CHARLES RIVER
WATERSHED MODEL

Appendix A.O:
Compilation of Existing Data and Gaps
Identified from Review of Existing Resources



MEMORANDUM

TO: Charles River Watershed Association

FROM: Indrani Ghosh, Resiliency Technical Leader, Weston & Sampson

DATE: April 16, 2021

SUBJECT: Compilation of existing data and gaps identified from review of existing resources

Project Background

Weston & Sampson is working in collaboration with the Charles River Watershed Association
(CRWA\) as part of the Technical Team for the FY21 MVP Action Grant awarded to Natick to develop
a Charles River watershed regional model. Existing models, data, and reports from watershed
communities, Massachusetts Water Resources Authority (MWRA), and the Department of
Conservation and Recreation (DCR) were utilized as a baseline for the model. The Technical Team
implemented previous efforts by engaging project partners to the maximum extent practicable to
compensate for the tight project timeline and budget restraints, and to not duplicate prior work.

Methods for Collecting Data

Weston & Sampson as part of the Technical Team engaged project communities by requesting
submittal of the following data:

¢ Municipal MVP Plan or Hazard Mitigation Plan maps showing key community resources (GIS
format preferred)

e Historic flood reports/complaints database with dates (GIS format preferred)

e Relevant past stormwater modeling/flooding reports from projects over last 5-10 years

e Stormwater infrastructure GIS shapefiles of pipes, manholes, outfalls, and any other critical
inlet/outlet flow control structures

e Recent topographic or LIDAR data from past/ongoing projects

e Recent bathymetry data of major water bodies from past/ongoing projects

e Plans/as-builts of dams, bridges, and culvert crossings along the Charles River

e Dam inspection reports for dams along the Charles River

e Dredging or other reports on maintenance activities

e Lists of any major proposed roadway improvements, public housing and/or park/open space
projects in 5-year capital plans

e Lists of any major proposed private development projects or vacant lots where the
communities would like to propose potential green infrastructure opportunities



A SharePoint site was set up and used as a platform for participating project communities to submit
existing data on the aforementioned topics. All data was reviewed as it was submitted and tracked
in a spreadsheet to identify data gaps. The spreadsheet is shown in Figure 1, below. GIS files of
stormwater infrastructure were determined by Weston & Sampson to be most important in the
creation of this model. After allowing time for project communities to upload the requested data,
Weston & Sampson sent personalized emails to individual communities requesting specific missing
key data to ensure that any existing, relevant data was considered in the creation of the model.



Plans/as-builts of culvert crossings along the Charles River

Dam inspection reports for dams along the Charles River

Dredging or other reports on maintenance activities

List any major proposed roadway improvements, public housing and/or
park/open space projects in 5-year capital plans

List any major proposed private development projects or vacant lots where
the communities would like to propose potential green infrastructure

opportunities

Figure 1. Tracking sheet for existing data submittal from project communities
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Summary of Existing Data

The first step in developing the model was to determine a watershed boundary of the Charles River
watershed. A shapefile of this boundary was created and uploaded into a GIS mapfile. Then, all data
submitted by the participating project communities was analyzed by employees of Weston &
Sampson as part of the Technical Team to determine their importance in the creation of the model.
The GIS shapefiles of stormwater infrastructure were determined to be critically important and were
uploaded to a GIS geodatabase then organized by type of infrastructure. The stormwater
infrastructure most critical to the model included drainpipes, manholes, outfalls, and catch basins
located within the watershed area.

For the purposes of this model, only drainpipes within the watershed boundary with a diameter
greater than or equal to 24-inches were included in the mapfile. These drainpipes were sorted into
three (3) categories: pipe diameters greater than or equal to 24-inches and less than 36-inches,
pipes greater than or equal to 36-inches and less than 48-inches, and pipes greater than or equal
to 48-inches. Each of these categories was represented in the mapfile accordingly. From there, only
the manholes, outfalls, and catch basins located along these select drainpipes were included in the
mapfile. An example of the mapfile is shown in Figure 2, below.
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Figure 2. Mapfile of stormwater infrastructure from project communities' existing data.



Data Gaps

Utilizing existing data provides the advantage of generating a model in a shorter timeline, but it has
limitations in that it creates data gaps where accurate existing data cannot be found. Key data gaps
that have been identified in the creation of this model are summarized as follows:

e Many of the GIS shapefiles from all Towns were missing elevation data for the stormwater
infrastructure.

o The Towns of Arlington, Dedham, and Newton submitted no existing GIS shapefiles for catch
basins.

e The Towns of Medway and Wrentham had no diameter data for the GIS shapefiles of
drainpipes that were submitted. This omitted GIS shapefiles for any other stormwater
infrastructure within these towns, as the stormwater infrastructure selected for the model was
based on proximity to drainpipes greater than or equal to 24-inches.

e The Town of Sherborn submitted GIS shapefiles for culverts but no other drainpipes, and
limited stormwater infrastructure was located along these culverts.

e The Towns of Medway, Milford, and Watertown submitted GIS shapefiles for various types
of stormwater infrastructure that show up in the Atlantic Ocean in the mapfile, suggesting an
error in the data.

o The Town of Holliston was unable to submit any GIS files related to stormwater infrastructure
due to health-related staffing challenges during the pandemic.
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Appendix A.1:
Project Team Workshop 2 Presentations (workshop held in
three parts: May 5th, May 12th, May 26th)



Building Resilience Across the
Charles River Watershed

Workshop #2 Part 1: Nature Based Solutions
May 5, 2021



Nature-Based Solutions Subcommittee

Charles River Watershed Association

Agenda

1:00-1:10: Welcome & Introductions
1:10-1:30: Present Results of Municipal & Public Feedback

1:30-1:45: Present NBS Solutions to be voted on to include in the model
1:45-2:00: Discussion/Survey



Charles River Watershed Association

Building Resilience Across the Charles River

Meeting Goal

® Present nature-based solutions that could be modeled
® Discuss prioritization of nature-based solutions
® Take a survey to select strategies to model

WEe’ll review survey results at the end of next Wednesday’s training



Building Resilience Across the Charles River

Project Update

e May 12th: Engaging Climate Vulnerability Communities Training

e Update: model results for existing conditions and from the
nature-based solutions runs will be presented on May 26th

e Model progress update from Indrani

e Don’t forget to document your match hours (spreadsheet now
includes a list of project meetings)

® Project end date is June 30th!

Charles River Watershed Association



Building Resilience Across the Charles River Watershed D g

Charles River Watershed Association

b
s M
e
Filid

4o




Building Resilience Across the Charles River

Charles River Watershed Association

What is your primary goal(s) for the use of this model and its output?

m Flood control planning within your
community

® Bylaw/regulation changes at the
local level

m Engineering designs for specific sites
or certain types of infrastructure

Participation in regional mitigation
projects

H Educate residents about climate
change




Building Resilience Across the Charles River
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Charles River Watershed Association

What nature based solution(s) are you pursuing within your community?

Reducing Green Wetland Floodplain Reservoir Dam removal Increasing tree  Tree planting
impervious stormwater restoration reconnection management canopy program
surfaces infrastructure



Building Resilience Across the Charles River
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Charles River Watershed Association

What nature based solution(s) are you interested in exploring through this project?

Land Reducing Green Wetland Floodplain Reservoir Dam removal Increasing tree  Tree planting
conservation impervious stormwater restoration reconnection  management canopy program
surfaces infrastructure



Building Resilience Across the Charles River Watershed

Charles River Watershed Association

1. Small scale strategies
(GSI, < IC)

2. Infrastructure changes
(dam removal, culvert
changes)

3. Large scale flood
storage

20

10

What types of strategies are you most interested in seeing modeled through this project?

A. Small scale strategies implemented B. Large scale flood storage opportunities, along C. Large scale infrastructure changes - grey to
consistently across the watershed (ex. 10%  theriver and upland (ex. wetland restoration, ~ green or green/gray mix (ex. Dam removal,
reduction in impervious cover, 25% green  floodplain reconnection, use of parks/fields for culvert replacement)
streets, increase in tree canopy cover, land flood storages)

conservation)



Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Are there large (>1 acre) open spaces that could have the potential to be
used for permanent or temporary stormwater/flood storage?

H Yes
® No
m Unsure/Maybe

Don't know




Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Which of the following, if any, do you think are NOT feasible for your
community even if funding for implementation was available?

None (all are feasible with funding and public support) (9)
Move development out of flood plain (8)
All undeveloped lots >2 acres available to provide flood storage (6)
Permanently protect >50% of available open space (4)
Dam removal (4)
Increase tree canopy by up to 25% (4)
Wetland construction (river adjacent and upland) (3)
Green infrastructure stores 1.5” storm runoff from 50% of all impervious cover
town-wide (3)
9. Dam management changes (2)
10. Decrease directly connected / effective impervious cover by 10-25% (2)
11. Restore culverted streams (1)

©NOORAE DN =
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Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Public Survey Results

Two Surveys:

e one issued to virtual event attendees
(69 responses)

e one issued to general public (103
responses)

Also had three non-English surveys but
did not get any responses: learning
opportunity




Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Do you live in the Charles River Watershed?

sYes sNo =Dont know



Building Resilience Across the Charles River Watershe

Charles River Watershed Association

Are you concerned about the potential impacts of Do you think your community is doing enough to plan
flooding from climate change in your community? for the impacts of climate change?

=Yes = No =Yes =No =Dont know



Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Which of these would you ™
like to see explored as -
possible nature-based
solutions to help mitigate ™
potential flooding impacts “
of climate change? .
40
20
0
wetland land more green less paved damremoval increase tree Move

restoration  conservation  stormwater surfaces canopy development

infrastructure out of flood

plain (or other

flood prone

areas)



Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Additional Suggestions

Undersized culvert replacement

Enhancing local sources of water supply vs MWRA

have city, state and federal plans include these solutions
No asphalt driveways

Stricter land use controls; incentives for clustered density

Man made wetlands with elevated boardwalks where it
makes sense

Daylight buried streams

Parks created in wetlands/ floodplains

Preserve existing tree canopy

All of the above



Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Which of these 160
nature based 140
solutions do you thir =

would be possible | «
your community? =
6
2

0
0
0
0
wetland land more green less paved damremoval increase tree Maove
restoration  conservation stormwater surfaces canopy development
infrastructure out of flood
plain (or other
flood prone

areas)



Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Do you have any concerns about the changes nature-based solutions could bring to your community?

Inequitable benefits

Inter-community cooperation

Cost

Further gentrification

Raising rents/housing cost

Maintenance

Private land

Dam removal would require significant study

Cost of maintaining newly-created wetlands so they don't get full of rubbish and invasive species
Buy in from residents

Beaver activity might impact nature based solutions
Getting community buy-in

Mosquitos



Building Resilience Across the Charles River Watershe

Charles River Watershed Association

Summary
Top Nature Based Solutions to Model: Top Nature Based Solutions to Model: Public
Project Team 1. Wetland restoration (147)
1. GS| 2. More green stormwater infrastructure (147)
2. <IC 3. Land conservation (138)
3. Dam Removal _ 4. Less paved surfaces (132)
4. Floodplain reconnection® 5 | t 131
5 Conservation® . Increase tree canopy (131) |
6. > Tree canopy 6. Move development out of flood plain (or
7. Wetland restoration other flood prone areas) (120)
*some reservation/concerns 7. Dam removal (77)

Preference for modeling small scale system
across the watershed



Charles River Watershed Association

Building Resilience Across the Charles River Watershed=>&—"><~—

Summary

Most Feasible: Public

More green stormwater infrastructure (141)

Increase tree canopy (117)

Wetland restoration (115)

Land conservation (109)

Less paved surfaces (107)

Move development out of flood plain (or other flood prone areas) (83)
Dam removal (45)

NoOoa~koON=

*Public also has some concerns over moving development out of the floodplain



Building Resilience Across the Charles River Watershed=>&—"><~—

Charles River Watershed Association

Summary

e Land conservation, More green stormwater infrastructure and Less
paved surfaces appear in the top five responses for both surveys/all
questions

e \WVetland Restoration was popular very with public, least popular with
municipal team

e Dam Removal not very popular with the public
Both groups had some concerns about the feasibility of floodplain
reconnection



Modeling Nature Based Solutions Scope Review

Charles River Watershed Association

Task 4. Select Priority Watershed Scale Climate Adaptation Strategies
Sub-Task 4.1 ldentify Priority Actions

Sub-Task Task 4.2 Select Priority Actions

Task 5. Watershed Scale Adaptation Recommendations

Sub-Task 5.1 Assess Priority Mitigation Measures using H/H model
Sub-Task 5.2 Evaluate Co-Benefits of Nature Based Solutions

Sub-Task 5.3 Prioritization of flood mitigation alternatives



Modeling Nature Based Solutions

Charles River Watershed Association

Sub-Task 4.1 Identify Priority Actions

Concurrent with Tasks 2 and 3, the Technical Team, working with a few community
partners who are able to dedicate more time to the project will identify specific
mitigation strategies within the broad categories already identified by the group:

Upstream flood storage assessment for priority areas
Green infrastructure interventions for priority areas
Land conservation / land use change strategies
Floodplain restoration strategies

hownh =

The flood mitigation strategies that will be evaluated can be a combination of
watershed wide strategies and site-specific strategies.

Nature-based solutions subcommittee met on April 1st



Modeling Nature Based Solutions

Charles River Watershed Association

Sub-Task Task 4.2 Select Priority Actions

A second full project team workshop will be held to identify and prioritize
watershed scale flood mitigation strategies to assess in Phase l. The project team
will also review responses from the community survey administered in Task 1 which
include some input on residents’ preferences or concerns for flood mitigation approaches.
The project team will select the priority actions through discussion and voting.

Deliverables:

e Workshop 2 with project team communities
e Selection of prioritized list of flood mitigation strategies with maximum potential of
flood reduction at the watershed scale



Modeling Nature Based Solutions

Charles River Watershed Association

Nature-based solutions subcommittee feedback

Constructed wetlands can be expensive and face permitting challenges
Support for looking at impervious cover reduction
“Reducing” impervious cover could also mean disconnecting it (in practice)

Support modeling strategies that Cities/Towns can implement in ways that work for them (i.e.
green stormwater infrastructure), implementation might look different in Medway vs. Newton
need to allow for flexibility

Supporting for identifying strategies that each community can work toward because we know
it's effective
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Appendix A.2:
Project Team Workshop 3 Presentations
(and meeting photo)
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Charles River Watershed Association




Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Which of these would you ™
like to see explored as -
possible nature-based
solutions to help mitigate ™
potential flooding impacts “
of climate change? .
40
20
0
wetland land more green less paved damremoval increase tree Move

restoration  conservation  stormwater surfaces canopy development

infrastructure out of flood

plain (or other

flood prone

areas)



Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Additional Suggestions

Undersized culvert replacement

Enhancing local sources of water supply vs MWRA

have city, state and federal plans include these solutions
No asphalt driveways

Stricter land use controls; incentives for clustered density

Man made wetlands with elevated boardwalks where it
makes sense

Daylight buried streams

Parks created in wetlands/ floodplains

Preserve existing tree canopy

All of the above



Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Which of these 160
nature based 140
solutions do you thir =

would be possible | «
your community? =
6
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wetland land more green less paved damremoval increase tree Maove
restoration  conservation stormwater surfaces canopy development
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plain (or other
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Building Resilience Across the Charles River Watershed

Charles River Watershed Association

Do you have any concerns about the changes nature-based solutions could bring to your community?

Inequitable benefits

Inter-community cooperation

Cost

Further gentrification

Raising rents/housing cost

Maintenance

Private land

Dam removal would require significant study

Cost of maintaining newly-created wetlands so they don't get full of rubbish and invasive species
Buy in from residents

Beaver activity might impact nature based solutions
Getting community buy-in

Mosquitos



Building Resilience Across the Charles River Watershe

Charles River Watershed Association

Summary
Top Nature Based Solutions to Model: Top Nature Based Solutions to Model: Public
Project Team 1. Wetland restoration (147)
1. GS| 2. More green stormwater infrastructure (147)
2. <IC 3. Land conservation (138)
3. Dam Removal _ 4. Less paved surfaces (132)
4. Floodplain reconnection® 5 | t 131
5 Conservation® . Increase tree canopy (131) |
6. > Tree canopy 6. Move development out of flood plain (or
7. Wetland restoration other flood prone areas) (120)
*some reservation/concerns 7. Dam removal (77)

Preference for modeling small scale system
across the watershed



Charles River Watershed Association

Building Resilience Across the Charles River Watershed=>&—"><~—

Summary

Most Feasible: Public

More green stormwater infrastructure (141)

Increase tree canopy (117)

Wetland restoration (115)

Land conservation (109)

Less paved surfaces (107)

Move development out of flood plain (or other flood prone areas) (83)
Dam removal (45)

NoOoa~koON=

*Public also has some concerns over moving development out of the floodplain
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Charles River Watershed Association

Summary

e Land conservation, More green stormwater infrastructure and Less
paved surfaces appear in the top five responses for both surveys/all
questions

e \WVetland Restoration was popular very with public, least popular with
municipal team

e Dam Removal not very popular with the public
Both groups had some concerns about the feasibility of floodplain
reconnection



Modeling Nature Based Solutions Scope Review

Charles River Watershed Association

Task 4. Select Priority Watershed Scale Climate Adaptation Strategies
Sub-Task 4.1 ldentify Priority Actions

Sub-Task Task 4.2 Select Priority Actions

Task 5. Watershed Scale Adaptation Recommendations

Sub-Task 5.1 Assess Priority Mitigation Measures using H/H model
Sub-Task 5.2 Evaluate Co-Benefits of Nature Based Solutions

Sub-Task 5.3 Prioritization of flood mitigation alternatives



Modeling Nature Based Solutions

Charles River Watershed Association

Sub-Task 4.1 Identify Priority Actions

Concurrent with Tasks 2 and 3, the Technical Team, working with a few community
partners who are able to dedicate more time to the project will identify specific
mitigation strategies within the broad categories already identified by the group:

Upstream flood storage assessment for priority areas
Green infrastructure interventions for priority areas
Land conservation / land use change strategies
Floodplain restoration strategies

hownh =

The flood mitigation strategies that will be evaluated can be a combination of
watershed wide strategies and site-specific strategies.

Nature-based solutions subcommittee met on April 1st



Modeling Nature Based Solutions

Charles River Watershed Association

Sub-Task Task 4.2 Select Priority Actions

A second full project team workshop will be held to identify and prioritize
watershed scale flood mitigation strategies to assess in Phase l. The project team
will also review responses from the community survey administered in Task 1 which
include some input on residents’ preferences or concerns for flood mitigation approaches.
The project team will select the priority actions through discussion and voting.

Deliverables:

e Workshop 2 with project team communities
e Selection of prioritized list of flood mitigation strategies with maximum potential of
flood reduction at the watershed scale
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Model Calibration
Charles River Watershed Association

2D Flood Model Results for March 2010 Storm

:E Legend

Calibration Storm (March 2010)
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Model Calibration

Charles River Watershed Association

2D Model Results for March 2010 Storm
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2D Flood Model
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Charles River Watershed Association

2D Flood Model
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Future Storm Simulations

» <7

Presentation Qutline

Recap future rainfall scenarios

Model development

Model calibration

Future storm simulations

Flooding impacts in the watershed

Recap green infrastructure (Gl) scenario runs

Example results from a Gl scenario

Online viewer demonstration

Questions and next steps

Weston @ Sampson

Charles River Watershed Association
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Future Storm Simulations

Charles River Watershed Association

Design Storm Simulations — 2yr Storm Present (3.3 inches in 24 hrs)

F 2 Lincoln TR -, g
I P, 4 ‘§>
/." Trapelo rq { )JV | wiat
1 =
' ) 2 2 ; 4 g\
¢ } %
A

Arlington
Heights

2-yr (50% AEP) 24-hourr...

Layers

>, Belmont
2-yr (50% AEP) 24-hour storm - Present (’—\Traa % Country Club

2-yr

v

2-yr (560% AEP) 24-hour storm - 2070 2-
yr

MAXDEPTH
>3.0'

>2.0' - 3.0'

>1.0' - 2.0' q 2
Pfospeét Hill 0
>05' - 1.0" L A
/J A/g. 4 : £
- >0'- 0.5 )) S \,,} L OO /OQ(/

No Flood

Jﬁ‘x:—ﬁ ::M(._«.:‘Jth‘éﬁ;i
.? )

Weston

q !
A
& /
o &

Oston post *9 \\q‘? J
e Weston Gol

K . 1f N
Sandy Burr &0 5 ; ™ Club
Country Club aeut pa 3 / \, ‘
o = - / b
Pelham & 2 A L™ e hve
) 0 S iy Uy o~ W“Mount Ida
slan NS = Y 2 o . WU
™ 7 ) h
Nn v Ox < Cabor ¢

WesTon@Sompson 25



e

Future Storm Simulations

Charles River Watershed Association

Design Storm Simulations — 2yr Storm 2070 (4 inches in 24 hrs)
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Future Storm Simulations

Charles River Watershed Association

Design Storm Simulations — 10 yr Storm Present (5.2 inches in 24 hrs)
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Future Storm Simulations

Charles River Watershed Association

Design Storm Simulations — 10 yr Storm 2070 (6.3 inches in 24 hrs)
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Building Resilience Across the Watershed » WD =

Charles River Watershed Association

Presentation Qutline

Recap future rainfall scenarios

Model development

Model calibration

Future storm simulations

Flooding impacts in the watershed

Recap green infrastructure (Gl) scenario runs

Example results from a Gl scenario

Online viewer demonstration

Questions and next steps
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Flood Impacts

Flood Impacts on Critical Facilities
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Flood Impacts

Flood Impacts Across the Watershed

» <7

Charles River Watershed Association

# of Critical  |Acres of flooding| Runoff Volume
Facilities Impacted (ac) (MG)
Present 2-yr storm 33 3,186 3,053
2070 2-yr storm 42 4,389 4,264
Increase from Present +9 +1,203 +1,211
Present 10-yr storm 53 6,909 7,368
2030 10-yr storm 56 7,630 8,642
Increase from Present +3 +721 +1,274
2070 10-yr storm 56 8,579 10,651
Increase from Present +3 +1,670 +3,283
March 2010 Storm (8.99 inches) 59 10,446 20,831
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Flood Impacts D A ==

Charles River Watershed Association

Flood Impacts in Beaver Brook (Waltham)

# of Critical Acres of flooding| Runoff Volume
Facilities Impacted (ac) (MG)
Present 2-yr storm 3 74.4 99
2070 2-yr storm 3 80.3 136
Increase from Present +5.9 +37
Present 10-yr storm 4 95.8 225
2030 10-yr storm 4 112.1 259
Increase from Present +16.3 +34
2070 10-yr storm 4 116.3 313
Increase from Present +20.5 +88
March 2010 Storm (8.99 inches) 4 93.7% 573

*Timing of runoff from individual sub-basins for this historical event muted the peak discharge and flooding extents.
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Modeling Nature Based Solutions D WD =

Charles River Watershed Association

Presentation Qutline

Recap future rainfall scenarios

Model development

Model calibration

Future storm simulations

Flooding impacts in the watershed

Recap green infrastructure (Gl) scenario runs

Example results from a Gl scenario

Online viewer demonstration

Questions and next steps
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Modeling Nature Based Solutions

Charles River Watershed Association

Scenarios Selected

Green Stormwater Infrastructure

1. Green infrastructure stores 2" storm runoff from up to 50% of all impervious cover town-wide
2. 10% of feasible/priority land area is GSI

3. Storage on large (>5 acres) public properties (GSI, underground storage, "blue roofs") (site specific strategy)

Reduce Impervious Cover
4. Reduce effective impervious cover watershed wide by 10% (for subbasins over 10%)

Land Conservation
5. Allow 50% of remaining undeveloped/unprotected land to become impervious

Other

6. Increase Tree Canopy: 25% public ROWS become green streets: tree box filters/bioswales connected to
leaching catch basins

Alternates: .
Wetland Restoration: All wetland areas 10% larger
Dam removal: Remove all dams other than active flood control dams

**Data details from May 5th presentation found here.


https://docs.google.com/presentation/d/1R0dfBUADWgilt7-ebcq8ZyiSylExZxSItGX9vnuTtOE/edit?usp=sharing

» <7

Nature Based Solution Model Runs

Charles River Watershed Association

Green Infrastructure Sc 4 —10 yr Storm Present (5.2 inches in 24 hmrs)
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Nature Based Solution Model Runs » WD <~

Charles River Watershed Association

Green Infrastructure Sc 4 — 10 yr Storm 2070 (6.3 inches in 24 hrs)
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Nature Based Solution Model Runs » A <~

Charles River Watershed Association

Flood Benefits Across the Watershed — Green Infrastructure Scenario 4

# of Critical Acres of flooding | Runoff Volume
Facilities Impacted (ac) (MG)
Present 10-yr storm — No Action 53 6,909 7,368
Present 10-yr storm + Gl Sc 4 50 6,790 7,142
Change from No Action -3 -119 -226
2070 10-yr storm — No Action 56 8,579 10,651
2070 10-yr storm + Gl Sc 4 56 7,906 10,401
Change from No Action -673 -250
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Nature Based Solution Model Runs » WD <~

Charles River Watershed Association

Flood Benefits in Beaver Brook — Green Infrastructure

Scenario 4
# of Critical Acres of flooding | Runoff Volume
Facilities Impacted (ac) (MG)
Present 10-yr storm — No Action 4 95.8 225
Present 10-yr storm + Gl 4 88.0 212
Change from No Action -7.8 -13
2070 10-yr storm — No Action 4 116.3 313
2070 10-yr storm + Gl 4 106.2 298
Change from No Action -10.1 -15
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Online Viewer Demo

» <7

Presentation Qutline

Recap future rainfall scenarios

Model development

Model calibration

Future storm simulations

Flooding impacts in the watershed

Recap green infrastructure (Gl) scenario runs

Example results from a Gl scenario

Online viewer demonstration

Questions and next steps

Weston @ Sampson

Charles River Watershed Association

39



Online Viewer Demo
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Question & Next Steps

» <7

Presentation Qutline

Recap future rainfall scenarios

Model development

Model calibration

Future storm simulations

Flooding impacts in the watershed

Recap green infrastructure (Gl) scenario runs

Example results from a Gl scenario

Online viewer demonstration

Questions and next steps

Weston @ Sampson
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Upcoming Meetings

Charles River Watershed Association

June 2nd, 1-2 pm: Climate Compact Meeting (bi-monthly meeting
rescheduled from May)

June 24t", 1-2 pm: Final project team meeting
-Communication’s kit
-Discuss next steps

June 23rd, 7-8pm: Final Public Presentation (virtual event)

- Will be an updated and abbreviated version of what you saw today
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Co-Benefit Type Co-Benefit Description

Nature-Based Solutions
Scenarios

Green infrastructure stores 2” storm runoff from up to 50% of all impervious
cover town-wide (assume some infiltration on good quality soils).

Promotes Biodiversity

In this scenario, there is an additional 36,893 acres of green stormwater
infrastructure providing additional greenery and habitat. GSI system
typically function best with native or nativized vegetation which also provide
habitat for local wildlife.

Restores or Remediates
Sites

Careful site planning and selection of practices allow green infrastructure to
work on contaminated sites and sites with poor soils.

Promotes Sustainable
Development / Reduces
Development in Climate
Vulnerable Areas

GSI can provide green jobs and protection for surrounding properties, and
amenities to surrounding residents. This scenario demonstrates where
flooding impacts will occur with and without intervention.

Improved Water Quality

According the the EPA, if a stream’s watershed has greater than 25%
impervious cover, the stream is a non-supporting, or unhealthy, stream.
Treating and infiltrating stormwater runoff onsite will remove pollutants

and reduce pollutant loading in the Charles River and the watershed. A
biofiltration system similar to the FocalPoint has a 66% phosphorus removal
rate. Bioretention systems and rain gardens have a removal efficiency of:

* 90% TSS removal with adequate pretreatment

* 30-50% total nitrogen

* 30-90% total phosphorus

* 40-90% metal pollutant

A detention basin has pollutant removal efficiencies of:
* 50% TSS removal with adequate pretreatment

* 15-50% total nitrogen

* 10-30% total phosphorus

* 30-50% metal pollutant

* Less than 10% pathogen removal

Annual Recharge

Using the Stormwater Recharge Calculator developed by Abt Associates
with support from CRWA, it is estimated this scenario can recharge 16,288
million gallons per year (MGY).

Improved Air Quality

Improves air quality by filtering air pollutants and particulates. Larger impact
if trees are incorporated into GSI systems.

Climate Mitigation

Increases in vegetation mean more direct carbon sequestration along

with more shade and heat dissapation, lowering outdoor temperatures.
Additionally, a reduction in impervious cover will lead to less heat absorbed,
also helping reduce temperatures. Less energy spent on cooling purposes,
will result in a decrease in carbon dioxide emissions.

Public Health

Infiltration practices will assist with groundwater recharge and restoring
levels for drinking water. Provides flood management and reduces
opportunity for combine sewer overflow events and associated hazards and
displacement from flooding.

Reduce Long-term
Maintenance

N/A

Raise Awareness of Nature-
Based Solutions

Engages public in stormwater management issues with visual
demonstration. Familiarizes public with Gl practices

Appendix A.3: Summary Co-Benefits Table



Co-Benefit Type Co-Benefit Description

Nature-Based Solutions
Scenarios

20% of feasible/priority land area is GSI (also assumed some infiltration on
good quality soils and then filtration for the rest of the systems - can assume
mostly systems with plants - i.e. not underground)

Promotes Biodiversity

In this scenario, there is an additional 32,242 acres of green stormwater
infrastructure providing additional greenery and habitat. GSI system typically
function best with native or nativized vegetation which also provide habitat for
local wildlife.

Restores or Remediates
Sites

Careful site planning and selection of practices allow green infrastructure to
work on contaminated sites and sites with poor soils.

Promotes Sustainable
Development / Reduces
Development in Climate
Vulnerable Areas

GSI can provide green jobs and protection for surrounding properties, and
amenities to surrounding residents. This scenario demonstrates where
flooding impacts will occur with and without intervention.

Improved Water Quality

According the the EPA, if a stream’s watershed has greater than 25%
impervious cover, the stream is a non-supporting, or unhealthy, stream.
Treating and infiltrating stormwater runoff onsite will remove pollutants and
reduce pollutant loading in the Charles River and the watershed. A biofiltration
system similar to the FocalPoint has a 66% phosphorus removal rate.
Bioretention systems and rain gardens have a removal efficiency of:

* Total suspended solids (TSS): 90% with adequate pretreatment

* Total nitrogen: 30-50%

* Total phosphorus: 30-90%

* Metals (copper, lead, zinc, cadmium): 40-90% metal pollutant

A detention basin has pollutant removal efficiencies of:

* TSS: 50% with adequate pretreatment

* Total Nitrogen: 15-50%

* Total phosphorus:10-30%

* Metals (copper, lead, zinc, cadmium): 30-50%

* Pathogens (coliform, E. Coli): Less than 10%

Annual Recharge

Using the Stormwater Recharge Calculator developed by Abt Associates with
support from CRWA, it is estimated this scenario can recharge 87,923 MGY
(area of GSI 10% of treatment)

Improved Air Quality

Improves air quality by filtering air pollutants and particulates. Larger impact if
trees are incorporated. Gl can also provide traffic and street noise abatement

Climate Mitigation

This scenario proposes treating an area of around 105,000 acres. Increases
in vegetation mean more direct carbon sequestration along with more shade
and heat dissapation. Additionally, a reduction in impervious cover means
less heat absorbed, resulting in cooler temperatures. Less energy spent on
cooling purposes, will result in a decrease in carbon dioxide emissions.

Public Health

Vegetation provides shade, dissipates ambient heat through
evapotranspiration, and deflects radiation from the sun, which provide
cooling (reduces heat island effect) and decrease opportunity for heat related
deaths. Vegetation also releases moisture into the atmosphere. GSI improves
aesthetics and increases exposure to greenness which can improve mental
health and provide a possible reduction in the risk of crime. Mitigates the risk
of flooding and combine sewer overflow events and associated hazards.

Reduce Long-term
Maintenance

N/A

Raise Awareness of
Nature-Based Solutions

Engages public in stormwater management issues with visual demonstration.
Increases space and opportunity for social interaction. Familiarizes public
with GSI practices.

Appendix A.3: Summary Co-Benefits Table



Co-Benefit Type Co-Benefit Description

Nature-Based Solutions
Scenarios

Storage on large (>5 acres) public properties (assumes mix of
underground and surface based systems)

Promotes Biodiversity

This scenario would include constructed wetlands or other large scale
storage systems that create new habitat.

Restores or Remediates Sites

At certain sites green infrastructure solutions such as green roofs and
cisterns that function without infiltrating stormwater into the soil can be
assessed to add storage on sites not suitible for infiltration.

Promotes Sustainable
Development / Reduces
Development in Climate
Vulnerable Areas

Provides amenities to surrounding communities. Increases property
values and opportunity for green jobs. Provides large scale environmental
protection. Wetlands play a crucial role in many state and tribal fishing
economies.

Improved Water Quality

Constructed stormwater wetlands have a high pollutatant removal
efficiency for soluble pollutants and particles. A constructed weltand has
the following pollutant removal efficiencies:

* TSS: 80% with pretreatment

* Total nitrogen: 20% - 55%

* Total phosphorus: 40% - 60%

* Metal (copper, lead, zinc, cadmium): 20% - 85%

» Pathogens (coliform, E. Coli): Up to 75%

Annual Recharge

Approximately 280 sites were identified as possibly “large scale” storage

opportunities, if even a portion of these could provide infiltration for small

rain events along with additional storage for large events this would result
in considerable annual groundwater recharge.

Improved Air Quality

N/A

Climate Mitigation

Increases in vegetation mean more direct carbon sequestration along with
more shade and heat dissapation.

Public Health

Increases opportunity for bird and wildlife viewing and physical activity.
Improves aesthetics and increases exposure to greenness which can
improve mental health and provide a possible reduction in the risk of
crime. Mitigates the risk of flooding and combine sewer overflow events
and associated hazards. Supports ecosystems, promotes biodiversity and
provides cooling. Filters out pollutants and protects drinking water.

Reduce Long-term
Maintenance

N/A

Raise Awareness of Nature-
Based Solutions

Increases recreational opportunity and creates space for social
interaction.

Appendix A.3: Summary Co-Benefits Table



Scenario 4
Co-Benefit Type Co-Benefit Description

Nature-Based Solutions

. Reduce effective impervious cover watershed wide by 10%
Scenarios

This scenario would transition over 7300 acres of impervious cover to

Promotes Biodiversity more natural land covers, increasing habitat and promoting biodiversity.

Restores or Remediates Sites | N/A

Promotes Sustainable
Development / Reduces
Development in Climate
Vulnerable Areas

Protects vulnerable communities through flood mitigation.

According the the EPA, if a stream’s watershed has greater than 25%
impervious cover, the stream is a non-supporting, or unhealthy, stream.
Treating and infiltrating stormwater runoff onsite will remove pollutants
and reduce pollutant loading in the Charles River and the watershed.

Improved Water Quality

By reducing 10% of effective imperivous cover, an additional estimated

Annual Recharge 4,536 million gallons of stormwater will be infiltrated annually.

Improved Air Quality N/A

This scenario proposes over 7,300 more acres of green space. A
reduction in impervious cover means less heat absorbed, resulting in
cooler temperatures. Less energy spent on cooling purposes, will result in
a decrease in carbon dioxide emissions.

Climate Mitigation

Reduces stormwater runoff leading to improvements in water quaility.

Rublickicalin Reduces heat island effect, Creates additional open space.

Reduce Long-term

) N/A
Maintenance /

Raise Awareness of Nature- | Increases visual demonstrations and opportunity of engagement with
Based Solutions public. Opportunity for educational material to be built around GSI.

Appendix A.3: Summary Co-Benefits Table



Co-Benefit Type Co-Benefit Description

Nature-Based Solutions
Scenarios

Allow 50% of remaining undeveloped/unprotected land to become
impervious.

Promotes Biodiversity

Protecting the remaining undeveloped land in the watershed will prevent
the further degredation of habitat and biodiversity loss.

Restores or Remediates Sites

N/A

Promotes Sustainable
Development / Reduces
Development in Climate
Vulnerable Areas

Negative impacts for vulnerbale communties. Future development of open
space is expected to make flooding worse by as much as 3,389 acres and
1,500 MG compared to present day conditions in a projected 2070 10-yr
storm event.

Improved Water Quality

According the the EPA, if a stream’s watershed has greater than 25%
impervious cover, the stream is a non-supporting, or unhealthy, stream.
Increasing impervious area in the watershed will reduce water quality.

Annual Recharge N/A
Improved Air Quality N/A
Climate Mitigation N/A

Public Health

Increases opportunity for transportation of pollutants, degrades water
quality, and increases surrounding temperatures all of which have
negative effects on public health.

Reduce Long-term
Maintenance

N/A

Raise Awareness of Nature-
Based Solutions

N/A

Appendix A.3: Summary Co-Benefits Table



Scenario 6
Co-Benefit Type Co-Benefit Description

Nature-Based Solutions
Scenarios

Increase Tree Canopy: 25% public ROWS become green streets (would
also probably be a mix of infiltration and filtration)

Promotes Biodiversity

Additional tree canopy cover, especially in areas where it is currently
lacking will add biodiversity and habitat to developed areas of the
watershed.

Restores or Remediates Sites

Careful site planning and selection of practices allow green infrastructure
to work on contaminated sites and sites with poor soils.

Promotes Sustainable
Development / Reduces
Development in Climate
Vulnerable Areas

Protects existing infrastructure and provides traffic and street noise
abatement, strengthens soil. A healthy 100-foot-tall tree can absorb
11,000 gallons of water from the soil and release it into the air again, as
oxygen and water vapor, in a single growing season.

Improved Water Quality

Vegetation plays a huge part in stormwater nutrient uptake. Installing tree
box filters along ROWs can remove 80-90% TTS, 38-65% total nitrogen,
50-80% total phosphorus, and between 40-90% metals.

Annual Recharge

In a single subbasin (Lowder Brook), it is estimated this scenario can
recharge 88.5 MGY. Due to the variety of soil types found within the
subbasin, a conservative infiltration rate was used.

Improved Air Quality

Large scale improvements to air quality by filtering air pollutants and
particulates. Reduction to air temperatures as well. A mature tree absorbs
carbon dioxide at a rate of 48 pounds per year.

Climate Mitigation

Increases in tree canopy will reduce carbon dioxide emissions through
direct carbon sequestration, and by providing more shade and therefore
reducing the amount of energy needed for cooling purposes. Reduction
in energy used will then lead to less output of atmospheric carbon dioxide
emissions.

Public Health

Vegetation provides shade, dissipates ambient heat through
evapotranspiration, and deflects radiation from the sun, which provide
cooling (reduces heat island effect) and decrease opportunity for heat
related deaths. Vegetation also releases moisture into the atmosphere.
Gl improves aesthetics and increases exposure to greenness which can
improve mental health and provide a possible reduction in the risk of
crime. Mitigates the risk of flooding and combine sewer overflow events
and associated hazards.

Reduce Long-term
Maintenance

N/A

Raise Awareness of Nature-
Based Solutions

Increases visual demonstrations and opportunity of engagement with
public. Opportunity for educational material to be built around GSI.
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