDA could be applied to achieve the required load reductions. The analysis
examined the role of parcel size and land use as it relates to pollutant loading. This was done for
the purpose of determining the minimum parcel size threshold needed to achieve the required
load reductions and for which stormwater management would be required. This analysis can also
be used to determine the “optimal” parcel size to achieve the greatest reduction for the lowest
cost.

Figure 4 and Figure 5 illustrate the cumulative pollutant load by parcel size and land use for
phosphorous and enterococci. This was developed by GIS analysis, overlaying parcel data with
the results of the pollutant loading analysis described in Section 3.2. The results of this were
analyzed to assess the contribution of a specific land use as a function of parcel size. This was
followed by an iterative spreadsheet analysis examining BMP scenarios and a range of parcel
area thresholds to determine how inclusion of different parcel sizes in various land use
combinations could be implemented under RDA.

The following 3 RDA parcel area thresholds represent different approaches based on parcel lot
size that EPA could take using its residual designation authority. Each was analyzed to determine
the feasibility for TMDL attainability of each:

1. All Parcels: Regulating all parcels within residential, commercial, and industrial areas,
and excluding all other parcels.

2. Parcel Areas >1 Acre: Regulating all parcels larger than 1-acre for residential,
commercial, and industrial land use types.

3. Parcel Areas > 0.2 Acres: Regulating all parcels larger than 0.20-acres for residential,
commercial, and industrial land use types.
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Figure 4 — Cumulative Total Annual Phosphorus Load by Parcel Size and Land Use?®

4.5E+13
RANKED SUM OF 1.66E+14 COLONIES TOTAL ANNUAL ENTEROCOCCI LOAD
4E+13 BY PARCEL SIZE AND LAND USE

3.5E+13
g
E 3E+13 ——VIS4 —e—RDA - Residential =#—=RDA - Commercial
; RDA - Industrial —e—RDA - Open Space =e=RDA - Agriculture
82.5E+13
o
3
S 2E+13
@
=}
c
c
<1.5E+13
8
K]

1E+13

5E+12

EESESEE S

0 5 10 15 20 25 30 35 40
Parcel Size (acres)

Figure 5 — Cumulative Total Annual Enterococci Load by Parcel Size and Land Use

26 MS4 represents government-owned properties that drain to an MS4 and regulated under NPDES, RDA represents residential,
commercial, industrial, agricultural, and open space land uses that could be regulated under RDA
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4. Results

4.1. Pollutant Load Analysis
Loads for phosphorus and enterococci were calculated by land use for the North Easton Pond
and Bailey’s Brook watersheds. The estimated loads shown in Tables 4 and 5 are for wet weather
runoff and do not include contributions from point sources such as wastewater treatment
facilities, industrial discharges, illicit discharges, leaking sewers, septic systems or groundwater
and atmospheric deposition.

For Tables 4 and 5, Column 1 (Land Use) lists the various land uses within each watershed area;
Column 2 (Area (acres)) gives the area covered by each land use within the watershed; Column 3
(% of Total Area) gives the percentage of the total watershed area covered by each land use;
Column 4 (% Impervious) gives the percentage of the area of each land use that is covered by an
impervious surface; Column 5 (Annual Phosphorus Load (Ibs)) gives the total annual phosphorus
load from the area covered by each land use; Finally, Column 6 (% of Total Load) gives the
percentage of the total pollutant load for the watershed that is derived from each land use.

Table 4 and Figure 6 presents the phosphorous load for North Easton Pond and Bailey’s Brook
watersheds as detailed in the Phosphorous TMDL.

Table 4 - North Easton Pond and Bailey’s Brook Phosphorus Loading Summary by Land Use

Area 7 % Annual Phosphorus e
L (Lse (acres) ol Impervious Load (Ibs) Eig
Area Load
Highway 0.3 0% 0% 0.1 0%
Residential 885 36% 36% 848 46%
Commercial / Industrial 701 29% 57% 765 41%
Agricultural 249 10% 0% 134 7%
Open Land 117 5% 17% 52 3%
Forest 271 11% 4% 49 3%
Water 209 9% 0% 0 0%
Total 2,432 - 32% 1,848 -

Table 5 and Figure 7 presents the enterococci loading for Bailey’s Brook watershed only, also as
detailed within the Bacterial TMDL.

Table 5 - Bailey's Brook Enterococci Loading Summary by Land Use

Area % of % Annual Enterococci | % of Total
Land Use Total .

(acres) Area Impervious Load (CFUs) Load
Residential 719 37% 38% 5.22E+13 31%
Commercial / Industrial 590 30% 57% 5.78E+13 34%
Agricultural 242 12% 0% 2.60E+13 15%
Open Land 117 6% 17% 1.44E+13 8%
Forest 202 10% 2% 2.05E+13 12%
Water 98 5% 0% 0.00E+00 0%
Total 1,969 - 33% 1.71E+14 -
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4.2. Total Maximum Daily Load Calculations for Bailey’s Brook

The total maximum daily and annual enterococci load for Bailey’s Brook was determined via
Formula 1 using applicable water quality standards and the SWMM-derived average daily flow
to yield the following:

Total Maximum Daily Load= [0.26 m®/s] x [540 colonies / 1L] x [86,400 sec/day] x [1000
L/m3)
=1.23E+10 colonies per day

Total Maximum Annual Load (Target Load) = [1.23E+10 colonies/day x 365 days/year]
= 4.48E+12 colonies per year

4.3. Comparison / Combination of PLA and TMDL Results
4.3.1 Phosphorus

Table 6 shows a comparison of the TMDL and the pollutant load analysis (PLA) for
phosphorous for North Easton Pond. In the North Easton Pond watershed (34% impervious
cover) 34% of the total maximum daily load is allocated to the WLA. Conversely, the results of
the PLA conducted here suggest that the majority (57%) of phosphorous load in the watershed is
derived from stormwater runoff (WLA), not the nonpoint sources included in the LA. Given that
the entire area is within the MS4 jurisdiction it is unclear why there would be unregulated
nonpoint source loads that would not be within the MS4 jurisdiction.

Table 6 - North Easton Pond Phosphorus TMDL and PLA Summary

Ui Current Required
. Direct | Additional 9 TMDL
Area | Impervious Annual Load
Runoff Load . (Annual)
Load | Reduction**
Load
acres % Ibs Ibs Ibs % Ibs
TMDL | 2,427 34% - - 3,241 80 664
PLA 2,432 32% 1,848 1,393* 3,241 - -

*Estimate based on TMDL current annual load
**Includes a 5% margin of safety (MOS)

4.3.2 Bacteria
The Bailey’s Brook TMDL? stipulates a 97% reduction in enterococci to meet the Target Load.
Table 7 shows a comparison of the total maximum daily load to the estimated current load
calculated through the pollutant load analysis (PLA) described above.

Table 7 - Bailey's Brook Enterococci TMDL and PLA Summary

Water Total Total TMDL PLA Current PLA
Flow Quality Maximum Maximum Required Annual Load Estimated %
Standard | Daily Load | Annual Load | Reduction Reduction
m3/s | colonies/L colonies colonies % colonies %
0.26 540 1.23E+10 4.48E+12 97% 1.71E+14 97%
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4.4. BMP Efficiency Scenarios
The pollutant removal efficiencies from the EPA 20107 and the Rhode Island Stormwater
Manual?’ for a range of BMPs were applied to each watershed in a number of combinations to
determine an upper and lower bound for pollutant load reduction feasibility.

Performance estimates for each BMP category, TMDL, and watershed are summarized in Table

8

Table 8 and Table 9 on the following page. For each water body, those scenarios which achieve
the TMDL are highlighted in green, and those that do not are highlighted in red.

Table 8 - North Easton Pond Phosphorus Loading Reduction Potential Summary

Current Isgrllnlz)\(/)fl Potential New Residual
Scenario Annual Efficiency for % Tot_all Load_ Annual | Annual
Load Applicable Reduction | Reduction Load Load*
(Ibs) Land Uses* (Ibs) (Ibs) (Ibs)
Maximum: EPA 17
WQV Bioretention 1,848 76% 74% 1,367 481 (183)
BMPs

*Note: Negative values are shown in parentheses, e.g. (183) is 183 pounds below the required load. The total
maximum annual load is 664 Ibs. of phosphorous, a 64% reduction

Table 9 — Bailey’s Brook Enterococci Loading Reduction Potential Summary

Scenario

Current
Annual
Load
(colonies)

BMP %
Removal
Efficiency for
Applicable
Land Uses*

% Total
Reduction

Potential
Load
Reduction
(colonies)

New
Annual
Load
(colonies)

Residual
Annual
Load*

(colonies)

*Note: The total maximum annual load is 4.48E+12 colonies of Enterococci, a 97% reduction

27 RIDEM (2015)
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4.5. Parcel-Based Pollutant Loading Analysis
Parcel area thresholds (3) for which stormwater management would be required (all parcels, >0.2
acres, and >1 acre, as described above) were examined in combination with BMP efficiency
scenarios to determine how excluding different land use types or parcel sizes from an RDA
scheme would impact TMDL attainability. Figure 4 and Figure 5 demonstrate cumulative
pollutant load as a function of parcel size based on land use.

For North Easton Pond, the ‘maximum potential load reduction’ BMP scenario is capable of
achieving the phosphorus TMDL with stormwater management applied to parcels >0.2 acres.
These results are summarized in Table 10, below. In Tables 10 and 11, green cells represent
scenarios which achieve a given TMDL and red cells represent scenarios which do not achieve a
given TMDL.

Table 10 - Unmanaged Phosphorus Load by Scenario; Total Maximum Daily Load is set at 664 Ibs.;
green and red represent TMDL attainability and non-attainability respectively.

North Easton Pond RDA Parcel Area Threshold
|[Unmanaged Phosphorus Load] All Areas >1 Acre >0.2 Acre
BMP Efficiency Scenarios Ibs Ibs Ibs
100% Removal 225 742 304
Bioretention BMPs 605 998 664
Infiltration BMPs 779 1,115 830

For Bailey’s Brook, none of the BMP efficiency scenarios were capable of meeting the
enterococci TMDL. When considering RDA scenarios, none of those assessed in this analysis
were capable of meeting the TMDL, even assuming 100% pollutant removal efficiency. These
results are summarized in Table 11, below.

Table 11 - Unmanaged Enterococci Load by Scenario; Total Maximum Daily Load is set at 4.48E+12
CFUs; green and red represent TMDL attainability and non-attainability respectively.

Bailey’s Brook Unmanaged RDA Parcel Area Threshold
Enterococci Load All Areas >1 Acre >0.2 Acre
BMP Efficiency Scenarios colonies colonies colonies
100% Removal 3.93E+13 7.66E+13 4.42E+13
Infiltration BMPs 4.56E+13 8.11E+13 5.03E+13
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5. Discussion and Conclusion

5.1. Assessing TMDL Attainability
The pollutant load reduction potential for each watershed was assessed assuming that new
development, redevelopment, or installation of stormwater best management practice (BMP)
retrofits in all runoff-producing areas would provide treatment for the 1 water quality volume
(WQV). This analysis determined that the Phosphorus TMDL can be met for North Easton Pond
by implementing the maximum potential load reduction for all areas currently covered and not
covered under the NPDES program. Phosphorous attainability would require parcels larger than
0.2-acres to be managed with the best available BMP technology (bioretention systems) for
residential, commercial, and industrial.

A tremendous 73% reduction in pollutant load could be achieved for Enterococci however
TMDL attainability does not appear to be possible at this point in time. It is important to
recognize that the significant bacterial load reduction would still bring tremendous benefits. It is
possible that bacterial reduction requirements could be achieved with an improved understanding
of the system through monitoring and modeling. Future study will include additional surface
water quality investigations of sources, future monitoring data, improved understanding of
bacteria dynamics in relation to nutrient load reduction, and advances in technology for
treatment. Bacteria concentrations and pollutant load export rates are far more varied and less
well understood than more common nutrients.

For the purposes of this analysis, it was assumed (as was done in the Upper Charles RDA
provisional permit) that government-owned properties that drain to an MS4 are regulated under
NPDES, and residential, commercial, industrial, agricultural, and open space properties are not.
This analysis assumed that EPA would exercise the authority for use of residual designation to
regulate residential, commercial, and industrial properties >0.2 acres. A parcel-based pollutant
loading analysis identified the minimum parcel area of 0.2 acres for which RDA could be applied
to achieve the required load reductions.

With respect to phosphorous, parcel areas >0.2 acres encompass 73% of all residential parcels,
90% of all commercial parcels, and 97% of all industrial parcels (1554 total parcels) and
manages (removes) 91% (2,896 Ibs. TP) of the existing load in the North Easton Pond watershed.
In contrast, a target area of >1 acre encompasses only 4% of all residential parcels, 34% of
commercial parcels, and 75% of industrial parcels (223 total parcels) and reduces the existing
load by 77% (2,457 Ibs. TP).

With respect to enterococci in the smaller Baileys Brook watershed, parcel areas >0.2 acres
encompass 71% of all residential parcels, 91% of all commercial parcels, and 82% of all
industrial parcels (1301 total parcels) and manages (removes) 73% of the existing load
(1.22E+14 Enterococci CFUSs). In contrast, a target area of >1 acre encompasses only 3% of all
residential parcels, 34% of commercial parcels, and 41% of industrial parcels (164 total parcels)
and reduces the existing load by 54% (8.97E+13 Enterococci CFUSs).

5.2. TMDL Implementation
The water quality volume refers to a runoff capture volume that will provide treatment of 90% of
the average annual runoff, typically equivalent to 1-inch of runoff from impervious areas. The
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use of a WQV design criteria is intended to provide treatment for the majority of stormwater
contaminants in a cost-effective manner. For example, a 1” rainfall is far smaller than even a 1-
year 24-hr storm event equal of 2.6”.2¢ The WQV design is based in part on the first-flush
phenomenon where contaminant concentrations are highest in the beginning of storm runoff and
becomes progressively cleaner as the contaminant load is exhausted during the wash-off process
from impervious areas. In practice, the first-flush phenomenon varies by contaminant and in
some instances smaller capture depths of 0.25” can be used to capture and treat the majority of
nitrogen. This is an oft used approach for sizing retrofit BMPs in existing developed areas where
there may be less opportunity for stormwater management for the 1” WQV. For this reason the
use of the 1” WQV is a conservative assumption for water quality treatment and TMDL
attainability.

The pollutant removal efficiencies from the EPA (2010)* and the Rhode Island Stormwater
Manual (RISWM)?® for a range of BMPs were applied to each watershed in 4 scenarios
(maximum, high, moderate, and minimum) to determine upper and lower bounds for pollutant
load reduction attainability. This represents a conservative assessment given that site-specific
feasibility for stormwater management was not considered, it is unlikely that stormwater
management (SWM) would be required for all impervious areas (I1A). Taking this approach
identified the best-case scenario for pollutant load reduction, useful for evaluating if a given
TMDL is even theoretically achievable within the current regulatory framework.

The iterative spreadsheet study conducted for the parcel-based analysis is useful for determining
potential RDA approaches based on parcel size. The detailed results from the parcel-based
analysis are included in Appendix D. The results include a ranked-sum analysis, plotting
phosphorus load against parcel size for each land use type. Each curve on the chart represents a
different land use type, and each shows what percentage of the total phosphorus load for the land
use type would be managed by including all parcels above a certain size in an RDA designation.
For example, if all residential parcels greater than 5 acres in size were compelled to manage
100% of their stormwater runoff under RDA, this would account for roughly 22% of the total
Phosphorus load contribution from residential areas in the North Easton Pond watershed.

5.3.Assumptions and Limitations
There are several assumptions and limitations inherent to this analysis that have likely impacted
the results.

One major assumption lies within the interpretation / comparison of the Phosphorus TMDL and
PLA results. The PLA simply accounts for the runoff component of the phosphorus load and
leaves 1,393 Ibs. per year unaccounted for. The analysis of TMDL attainability assumes that this
component of the load is identified (according to the TMDL, it is likely a result of bank erosion,
waterfowl, or internal nutrient cycling) and eliminated.

In order to perform the parcel-based RDA scenario analysis, it was necessary to determine which
land use types from the existing 2011 RIGIS dataset® should be included within the MS4 area.
Typically, only government-owned properties are considered to be a part of the NPDES permit

28 A 1-yr 24-hour storm depth is equal to 2.62 inches for Lincoln, MA, Northeast Regional Climate Center, 2012.
2 RIDEM (2015)
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for an MS4. Recognizing this, the following land use types were grouped in order to determine
the extent of the watershed area which had already been accounted for by NPDES: Institutional
(schools, hospitals, churches, etc.); Other Transportation (terminals, docks, etc.); Airports (and
associated facilities); Waste Disposal (landfills, junkyards, etc.); Water and Sewage Treatment;
Roads (divided highways > 200’ plus related facilities). While this categorization scheme is
likely to be fairly representative of the MS4 area, it is almost certain that some areas have been
included or excluded erroneously (such as churches, which are grouped with ‘institutional” but
are not government-owned properties). Errors like this are unavoidable without spending
considerable effort manually ruling individual parcels in/out of a given land use category, but
may have a small impact on the pollutant load estimates for each land use category within the
parcel-based analysis.

Along the same lines, in the process of assigning a land use type to each parcel for the RDA
scenario analysis, many parcels were found to be spanning multiple land use types. In these
cases, whichever land use type covered the greatest amount of a parcel’s area was assigned to
that parcel. However, this generalization process might have led to either an over- or
underestimation of pollutant load contributions from a given land use type, though it is
reasonable to assume that this would balance out overall.

The parcel datasets obtained from the Towns of Middletown and Newport contained duplicate
entries for many parcels. In automating the elimination of these duplicates, it is possible that
non-duplicate parcels were also removed, which would impact the final pollutant load estimates.
However, the impact from this is expected to be very minor.

The pollutant loading analysis lumped roadways in with different land use types. Roads were
separated from each land use type and added to the “MS4’ category for the parcel-based analysis.
This is because the land-use data did not separate, for example, residential streets from
residential property areas, so these areas were assigned a phosphorus load export rate appropriate
for impervious residential areas. However, residential streets would be included in the current
NPDES permit for a city, so it was important to reflect this in the RDA scenario analysis.
Overall, the total Phosphorus load export rate for the watershed remains unchanged between the
two approaches with the exception of small differences which are discussed in Section 5.3.

Second, it is useful to memorialize the rationale for choosing parcel-size rather than the
impervious area within a parcel as the independent variable in the parcel-based analysis. This
choice was largely made with ease of implementation in mind. Impervious coverages are
constantly changing in urban areas, and this could present challenges for identifying which
properties are in or out of the RDA designation. This also opens the door for property owners to
remove small amounts of impervious cover to get under a threshold value, as well as for
litigation which could challenge a property’s inclusion based on use of outdated spatial data (the
most recent geospatial impervious cover dataset available for the areas is from 2011). For these
reasons, it was determined that the management process would be simpler if an RDA designation
was based on parcel size, a fixed value, rather than impervious area within a parcel. Tracking of
impervious area would continue to be part of any such analysis.
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significant size geographically and in project scope.

Municipal Separate Storm Sewer System (MS4) Permit and Clean Water Act Expert Services

A team lead by Dr. Roseen is currently providing expert consultation, analysis, modelling, advice, reports
and testimony regarding stormwater discharges in regards to MS4 violations under the Clean Water Act.
Such services include sworn to written or oral expert testimony regarding such matters in Court, and site
and facility inspections. This service is being provided for the plaintiff for two (2) cases of significant size
geographically and in project scope.

Multi Sector General Permit (MSGP), Stormwater Pollution Prevention Plan, and Clean Water Act
Expert Services

A team lead by Dr. Roseen is currently providing expert consultation, analysis, modelling, advice, reports
and testimony regarding stormwater discharges in regards to MSGP under the Clean Water Act. Such
services include sworn to written or oral expert testimony regarding such matters in Court, and on-site
inspections of defendants’ facilities. This service is being provided for the plaintiff for over ten (10) separate
cases in the northeastern United States.

Multi Sector General Permit (MSGP) and Clean Water Act Expert Services

A team lead by Dr. Roseen provided expert consultation, analysis, modelling, advice, reports and testimony
regarding the operations of a scrap metal and automotive recycling facility in relation to Multi Sector
General Permit, Safe Drinking Water Act, and National Water Quality Criteria violations of the Clean Water
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Act. Such services include sworn to written or oral expert testimony regarding such matters in Court, and
on-site inspections of facilities. This service was provided for a single location in the northeastern United
States.

Expert Study and Testimony for Erosion and Sediment Control Litigation

A team lead by Dr. Roseen is currently providing expert study and testimony in defense of an undisclosed
Federal Client in a $25-million-dollar lawsuit from a private entity. The plaintiff alleges impacts from
upstream channel erosion and sediment transport. The efforts examine urban runoff and off-site impacts
to a downstream channel and subsequent erosion and sediment transport into the downstream storm
sewer system.

Expert Testimony for HB 1295 an Act Establishing a Commission to Study Issues Relating to
Stormwater, and Commission Member for NH Legislature, January 2008.

Dr. Roseen participated as a lead member of the NH Stormwater Commission, House Bill 1295. The SW
commission was comprised of experts in the field and stakeholders. The Commission provided
recommendations to the legislature.

Expert Testimony for HB 648 NH Flood Commission, January 2008.

Dr. Roseen has provided expert testimony to numerous commissions including the NH Legislative Flood
Commission. House Bill 648 developed a comprehensive flood management plan for the state of New
Hampshire that considers possible measures for minimizing flood impacts on communities and individual
properties and to consider issues associated with flood abatement.

Expert Review of Stormwater Management for Proposed Mystic Woods, Groton, CT

Dr. Roseen expert testimony and review of at the request of Hawthorne Partners for the stormwater
management strategy for the proposed Mystic Woods Development in Groton, CT. Review was based on
the practice requirements of 2004 Connecticut Stormwater Quality Manual. Review included assessment
of both quantity management through infiltration (and recharge) and detention, and water quality treatment
through the use of bioretention and infiltration for rooftop runoff, and detention and treatment with
subsurface gravel wetlands for roadways, parking areas and impervious surfaces runoff. Design and
potential impacts were assessed for the combination of strategies incorporating treatment trains
(sequential treatment strategies) as a tool for minimizing off-site impacts and changes to predevelopment
hydrologic and water quality conditions.

Expert Testimony and Review of YMCA Westport/Weston Stormwater Management

Dr. Roseen provided review and expert testimony of documents presented on behalf of the proposed
development. Potential impacts and impairment from the proposed stormwater management was
evaluated for Poplar Plains Brook, Lee’s Pond, and the Saugatuck Estuary. Considerations included:
treatment mechanisms for nitrogen removal to impaired waters, recommendations for water quality
monitoring information from which to base the assessment. It appears from the limited water quality
monitoring available, review of Connecticut water quality standards for Class C impaired waters, and
USEPA 303D Impaired Waters requirements.

Expert Testimony on Stormwater Issues Before The Nashua Planning Board For Proposed
Commercial Development, Nashua, New Hampshire, December 2005.
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Dr. Roseen provided testimony and review of the stormwater treatment strategy performance for a
proposed facility. In particular he examined a variety of issues of concern for the proposed activities with
regards to stormwater, increased traffic counts, and estimated contaminant loading to receiving waters
within the Water Supply Protection District.

Participation in National Expert Meeting by the White House Council on Environmental Quality and
Environmental Protection Agency

Dr. Roseen participated in a national meeting of experts entitled “Municipal Stormwater Infrastructure:
Going from Grey to Green”. This meeting purpose was to engage stakeholders in developing options and
solutions that result in wider implementation of green infrastructure practices to manage municipal
stormwater.

SELECT OTHER PROJECTS
Integrated Permitting for MS4 and Wastewater:

Dr. Roseen is currently leading the stormwater engineering component for a large 5 firm engineering team
and an integrated planning steering committee beginning in 2016. The integrated planning effort is the first
in the northeastern United States for a municipally funded effort. This project seeks to develop an
integrated plan for stormwater, wastewater, and nonpoint sources for a phosphorous TMDL.

Dr. Roseen lead a team from 2013-2015 that developed the foundation for an Integrated Plan for three
coastal communities in the seacoast region of New Hampshire. The goal of the plan is to help these
communities meet new, more stringent wastewater and stormwater permit requirements for nutrients,
improve water quality in the Squamscott River and Great Bay, and support the economic viability of the
participating communities. The Plan provides the communities with the necessary information to make
long-term financial commitments and planning decisions and to communicate to the public essential
information that was developed jointly.

MS4 Regulatory Program Experience: Dr. Roseen lead a team from 2012-2013 with the City of
Rochester, New Hampshire as part of a 3-year stormwater engineering contract to provide services to
support their MS4 operations and planning. A diverse array of services were provided including nutrient
management planning for stormwater and wastewater, stormwater ordinance and planning regulations
development, stormwater master planning, MS4 auditing for the 2003 permit, planning and preparation for
the 2013 Draft MS4 permit, assistance with developing funding mechanisms to support the municipal
program, stream restoration, asset inventory and assessment for drainage infrastructure, operations and
management plan preparation, and GIS database development, to name a few.

Phase Ill Stormwater Master Plan and GIS Updates, Framingham, Ma: Dr. Roseen was the Project
Manager for the development of a stormwater master plan for select sub-basins in the Town of
Framingham. This project included a field program to collect data on over 1,000 stormwater structures
and associated conveyances, as well as in-depth QA/QC of field data using GIS tools, integration of field
data into the Town’s geodatabase, the development of a hydraulic and hydrologic model of the stormwater
system, the performance of a water quality assessment including a pollutant loading analysis, and
recommendations based on the condition assessment and modeling exercises based on GIS data and
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modeling results to develop a Stormwater Master Plan that identifies priority projects based on schedules,
capital costs, feasibility, and permitting.

Long Creek Watershed Management Team: Dr. Roseen was a recipient of an Environmental Merit
Award as a patrticipating member in the Long Creek Watershed Management Team that was awarded by
the US Environmental Protection Agency Region 1 in 2010. This involved the development of the
Watershed Management Plan. Rob has collaborated with the Maine Department of Environmental
Protection, the Department of Transportation, and the LCWMD in the implementation, monitoring, and
maintenance of LID management measures including bioretention, gravel wetlands, tree filters, and the
first installation of a high-use state roadway using porous asphalt in the northeastern United States.

Water Integration for the Squamscott Exeter (WISE), (2013-2015), National Estuarine Research
Reserve—Science Collaborative. Dr. Roseen was the lead author and Project Director and Principal
Investigator for this two-year, $449,484 project.

UNH Stormwater Center 2004-2012. The program tested over 30 BMPs with total funding in excess of
$3 million.

Community Based Planning for Climate Change in New Hampshire, National Estuarine Research
Reserve—Science Collaborative. Dr. Roseen was the lead stormwater enginnering investigator for this
two-year, $683,472 project.

Green Infrastructure for Sustainable Coastal Communities, National Estuarine Research Reserve—
Science Collaborative. Dr. Roseen is lead author and the lead science investigator for this two-year,
$589,838 project.

Great Bay Municipal Bioretention Program, New Hampshire Department of Environmental Services.
Dr. Roseen managed this two-year, $140,000 project.

Berry Brook Watershed Restoration, Aquatic Resource Mitigation Fund of the NHDES and US Army
Corps of Engineers. Dr. Roseen managed this two-year, $400,000 project that investigated wetland and
stream restoration, buffer development, and LID retrofits.

Berry Brook Watershed Management Plan Implementation, Phase | Water Quality BMPs, New
Hampshire Department of Environmental Services. Dr. Roseen managed this two-year, $145,000 project.

Evaluation and Optimization of the Effectiveness of Stormwater Control Measures for Nitrogen
Removal, USEPA Region 1. Dr. Roseen managed this two-year, $190,000 project.

Assessing the Risk of 100-year Freshwater Floods in the Lamprey River Watershed of New
Hampshire Resulting from Changes in Climate and Land Use, Cooperative Institute for Coastal and
Estuarine Environmental Technology (CICEET). Dr. Roseen served as Co-Investigator for a two-year,
$177,815.

SELECT PEER REVIEWED PUBLICATIONS

Roseen, Robert M., Todd V. Janeski, Michael Simpson, James H. Houle, Jeff Gunderson, and Thomas P.
Ballestero. "Economic and Adaptation Benefits of Low Impact Development." Low Impact Development
Technology (2015): 74.
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Sample, D., Lucas, B., Janeski, T. V., Roseen, R., Powers, D., Freeborn, J., and Fox, L. (2014). "Greening
Richmond, USA: a sustainable urban drainage demonstration project.” Proceedings of the Institution
of Civil Engineers, 167(CE2).

Roseen, R. M., Ballestero, T. P., Houle, K. M., Heath, D., and Houle, J. J. (2013). "Assessment of Winter
Maintenance of Porous Asphalt and Its Function for Chloride Source Control." Journal of Transportation
Engineering, 140(2).

Houle, J. J., Roseen, R. M., Ballestero, T. P., Puls, T., and Sherrard, J. (2013). "A Comparison of
Maintenance Cost, Labor Demands, and System Performance for LID and Conventional Stormwater
Management." ASCE Journal of Environmental Engineering.

Roseen, R. M., Ballestero, T. P., Houle, J. J., Briggs, J. F., and Houle, J. P. (2012). "Water Quality and
Hydrologic Performance of a Porous Asphalt Pavement as a Stormwater Treatment Strategy in a Cold
Climate." ASCE Journal of Environmental Engineering.

Roseen, R. M., Ballestero, T. P., Houle, J. J., Briggs, J. F., and Houle, J. P. (2012). "Water Quality and
Hydrologic Performance of a Porous Asphalt Pavement as a Stormwater Treatment Strategy in a Cold
Climate." ASCE Journal of Environmental Engineering.

Roseen, R. M., Ballestero, T. P., Fowler, G. D., Guo, Q., and Houle, J. (2011). "Sediment Monitoring Bias
by Autosampler in Comparison with Whole Volume Sampling for Parking Lot Runoff." Journal of
Irrigation and Drainage Engineering, 4, 251-257.

Avellaneda, P., Ballestero, T. P., Roseen, R. M., and Houle, J. J. (2010). "Modeling Urban Stormwater
Quality Treatment: Model Development and Application to a Surface Sand Filter." Journal of
Environmental Engineering.

Watts, A. W., Ballestero, T. P., Roseen, R. M., and Houle, J. P. (2010). "Polycyclic Aromatic Hydrocarbons
in Stormwater Runoff from Sealcoated Pavements." Environ. Sci. Technol., 44(23), 8849-8854.

Roseen, R. M., Ballestero, T. P., Houle, J. J., Avellaneda, P., Briggs, J. F., Fowler, G., and Wildey, R.
(2009). "Seasonal Performance Variations for Stormwater Management Systems in Cold Climate
Conditions." Journal of Environmental Engineering-ASCE, 135(3), 128-137.

Avellaneda, P., Ballestero, T. P., Roseen, R. M., and Houle, J. J. (2009). "On Parameter Estimation Of An
Urban Stormwater Runoff Model." Journal of Environmental Engineering.

Roseen, R. M., Ballestero, T. P., Houle, J. J., Avellaneda, P., Briggs, J. F., Fowler, G., and Wildey, R.
(2009). "Seasonal Performance Variations for Stormwater Management Systems in Cold Climate
Conditions." Journal of Environmental Engineering-ASCE, 135(3), 128-137.

Roseen, R. M., Ballestero, T. P., Houle, J. J., Avellaneda, P., Wildey, R., and Briggs, J. F. (2006).
"Performance evaluations for a range of stormwater LID, conventional structural, and manufactured
treatment strategies for parking lot runoff under varied mass loading conditions." Transportation
Research Record: Journal of the Transportation Research Board (No. 1984), 135-147.

REPORTS AND CONFERENCE PROCEEDINGS

¢ Roseen, R., Watts, A., Bourdeau, R., Stacey, P., Sinnott, C., Walker, T., Thompson, D., Roberts, E.,
and Miller, S. (2015). Water Integration for Squamscott Exeter (WISE), Integrated Plan Framework,
Final Technical Report.

e ASCE, Committee, T. P. P. T., Committee, L. |. D. S., Council, U. W. R. R., and Institute, E. a. W. R.
(2015). "Committee Report on Recommended Design Guidelines for Permeable Pavements: Report
on Engineering Practice." American Society of Civil Engineers.

o Potts, A., and Roseen, R. M. (2015). "Chapter 2, Recommended Design Guidelines for the Use of
Porous Asphalt Pavements." Committee Report on Recommended Design Guidelines for Permeable
Pavements: Report on Engineering Practice, B. Eisenberg, K. Lindow, and D. Smith, eds., American
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Society of Civil Engineers, The Permeable Pavements Technical Committee, Low Impact
Development Standing Committee, Urban Water Resources Research Council, Environment and
Water Resources Institute.

e Roseen, R., and Stone, R. (2013). "Evaluation and Optimization of the Effectiveness of Stormwater
Control Measures for Nitrogen Removal, Final Report." University of New Hampshire Stormwater
Center, Geosyntec Consultants, USEPA Region 1, Boston, MA.

o Roseen, R. M., and Stone, R. (2013). "Bioretention Water Quality Treatment Performance
Assessment--Technical Memorandum." Seattle Public Utilities, Seattle, WA, Seattle, WA.

o Wake, C. P, Miller, S., Roseen, R., Scholz, A., Rubin, F., Simpson, M., Sinnott, C., Peterson, J., and
Townson, L. (2013). "Assessing the Risk of 100-year Freshwater Floods in the Lamprey River
Watershed of New Hampshire Resulting from Changes in Climate and Land Use." University of New
Hampshire, Durham, NH.

o Roseen, R. M., Ballestero, T. P., Houle, J. J., and Watts, A. W. (2012). "Subsurface Gravel Wetlands
for Stormwater Management." The Stormwater Report, Water Environment Federation.

e Roseen, R., Watts, A., DiGennaro, N., Ballestero, T., Houle, J., and Puls, T. (2011). "Examination of
Thermal Impacts From Stormwater Best Management Practices." University of New Hampshire
Stormwater Center, Prepared for US EPA Region 1, Durham, NH.

o West, M., Claytor, R., Roseen, R., and Esten, M. E. (2010). "Rhode Island Stormwater Design and
Installation Standards Manual." Rhode Island Department of Environmental Management and the
Coastal Resources Management Council.

e Roseen, R., Watts, A., Houle, J., Farah, K., and Ballestero, T. (2010). "Investigation of Nutrient
Removal Mechanisms of a Constructed Gravel Wetland Used for Stormwater Control in a Northern
Climate." University of New Hampshire Stormwater Center

o Roseen, R., DiGennaro N., Watts A., Ballestero T., Houle J. (2010) Preliminary Results of the
Examination of Thermal Impacts from Stormwater BMPs, ASCE LID Conference Proceedings, San
Francisco, CA, April 2010.

e Roseen, R., Houle, J., Puls, T., and Ballestero, T. (2010). "Performance Evaluation Report of the
Stormtech Isolator Row® Treatment Unit." University of New Hampshire Stormwater Center, Durham,
NH.

o Roseen, R., Watts, A., Houle, J., Farah, K., and Ballestero, T. (2010). "Investigation of Nutrient
Removal Mechanisms of a Constructed Gravel Wetland Used for Stormwater Control in a Northern
Climate." New England Interstate Water Pollution Control Commission, University of New Hampshire
Stormwater Center, Durham, NH.

o Roseen, R. M., Houle, J. J., Ballestero, T. P., and Puls, T. (2010). "Technology Assessment Protocol
(TAP) For Innovative and Emerging Technologies." Rhode Island Stormwater Design and Installation
Standards Manual, Rhode Island Department of Environmental Management.

e Houle, J., Roseen, R., and Ballestero, T. (2010). "UNH Stormwater Center 2009 Annual Report."
University of New Hampshire, Cooperative Institute for Coastal and Estuarine Environmental
Technology, Durham, NH.

o Roseen, R. M., and Roseen, R. M., Ballestero, T. P., and Houle, J. J. (2009). "UNHSC Subsurface
Gravel Wetland Design Specifications." University of New Hampshire Stormwater Center, Durham,
NH.

o Roseen, R. M., Ballestero, T. P., Briggs, J. F., and Pochily, J. (2009, Revised). "UNHSC Design
Specifications for Porous Asphalt Pavement and Infiltration Beds." University of New Hampshire
Stormwater Center, Durham, NH.
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Watts, A. W., Roseen, R. M., Ballestero, T. P., Houle, J. J., and Gilbert, H. L. (2008) "Polycyclic
Aromatic Hydrocarbons In Stormwater Runoff From Sealcoated Pavements." StormCon 08, Orlando,
FL.

Roseen, R. M., Ballestero, T. P., Fowler, G. D., Guo, Q., and Houle, J. (2009) "Sediment Monitoring
Bias by Autosampler in Comparison with Whole Volume Sampling for Parking Lot Runoff." EWRI World
Water Resources Congress, Kansas City, Mo.

Roseen, R. M., Carrasco, E., Cheng, Y., Hunt, B., Johnston, C., Mailloux, J., Stein, W., and Williams,
T. (2009)"Data Reporting Guidelines for Certification of Manufactured Stormwater BMPs: Part II."
ASCE EWRI World Water Resources Congress, Kansas City, MO.

Roseen, R. M., Houle, K. M., Briggs, J. F., Houle, J. J., and Ballestero, T. P. (2009)"Examinations of
Pervious Concrete and Porous Asphalt Pavements Performance for Stormwater Management in
Northern Climates." EWRI World Water Resources Congress, Kansas City, Mo.

Roseen, R.M., Ballestero, T. P. (2008). "Porous Asphalt Pavements for Stormwater Management in
Cold Climates." HMAT, National Asphalt Pavement Association.

Roseen, R. M., Houle, J. J., and Ballestero, T. P. (2008). "Final Report On Field Verification Testing Of
The Downstream Defender And Upflo Filter Treatment Units." The University of New Hampshire
Stormwater Center.

Roseen, R. M., Houle, J. J., and Ballestero, T. P. (2008). "Final Report On Field Verification Testing Of
The Stormtech Isolator Row Treatment Unit." The University of New Hampshire Stormwater Center.
UNHSC, Roseen, R., T. Ballestero, and Houle, J. (2008). "UNH Stormwater Center 2007 Annual
Report." University of New Hampshire, Cooperative Institute for Coastal and Estuarine Environmental
Technology, Durham, NH.

UNHSC, Roseen, R. M., Briggs, J. F., Ballestero, T. P., and Pochily, J, (2007). "UNHSC Design
Specifications for Porous Asphalt Pavement and Infiltration Beds." University of New Hampshire
Stormwater Center.

UNHSC, (2005). University of New Hampshire Stormwater Center 2005 Data Report. Durham, NH,
University of New Hampshire.

Roseen, R., and Ballestero, T. P. (2003). "Characterization of Groundwater Discharge to Hampton
Harbor." The New Hampshire Estuaries Project, and the Department of Civil Engineering,
Environmental Research Group, University of New Hampshire, Durham, NH 03824.

Roseen, R., and Stone, R. (2013). "Evaluation and Optimization of the Effectiveness of Stormwater
Control Measures for Nitrogen Removal, Final Report." University of New Hampshire Stormwater
Center, Geosyntec Consultants, USEPA Region 1, Boston, MA.

Roseen, R. M., and Ballestero, T. P. (2008). "Porous Asphalt Pavements for Stormwater Management
in Cold Climates." HMAT, National Asphalt Pavement Association.

Roseen, R. M., Ballestero, T. P., and Brannaka, L. K. (2002). "Quantifying groundwater discharge using
thermal imagery and conventional groundwater exploration techniques for estimating the nitrogen
loading to a meso-scale inland estuary,” PhD. Dissertation, University of New Hampshire., Durham,
NH.

PROFESSIONAL AFFILIATIONS

Management Committee, Piscataqua Region Estuary Partnership, since 2015
Expert Panel, Long Creek Watershed Management District, since 2014.
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USEPA Headquarters, Urban Retrofit Innovation Roundtable, Next Generation LID/GI Technology and
Financing Solutions, The National Experience, Selected participant, April 2012

Urban Water Resources Research Council, Control Group Member, American Society of Civil
Engineers, 2012-2017.

Water Quality Standards Advisory Committee, Piscataqua Region Estuary Program, since 2010
Technical Advisory Committee, Piscataqua Region Estuary Partnership, since 2009

American Academy of Water Resources Engineers, Member since May, 2010

ASCE EWRI-WERF Task Committee on Guidelines for Certification of Manufactured Stormwater
BMPs-Subgroup Chair, Member since 2007

Science and Technical Advisory Committee, American Rivers, Washington, DC, since 2011

Board of External Reviewers, Washington State Stormwater Technology Assessment Program, 2010-
2014

Board of Directors, The Low Impact Development Center, Beltsville, Maryland, 2009-2015

Board of Directors, The NH Coastal Protection Partnership, 2008-2012

HONORS AND AWARDS

Environmental Merit Award, as project lead for the Water Integration for Squamscott Exeter (WISE) in
coastal New Hampshire, awarded by the US Environmental Protection Agency, Region 1, 2016.
Environmental Merit Award, as participating member in the New Hampshire Climate Adaption
Workgroup, awarded by the US Environmental Protection Agency, Region 1, 2015

In 2010, received the prestigious certification as a Diplomate by the American Academy of Water
Resources Engineers (D. WRE), to certify competence in water resources specialization for 1)
advanced stormwater management, and 2) design and execution of experiments, data analysis, and
interpretation.

2010 Outstanding Civil Engineering Achievement Award, New Hampshire ASCE, Project Title: State
Street Utilities Replacement and Street Revitalization, Portsmouth, New Hampshire, Design Team
Member and Lead for Low Impact Development

Environmental Merit Award, as participating member in the Long Creek Watershed Management
Team, awarded US Environmental Protection Agency, Region 1, 2010

Letter of Commendation from Commissioner Burack of the New Hampshire Department of
Environmental Services for School Street School Stormwater Retrofit Project, September 2010
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8. Appendix B: Literature Sources for Pollutant Load Export Rates

Table 12 - PLER Sources

Nitrogen Phosphorus . .
T Land PLER PLER Fecal Coliform EMC Enterococci EMC
Cover Source Source
Source Source
EPA, 2017; | EPA, 2017, 18 [Fecal Coliform] x [1.12]
Pervious Table 2-2 Table 2-1 WISE, 20_15 ' A_p_p. B, ; ratio from USGS, 2002,
Table 3-5; Transitional
Agriculture Tables 22-24
g EPA, 2017; | EPA, 2017, WISE. 2015%. App. B [Fecal Coliform] x [1.12]
Impervious | Table2-2 | Table2-1 | 1= Tra{nsi?i%nai - ratio from USGS, 2002,
’ Tables 22-24
EPA, 2017; EPA, 2017; | WISE, 2015, App. B, [Fecal Coliform] x [1.12]
Commercial Pervious Table 2-2 Table 2-1 Table 3-5; Developed | ; ratio from USGS, 2002,
and Pervious Tables 22-24
Industrial EPA, 2017; EPA, 2017; | WISE, 2015, App. B, [Fecal Coliform] x [1.12]
Impervious | Table 2-2 Table 2-1 Table 3-5; Industrial ; ratio from USGS, 2002,
and Commercial Comp. | Tables 22-24
EPA, 2017; EPA, 2017; [Fecal Coliform] x [1.12]
Pervious | Table2-2 | Table2-1 | WISE, 2015, App. B, 1 - iy from USGS, 2002,
Table 3-5; Forest
Forest Tables 22-24
EPA, 2017; EPA, 2017; WISE. 2015 App. B [Fecal Coliform] x [1.12]
Impervious | Table 2-2 Table 2-1 A PP. B, ; ratio from USGS, 2002,
Table 3-5; Forest
Tables 22-24
EPA, 2017; EPA, 2017; | WISE, 2015, App. B, [Fecal Coliform] x [1.12]
Hidh Pervious Table 2-2 Table 2-1 Table 3-5; Developed ; ratio from USGS, 2002,
De%]sity Pervious Tables 22-24
. . EPA, 2017; EPA, 2017; [Fecal Coliform] x [1.12]
Residential Impervious | Table 2-2 Table 2-1 WISE, 20_15’ App. B ; ratio from USGS, 2002,
Table 3-5; Residential
Tables 22-24
EPA, 2017; EPA, 2017; | WISE, 2015, App. B, [Fecal Coliform] x [1.12]
Low Pervious Table 2-2 Table 2-1 Table 3-5; Developed ; ratio from USGS, 2002,
Density Pervious Tables 22-24
. . EPA, 2017; EPA, 2017; [Fecal Coliform] x [1.12]
Residential Impervious | Table 2-2 Table 2-1 WISE, 20_15’ App. B ; ratio from USGS, 2002,
Table 3-5; Residential
Tables 22-24
EPA, 2017; | EPA, 2017; | WISE, 2015, App. B, [Fecal Coliform] x [1.12]
Medium Pervious Table 2-2 Table 2-1 Table 3-5; Developed ; ratio from USGS, 2002,
Density Pervious Tables 22-24
. . EPA, 2017; EPA, 2017; [Fecal Coliform] x [1.12]
Residential Impervious | Table 2-2 Table 2-1 WISE, 20_15’ App. B ; ratio from USGS, 2002,
Table 3-5; Residential
Tables 22-24
EPA, 2017; EPA, 2017; | WISE, 2015, App. B, [Fecal Coliform] x [1.12]
Pervious Table 2-2 Table 2-1 Table 3-5; Developed ; ratio from USGS, 2002,
Highwa Pervious Tables 22-24
ghway EPA, 2017, | EPA, 2017; | WISE, 2015, App. B, | [Fecal Coliform] x [1.12]
Impervious | Table 2-2 Table 2-1 Table 3-5; ; ratio from USGS, 2002,
Transportation Tables 22-24
EPA, 2017; | EPA, 2017; | WISE, 20158, App. B, | [Fecal Coliform] x [1.12]
Pervious Table 2-2 Table 2-1 Table 3-5; Transitional | ; ratio from USGS, 2002,
Open Land Tables 22-24
P EPA, 2017; | EPA, 2017; | WISE, 20158, App. B, | [Fecal Coliform] x [1.12]
Impervious | Table 2-2 Table 2-1 Table 3-5; Transitional | ; ratio from USGS, 2002,
Tables 22-24
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9. Appendix C: EPA SWMM Model Documentation for Bacterial HRU Analysis

EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.012)

*hhkkhkkhkhkhkkhkhkhkkhkhkhkkhkkhhkkhkhhkkhkkhhkhkhkhkhkkhhkhkkihkhkkhhkhkkhhhkkhhhkkhkhhkkihihkkihihkkiihkiiikk

NOTE: The summary statistics displayed in this report are
based on results found at every computational time step,
not just on results from each reporting time step.

*hhkkhkkhkhkhkkhkhkhkkhkhkhkkhkhhkkhkhhkkhhhkhhhkhhkhkhkhhkhkkhhkhkkihhkkihhkkihhkkihhkkihihkkhihkkiiikk

*hkkkkikkkkikkkhkkikhkkikkikk

Analysis Options
EAR R R o o o o o o o e e
Flow Units ......cccoovvvivnnnne. CFS
Process Models:

Rainfall/Runoff ................ YES

(21D | RS NO

Snowmelt ..., YES

Groundwater .................... NO

Flow Routing ................... NO

Water Quality ..........c....... YES
Infiltration Method ............. CURVENUMBER
Starting Date ...........cceeee. 01/01/2000 00:00:00
Ending Date ...........ccccue.e. 12/30/2013 23:59:00
Antecedent Dry Days ......... 0.0
Report Time Step ............... 01:00:00
Wet Time Step .......cccoveeenee. 00:01:00
Dry Time Step .....ccoceeveennee. 00:05:00
KTEEEXEXAAAAAXAAAXAAXAAAAAAAXX ) K VO I u m e Depth
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Runoff Quantity Continuity acre-feet inches

*hkhkkkhkhkkkhkhkkkhkkhkkhkikkhkikkikikkiikk

Initial Snow Cover ....... 0.000 0.000
Total Precipitation ...... 282.546 678.110
Evaporation Loss ......... 27.520 66.049
Infiltration Loss ........ 169.563 406.951
Surface Runoff ........... 83.767 201.041
Snow Removed ............. 0.000 0.000
Final Snow Cover ......... 1.690 4.056
Final Storage ............ 0.007 0.017
Continuity Error (%) ..... -0.001
KhAAAAAAAAAAAAAAhhhhhiiiik VO I ume VO I ume
Flow Routing Continuity acre-feet 10”6 gal

B R R T T e oo o

Dry Weather Inflow ....... 0.000 0.000
Wet Weather Inflow ....... 83.767 27.297
Groundwater Inflow ....... 0.000 0.000
RDII Inflow .............. 0.000 0.000
External Inflow .......... 0.000 0.000
External Outflow ......... 83.767 27.297
Flooding Loss ............ 0.000 0.000
Evaporation LoSS ......... 0.000 0.000
Exfiltration Loss ........ 0.000 0.000
Initial Stored VVolume .... 0.000 0.000
Final Stored Volume ...... 0.000 0.000
Continuity Error (%) ..... 0.000

*hhhhkhkhkkkkhkkhkhhhhhkhkhkkhkhiiiiix
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Subcatchment Runoff Summary

*hkhkkkhkhkkkhkhkkkhkkhkkhkkhkkikkikkhkikkiiikkikk

Total Total Total Total Total Total Peak Runoff

Precip Runon  Evap Infil Runoff Runoff  Runoff Coeff
Subcatchment in in in in in 106 gal CFS
IMP.CN98 678.11 0.00 117.99  0.00 556.45 15.11 1.68 0.821
PERV.A.CN39 678.11  0.00 3454 605.93 33.47 0.91 0.35 0.049
PERV.B.CN61 678.11 0.00 50.28 537.15 86.51 2.35 0.64 0.128
PERV.C.CN74 678.11 0.00 60.67 467.56 145.71 3.96 0.75 0.215
PERV.D.CN80 678.11 0.00 66.77 424.11 183.07 4.97 0.77 0.270

Analysis begun on: Thu May 10 09:08:57 2018
Analysis ended on: Thu May 10 09:09:56 2018
Total elapsed time: 00:00:59
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10. Appendix D: Parcel-Based RDA Analysis

#Parcels | Area (acres) Total Minimum Parcel Size | # Parcels | % Parcles 100% Removal Bioretention BMPs; 76% Removal Efficiency Infiltration BMPs; 65% Removal Efficiency
Phosphorus Load (lbs) | to Regulate (acres) |Regulated|Regulated| Managed Phosphorus Load (lbs) % of Total Load | Managed Phosphorus Load (lbs) % of Total Load | Managed Phosphorus Load (Ibs) % of Total Load
MS4* 41 310.6 476.7 0 41 100% L 476.7 100% 362.3 76% 309.9 65%
RDA - Residential 1716 736.7 602.7 0 1716 100% 602.7 100% 458.0 76% 391.7 65%
RDA - Commercial 253 3141 393.4 0 253 100% [ 393.4 100% 299.0 76% 255.7 65%
RDA - Industrial 36 115.9 108.5 0 36 100% [ 108.5 100% 82.4 76% 70.5 65%
RDA - Open Space 17 92.8 51.7 9999 0 % [ 0.0 0% 0.0 0% 0.0 0%
RDA - Agriculture 37 244.0 119.9 9999 0 0% r 0.0 0% 0.0 0% 0.0 0%
Forest 47 183.4 53.6 9999 0 0% 0.0 0% 0.0 0% 0.0 0%
Unaccounted For Load - - 1393.0 100% - 1393.0 100% 1393.0 100% 1393.0 100%
Total 2147 1997.4 3199.6 I 95% 2974.3 93% 2594.8 T 8% 2420.8 76%
Unmanaged Load** 0.0 2253 604.8 778.8
TMDL Requirement 664 664 664 664
% of TMDL 0% 66% 9% -17%
2: | Non-MS4 C ial, and Parcels >1 acres
# Parcels | Area (acres) Total Minimum Parcel Size | # Parcels | % Parcles 100% Removal Bioretention BMPs; 76% Removal Efficiency Infiltration BMPs; 65% Removal Efficiency
Phosphorus Load (Ibs) | to Regulate (acres) |Regulated |Regulated | Managed Phosphorus Load (Ibs) % of Total Load | Managed Phosphorus Load (Ibs) % of Total Load [ Managed Phosphorus Load (lbs) % of Total Load
MS4* 41 310.6 476.7 0 41 100% 476.7 100% 362.3 76% 309.9 65%
RDA - Residential 1716 736.7 602.7 1 69 4% r 182.5 30% 138.7 23% 118.6 20%
RDA - Commercial 253 314.1 393.4 1 86 3a% [ 300.8 76% 228.6 58% 195.5 50%
RDA - Industrial 36 115.9 108.5 1 27 75% r 104.2 96% 79.2 73% 67.8 62%
RDA - Open Space 17 92.8 51.7 9999 0 0% r 0.0 0% 0.0 0% 0.0 0%
RDA - Agriculture 37 244.0 119.9 9999 0 0% r 0.0 0% 0.0 0% 0.0 0%
Forest 47 183.4 53.6 9999 0 0% 0.0 0% 0.0 0% 0.0 0%
Unaccounted For Load - - 1393.0 100% - - 1393.0 100% 1393.0 100% 1393.0 100%
Total 2147 1997.4 1806.6 223 10% 2457.2 136% 2201.8 r 122% 2084.7 115%
Unmanaged Load** 0.0 742.4 997.8 1114.9
TMDL Requirement 664 664 664 664
% of TMDL 0% -12% -50% -68%
Scenario 3: I Non-MS4 idential, Ci ial, and Industrial Parcels >0.2 acres
e Pereells || (@ees) Total Minimum Parcel Size | # Parcels | % Parcles 100% Removal Bioretention BMPs; 76% Removal Efficiency Infiltration BMPs; 65% Removal Efficiency
Phosphorus Load (lbs) | to Regulate (acres) |Regulated |Regulated| Managed Phosphorus Load (lbs) % of Total Load | Managed Phosphorus Load (Ibs) % of Total Load | Managed Phosphorus Load (Ibs) % of Total Load
MS4* 41 310.6 476.7 0 41 100% 476.7 100% 362.3 76% 309.9 65%
RDA - Residential 1716 736.7 602.7 0.2 1250 73% r 528.3 88% 401.5 67% 343.4 57%
RDA - Commercial 253 3141 3934 0.2 228 90% [ 389.5 99% 296.0 75% 253.2 64%
RDA - Industrial 36 115.9 108.5 0.2 35 97% [ 108.3 100% 823 76% 70.4 65%
RDA - Open Space 17 92.8 51.7 9999 0 0% r 0.0 0% 0.0 0% 0.0 0%
RDA - Agriculture 37 244.0 119.9 9999 0 0% r 0.0 0% 0.0 0% 0.0 0%
Forest 47 183.4 53.6 9999 0 0% 0.0 0% 0.0 0% 0.0 0%
Unaccounted For Load - - 1393.0 100% - - 1393.0 100% 1393.0 100% 1393.0 100%
Total 2147 1997.4 1806.6 I - 72% 2895.9 160% 25352 T 1a0% 2369.9 131%
Unmanaged Load** 0.0 303.7 664.4 829.7
TMDL Requirement 664 664 664 664
% of TMDL 0% 54% 0% -25%

*Includes additional 302.3 Ibs P added in to account for lack of parcel coverage on roadways (225.6 acres * 1.34 Ibs P/acre)
**Does not include 1,393 Ibs of unaccounted for load estimate, likelty from waterfowl, bank erosion, and internal nutrient cycling (see Table 6 in our report)
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Parcel Size (acres)

Total MS4 Residential Commercial Industrial Open Space Agriculture Forest
Parcel Stats Area  Phosphorus Load| Area Phosphorus Load] Area Phosphorus Load| Area Phosphorus Load| Area Phosphorus Load] Area Phosphorus Load| Area Phosphorus Load| Area Phosphorus Load
(acres) (Ibs) (acres) (Ibs) (acres) (Ibs) (acres) (Ibs) (acres) (Ibs) (acres) (Ilbs) (acres) (Ibs) (acres) (Ibs)
Min 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.03 0.18 0.17 0.00 0.00 0.00 0.00 0.21 0.03
Q1 0.21 0.19 0.33 0.23 0.19 0.19 0.27 0.36 1.02 0.98 0.47 0.23 1.05 0.59 0.92 0.19
Median 0.30 0.26 1.22 1.04 0.27 0.24 0.55 0.83 3.10 2.36 2.07 0.76 2.23 1.30 2.22 0.47
Average 1.02 0.70 7.57 4.26 0.43 0.35 1.24 1.56 3.22 3.01 5.46 3.04 6.59 3.24 3.90 1.14
Q3 0.53 0.40 2.79 2.56 0.44 0.32 1.26 1.62 4.91 4.54 6.76 3.98 10.04 4.50 4.87 1.54
Max 189.88 76.58 189.88 76.58 29.00 42.92 15.01 20.81 9.66 12.54 21.69 10.73 37.44 21.47 20.29 6.92
700
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Area Total Minimum Parcel Size to | # Parcels | % Parcels 100% Removal Infiltration BMPs; 95% Removal Efficiency
# Parcels [ (acres) | Enterococci Load (colonies) Regulate (acres) Regulated | Regulated | Managed Enterococci Load (colonies) % of Total Load | Managed Enterococci Load (colonies) % of Total Load
MS4* 34 302.6 4.87E+13 0.0 34 100% 4.87E+13 100% 4.63E+13 95%
RDA - Residential 1462 596.5 4.25E+13 0.0 1462 100% 4.25E+13 100% d 4.04E+13 95%
RDA - Commercial 242 307.2 3.39E+13 0.0 242 100% 3.39E+13 100% r 3.22E+13 95%
RDA - Industrial 17 27.0 1.95E+12 0.0 17 100% 1.95E+12 100% d 1.85E+12 95%
RDA - Open Space 17 92.8 1.04E+13 9999.0 0 0% 0.00E+00 0% d 0.00E+00 0%
RDA - Agriculture 33 2359 1.69E+13 9999.0 0 0% 0.00E+00 0% r 0.00E+00 0%
Forest 30 133.5 1.20E+13 9999.0 0 0% 0.00E+00 0% r 0.00E+00 0%
Total 1835 | 1695.5 1.66E+14 I - 96% 1.27E+14 T 76% 1.21E+14 73%
Unmanaged Load 0.0 3.93E+13 4.56E+13
TMDL Requirement 4.48E+12 | 4.48E+12 4.48E+12
% of TMDL 0% -777% -919%
Scenario 2: Regulating Non-MS4 Residential, C ial, and Industrial Parcels >1 acres
Area Total Minimum Parcel Size to | # Parcels | % Parcels 100% Removal Infiltration BMPs; 95% Removal Efficiency
# Parcels [ (acres) [ Enterococci Load (colonies) Regulate (acres) Regulated | Regulated | Managed Enterococci Load (colonies) % of Total Load [ Managed Enterococci Load (colonies) % of Total Load
MS4* 34 302.6 4.87E+13 0.0 34 100% 4.87E+13 100% 4.63E+13 95%
RDA - Residential 1462 596.5 4.25E+13 1.0 40 3% 1.29E+13 30% r 1.23E+13 29%
RDA - Commercial 242 307.2 3.39E+13 1.0 83 34% 2.65E+13 78% d 2.52E+13 74%
RDA - Industrial 17 27.0 1.95E+12 1.0 7 41% 1.59E+12 82% r 1.51E+12 77%
RDA - Open Space 17 92.8 1.04E+13 9999.0 0 0% 0.00E+00 0% r 0.00E+00 0%
RDA - Agriculture 33 235.9 1.69E+13 9999.0 0 0% 0.00E+00 0% r 0.00E+00 0%
Forest 30 133.5 1.20E+13 9999.0 0 0% 0.00E+00 0% r 0.00E+00 0%
Total 1835 | 1695.5 1.66E+14 I - 9% 8.97E+13 7 sa% 8.52E+13 51%
Unmanaged Load 0.0 7.66E+13 8.11E+13
TMDL Requirement 4.48E+12 | 4.48E+12 4.48E+12
% of TMDL 0% -1611% -1711%
Scenario 3: Regulating Non-MS4 Residential, C ial, and Industrial Parcels >0.2 acres
Area Total Minimum Parcel Size to | # Parcels | % Parcels 100% Removal Infiltration BMPs; 95% Removal Efficiency
# Parcels | (acres) | Enterococci Load (colonies) Regulate (acres) Regulated | Regulated | Managed Enterococci Load (colonies) % of Total Load [ Managed Enterococci Load (colonies) % of Total Load
MS4* 34 302.6 4.87E+13 0.0 34 100% 4.87E+13 100% 4.63E+13 95%
RDA - Residential 1462 596.5 4.25E+13 0.2 1033 71% 3.79E+13 89% r 3.60E+13 85%
RDA - Commercial 242 307.2 3.39E+13 0.2 220 91% 3.36E+13 99% r 3.19E+13 94%
RDA - Industrial 17 27.0 1.95E+12 0.2 14 82% 1.92E+12 99% r 1.83E+12 94%
RDA - Open Space 17 92.8 1.04E+13 9999.0 0 0% 0.00E+00 0% M 0.00E+00 0%
RDA - Agriculture 33 235.9 1.69E+13 9999.0 0 0% 0.00E+00 0% r 0.00E+00 0%
Forest 30 133.5 1.20E+13 9999.0 0 0% 0.00E+00 0% r 0.00E+00 0%
Total 1835 | 1695.5 1.66E+14 I 71% 1.22E+14 T 3% 1.16E+14 70%
Unmanaged Load 0.0 4.42E+13 5.03E+13
TMDL Requirement 4.48E+12 | 4.48E+12 4.48E+12
% of TMDL 0% -887% -1024%

Expert Report of Robert Roseen
November 2018




Expert Report of Robert Roseen
November 2018

Parcel Size (acres)

Total MS4 Residential Commercial Industrial Open Space Agriculture Forest
Phosph Load Phosph Phosph Phosph Phosph Phosph Phosph Phosph
Parcel Stats|Area (acres) OSP(;LL;S o3 Area (acres) LL;):;(IT):;S Area (acres) L;S(:)(lc;:';s Area (acres) LL;):(;)(IT)I;T Area (acres) L(:):(;)(lc;rsl.;s Area (acres) LL;):(;)(Ick))rsl;s Area (acres) L(:):(;)(Ic;rsl,;s Area (acres) Lgc:)(lcs:;s
Min 0.00 0.00E+00 0.00 0.00E+00 0.00 0.00E+00 0.05 0.00E+00 0.02 2.85E+08 0.00 3.19E+07 0.00 1.07E+08 0.00 0.00E+00
Q1 0.20 1.44E+10 0.32 2.60E+10 0.19 1.38E+10 0.28 3.20E+10 0.34 2.89E+10 0.47 6.57E+10 0.86 9.69E+10 0.68 6.32E+10
Median 0.28 2.05E+10 1.41 1.28E+11 0.26 1.84E+10 0.55 6.76E+10 0.69 6.79E+10 2.07 2.78E+11 3.03 2.97E+11 2.03 1.66E+11
Average 1.03 7.78E+10 8.90 7.04E+11 0.41 2.91E+10 1.27 1.40E+11 1.59 1.15E+11 5.46 6.10E+11 7.15 5.13E+11 4.45 4.00E+11
Q3 0.50 3.49E+10 3.71 3.63E+11 0.42 2.79E+10 1.29 1.44E+11 1.36 1.24E+11 6.76 1.17E+12 10.27 6.25E+11 7.04 6.58E+11
Max 189.88 1.30E+13 189.88 1.30E+13 29.00 2.42E+12 15.01 1.60E+12 8.74 5.73E+11 21.69 2.19E+12 37.44 3.19E+12 20.29 1.59E+12
4.5E+13
RANKED SUM OF 1.66E+14 COLONIES TOTAL ANNUAL ENTEROCOCCI LOAD
4E+13 BY PARCEL SIZE AND LAND USE
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