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Executive Summary

TheLower Charles River Phosphorus Total Maximum Dhdad (TMDL) sets
stormwater phosphorus load reduction targets formoonities in the Charles River
watershed, Massachusetts. With the upcoming renefthé National Pollutant
Discharge Elimination System (NPDES) permits fomiipal separate storm sewer
systems (MS4 permits), it is anticipated that eamimunity will need to develop
stormwater management plans to meet its respestivenwater phosphorus load
reduction requirements. Managing stormwater rufrofh large urban/suburban
landscapes is a complex process in which managessceansider numerous factors,
including site conditions, source areas, spacddiions, and the widely varying pollutant
removal efficiencies of available best managemesuttices (BMPs). One way to
systematically consider the many important factanen developing a stormwater
management plan is by using optimization techniqiies project is a demonstration
study of using optimization techniques to help tdgrtost-effective solutions to meet
the phosphorus TMDL reduction targets in three Uiliearles River communities:
Bellingham, Franklin, and Milford.

The project involved extensive geographic informatsystem data analysis and regular
interaction with representatives from the three gumities. Hydrologic response units
(HRUSs) were generated to derive runoff and watalityutime series from a variety of
source areas that represent different land uss@hdonditions. Runoff time series were
routed to management categories, which corresppB#Ps that are applicable to
certain estimated site conditions. The communpgiesided valuable insights into the
probability of locatingneighborhoodBMPs and better understanding of locally known
site constraints. Three scenarios were developednjunction with local officials to
make the scenarios as real world as possible fdr eammunity. Such efforts included
quality checking of land use data, site constraim@&nagement concepts, hydrologic
management units, and scenario setup. The Bestddarent Practices Decision Support
System (BMPDSS) program was used to set up anthzgtithree BMP implementation
alternatives. In Scenario I, runoff from all impenys HRUs was completely treated by
onsite BMPs. In Scenario Il, runoff from the pubflight-of-way and highly constrained
parcels deemed unlikely for onsite BMPs was trebtedeighborhood BMPs, and runoff
from the remaining impervious areas was still gddiy onsite BMPs. In Scenario I,
runoff from the public right-of-way was treated hgighborhood BMPs, and runoff from
both pervious and impervious HRUs was treated lst@®BMPs. For comparison
purposes, a benchmark scenario with no optimizatias also set up, and all BMPs in
that scenario were sized to provide a fixed leveteatment to the inflow (called the
uniform sizing strategy). Overall the scenarios enad differentiation between
regulatory mechanisms, and phosphorus loadings lhatimthe MS4 and the privately
owned sources were taken into account. In additaly, structural BMPs were used for
the analysis in this project.

The optimization processes helped identify the most-effective BMP implementation
alternative for each of the three BMP setup scesan each community. The BMP
construction costs were used during the optimingti@cess. For all three communities,
the near-optimal BMP implementation alternativeniafeed through the optimization
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process was able to significantly reduce the fmtaject cost for meeting the TMDL
reduction targets when compared to the uniforrmgigtrategy. This was consistently
observed for all three BMP setup scenarios in eachimunity. For example, the
uniform-sizing-strategy-estimated costs for theghcommunities were about two to
three times those of the Scenario Il near-optiBMP implementation alternative total
costs. Overall, the results demonstrate that thiengation techniques are able to help
identify more cost-effective BMP implementationeaitatives in a community, and there
could be significant reductions in project costsabppting the optimization techniques
during TMDL implementation. The optimization resu#lso show that BMPs with higher
efficiencies in phosphorus removal, placed in agdsgh phosphorus loads, tend to
have larger sizes in the near-optimal BMP impler@goh scenario. The resulting sizes
of the different BMPs identified in the near-optirBMP implementation scenario also
provides a starting point for developing a tradirsgmework for phosphorus-reduction
credits.

vi
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1 Introduction

TheLower Charles River Phosphorus Total Maximum Dhdgd (TMDL) (MassDEP
and USEPA 2007) was developed for reducing algasdden the Lower Charles River
and for attaining Massachusetts Surface Water Quatandards. The TMDL
implementation plan provides estimations of exgsfimosphorus loads and necessary
load reductions by land use categories, as weleasverall reduction needed by each
community in the Charles River watershed. When @m@nting the TMDL, each
community is faced with the key question of hovathieve the needed reductions with
available best management practice (BMP) technetogiven the distribution of land
use, impervious cover, and soil type within the oamity. Developing an answer to that
guestion requires analysis of land characterissiogrce areas, site constraints, BMP
effectiveness, and BMP costs, the combinationshetivwould be difficult to numerate.
For example, phosphorus loadings from different@@areas and the pollutant-removal
effectiveness of different BMPs are known to vaspsiderably. Meanwhile, the
optimization techniques can account for the maoyesthentioned variables in a
community and efficiently search through the TMDhplementation plan alternatives,
resulting in more cost-effective choices.

The goal of this project was to investigate cos¢aive stormwater management
alternatives for a community to achieve needed pihasis reductions. The communities
need insight into what is the optimal mix of BMRHaologies and level of control for
their portion of the Charles River watershed. Aemonstration study, the project
objectives were to develop optimized, planning-leaale stormwater management
alternatives for the communities of Bellingham,riklan, and Milford, Massachusetts,
and to identify the overall level of stormwater tohin each community for meeting the
Lower Charles River Phosphorus TMDL targets. Thenary tools employed in this
project include the ArcGIS geographic informatigstem (GIS); the U.S. Environmental
Protection Agency’s (EPA’s) Stormwater Managemeontd®l (SWMM) (Rossman
2007); and the Prince George’s County, MarylandstBvanagement Practice Decision
Support System (BMPDSS) model (Tetra Tech 2005¢. BMPDSS model had been
previously calibrated and validated using monitatath from the University of New
Hampshire Stormwater Center (Tetra Tech 2008).

A general concept of the project is presented guifd 1-1. As shown, in each
community, the watershed data of land use, impasriess, and soils information are
used to categorize the community into various higdyic response units (HRUs). Each
HRU has its unique flow and water quality time esriwhich was generated using the
SWMM. Management categories were developed in eagimunity on the basis of
BMP design specifications and the watershed datapérviousness, soil type, depth to
bedrock, depth to water table, and available spagestall a BMP. Each management
category corresponds to one unique type of BMP¢lwid most suitable for
implementation on sites with the combination ofstoaints that define the management
category. In each community, BMPDSS identifiesdppropriate size of management
categories (i.e., BMPs) for treating runoff fronspective source areas (HRUSs) to meet
the TMDL reduction goals during the optimizatiorogess.
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This project was conducted at a planning levelesahd that was because a parcel level
representation and routing of BMPs would be toaitkt and would require resources
far beyond what was available. In the planning llevalysis, the unique combinations of
HRUs and management categories (BMPs) were figgieggted across each community.
The runoff from each HRU was then routed to thpeesve management category for
carrying out the optimization process.

Watershed Data Watersh ed Data

_ (Iar_wduse. (imperiolsness,

imperviousness & BMP Cost Data soil type, water table &
soH_type) depth to bedrack)
Rainfall BMP Specification s

Stormwater Sources oPp
(HRUs)

- Treatment Opportunities
ON (Management Categories)

|

Optimum alternative/scenario(s) to meet
Charles River TMDL

Figure 1-1. The general concept of the pilot project.

In this report, Chapter 2 presents the watersh&dwsed for HRU and management
category development, as well as the costs for BMBRapter 3 presents the development
of HRUs, and Chapter 4 presents the developmeamiofigement categories. The setup
and optimization of three BMP scenarios in theglwemmunities are presented in
Chapter 5. HRU and management category maps faottmenunities are included in the
Appendices.



2 Data for Developing HRUs and Management
Categories

2.1 Land Data

Land data are the basis for characterizing HRU ffuzsamditions in the three Upper
Charles River communities. The land data used UHow and water quality time
series generation include the impervious coved lae category, and soils data.
Impervious cover data came from MassGIS and wetgatefrom the 2005
orthophotography using techniques such as imagepirgtation. The land use data were
also from MassGIS and were based on the 2005 drdiography. The data were quality
checked by local officials and were supplementedreipossible with assessors’ data.
The Natural Resources Conservation Service (NRE€Ajnerst, Massachusetts,
provided soils data. The Massachusetts Departnidfrivaronmental Protection
(MassDEP) GIS Program performed much of the dapgyation and preliminary
analysis.

The impervious surfaces in the Upper Charles Rieenmunities are illustrated in Figure
2-1. A summary of the community areas and impe@ss in the three communities is
shown in Table 2-1, along with the TMDL target total phosphorus (TP) removal. The
impervious areas are composed of buildings, parkitsy and roads. Both the area and
imperviousness assessments in Table 2-1 are linatdde Charles River portion of each
community.

Table 2-1. Summary of area and imperviousness of the three communities (Charles River
portion) selected for the pilot project

Imperviousness
Total area Area TMDL TP load
Community (ac) (ac) Percentage reduction target
Bellingham 6,278 918 15% 52%
Franklin 16,420 2,364 14% 52%
Milford 8,183 1,662 20% 57%

Land uses in the three communities are illustratdelgure 2-2. As shown, there are 10
categories of land uses (excluding water). Excepagriculture, all the land use
categories consist of both pervious and impervewaces. The Society of Soil
Scientists of Southern New Englardtp://nesoil.com/ssssneairovided soils conditions
in the three communities, and the conditions dustilated in Figure 2-3.
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Milford.
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Figure 2-3. Soils in the three Upper Charles River communities of Bellingham, Franklin, and
Milford.

2.2 Rainfall Data

Ten-year (01/01/1992-12/31/2001) hourly rainfalladzom the Boston International
Airport (MAO770) were used to generate the HRU tseées for this study. The Boston
station has an average annual precipitation of6déhes and is in th@oastalclimate



region of eastern Massachusetts. The precipitétezjuency distribution for the Boston
station indicates that 49 percent of the rainfedirds are less than 0.1 inch, 44 percent of
the rainfall events are between 0.1 to 1 inch, apércent falls in storms of more than 1
inch (Tetra Tech 2008).

2.3 Design Specifications of BMPs

Five types of BMPs that are applicable for indiatlsites in the three communities are
introduced below. The BMPs are infiltration systemisinfiltration, biofiltration, water
guality swales, and porous pavement. Also, othePBIthat might be used as regional or
neighborhoodBMPs, such as the gravel wetland and retentioeftiein ponds, are
discussed below as well. Typical cross sectionsdastjn and construction
specifications for the BMPs were obtained fromMessachusetts Stormwater
HandbookMassDEP 2008) and are summarized below.

2.3.1 Infiltration Systems

Infiltration types of BMPs are often used in areéth a high infiltration rate and a low
groundwater table. A typical cross section foritifaétration type of BMPs is shown in
Figure 2-4, and the typical designs are summaiizdable 2-2.

& NCH DIAMETER PEREORATED Fyee  RUNDFF FILTERS THROUGH GRASS
- DBSERVATION WELL BUFFER STRIP (20' MINIMUM); GRASS
_\n Jl'I WITH SCREW TOP LID CHANNEL, OR SEDIMENTATION VAULT

2 A s e s L L 2 ST

't"*\_ PEA GRAVEL OR SAND FILTER LAYER

CVERFLOMW BERM

T I U
HECHARCE \'.fﬁL'iﬁE"'

WQ VOLUME

FILLEDWITH 2TOE [NCH DIAMETER
WASHED STONE
(BANK RUN GRAVEL PREFERREL)

II
al i~ SAND FILTER &° DEEP
K {OR FABRIC EQUINALENT)

) = |)\1]
- i
(==l
RUNOFF EXFILTRATES THROUGH

MINIMUM OF 2 UNDISTURBED SUBSOILS WITH A
FROM SEASONAL MINIMUM RATE OF 0.5 INCHES PER HOUR

HIGH GROUNDWATER ELFUM:ONL SECTION

Source: MassDEP 2008
Figure 2-4. Typical cross sections for infiltration type of BMPs.

Table 2-2. Design parameters for infiltration type BMPs

Components of representation Design parameters Value
, P it 40%
Sand filter Orosty . -
A . Depth 6in
Infiltration Unit
Stone layer Depth 6 feet
y Porosity 45%

Source: MassDEP 2008



2.3.2 Biofiltration and Bioinfiltration

A typical cross section for the biofiltration fatylis shown in Figure 2-5. The
representation can also be used for a bioretefaighty. WWhen the optional underdrain
shown in Figure 2-5 is turned off, the system bee®m bioinfiltration facility. The
typical design for the biofiltration (bioinfiltradn) facility is summarized in Table 2-3.

6" PONDING ='_ 9
2"—3"MULCH! LA DA S N

2.5-4 PLANTING S0OIL |

6" PERFORATED
PIPE IH " GRAVEL
JACKET

TYPICAL SECTION

Source: MassDEP 2008
Figure 2-5. Typical cross sections for biofiltration.

Table 2-3. Design parameters for biofiltration

Components of representation Parameters Value
Maximum depth 6in

Ponding Surface area g:gtist;’gg;egmff
Vegetative parameter 85%—-95%
Depth 30in

Soil mix Porosity 40%
Hydraulic conductivity 4 in/hr
Depth 8in

Gravel layer Porosity 40%
Hydraulic conductivity 14 in/hr

Orifice #1 Diameter 6in

Source: MassDEP 2008

Note: in = inches; in/hr = inches per hour




2.3.3 Water Quality Swales

The typical design for a water quality swale isvghon Figure 2-6. The design

parameters for water quality swales are summaiiz&able 2-4.

LR AL A ——,

TARET LRI EE R
4 Fx ] T EE R

PLAN VIEW

CHECE DK

FROEILE

Source: MassDEP 2008
Figure 2-6. Typical designs for the water quality swale.

Table 2-4. Design parameters for water quality swales

Components of representation Design parameters Value
Bottom width 2-8 feet
Maximum depth 4 feet
Side slope 4:1

Swale channel Longitudinal slope 1%
Length Variable
Manning’s roughness 0.25
Vegetative parameter 80%

Source: MassDEP 2008



2.3.4 Porous Pavement

The cross section for porous pavement is showmgar€ 2-7. As shown, the design has
a five-layer design. The design parameters are sariped in Table 2-5, in which the 3-
inch filter blanket layer is neglected.

Pervious pavement: 4" of porous asphall
¥ 3

Filter Course: 12" minimum thickness of subbase
{aka. bank run gravel)

Filter Blanket: intermediate setling bed: 3" thickness of /" pea gravel
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Figure 2-7. Typical cross-sectional design for porous pavement.

Table 2-5. The design parameters for porous pavement

Components of representation Design parameters Value
Depth 4in
Porous asphalt Porosity 18%—20%
Hydraulic conductivity 750 in/hr
Depth 4in
Composite layer Chocker course Porosity 40%
Hydraulic conductivity 14 in/hr
Depth 12 in-32in
Filter course Porosity 25%
Hydraulic conductivity 1.4 in/hr
Depth 8in
Gravel layer Porosity 40%
Hydraulic conductivity 14 in/hr

Source: MassDEP 2008



2.3.5 Gravel Wetland

The typical cross section for a gravel wetlanchisven in Figure 2-8. The design is from
the University of New Hampshire Stormwater Ceniére design parameters for the
gravel wetland are summarized in Table 2-6.
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Source: UNHSC 2007
Figure 2-8. Cross-sectional design for the gravel wetland.

Table 2-6. The design parameters for the gravel wetland

Components of representation Design parameters Value
. Depth 1.3 feet
Sediment Forebay (10% of treatment volume) P ;
Surface area Variable
Wetland Cell #1 (45% of Ponding area Surface area Variable
etland Ce (45% o g Depth 2.2 feet
treatment volume) -
Gravel layer Depth 24in
Wetland Cell #2 (45% of Ponding area Surface area Variable
etland Ce (45% o g Maximum depth 2.2 feet
treatment volume) -
Gravel layer Depth 24 in

Source: UNHSC 2007



2.3.6 Retention/Detention Ponds

The design of a typical retention/detention ponshiswn in Figure 2-9. As shown, the
design has a sediment forebay, the volume of wisi@® percent of the permanent pool.
The design parameters are summarized in Table 2-7.

eand buflgr 10 meters minimm

irreguiar poat shepe

1.5 1 2 0 maters deap

natve lardscapng arsund pog!

FAGE ALLOCATION safely bench ™ -

ferebay = 5 mmimpha
Fool = &3 mmimpha

Source: MassDEP 2008
Figure 2-9. The design for a wet retention pond.

Table 2-7. Design parameters for a wet retention pond

Components of representation Design parameters Value
Sediment foreba Bottom area Variable
(Volume =0.25 gPermanent Pool & Slope 4:1) Maximum depth 2 fe_et
Surface area Variable
Permanent Pool Bottom area Variable
(Volume = Runoff Depth Treated x Area Maximum depth 6 feet
Treated & Slope 4:1) Surface area Variable

Source: MassDEP 2008

2.4 Costs of BMPs

Cost is another critical component when optimiaragous BMP setup scenarios. For
this study, cost estimates were primarily develdjpeanaking relative comparisons
among the various BMP alternatives in each commu@iapital costs of a BMP is a sum
of the land cost, engineering planning and desagtisc construction cost, and the costs
for environmental mitigation. The construction cisstypically used to represent the
capital cost for planning level analysis purposesdoise the land cost, engineering costs,



and the costs for environmental mitigation are stecific (Sample et al. 2003).
Therefore, cost estimates for this study are basezbnstruction cost data.

The construction cost information for several BMigs compiled and evaluated on the
basis of several sources and is summarized in TaBleThe original information has
varying unit costs for different BMP size ranges &ere the cost information is
simplified as a linear function to the BMP size.

Table 2-8. Construction cost information for several BMPs

BMP Cost
Bioretention area $3.20 (per ft° treated)
Constructed wetland $1.77 (per ft treated)
Grass swale $0.45 (per ftY)
Infiltration trench $2.88 (per ft° treated)
Porous pavement $1.52 (per ft))
Retention/Detention basins $1.57 (per ft° treated)
Sand filter $3.48 (per ft° treated)

Source: USEPA 1999; NCSU 2003; CWP 2007
ft> = cubic feet

The construction cost information for this studyswaainly intended to help compare
different BMP implementation alternatives. Thattie optimization process was based
on relative costs, and the cost values should edaken literally. When added together
the resulting totals were total relative costs.uaticosts could be higher, though
economies of scale are hard to predict. Unlesgattplspecified otherwise, all the costs
hereafter in this report are construction costs.



3 Developing Hydrologic Response Units (HRUSs)

The concept of HRUs was used in this project faregating runoff from various source
areas. The HRU runoff time series were then rotdgedspective BMPs or management
categories for assessing phosphorus load reducfitis section presents the
development of HRUs in the three communities, 8ter@ation of HRU loading rates,
and the generation of HRU time series.

3.1 Generating HRU Maps

As defined by Fliigel (1997), the HRUs are “disttdu) heterogeneously structured
model entities comprising common land use and pgepdo-geological associates
generating and controlling their homogeneous hydjichl dynamics.” In other words,
each HRU is a subunit that has uniform charactesisif land use, soil, and slope, and
subsequently exhibits similar hydrologic respons#8Us are developed so that the
variation of hydrological dynamics within each HRdkmall compared to the hydrologic
characteristics of a neighboring HRU. CollectivéjRUs retain and represent the
complex and distributed basin hydrology (Bongafi23?).

Impervious surfaces serve as the major sourcenafffvolume and consequently
phosphorus load. For Bellingham, Franklin, and ®fif, local knowledge and visual
checking of the imperviousness to the contour mageast that most of the impervious
surfaces are in relatively flat areas. Under switdttions, the inclusion of slope in the
HRU development would significantly increase thalgsis effort with limited
improvement in accuracy. Thus, slope was not usedfactor in the HRU development
for the three Upper Charles River communities, tyedHRU development was based on
the land use conditions and the soils data.

An overlay of the land use map to the imperviousmaap can help identify the
impervious and pervious surfaces in the developred uses. For example, for an area
with commercial land use, the imperviousness magu(E 2-1) has the information of
buildings, parking lots, and roadways in that aaen that area is overlaid with the
land use map (Figure 2-2), areas that are outs&@etpervious cover delineations are
pervious surfacesdommercial_Perviogs Using GIS tools, such analysis can be carried
out efficiently in a batch fashion, and the perg@nd impervious surfaces can be
identified for all the developed land uses.

For the three Upper Charles River communitiesptrexlay of land use data,
imperviousness information, and soils data gendrat®tal of 44 HRU groups. A
complete list of the 44 HRUs is summarized in Taéblke As shown, the developed
HRUs contain information of land use, imperviousesd the hydrologic soils group
(HSG). The developed HRU maps for the three comtimsnare included in Appendix A.



Table 3-1. Summary of HRU groups to be generated for the three Upper Charles River
communities

Land use Imperviousness HSG HRU group
A Agriculture Perv_A
Agriculture Pervious (B: ﬁg::gﬂ::ﬂ;g:lzzx:g
D Agriculture_Perv_D
Impervious -- Commercial_Imp
A Commercial_Perv_A
Commercial Pervious B Commerc@al Perv_B
C Commercial Perv C
D Commercial_Perv_D
Impervious -- Forest Imp.
A Forest Perv_ A
Forest . B Forest Perv_B
Pervious C Forest_Perv_C
D Forest_Perv_D
Impervious -- Freeway_Imp
A Freeway Perv_A
Freeway Pervious B Freeway Perv_B
C Freeway Perv_C
D Freeway_ Perv_D
Impervious -- HDR_Imp
A HDR_Perv_A
High-density residential Pervious B HDR_Perv_B
C HDR_Perv_C
D HDR_Perv_D
Impervious -- Industrial_Imp
A Industrial_Perv_A
Industrial Pervious B Industrial_Perv_B
C Industrial_Perv_C
D Industrial_Perv_D
Impervious -- LDR_Imp
A LDR_Perv_A
Low-density residential Pervious B LDR_Perv_B
C LDR_Perv_C
D LDR_Perv_D
Impervious -- MDR_Imp
Medium-densit A MDR_Perv_A
I’egidlgnmtiaFnSI g Pervious B MDR_Perv_B
C MDR_Perv_C
D MDR_Perv_D
Impervious -- OpenSpace_Imperv
A OpenSpace_Perv_A
Open space Pervious B OpenSpace_Perv_B
C OpenSpace_Perv_C
D OpenSpace_Perv_D

Note: LDR = low-density residential; MDR = medium-density residential; HDR = high-density residential
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3.2 Estimating HRU Loading Rates

Phosphorus loading rates for the land use growgswnmarized in Table 3-2. For the
pervious surfaces in both the developed and undpedlland uses, the four HSG
categories are assumed to have the same phospbadisgg rate.

Table 3-2. Phosphorus load export rates for Bellingham, Franklin, and Milford

TP load export Land surface P load Source of
Land use rate (kg/halyr) cover (kg/halyr) export rate
Agriculture 0.5 Pervious 0.5 1
- Impervious 2.5
Commercial 1.679 & - 2
Pervious 0.3
Impervious 1
Forest 0.13 3
Pervious 0.1
Impervious 15
Freeway 0.9 - 2
Pervious 0.3
H|g_h-den5|ty 1119 Impe_rwous 2.5 5
residential Pervious 0.3
Impervious 2
Industrial 1.455 P .VI . 2
Pervious 0.3
Low-density residential Impervious 1
0.30 - 3
(rural) Pervious 0.15
Medium-density 0.560 Impe_rwous 15 5
residential Pervious 0.3
Impervious 1
Open space 0.30 3
P P Pervious 0.25

Sources: (1) Budd and Meals 1994; (2) Shaver et al. 2007; (3) Mattson and Isaac 1999
Notes:
* Agriculture includes row crops, actively managed hay fields and pasture land.

** |nstitutional type land uses such as government properties, hospitals, and schools are included in the
commercial land use category for the purpose of calculating phosphorus loadings.

3.3 Generating HRU Time Series

After the HRUs were defined and developed, each MRS represented in EPA’s
SWMM (Version 5.0) as a unit parcel (1 acre). TNéMBV representation was then
calibrated to the annual average phosphorus loadieg shown in Table 3-2. Ten-year
rainfall data (01/01/1992-12/31/2001) from the bgdBoston International Airport
(MAQ770) were used for the SWMM simulations, and tlalibration focused on the
buildup and washoff parameters in the SWMM watealityaprocesses. On the basis of
previously validated SWMM buildup and washoff cogéints (Behera et al. 2006), the
HRU water quality parameters were adjusted ungilgdhnual average phosphorus
loadings were close to those presented in TableRd2each HRU, the hourly output of
both flow rate and phosphorus loadings from thécated 10-year SWMM then became
the runoff time series.



4 Developing Management Categories

Assessments of overall BMP effectiveness in a conitywuequire routing HRU runoff to
BMPs, of which the applicability and types are dedi by various site conditions. For a
community-wide analysis, the representation antimgwf BMPs in each parcel would

be too detailed and time-consuming and far beybadésources available for this

project. Thus, the concept of management categeasaised to aggregate the areas that
share the same site conditions and that are saifablmplementing the same type of
BMPs. This section of the report presents the agreént of management categories in
the three Upper Charles River communities.

4.1 Design Requirements for BMPs

Categorizing management categories needs to sfyxekbalance between BMP design
specifications and site conditions on the groungafcel could become an application
site for a certain BMP only when the site condisianeet the design requirements for that
BMP. In the following sections, the site conditi@yuirements for each BMP are
introduced with a description of how the requiretsare used to screen each parcel for
potential BMP implementation. All the BMP site caineh requirements below are from
theMassachusetts Stormwater HandbdblassDEP 2008).

4.1.1 Porous Pavement

For a potential porous pavement implementation gigenatural soil must have an
infiltration rate of 0.17 inch/hour (in/hr) or high with a void space higher than 40
percent. The site cannot be a high-speed traféia.akppropriate vacuuming practices
need to be planned because of concerns of clog8loge for the site needs to be gentle
(< 5 percent). For a typical design of porous paseiwith 4-foot (ft) depth of porous
layers, the bedrock depth must be 6 ft or deepertlze seasonal high water table needs
to be 7 ft or deeper below the surface. Finallg,gbrous pavement site must be at least
50 ft away from septic systems, 100 ft from privatdls, 100 ft from surface water, and
outside Zone 1 from public wells and Zone A of peibéservoirs.

4.1.2 Infiltration System

A candidate infiltration system site will have asenal high water table of 8 ft or deeper
below the surface, given that a typical infiltratisystem has 6 ft of excavation (BMP
bottom is 2 ft above groundwater). An infiltratiepstem is not suitable for areas with
steep slopes.

4.1.3 Bioretention Area

As a source control BMP, a bioretention area shoaotdbe designed to treat large
drainage areas. The bioretention area is not re@rdead for areas with steep slope and
should not be implemented on areas with slope pe2fent. Soil media for the
bioretention area should be between 2 and 4 ft.deep

4.1.4 Gravel Wetland

The typical excavation depth for a gravel wetlasn@ ft. When the gravel wetland is not
lined at the bottom, the site seasonal high groatemtable needs to be 8 ft or deeper
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below the surface to maintain the 2-ft distancegrdvel wetland is not suitable for areas
with steep slopes.

4.1.5 Water Quality Swales (Wet)

Water quality wet swales are suitable for areak wior drainage and high seasonal
groundwater table. To maintain the conveyance agatrhent of runoff at the same time,
the longitudinal slope of the swale should be ase&lo zero as possible and not more
than 5 percent. The water quality wet swale issuitable for residential application
because of mosquitoes’ attraction to standing water

4.1.6 Wet Pond

A wet pond is used more often as a regional practreating drainage areas from 20
acres up to 1 square mile. For maintaining the peent pool of water, wet ponds are not
recommended for sites with good permeability (H3®@ and B) because additional

lining might be necessary. The maximum depth ofmaerent pool of water in a wet pond
is 8 ft. A wet pond is suitable for residentialpomercial, and industrial sites but must
not be implemented in wetland resources other ig@ated land subject to flooding,
bordering land subject to flooding, land subjectdastal storm flowage, and riverfront
areas.

4.1.7 Dry Pond

Dry ponds are used as a regional practice, andrdipage area is often larger than 10
acres. Because of the space required in treatigg slume of runoff, a dry pond is not
suitable for areas where land cost is high andespakimited. Dry ponds are not suitable
for sites with relatively impermeable soils (D) base of concerns regarding standing
water. Also they are not suitable for well-drairsaohdy/gravelly soils (A) because of the
difficulty of establishing shallow marsh. The s#t&easonal high groundwater table needs
to be at least 2 ft from the bottom of the pondyoid standing water. A dry pond is not
suitable for sites with steep slopes. While reconmhee for residential, commercial, and
industrial sites, dry ponds are not suitable fov-gensity residential (LDR) sites when
applied alone.

In general, site conditions that determine theiapple BMP types are seasonal high
ground water table, the HSG, impervious surfaca &entributing area), slope, depth to
bedrock, and the parcel land use. The combinatidmose site conditions are used as a
screening tool to identify the potential BMPs thah be applied to a parcel. The site
restrictions for the BMPs are summarized in Table 4



Table 4-1. Site restrictions for potential BMPs

Depth to Depth to
water table bedrock
BMP (ft) (ft) Slope Other requirements
Porous pavement >7 >6 < 5% L”J'rlgsaﬁlfg L%t;? 0.17 in/hr;
Infiltration system >8 -- < 15% --
Bioretention area >6 - <15% -
Gravel wetland >8 - -- -
Water quality 0 C and D soils; not applicable to
swale (wet) ” - <5% | residential
Wet pond >3 _ _ CandD sqilsz; drainage area 20
acres~1 mile
B and C soils; drainage area >10
Dry pond >8 -- < 15% acres; not applicable to low-
density residential

Source: MassDEP 2008

4.2 Developing Management Categories

As discussed previously, common site conditionsitifience BMP selections include
depth to bedrock, depth to water table, slopesslasihd use, and imperviousness. A
union of those six layers results in polygons tteat be used for management category
assignments. When determining the management esiteayaa polygon, the infiltration
BMPs always have the highest preference becausteaitnbn practices are known to
have the highest phosphorus-removal efficienciesrgnstormwater BMPs.
Additionally, infiltration practices provide sevéher benefits including groundwater
and stream baseflow recharge, as well as the rdmbwether stormwater pollutants such
as bacteria.

The management category classifications resultioig fvarious site conditions are
summarized in Table 4-2. As shown, the HSG inforomeits also integrated into the
management categories to determine whether irtfidtvgpractices are suitable for the
various site conditions. The HSG information calplacount for differences in
phosphorus removal by infiltration practices assult of different solil infiltration rates
(e.g., HSG A soils have higher infiltration ratean HSG B soils; thus, an infiltration
system in HSG A soils will achieve greater phospeaemoval than an equally sized
system in HSG B soils).



Table 4-2. Categorizing management categories on the basis of site conditions

Depth to
water Depth to
table bedrock

Condition (ft) (ft) Slope HSG Land use Management category

1 <=5 | CorD | Non-Res. | WQ swale/wetland

2 <25 <=15 | A/B/C/D -- Shallow filtration-A/B/C/D

3 >15 - -- Less likely for onsite BMP

4 <=5 | CorD | Non-Res. | WQ swale/wetland
Biofiltration/infiltration-

> 25~6.6 | <=15 A/BIC -- A/B/C

6 > 6.6 D Biofiltration-D

7 >15 -- -- Less likely for onsite BMP

8 A Infiltration-high-A

9 <= 15 B B Infiltration-high-B

10 > 6.6 C Infiltration-likely

11 D Biofiltration

12 >15 -- Less likely for onsite BMP

13 <=5 | CorD | Non-Res. | WQ swale/wetland

14 <25 <=15 | A/B/C/D -- Shallow filtration-A/B/C/D

15 >15 -- -- Less likely for onsite BMP

16 <=5 | CorD | Non-Res. | WQ swale/wetland
Biofiltration/infiltration-

- 25-66 | 20700 | =15 e ; ABIC

18 D Biofiltration-D

19 >15 -- -- Less likely for onsite BMP

20 <=5 | CorD | Non-Res. | WQ swale/wetland
Biofiltration/infiltration-

21 > 6.6 <=15 A/BIC -- A/B/C

22 D Biofiltration-D

23 >15 -- - Less likely for onsite BMP

24 <=5 | CorD | Non-Res. | WQ swale/wetland

25 <25 - <=15 | A/B/C/D -- Shallow filtration-A/B/C/D

26 >15 -- -- Less likely for onsite BMP

For impervious surfaces

Non-Res; L .
71| ses | >e | <5 | AYE | Nan | mbenous possbl
PROW
28 All else Less likely for onsite BMP

The union of data layers for depth to bedrock, képtwater table, slope, soils, land use,
and imperviousness is used to develop a composifethat identifies polygons that are
assigned to one of the management categories. @&hagament category maps for the
three communities are included in Appendix B.
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5 Optimizing BMP Implementation Alternatives

With the classification of HRUs and BMP types (mg@&aent categories) in a
community, the runoff from HRUs can be routed tspective BMPs for setting up the
phosphorus reduction optimization framework in BMFE The optimization framework
needs to be developed to accommodate different HRRMP routing scenarios. This
chapter presents the set up and optimization ektbuch routing scenarios using
BMPDSS.

In the discussions below,Stenariorefers to the overall routing scheme for an
optimization setup. For example, in Scenario |,rtheoff from impervious surfaces in a
parcel is routed to the applicable BMP identifiedhat parcel. Meanwhile, in each
routing scenario, there could be many BMplementation alternativegach of which
refers to a combination of BMPs with particularesizn a community. For each routing
scenario, the goal of the optimization process igléntify the most cost-effective BMP
implementation alternative to meet a certain phosphreduction target.

5.1 Tabulating HRUs into Management Categories

Setting up a BMP optimization framework requires tjuantification of surface runoff
and pollutant load that will drain to each BMP (rageament category). That requires
overlaying the HRU layer onto the management cajelgyer and tabulating HRUSs to
each of the management categories. For onsitertesds, it was assumed that the runoff
from the impervious HRUs within a parcel is treabgdhe dominant management
category (i.e., the management category with tkatgst area) within that parcel. Thus,
the first step in the tabulation was to identifg thominant management category within a
parcel. The HRUs were then tabulated to the pdagel and the dominant management
category. The tabulation yields the area of HRUsniing to various management
categories. The tabulation process is illustratedgawith the BMP setup Scenatrio | later
in Figure 5-1 (on page 26).

One additional refinement to the above describedgss was carried out for those
parcels where the dominant management categogyarcel wasess likely for onsite
BMPs(no. 28 in Table 42 Unless the parcel had 100 percent coveragedss likely

for onsite BMPsthe next dominant management category (i.e nifweagement category
with the second greatest amount of area withirptreel) was assigned to the parcel. The
rationale for selecting the next dominant managémategory in these cases was that a
smaller portion of the parcel that was suitablesf@MP could be sufficient to treat

runoff from most of the parcel area. For exampbe af parcel that had 80 percentLefs
likely for onsite BMPs15 percent olnfiltration high, and 5 percent @iofiltration, the
management category assigned to the parcel woulditbeation high. This refinement
was consistent with the objective of the projedtjchi was to identify the overall
treatment needed for various source areas (regardfdhe available space constraints in
certain scenario setups).
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5.2 BMP Setup without Optimization

Before optimizing BMP implementation alternativeess necessary to carry out an
investigation of BMP sizing schemes without optiatian. That helps establish a
benchmark for later assessment of total costsraathtent that BMPs can provide at
various sizing levels.

During the investigation, the minimum BMP areas.(idimensions of the BMPs) were
set to be 5 percent of the contributing impervibii8J areas. That was consistent with
the results from the previously developed BMP penénce curves (Tetra Tech 2008),
which demonstrated that a BMP in general treatsmeteof the impervious runoff when
the BMP was sized to be 5 percent of the contmiguitnpervious area. Capturing and
treating a one-inch depth of runoff provides a Hegrel of phosphorus control for several
BMPs and is the required level for water qualigatment in many state stormwater
regulations. For the benchmark scenario, the sif#se BMPs were increased
incrementally up to 100 percent of the imperviotesaaln other words, the maximum
physical dimensions of the BMPs were set equatea & the specified percentage of
impervious area. A summary of the phosphorus retmqmf@entages as a result of
varying BMP sizing schemes in the three communisieshown in Tables 5-1 through 5-
3.

Table 5-1. Summary of phosphorus removal for various BMP sizing schemes in Bellingham

Annual TP load Reduction Total cost
Scheme (Ibs) (%) ($)
No BMP 1,988 -- --
BMP = 5% of Impv. 919 54% $22 million
BMP = 10% of Impv. 770 61% $44 million
BMP = 15% of Impv. 690 65% $65 million
BMP = 20% of Impv. 642 68% $87 million
BMP = 50% of Impv. 562 71% $218 million
BMP = 100% of Impv. 553 72% $436 million

Table 5-2. Summary of phosphorus removal for various BMP sizing schemes in Franklin

Annual TP load Reduction Total cost
Scheme (Ibs) (%) ($)
No BMP 5,355 -- --
BMP = 5% of Impv. 2,456 54% $71 million
BMP = 10% of Impv. 2,204 59% $141 million
BMP = 15% of Impv. 2,076 61% $212 million
BMP = 20% of Impv. 1,995 63% $283 million
BMP = 50% of Impv. 1,853 65% $706 million
BMP = 100% of Impv. 1,837 66% $1,413 million
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Table 5-3. Summary of phosphorus removal for various BMP sizing schemes in Milford

Annual TP load Reduction Total cost
Scheme (Ibs) (%) (%)
No BMP 3,870 -- --
BMP = 5% of Impv. 1,858 52% $30 million
BMP = 10% of Impv. 1,625 58% $60 million
BMP = 15% of Impv. 1,432 63% $90 million
BMP = 20% of Impv. 1,238 68% $120 million
BMP = 50% of Impv. 1,045 73% $301 million
BMP = 100% of Impv. 1,006 74% $602 million

5.3 The Optimization Problem

When setting up the BMPDSS optimization framewankd community, the
optimization target was to identify the near-optiB&P implementation alternative that
has the lowest cost while meeting the TMDL phospblaeduction target. In each BMP
implementation alternative, the BMP types were meteed by the management
categories, and the decision variable (parametee taptimized) was the size of each
BMP. Because the cross sections of the BMPs weee fiChapter 2), the decision
variables were the surface areas of the BMPs.

Mathematically, the optimization problem in the coonity of Milford can be stated as

Objective
N
Min: > A xC, (5.1)
i=1
Subject to
TPT ZTPtarget (5'2)

whereN is the total number of BMP locations (HRU-BMP canations),A is the size
of BMP at location and is the decision variablg; is the unit cost of BMP at location
and is a constantP; is the phosphorus reduction in percentage fronBti€
implementation, an@Parqe is the TMDL target for phosphorus reduction petaga.

Theoretically, the optimization process can se#mobugh an infinite number of BMP
sizing possibilities and identify the best implernaion alternative, and that can be a
very time-consuming process. To make the searatepsoefficient and computationally
affordable, the decision space (range of BMP serfaeas) must be reduced to a
manageable level. One approach to reduce the ded@pace is to enforce a smaller
upper threshold for each decision variable (BMPaxér area).

5.3.1 Refined Optimization Setup

As indicated in Tables 5-1, when the BMPs weredstoebe 5 percent of the impervious
area in the community of Bellingham, the phosphoemsoval was 54 percent, while the
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TMDL target for the community was 52 percent. Sarlyt, when the BMPs were sized to
be 5 percent of the impervious area in Franklin BEdgercent in Milford, the resulting
phosphorus reductions were 54 percent and 58 pgerespectively. Meanwhile, the
TMDL targets of phosphorus reduction in the two omwmities were 52 percent and 57
percent, respectively. On the basis of those obsens, the upper threshold of BMP
sizes were set to be 15 percent of the contribuimmervious area, allowing some room
for flexibility during the optimization process. @aBMP was assigned with 20 size steps
for the optimization.

With 15 percent of the contributing impervious sud area being set as the upper limit
of BMP at each location, the initial optimizatioroplem was refined. In the refined
optimization setup, the problem definition became

Objective
N
Min: > A xC, (5.3)
i=1
Subject to
TPr 2TF{arget (54)
A <Impyx 0.15 for any (5.5)

whereN, A;, C;, TP, andTPga are as previously noted, atrdpy is the area of
imperious HRU that drains to the BMP at location

The problem stated in Equations 5.3 through 5&braulti-objective optimization
problem because the optimizer must search forisokisatisfying the non-combinatorial
objectives of cost and phosphorus reduction simattasly. Final solutions to such
multi-objective problems argondominatedwhich means that there are no other
solutions that can be better than the final sohgion all objectives. The final solutions
themselves, in the meantime, have tradeoffs froemamother for the objectives being
optimized, which means the gain in one dimensi@asgociated with the loss in another
(i.e., increase in phosphorus removal is associatédhigher total cost, and vice versa).
The final solutions in the optimization problemrfoa tradeoff Paretg front, the
solutions behind which are dominated by the firdligons.

5.4 BMP Optimization Scenario |

In the Scenario | setup, runoff from impervious HRIK a parcel was routed to the BMP
(management category) in that parcel, and the loveffom all BMPs were combined at
the community outlet. Runoff from the pervious HRlss not treated and was directly

routed to the community outlet.

5.4.1 Scenario | Setup

The overall schematic for BMPDSS Scenario | sesughown in Figure 5-1, along with
the tabulation of HRUs into management categoAsshown, in the tabulation process,
the areas of the impervious HRUs were first idedifand the impervious HRUs were
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then linked to respective BMPs (management categpfihe HRU-BMP combinations
were then aggregated for the whole community. tirgeup Scenario |, the impervious
HRU time series were routed to the corresponding®BMhe outflow from which was
routed to a community-wide virtual outlet. For imyeus HRUSs that drain to the
management category béss likely for onsite BMmo BMP is implemented, and the
runoff was directly routed to the virtual outletuff from all pervious HRUs was
directly routed to the virtual outlet as well. Tiaeget of the BMPDSS model was to meet
the phosphorus reduction as required by the Upparl€s River TMDL for each
community while minimizing the total cost.
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Figure 5-1. Routing of HRU to management category and Scenario | setup in the Upper Charles River communities.
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The tabulation results of impervious HRUs into ngaraent categories are summarized in Tables 5-4

through 5-6. As shown, each community has eiglggmates of impervious HRUs, draining to 15 possible

categories of BMPs. Thus, the BMP site layout ie oammunity consists of 120 BMP-HRU
combinations. Additionally, 36 pervious HRUs ditgatrain to the outlet of the conceptual watersaed

receive no treatment.

Table 5-4. Tabulation of impervious HRUs into management categories in Bellingham for Scenario | setup (Unit: acres)

High- Medium- Low-
density density density Open
BMP Commercial | residential | Industrial | residential | Freeway | residential | space | Forest
Infiltration high-A 43.23 32.82 90.36 30.08 1.46 24.51 41.84 | 13.96
Infiltration high-B 7.26 16.61 10.33 14.86 48.41 10.86 14.17 7.83
Infiltration likely 2.33 2.02 6.94 1.16 0.00 2.18 0.00 0.67
Biofiltration 4.39 0.59 4.77 0.45 0.00 0.68 0.00 0.34
Biofiltration/infiltration-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration/infiltration-B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration/infiltration-C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration-D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shallow filtration-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shallow filtration-B 0.00 0.78 0.00 0.95 0.00 0.05 0.00 0.01
Shallow filtration-C 20.76 42.35 32.31 56.36 0.37 26.75 1.23 | 38.03
Shallow filtration-D 29.36 1.27 18.19 4.17 0.00 2.75 28.76 3.81
Impervious, possible PP 44.88 10.93 35.59 4.27 0.07 14.23 154 | 12.61
WQ swale, wetland 12.59 14.23 0.86 1.03 0.00 4.03 0.07 4.13
Less likely for onsite BMP 1.76 0.37 0.22 3.06 6.60 1.16 0.00 0.78
Total 166.56 121.98 199.58 116.38 56.92 87.22 87.60 | 82.15
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Table 5-5. Tabulation of impervious HRUs into management categories in Franklin for Scenario | setup (Unit: acres)

High- Medium- Low-
density density density Open
BMP Commercial | residential | Industrial | residential | Freeway | residential | space | Forest
Infiltration high-A 103.87 28.41 82.75 416.91 22.52 164.83 9.34 71.42
Infiltration high-B 54.58 24.93 45.44 145.24 87.82 64.54 4.89 41.52
Infiltration likely 1.15 0.36 6.38 8.50 5.63 4.93 0.98 5.97
Biofiltration 39.10 4.55 11.68 2.88 1.26 3.57 0.17 2.03
Biofiltration/infiltration-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration/infiltration-B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration/infiltration-C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration-D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shallow filtration-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shallow filtration-B 3.98 0.00 1.86 8.04 0.00 4.72 0.63 0.27
Shallow filtration-C 11.85 29.00 156.13 152.32 16.22 84.32 4.09 80.21
Shallow filtration-D 10.94 12.20 16.46 22.07 0.00 13.98 3.41 5.31
Impervious, possible PP 39.65 0.00 49.26 0.43 4.65 0.81 0.86 4.11
WQ swale, wetland 10.82 1.35 65.25 13.46 0.02 9.31 0.29 5.92
Less likely for onsite BMP 3.34 1.21 2.57 13.40 15.11 9.34 0.16 6.08
Total 279.28 102.00 437.77 783.27 153.24 360.36 24.81 | 222.84
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Table 5-6. Tabulation of impervious HRUs into management categories in Milford for Scenario | setup (Unit: acres)

High- Medium- Low-
density density density Open
BMP Commercial | residential | Industrial | residential | Freeway | residential | space | Forest
Infiltration high-A 31.77 16.41 6.49 37.47 6.38 9.22 0.00 | 14.29
Infiltration high-B 5.02 4.48 2.67 19.39 0.00 30.43 4.38 8.81
Infiltration likely 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration 13.55 1.62 9.03 0.77 13.41 5.80 0.67 0.54
Biofiltration/infiltration-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration/infiltration-B 83.25 6.15 96.36 39.45 30.88 27.50 2.88 | 36.65
Biofiltration/infiltration-C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration-D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shallow filtration-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shallow filtration-B 0.71 0.00 2.23 0.48 0.00 1.59 1.13 0.75
Shallow filtration-C 33.07 115.70 27.71 221.68 0.52 34.45 0.80 | 14.92
Shallow filtration-D 14.45 3.64 0.93 12.91 2.15 12.39 0.00 7.47
Impervious, possible PP 89.10 0.12 49.10 0.40 1.56 0.17 0.03 1.14
WQ swale, wetland 96.06 65.58 19.47 129.68 2.03 27.17 2.32 | 34.14
Less likely for onsite BMP 16.99 2.46 2.74 10.64 24.32 5.58 1.86 3.66
Total 383.97 216.16 216.72 472.86 81.26 154.31 14.08 | 122.37
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5.4.2 Scenario | Results

The tabulated HRU sizes in Tables 5-4 to 5-6 wepeasented in BMPDSS to set up the
optimization framework. At the end of the optimipatprocess, all BMP implementation
scenarios evaluated by BMPDSS were plotted. The Bivementation scenario that
had the lowest cost and met the TP load reducéigget at the same time was selected as
the near-optimal solution for each community, whichlustrated in Figures 5-2 to 5-4.
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Figure 5-2. BMPDSS optimization results for Scenario | setup in Bellingham.

As shown in Figure 5-2, the identified near-optirsalution meets the Bellingham
TMDL reduction target of 52 percent, and the totadt of the BMP implementation
alternative is around $14 million. When comparethtobenchmark scenarios (no
optimization) listed in Table 5-1, the advantagesihg the optimization technique is
clearly demonstrated. For example, when a unifoergent sizing ratio of the BMP
area to the contributing impervious area was ugedbenchmark scenario results in a
phosphorus reduction of 54 percent. But the taiat s $22 million. When optimization
is employed through BMPDSS, a BMP solution thak steets the TMDL target but
costs $14 million (or 36 percent less) can be ifledt
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Figure 5-3. BMPDSS optimization results for Scenario | setup in Franklin.
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Figure 5-4. BMPDSS optimization results for Scenario | setup in Milford.
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Figures 5-3 and 5-4 show a similar trend in Fran&hd Milford as is observed in
Bellingham. That is, when compared to the uniformifBsizing schemes in Tables 5-2
and 5-3, the near-optimal solutions identified tigio the optimization process in the two
communities show significant total cost reductiarsle still meeting the TMDL target.
For example, in Franklin, a uniform BMP sizing opércent of the impervious area costs
$71 million (with the TP reduction of 54 percerathd the near-optimal solution
identified by BMPDSS costs about $45 million (org@tcent less). As for Milford, a
uniform BMP sizing of 10 percent of the imperviarga costs $60 million (with the TP
reduction of 58 percent), and the near-optimaltsmudentified by BMPDSS costs
about $31 million (or 48 percent less). A summdrthe optimization results for the
three communities regarding the unit cost of cdngrehown in Table 5-7.

Table 5-7. Summary of optimal solutions identified for Scenario | in the three communities

Total impv.
area Percent Total cost Cost per Cost per Ib of
Community (acres) reduction goal | (million $) acre TP removal
Bellingham 918 52% $14 $15,200 $13,300
Franklin 2,364 52% $45 $18,900 $15,900
Milford 1,662 57% $31 $18,500 $13,900

While the optimization results and the related gsialabove are presented in the terms of
total costs, it needs to be noted that the costsnare intended to illustrate the relative
changes from the uniform sizing strategy, and #ilaes should not be taken literally.

The costs are a reflection of BMP sizes, whichtlaeedecision variables during the
optimization process. The treatment mechanismestibsequent sizing of BMPs is the
basis of any cost estimations. Functions for estimgdBMP unit costs can vary, but the
sizing of BMPs ultimately decides the final totaktvalues for a BMP implementation
alternative. The corresponding sizes of BMPs ferdptimal solutions identified in the
three communities for Scenario | are introducethenext section.

5.4.3 Required Level of Treatment for Scenario |

Using the near-optimal BMP sizing alternative idiged through the optimization
process, the level of treatment needed for each Etlbe back-calculated. The level of
treatment (total area of BMP and depth of runofbédreated for each source area)
required in each community is summarized in Tabk8sto 5-10, and the corresponding
percentages of reduction for TP are also includedgside the calculated depths. The
percentages of reductions were retrieved from presyBMP performance curve project
(Tetra Tech 2008). No percentage of reduction ¢aficuns was made to the forest and
open space source areas because of the lack ofrparice curves.
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Table 5-8. The level of treatment needed in Bellingham for Scenario |

High-density Medium-density Low-density
Commercial residential Industrial residential residential Forest
Depth of Depth of Depth of Depth of Depth of Depth of
BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff
area treated area treated area treated area treated area treated area treated

BMP (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in)
. . . 1.21 1.21 0.60 0.60 1.21

Infiltration high-A 1.30 (99%) 0.98 (99%) 1.36 (92%) 0.45 (90%) 0.74 (98%) 0.42 1.21
. . . 1.21 0.60 0.60 0.60 0.60

Infiltration high-B 0.22 (97%) 0.25 (86%) 0.15 (86%) 0.22 (85%) 0.16 (84%) 0.12 0.60
. L 1.20 0.60 1.21 1.21 0.60

Infiltration likely 0.07 (96%) 0.03 (82%) 0.21 (96%) 0.03 (95%) 0.03 (80%) 0.03 1.20
1.20 1.20 1.21 1.20

Biofiltration® 0.20 (79%- 0.04 (79%- 0.14 (79%- 0.00 0.00 0.08 (76%- 0.02 1.20
92%) 92%) 93%) 90%)

. . 0.74 1.48 0.74 0.49

Shallow filtration-C 0.93 (69%) 3.81 (84%) 1.45 (69%) 1.69 (58%) 0.00 0.00 1.71 0.74
. . 0.49 1.20 0.74 0.49 0.49

Shallow filtration-D 0.88 (58%) 0.11 (79%) 0.82 (69%) 0.13 (58%) 0.08 (56%) 0.11 0.49
Impervious, possible 0.40 0.20 1.00 0.40

PP 1.35 (74%) 0.16 (74%) 2.67 (75%) 0.00 0.00 0.43 (71%) 0.57 0.60

WQ swale, wetland® 1.13 4.32 1.49 5.04 0.08 4.31 0.05 (2810/1) 0.60 5.60 0.50 5.76

*No direct curve data for biofiltration; range was an estimation based on bioretention (lower bound) and infiltration trench (higher bound).
& TP removal percentages for depths larger than 2.5” were not available because of a lack of corresponding curve data.
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Table 5-9. The level of treatment needed in Franklin for Scenario |

High-density Medium-density Low-density
Commercial residential Industrial residential residential Forest
Depth of Depth of Depth of Depth of Depth of Depth of
BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff
area treated area treated area treated area treated area treated area treated
BMP (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in)

— . 1.21 0.60 1.21 0.60 0.60

Infiltration high-A 3.28 (99%) 0.45 (91%) 2.61 (99%) 6.58 (90%) 5.21 (90%) 2.26 1.21
N . 1.21 1.20 1.21 1.00 1.00

Infiltration high-B 1.72 (97%) 1.18 (98%) 1.43 (97%) 4.59 (95%) 1.02 (94%) 0.66 0.60
L 1.00 1.00 0.60 1.21 1.00

Infiltration likely 0.09 (94%) 0.02 (94%) 0.10 (82%) 0.27 (95%) 0.31 (92%) 0.66 1.00
1.00 0.60 1.21 1.00 1.00

Biofiltration® 0.62 (76%- 0.07 (64%- 0.37 (79%- 0.14 (75%- 0.11 (73%- 0.22 1.00
89%) 73%) 93%) 88%) 87%)
" 0.25 1.23 1.00 1.00

Shallow filtration-B 0.06 (38%) 0.00 0.00 0.15 (80%) 1.02 (75%) 0.74 (73%) 0.02 1.24
" 1.00 0.99 0.98 0.49 0.49

Shallow filtration-C 0.19 (76%) 1.83 (76%) 9.86 (76%) 4.81 (58%) 5.33 (58%) 5.07 0.98
I 0.98 1.00 1.00 0.49 0.25

Shallow filtration-D 0.69 (76%) 0.39 (76%) 1.56 (76%) 0.70 (58%) 0.22 (39%) 0.5 1.00
Impervious, possible 1.00 0.40 0.20 1.00

PP 3.13 (74%) 0.00 0.00 1.56 (75%) 0.01 (73%) 0.10 (71%) 0.06 0.20

WQ swale, wetland® 1.37 5.76 0.19 5.76 6.18 4.32 1.70 5.76 1.18 5.76 0.75 5.76

*No direct curve data for biofiltration; range was an estimation based on bioretention (lower bound) and infiltration trench (higher bound).
&TP removal percentages for depths larger than 2.5” were not available because of a lack of corresponding curve data.

34




Table 5-10. The level of treatment needed in Milford for Scenario |

High-density Medium-density Low-density
Commercial residential Industrial residential residential Forest
Depth of Depth of Depth of Depth of Depth of Depth of
BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff
area treated area treated area treated area treated area treated area treated

BMP (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in)
__— . 1.21 1.21 1.21 0.60 1.21

Infiltration high-A 1.12 (99%) 0.58 (99%) 0.34 (99%) 0.66 (90%) 0.33 (98%) 0.25 0.60
__— . 0.60 1.21 0.60 1.21

Infiltration high-B 0.09 (85%) 0.63 (97%) 0.00 0.00 0.34 (85%) 1.07 (96%) 0.31 1.21
1.21 1.21 1.21 1.21 0.60

Biofiltration® 0.48 (79%- 0.09 (79%- 0.32 (79%- 0.04 (78%- 0.10 (62%- 0.02 1.21
92%) 92%) 93%) 91%) 72%)
Biofiltration/ 1.27 1.21 1.27 0.32 0.64

infiltration-B 288 1 @sw) | 0| @aw) | °% | @w | OO ow) | %7 | esw) | M| O
. . 1.27 0.74 0.49 0.98

Shallow filtration-B 0.10 (80%) 0.00 0.00 0.12 (69%) 0.02 (58%) 0.11 (72%) 0.07 1.23
. . 0.99 1.23 1.20 0.49 0.49

Shallow filtration-C 2.33 (76%) 10.21 (80%) 4.89 (79%) 7.82 (58%) 1.22 (56%) 0.53 0.49
. . 1.27 1.27 1.23 0.25

Shallow filtration-D 2.04 (80%) 0.51 (80%) 0.00 0.00 1.14 (79%) 0.22 (39%) 0.53 0.99
Impervious, 1.20 0.60 0.99 1.39

possible PP 14.15 (74%) 0.00 0.00 2.60 (75%) 0.04 (73%) 0.02 (71%) 0.04 0.40

we(gﬂ;:\?e, 13.56 5.76 8.10 5.04 2.41 5.04 | 16.02 5.04 432 | 576 482 | 576

*No direct curve data for biofiltration; range was an estimation based on bioretention (lower bound) and infiltration trench (higher bound).

&TP removal percentages for depths larger than 2.5” were not available because of a lack of corresponding curve data.
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5.5 BMP Optimization Setup Scenario Il

Scenario Il of the BMPDSS setup is different frooe&ario | mainly in treating runoff
from the public right-of-way (PROW) parcels. In 8a€o I, the runoff from the PROW
parcels is treated at downstream centralized treattfacilities that are referred to as
neighborhood BMPs. The PROW parcels are treatearaegby in Scenario Il because
those parcels typically have limited space forttrgarunoff onsite.

5.5.1 Neighborhood BMPs

Neighborhood BMPs are used to treat runoff when@inditions make it very difficult
and expensive to treat stormwater onsite. A neigitimd BMP is anticipated to be
installed at or near existing stormwater outfalihwhe primary goal of treating
stormwater generated along PROWSs. Maps showinghpatéocations for neighborhood
BMPs in each community were developed with inpatrfthe communities. That was an
attempt to realistically consider feasible locasiovithout going through an extensive
site-level analysis. The map showing the potetikalihood of neighborhood BMP
placement, or hydrologic management units (HMUs}he three communities are shown
in Figure 5-5. As shown, neighborhoods HMUs weigkbn up into five categories to
reflect the likelihood of finding space for a neiginhood BMP at the end of existing

pipes.

Neighborhood HMU maps were developed using the fresessional judgment of
experienced analysts and checked by local offitc@ksrive at a professional consensus.
Maps showing roads, streams, wetlands, contous lmel existing watershed divides
were factored into the delineations. It was assuthatistormwater would flow downhill
along existing roads toward the nearest stream.n@aer consideration was the amount
of upland area available to construct a BMP neaetid of existing pipes, compared to
the area of PROWSs generating runoff. Secondaryiderations include the presence of
steep slopes in the area of expected outfalls andeddowntown areas.

Areas were rateWesif an end-of-pipe BMP was assured according @ @indition
information to treat all the stormwater from the@®R. Very few areas were so
designated. Neighborhoods were rdtéeely if it was expected that about 75 percent of
the stormwater generated on PROW could be tregtedneighborhood BMP. The
remaining 25 percent would directly discharge mdtream. The rating &fossiblewas
used to indicate an area where 50 percent of tnmsgtater generated on PROWSs would
be treated by a neighborhood BMP. For areas Ré#&rdit was anticipated that only 25
percent of the stormwater generated on PROWSs wmildeated in neighborhood BMPs.
In a few instances, the rating b indicates that no end of pipe BMP was anticipated.
Those were restricted to a few lake shore neighimu$.

Using descriptive ratings allows the rations o&tesl to untreated stormwater runoff to
be adjusted to accommodate different opinions féeréint management priorities. For
the purpose of this pilot, it was assumed that megthborhood BMPs placed at or near
the end of existing stormwater infrastructure wotsdsist mostly of constructed
wetlands. Most outfalls are near streams, where giigundwater tables are anticipated.
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Figure 5-5. The HMU subbasins in the communities of Bellingham, Franklin, and Milford.
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5.5.2 Scenario Il Setup

In the Scenario Il setup, runoff from the impensddRUs in parcels other than PROWSs
was still routed to their respective managemerdggmaies as in Scenario |. The runoff
from pervious and impervious HRUs in the PROW plareas routed to the
neighborhood BMPs. Also, runoff from HRUs that drto Less likely for onsite BMPs
management categories was routed to the neighbad®BbdPs. A schematic for the
Scenario Il setup is shown in Figure 5-6.

As shown, runoff from impervious HRUs (at parceises than PROW) was routed to
onsite BMPs, runoff from PROW HRUs and HRUs presiy draining td_ess likely for
onsite BMPcategories (LLOB-HRU) was routed to neighborhoddH3, and the runoff
from pervious HRUs was directly routed to the comityuoutlet. The sizes of the
neighborhood BMPs were determined by the HMU categad the contributing size of
PROW parcels and LLOB-HRUS, following the rule dfied previously.
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Figure 5-6. Scenario Il setup in the three Upper Charles River communities.
When preparing the data for the Scenario Il sddilJs in the PROW parcels were first

separated from the rest of the watershed parcdlsvare tabulated into the HMU
categories shown in Figure 5-5. Following the apploused in the Scenario | setup, the
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impervious HRUs were tabulated according to managemategories for the rest of the
areas in a community. The tabulated HRUs drairorigess likely for onsite BMPs
management categories, along with the previoudlylssed PROW parcels, were routed
to neighborhood BMPs. The tabulation results ofemus HRUSs to the onsite and to
the neighborhood management categories in the dom@enunities are summarized in

Tables 5-11 to 5-13.
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Table 5-11. Tabulation of impervious HRUs into onsite and neighborhood management categories in Bellingham for Scenario Il setup
(Unit: acres)

High- Medium- Low-
density density density Open
BMP Commercial | residential | Industrial | residential | Freeway | residential | space | Forest
Infiltration high-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Infiltration high-B 5.26 16.61 9.75 14.89 48.41 10.30 14.17 7.64
Infiltration likely 2.33 2.02 6.94 1.16 0.00 2.07 0.00 0.67
Biofiltration 4.39 0.59 4.43 0.45 0.00 0.14 0.00 0.33
Biofiltration/infiltration-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration/infiltration-B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration/infiltration-C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration-D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shallow filtration-A 45.72 33.47 87.66 29.63 1.46 24.85 41.91 14.33
Shallow filtration-B 0.00 0.78 0.00 0.95 0.00 0.05 0.00 0.01
Shallow filtration-C 8.42 12.64 22.86 8.42 0.00 10.76 0.01 3.80
Shallow filtration-D 29.36 0.63 18.19 4.11 0.00 2.64 28.70 341
Impervious, possible PP 41.58 0.04 38.26 0.00 0.07 0.17 1.54 1.76
WQ swale, wetland 12.59 14.29 0.84 1.03 0.00 4.28 0.07 4.17
Less likely for onsite BMP 1.66 0.31 0.00 2.71 0.00 1.27 0.00 0.53
Neighborhood-Yes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Neighborhood-Likely 4.09 5.23 4.34 17.92 2.85 12.67 0.29 27.33
Neighborhood-Possible 10.59 11.72 5.66 25.81 3.50 14.53 0.19 12.07
Neighborhood-Rare 0.57 23.66 0.64 9.30 0.63 3.47 0.73 6.11
Neighborhood-No 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 166.56 121.98 199.58 116.38 56.92 87.22 87.60 82.15
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Table 5-12. Tabulation of impervious HRUs into onsite and neighborhood management categories in Franklin for Scenario Il setup (Unit:

acres)
High- Medium- Low-
density density density Open
BMP Commercial | residential | Industrial | residential | Freeway | residential | space | Forest
Infiltration high-A 75.80 19.01 77.41 132.08 22.01 99.42 8.09 20.35
Infiltration high-B 54.52 24.93 42.97 143.49 87.51 63.08 4.89 38.95
Infiltration likely 1.15 0.36 6.38 8.50 5.63 4.93 0.98 5.97
Biofiltration 39.10 4.55 11.68 2.88 1.26 3.57 0.17 2.03
Biofiltration/infiltration-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration/infiltration-B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration/infiltration-C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration-D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shallow filtration-A 0.00 0.00 0.00 0.02 0.00 0.03 0.00 0.00
Shallow filtration-B 3.98 0.00 1.86 8.04 0.00 3.29 0.63 0.27
Shallow filtration-C 9.57 28.18 139.96 116.75 14.65 45.36 2.45 19.10
Shallow filtration-D 10.94 12.20 16.46 19.88 0.00 13.98 341 5.14
Impervious, possible PP 39.51 0.00 46.68 0.43 4.65 0.42 0.86 2.78
WQ swale, wetland 10.82 1.35 65.25 13.46 0.02 9.31 0.29 5.92
Less likely for onsite BMP 3.34 1.21 2.57 13.40 15.11 9.34 0.16 6.08
Neighborhood-Yes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Neighborhood-Likely 0.85 1.18 0.00 80.83 0.01 31.00 0.39 39.97
Neighborhood-Possible 7.47 4.37 12.93 199.17 0.67 71.18 1.27 66.60
Neighborhood-Rare 22.23 4.68 13.64 44.34 1.62 5.46 1.22 9.67
Neighborhood-No 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 279.28 102.00 437.77 783.27 153.24 360.36 24.81 | 222.84

42




Table 5-13. Tabulation of impervious HRUs into onsite and neighborhood management categories in Milford for Scenario Il setup (Unit:

acres)
High- Medium- Low-
density density density Open
BMP Commercial | residential | Industrial | residential | Freeway | residential | space | Forest
Infiltration high-A 32.56 17.21 7.92 34.32 0.82 8.21 0.00 10.59
Infiltration high-B 5.02 4.48 2.67 10.12 0.00 19.85 4.38 5.25
Infiltration likely 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration 31.26 1.32 12.80 0.59 13.41 7.38 0.23 1.48
Biofiltration/infiltration-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration/infiltration-B 70.56 4.82 90.37 23.91 30.87 18.19 2.76 27.80
Biofiltration/infiltration-C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biofiltration-D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shallow filtration-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Shallow filtration-B 1.19 0.00 2.23 0.46 0.00 1.62 0.87 0.76
Shallow filtration-C 43.07 112.94 28.25 180.40 0.52 25.99 1.02 5.64
Shallow filtration-D 13.40 3.61 1.39 11.13 0.00 9.89 0.19 6.30
Impervious, possible PP 84.59 0.12 46.39 0.54 1.11 0.18 0.03 1.21
WQ swale, wetland 30.23 0.74 10.80 4.12 0.01 9.27 1.73 3.75
Less likely for onsite BMP 17.07 2.60 2.74 12.90 30.33 6.18 1.50 3.77
Neighborhood-Yes 1.29 0.00 0.37 0.00 0.12 0.71 0.03 6.32
Neighborhood-Likely 4.64 0.00 1.41 62.01 1.62 28.61 0.27 30.37
Neighborhood-Possible 21.39 14.12 4.77 78.31 0.55 13.01 0.39 15.15
Neighborhood-Rare 16.65 44.81 2.04 43.89 0.40 4.61 0.69 3.38
Neighborhood-No 11.02 9.38 2.58 9.83 0.34 0.60 0.00 0.62
Total 383.97 216.16 216.72 472.86 81.26 154.31 14.08 | 122.37
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The goal of optimization in Scenario Il was to miéet TMDL target for TP reduction in
each community while minimizing the total cost. Tdexision variables (parameters to
optimize) in Scenario 1l were the areas of bothterBMPs and regional BMPs.

5.5.3 Scenario Il Results

The Scenario Il optimization results for the thceenmunities are shown in Figures 5-7
to 5-9 below. As shown, overall the near-optimatr&uio 1l costs are lower than the
respective Scenario | costs for meeting the phaggh@duction target in all three
communities. That is mainly because the unit cfustaeighborhood BMPs tend to
decrease as the sizes of the neighborhood BMPsaser which in turn makes the
neighborhood BMP a preferred choice during thenoigtition process and results in less
total costs.
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Figure 5-7. BMPDSS optimization results for Scenario Il setup in Bellingham.
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Figure 5-8. BMPDSS optimization results for Scenario Il setup in Franklin.
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Figure 5-9. BMPDSS optimization results for Scenario Il setup in Milford.
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A summary of the Scenatrio Il optimization resuétgarding unit cost of control is shown

in Table 5-14.

Table 5-14. Summary of optimal solutions identified for Scenario Il in all three communities

Total impv.

A Percent Total cost Cost per Cost per Ib of
rea . P

: reduction goal | (million $) acre TP removal
Community (acres)

Bellingham 918 52% $14 $15,000 $13,100
Franklin 2,364 52% $30 $12,700 $10,700
Milford 1,662 57% $26 $15,700 $11,800

5.5.4 Required Level of Treatment for Scenario Il

Using the near-optimal BMP sizing alternative idied through the optimization
process, the level of treatment needed for each Editibe back-calculated. The level of
treatment (depth of runoff to be treated) requiredach community is summarized in
Tables 5-15 to 5-17, and the corresponding pergestaf reduction for TP are also
included alongside the calculated depths.
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Table 5-15. The level of treatment needed in Bellingham for Scenario Il

High-density Medium-density Low-density
Commercial residential Industrial residential residential Forest
Depth of Depth of Depth of Depth of Depth of Depth of
BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff
area treated area treated area treated area treated area treated area treated
BMP (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in)
Lo : 1.20 0.60 0.60 0.60 0.60
Infiltration high-B 0.16 (97%) 0.25 (86%) 0.15 (86%) 0.22 (85%) 0.15 (849%) 0.11 0.60
T 0.60 1.20 1.20 0.60
Infiltration likely 0.00 0.00 0.03 (82%) 0.31 (96%) 0.14 (95%) 0.03 (80%) 0.07 1.20
1.20 1.20 1.20 1.21
Biofiltration® 0.46 (79%- 0.04 (79%- 0.2 (79%- 0.01 (78%- 0.00 0.00 0.04 1.20
92%) 92%) 93%) 91%)
N 1.48 0.74 0.74 0.74
Shallow filtration-A 4.12 (84%) 151 (69%) 3.94 (69%) 1.33 (68%) 0.00 0.00 0.21 0.25
Lo 1.00 0.25 1.48 1.27 0.74
Shallow filtration-C 0.51 (76%) 0.19 (39%) 2.06 (849%) 1.01 (79%) 0.48 (66%) 0.00 0.00
I 0.74 1.26 1.21 0.98 0.98
Shallow filtration-D 1.32 (69%) 0.08 (80%) 1.91 (79%) 0.25 (74%) 0.16 (72%) 0.26 1.23
Impervious, 1.00 0.40
possible PP 3.12 (74%) 0.00 0.00 1.15 (75%) 0.00 0.00 0.00 0.00 0.08 0.60
WQ swale, wetland® 151 5.76 1.71 5.76 0.1 5.76 0.08 3.61 0.19 (58%2) 0.31 3.60
BMP area Depth of runoff treated
BMP (ac) (in)
Neighborhood gravel wetland-Likely 2.76 1.20 (63%)
Neighborhood gravel wetland-Possible 2.30 0.96 (60%)
Neighborhood gravel wetland -Rare 1.84 1.43 (64%)

® No direct curve data for biofiltration; range was an estimation based on bioretention (lower bound) and infiltration trench (higher bound).
&TP removal percentages for depths larger than 2.5” were not available because of a lack of corresponding curve data.
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Table 5-16. The level of treatment needed in Franklin for Scenario Il

High-density Medium-density Low-density
Commercial residential Industrial residential residential Forest
Depth of Depth of Depth of Depth of Depth of Depth of
BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff
area treated area treated area treated area treated area treated area | treated
BMP (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in)
Lo : 1.20 0.60 1.20 0.60 0.60
Infiltration high-A 3.59 (99%) 1.20 (91%) 1.22 (99%) 2.09 (90%) 1.57 (90%) 1.61 1.20
L : 1.20 1.50 1.20 0.60
Infiltration high-B 0.86 (97%) 1.18 (99%) 0.68 (97%) 2.27 (85%) 0.00 0.00 0.62 0.60
T 1.20 0.60 0.60 0.60
Infiltration likely 0.07 (96%) 0.00 0.00 0.1 (82%) 0.13 (81%) 0.08 (80%) 0.19 1.21
1.00 0.60 1.20 1.00 1.00
Biofiltration® 1.23 (76%- 0.57 (64%- 0.74 (79%- 0.09 (75%- 0.11 (73%- 0.06 1.00
89%) 73%) 93%) 88%) 87%)
o 0.49 1.20 0.25 1.48
Shallow filtration-B 0.13 (58%) 0.00 0.00 0.21 (79%) 0.13 (39%) 0.31 (81%) 0.02 1.00
I 1.00 1.00 0.49 0.50
Shallow filtration-C 0.00 0.00 3.11 (74%) 2.21 (76%) 3.69 (58%) 2.15 (58%) 2.11 1.00
o 0.74 0.74 0.74 0.50 0.30
Shallow filtration-D 0.52 (69%) 0.58 (69%) 0.78 (69%) 0.31 (58%) 0.66 (44%) 0.08 1.00
Impervious, possible 1.40 0.20 1.20
PP 4.37 (74%) 0.00 0.00 0.00 0.00 0.01 (73%) 0.05 (71%) 0.31 0.40
& 2.17 1.44
WQ swale, wetland 1.20 5.04 0.06 (38%) 9.27 5.76 0.85 2.88 0.29 (28%) 0.28 2.16
BMP area Depth of runoff treated
BMP (ac) (in)
Neighborhood gravel wetland-Likely 5.82 0.95 (60%)
Neighborhood gravel wetland-Possible 10.94 1.01 (61%)
Neighborhood gravel wetland-Rare 3.64 1.18 (62%)

¥ No direct curve data for biofiltration; range was an estimation based on bioretention (lower bound) and infiltration trench (higher bound).
&TP removal percentages for depths larger than 2.5” were not available because of a lack of corresponding curve data.
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Table 5-17. The level of treatment needed in Milford for Scenario Il

High-density Medium-density Low-density
Commercial residential Industrial residential residential Forest
Depth of Depth of Depth of Depth of Depth of Depth of
BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff
area | treated area treated area treated area treated area treated area treated
BMP (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in)
L : 1.20 1.20 1.21 0.60 0.60
Infiltration high-A 1.72 (99%) 0.91 (99%) 0.28 (99%) 0.61 (90%) 0.14 (90%) 0.37 1.21
Lo : 1.20 1.20 0.60 1.20 0.60
Infiltration high-B 0.44 (97%) 0.55 (97%) 0.05 (86%) 0.54 (96%) 0.35 (84%) 0.09 0.60
0.60 1.20 1.21 0.60
Biofiltration® 0.55 (64%- 0.19 (79%- 0.45 (79%- 0.00 0.00 0.13 (62%- 0.18 1.20
73%) 92%) 93%) 71%)
Biofiltration/ 1.27 0.64 0.95 0.64 1.21
ifiltration-B 4.98 (85%) 0.17 (70%) 4.78 (80%) 0.84 (69%) 1.93 (81%) 0.49 0.32
N 1.48 0.49 1.20 0.74 0.25
Shallow filtration-C | 4.56 (84%) 3.99 (58%) 3.49 (79%) 9.55 (68%) 0.46 (39%) 0.60 1.20
N 0.74 0.98 1.20 1.23 0.25
Shallow filtration-D | 0.71 (69%) 0.25 (76%) 0.17 (79%) 0.98 (79%) 0.17 (39%) 0.22 0.49
Impervious, 1.20 0.59 0.60 1.00
possible PP 13.43 (74%) 0.01 (74%) 2.46 (75%) 0.05 (73%) 0.00 0.00 0.15 1.40
WQ swale, 1.44
wetland® 4.27 5.76 0.12 5.76 1.14 4.32 0.15 (28%) 0.98 4.32 0.53 5.76
BMP area Depth of runoff treated
BMP (ac) (in)
Neighborhood gravel wetland-Yes 0.18 0.62 (52%)
Neighborhood gravel wetland -Likely 9.47 1.38 (64%)
Neighborhood gravel wetland -Possible 7.01 1.42 (64%)
Neighborhood gravel wetland -Rare 4.32 1.11 (62%)

® No direct curve data for biofiltration; range was an estimation based on bioretention (lower bound) and infiltration trench (higher bound).
4TP removal percentages for depths larger than 2.5” were not available because of a lack of corresponding curve data.
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5.6 BMP Optimization Setup Scenario Il

The Scenario Il setup is different from the Scem#rsetup in treating runoff from
onsite pervious HRUSs. In Scenario I, runoff frdrath the pervious and impervious
non-PROW (onsite) parcels is treated by onsite BMP®reas in Scenario Il only the
impervious runoff from the onsite parcels is treldtg onsite BMPs. One exception for
that treatment of pervious runoff in Scenario s$lthe forest parcels, where still only the
impervious runoff is treated and the pervious réisodirectly routed to the community
virtual outlet (as in Scenario Il). The treatmehP&OW parcel runoff remains the same
in Scenario Il as in Scenario Il, where impervi@um pervious runoff from the PROW
parcels is treated by neighborhood BMPs. A schenadtihe Scenario Il setup is shown
in Figure 5-10.
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Figure 5-10. Schematic for Scenario Ill setup in the three Upper Charles River

communities.
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5.6.1 Scenario Il Setup

Following the Scenatrio 11l setup schematic, HRUs@ch community are tabulated
according to the appropriate onsite and neighbattigdPs. Because the routing of
impervious HRUs runoff remains the same in Scendras that in Scenario Il, the
tabulation results of impervious HRUs into the eémsind neighborhood BMPs in the
three communities are the same as previously shmwables 5-11 to 5-13.

5.6.2 Scenario lll Results

The Scenario Il setup was represented into BMP288,the optimization process was
carried out to identify the tradeoff between t@@ét and percentage reduction of TP in
each community. A plot of the cost and TP reduct@rall BMP sizing alternatives
evaluated in a community forms a tradeoff fronteen the two, as shown in Figures 5-
11 to 5-13. The BMP implementation alternative tinaets the TP reduction target and at
the same time has the lowest cost is also highlddyht the figures.
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Figure 5-11. BMPDSS optimization results for Scenario Ill setup in Bellingham.
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Figure 5-12. BMPDSS optimization results for Scenario lll setup in Franklin.
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Figure 5-13. BMPDSS optimization results for Scenario Ill setup in Milford.
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The total costs for Scenario Il in the three comitias are summarized and compared to
the Scenario Il total costs in Table 5-18. As shawihe table, the Scenario Il costs in
the three communities are lower than the Scenhtaidl costs.

Table 5-18. Near-optimal solutions identified for Scenario Ill as compared to those for
Scenario Il in the three communities

Total cost Cost per acre of | Cost per |b of TP
Total Percentage | (million $) for imperviousness removal for
impv. area | reduction scenario for scenario scenario
Community (acres) goal Il 1l Il Il Il Il
Bellingham 918 52% $14 $12 $15,000 | $12,500 | $13,100 | $10,800
Franklin 2,363 52% $30 $26 $12,700 | $11,000 | $10,700 | $9,300
Milford 1,662 57% $26 $21 $15,700 | $12,800 | $11,800 | $9,600

5.6.3 Required Level of Treatment for Scenario Ill

Using the near-optimal BMP sizing alternative idied through the optimization
process, the level of treatment needed for each Editibe back-calculated. The level of
treatment (total BMP area and depth of runoff tdrbated for each source area) required
in each community is summarized in Tables 5-19-24 hand the corresponding
percentages of reduction for TP are also includedgside the calculated depths.
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Table 5-19. The level of treatment needed in Bellingham for Scenario llI

High-density Medium-density Low-density
Commercial residential Industrial residential residential Forest
Depth Depth
Depth of Depth of of Depth of of Depth of
BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff
area treated area treated area treated area treated area | treated area treated
BMP (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in)
Lo . 0.60 1.20 1.20 1.20
Infiltration high-B 0.08 (85%) 0.50 (97%) 0.29 (97%) 0.22 (96%) 0.00 0.00 0.11 0.60
T 1.21 1.20 1.20 1.21 1.20
Infiltration likely 0.07 (96%) 0.03 (96%) 0.10 (96%) 0.16 (95%) 0.19 (94%) 0.03 1.20
1.20 1.21 0.60 1.20
Biofiltration® 0.33 (79%- 0.02 (79%- 0.07 (64%- 0.03 (78%- 0.00 0.00 0.00 0.00
92%) 92%) 74%) 91%)
—_ 0.71 1.00 0.52 0.34 0.56
Shallow filtration-A 0.69 (68%) 3.01 (76%) 1.31 (58%) 0.89 (44%) 1.49 (57%) 0.43 0.50
— 1.20 1.20 0.73 0.50
Shallow filtration-C 0.13 (79%) 1.52 (79%) 1.03 (68%) 0.51 (58%) 0.00 0.00 0.06 0.25
— 0.72 1.20 0.49 0.33 1.00
Shallow filtration-D 1.32 (68%) 0.08 (79%) 0.55 (58%) 0.31 (44%) 0.32 (73%) 0.20 1.00
Impervious, 0.22 0.20
possible PP 1.87 (74%) 0.00 0.00 1.72 (75%) 0.00 0.00 0.00 0.00 0.03 0.40
WQ swale, 094 | 576 | 1710 | 498 | 000 | 000 | 002 | 28 | 032 | 427 | 050 0.70
wetland
BMP area Depth of runoff treated
BMP (ac) (in)
Neighborhood gravel wetland-Possible 3.43 1.3 (63%)
Neighborhood gravel wetland-Likely 3.27 1.2 (63%)
Neighborhood gravel wetland -Rare 1.70 0.9 (59%)

*No direct curve data for biofiltration; range was an estimation based on bioretention (lower bound) and infiltration trench (higher bound).
&TP removal percentages for depths larger than 2.5” were not available because of a lack of corresponding curve data.
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Table 5-20. The level of treatment needed in Franklin for Scenario Il

High-density Medium-density Low-density
Commercial residential Industrial residential residential Forest
Depth
Depth of Depth of Depth of of Depth of Depth of
BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff BMP runoff
area treated area treated area treated area treated area treated | area | treated
BMP (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in)
. : 0.60 1.20 0.60 0.60 0.60
Infiltration high-A 1.20 (91%) 0.90 (99%) 1.22 (92%) 2.09 (90%) 1.57 (90%) 1.93 1.20
Lo : 1.20 1.21 0.60 0.60 0.60
Infiltration high-B 1.72 (97%) 1.57 (97%) 0.68 (86%) 2.27 (85%) 1.00 (84%) 0.00 0.00
T 1.21 1.21 0.60 0.60 1.20
Infiltration likely 0.09 (96%) 0.01 (96%) 0.10 (82%) 0.13 (81%) 0.31 (94%) 0.19 1.20
1.20 1.20 1.20 1.20 1.20
Biofiltration® 1.23 (79%- 0.43 (79%- 0.74 (79%- 0.18 (78%- 0.11 (76%- 0.29 1.20
92%) 92%) 93%) 91%) 90%)
Lo 1.20 0.33 0.51 0.48
Shallow filtration-B 0.57 (79%) 0.00 0.00 0.03 (44%) 0.25 (58%) 0.10 (57%) 0.01 0.80
I 0.50 0.34 0.31 0.30 0.50
Shallow filtration-C 0.30 (58%) 0.44 (44%) 2.21 (44%) 1.84 (44%) 1.43 (57%) 1.21 1.00
N 1.00 1.00 0.32 0.28
Shallow filtration-D 0.69 (76%) 1.16 (76%) 0.00 0.00 0.31 (44%) 0.22 (44%) 0.24 0.70
Impervious, 0.38 0.41 0.60
possible PP 1.25 (74%) 0.00 0.00 0.00 0.00 0.05 (73%) 0.02 (71%) 0.40 1.80
WQ swale, 0.72 2.18
wetland® 0.85 3.62 0.17 5.76 4.12 2.68 0.21 (15%) 0.44 (39%) 0.47 3.60
BMP area Depth of runoff treated
BMP (ac) (in)
Neighborhood gravel wetland-Likely 8.27 0.9 (59%)
Neighborhood gravel wetland-Possible 9.65 1.4 (64%)
Neighborhood gravel wetland-Rare 3.91 1.3 (63%)

¥ No direct curve data for biofiltration; range was an estimation based on bioretention (lower bound) and infiltration trench (higher bound).
&TP removal percentages for depths larger than 2.5” were not available because of a lack of corresponding curve data.
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Table 5-21. The level of treatment needed in Milford for Scenario Il

High-density Medium-density Low-density
Commercial residential Industrial residential residential Forest
Depth Depth Depth Depth Depth
of of of of Depth of of
BMP | runoff BMP runoff BMP runoff BMP runoff BMP runoff BMP | runoff
area | treated | area | treated area | treated | area | treated | area | treated area | treated
BMP (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in) (ac) (in)
. . 0.60 0.60 0.60 0.60 1.20
Infiltration high-A 0.57 (91%) 0.30 (91%) 0.14 (92%) 0.61 (90%) 0.58 (98%) 0.00 0.00
L . 1.20 1.20 1.20 0.60 1.20
Infiltration high-B 0.18 (97%) 0.24 (97%) 0.09 (97%) 0.18 (85%) 0.70 (96%) 0.28 1.40
0.60 1.20 1.20 0.60 1.20
Biofiltration® 0.55 | (64%- 0.19 (79%- 0.45 (79%- 0.01 (63%- 0.26 (76%- 0.03 0.60
73%) 92%) 93%) 72%) 90%)
Biofiltration/ 0.64 1.00 1.00 1.00 0.60
infiliration-B 249 | asw) | 920 | (gow) | 478 | gow) | AT | @sw) | 0% | (s | AT OO
N 0.25 1.21 1.20 1.00 0.72
Shallow filtration-C 0.76 (43%) 9.96 (79%) 2.49 (79%) 12.73 (75%) 1.38 (65%) 0.30 0.70
S 0.50 0.33 1.20 0.72 0.50
Shallow filtration-D 0.47 (57%) 0.06 (44%) 0.17 (79%) 0.59 (65%) 0.35 (57%) 0.00 0.00
Impervious, 0.24 0.15 0.42 0.42
possible PP 1.49 (74%) 0.00 0.00 0.82 (75%) 0.08 (73%) 0.02 (71%) 0.11 1.00
WQ swale, wetland® | 427 | 576 | 010 | 576 | 1.33 | 504 | 044 | 432 | 033 (;'7‘},2) 053 | 580
BMP area Depth of runoff treated
BMP (ac) (in)
Neighborhood gravel wetland-Yes 0.23 0.8 (58%)
Neighborhood gravel wetland -Likely 6.41 0.9 (59%)
Neighborhood gravel wetland -Possible 5.62 1.1 (62%)
Neighborhood gravel wetland -Rare 4.84 1.2 (63%)

®No direct curve data for biofiltration; range was an estimation based on bioretention (lower bound) and infiltration trench (higher bound).

&TP removal percentages for depths larger than 2.5 were not available because of a lack of corresponding curve data.
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5.7 Summary and Conclusions

Three stormwater management scenarios were setduppaimized using BMPDSS in
Bellingham, Franklin, and Milford—the three Uppdnatles River communities. The
optimization processes accounted for BMP effectagsnBMP construction costs, land
use cover, soil conditions, slope, and, in someg;abe possibility of neighborhood
BMPs when developing feasible stormwater manageaitarhatives. The optimization
target was to identify the near-optimal BMP implenation alternative, which has the
lowest total cost while meeting the phosphorus TMBduction target. One benchmark
BMP setup with uniform sizing (without optimizatijpwas also established for each
community for comparing relative changes in propdts and phosphorus reductions.
The setups of the three scenarios and the unifaingsstrategy are summarized in Table
5-22 below. The setup schemes differ in the aspeatsnoff routing, implementing

regional BMPs, and using optimization techniques.

Table 5-22. Summary of scenario setups in the three Upper Charles River communities

Scenarios

Runoff routing

Regional BMP

Optimization

Uniform sizing
strategy

Runoff from all impervious
HRUs is routed to
corresponding management
categories

No

No

Scenatrio |

Runoff from all impervious
HRUs is routed to
corresponding management
categories

No

Yes

Scenario Il

Runoff from all impervious
PROWsS is routed to
neighborhood BMPs

Runoff from the rest of the
impervious HRUSs is routed to
corresponding management
categories

Yes

Yes

Scenario Il

Runoff from impervious and
pervious PROWSs is routed to
neighborhood BMPs

Runoff from the rest of the
impervious and pervious HRUs
is routed to corresponding
management categories

Yes

Yes

Table 5-23 has a summary of the total costs fottitee scenarios compared against the
costs in the uniform sizing strategy. As shown,3$kenarios |, I, and Il all have a lower
total cost as compared to the cost in the unifaring strategy. For example in Milford,
the cost of the uniform sizing strategy is aboueéhtimes, or 286 percent, of the
Scenario Il total cost. Such significant differesdndicate that optimization is essential
for rational stormwater management, and the opétion techniques can help achieve
considerable savings as compared to the uniforingsstrategy.
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The near-optimal BMP implementation scenarios viaiek-calculated to help identify
the level of treatment (total BMP area and depttuabff) needed for each source area.
The back-calculation indicates that BMPs with higéi&ciencies in phosphorus
removal, located in areas of high phosphorus lazasl to have larger sizes in the near-
optimal BMP implementation scenario. In other wottie optimizer helps to identify the
more cost-effective method(s) to meet the phospghduction goal in a community.
The back-calculation results indicate that différgource areas in a community should
implement different levels of treatment accordiagite near-optimal BMP
implementation scenario, and the stormwater manageprogram needs to be flexible
enough to allow, and even to encourage, such tfisdeo

Table 5-23. Summary of total costs for the BMP scenarios

Scenario | Scenario | Scenario Uniform sizing strategy
| cost Il cost Il cost Cost Compare to other scenarios
Community | (million) | (million) | (million) (million) I Il Il
Bellingham $14 $14 $12 $22 157% 157% 183%
Franklin $45 $30 $26 $71 158% 236% 273%
Milford $31 $26 $21 $60 194% 231% 286%

The cost estimates in this study are intended tnhelp illustrate relative differences
among various treatment options, and the cost sabeuld not be taken literally. The
analysis did not differentiate between imperviousaces owned by the communities
and other government entities and those ownedtpehuaOnly the traditional structural
BMPs were employed in the analysis. The estimatéwadikely to be conservative
because they are solely based on the construagin@iven that the optimized costs are
still quite high, implementation of a near-optinsalution would take time and could
require developing institutions to fund and manéxgework.

This study shows that the right-hand side of th& carves are steep, indicating an upper
limit of the phosphorus removal regardless of howclmnmore money is spent on
structural BMPs. The limit is about 65 percenttfue three communities. The limit is
partially a function of the load coming from foreseas for which no treatment is
provided, and the forest phosphorus load is abéyie2cent of the total nonpoint source
load in a community. The steepness of the cun@salggests that there might be
considerable savings if nonstructural BMPs andhnovative BMPs (e.g., a phosphorus
ban in fertilizers) could be proven effective atidys, could eliminate the need for more
expensive structural projects.

This study does not reflect ongoing research acitht@ogies about practices other than
structural BMPs for phosphorus removal. Future geann BMP costs and designs, as
well as in stormwater regulations will necessitateinning of the optimization
framework, which will likely result in updated tbw@ost values. However, this study lays
down the basis for such activities and providesapshot of the optimal management
options based on the currently available infornmatio
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Appendix A. HRU Maps in the Three Charles River
Communities

The HRU maps for the three Upper Charles River canities are shown in Figures A-1
through A-3.

- Agriculture_PervA HDR_PervD

j Agriculture_PervB - Industrial_Imperv
Agriculture_PervC - Industrial_PervA
Agriculture_PervD - Industrial_PervB

- Commercial _Imperv | Industrial_PervC
- Commercial_PervA \ Industrial_PervD

j Commercial_PervB - LDR_Imperv
Commercial_PervC - LDR_PervA
Commercial_PervD - LDR_PervB

- Forest_Imperv - LDR_PervC

- Forest_PervA u LDR_PervD

- Forest_PervB - MDR_Imperv

- Forest_PervC - MDR_PervA

Forest_PervD - MDR_PervB
!] Freeway_lmperv - MDR_PervC
- Freeway_PervA MDR_PervD

- Freeway_PervB - OpenSpace_Imperv
Freeway_PervC - OpenSpace_PervA

Freeway_PervD | OpenSpace_PervB

- HDR_Imperv OpenSpace_PervC
- HDR_PervA OpenSpace_PervD
" HDR_PervB B \ater
HDR_PervC
00306 12
Kilomet TETRATECH

HRUs in the community of Bellingham | "0 o Tt

0 02505 1

Miles complex world  CLEAR SOLUTIONS"™

Figure A-1. The HRU map for the community of Bellingham.
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Figure A-2. The HRU map for the community of Franklin.
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Figure A-3. The HRU map for the community of Milford.
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Appendix B. Management Category Maps in the Three
Upper Charles River Communities

The management category maps for the communitiBekihgham, Franklin, and
Milford, are shown below in Figures B-1 through B-3
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Figure B-1. The management categories in Bellingham.
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Figure B-2. The management categories in Franklin.
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Figure B-3. The management categories in Milford.
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