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Exeter Resilience Project: Innovative Approaches to Stormwater Management, Communications, Policy

OVERVIEW
v" Innovative Communication Methods
v' Climate Adaptation Policy

v'  Resilient Stormwater Management
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Support for this project was provided by the National Oceanic and Atmospheric Administration Office for Coastal Management pursuant to the Coastal Zone Management
Act of 1972 in conjunction with the NH Department of Environmental Services Coastal Program, as a FY2016 Project of Special Merit Grant, Award # NA16NOS4190157.



Green Infrastructure and Climate Adaptation

1. New Hampshire coastal communities have experienced rising populations resulting
in an increase in impervious surfaces, stormwater runoff, and associated flooding.

2. At the same time, communities are faced with a changing climate including extreme
rainfall events and sea-level rise.

3. Green infrastructure is an important form of climate adaptation which can improve
water quality and avoid stormwater related flood damages.

4. The Exeter Resilience project conducted a cost impact analysis to evaluate the
potential for flood damage avoidance with implementation of green infrastructure.

5. The use of green infrastructure supports other economic and quality of life benefits
such as creation of attractive public spaces, and landscaping that supports walkable
communities.




REGIONAL CONTEXT

* In 2009, NHDES concluded that many sub-estuaries in the Great Bay Estuary
were impaired by nitrogen, and the Great Bay was placed on the Clean Water
Act (CWA) Sec. 303(d) list of impaired and threatened waters (NHDES, 2009).

* New and revised discharge permits in the watershed are now subject to
additional nitrogen requirements including the National Pollutant Discharge
Elimination System (NPDES) permits for wastewater treatment facilities, and
Municipal Separate Storm Sewer Discharge (MS4) permits for stormwater.

e 2017 NH Small MS4 issued, effective in 2018, includes significant new
elements such as a focus on illicit discharge detection and elimination, and
nutrient management through BMP retrofits.
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Innovative Communications

Climate Change — Adaptation - Resilience

Ensuring a Successful Initiative

What is unique about the watershed or Identify the Audience
area of interest?
Maximize Exposure

What resources are important, prominent,
and tell the story? Develop Impactful Message(s)

What is the placed-based connection? Permanent/Repeatable

Installation or Event

Who are the key stakeholders to engage?

What is the community benefit?
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Innovative Communications

Educational installation at Main Street and Lincoln Street Elementary Schools
Reaches students Kindergarten through grade 5, yearly reinforcement, workbooks
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Innovative Communications

Educational installation at Swasey Parkway, Exeter

Highly Visited Area — Permanent Messaging — Expand with Future Installations

THE EXETER-
SQUAMSCOTT RIVER

The Exeter River is a 128-square mile (81,726
acre) freshwater watershed which drains all,
or portions of, 12 towns in the seacoast area
of New Hampshire. The Squamscott River

is a tidal tributary of the Great Bay Estuary
which drains to the Atlantic Ocean. The
Exeter River and the Squamscott River meet

The Place Of Twa

in downtown Exeter, just above Swasey
Parkway near the String Bridge.

WHAT TYPES OF FISH AND
WATERFOWL LIVE HERE?

In 2016, the Great Dam on the Exeter

River was removed, restoring 21 miles of
habitat for anadromous fish, which are
fish that live in salt water but travel each
year up the Exeter River to spawn. Species
of anadromous fish include Alewife and
Blueback Herring. The Exeter-Squamscott
River provides habitat for over 17 fish
species including Brook Trout, Small and
Large Mouth Bass, Yellow Perch, Smelt, and
Chain Pickerel.

Avariety of shorebirds feed on animals
and fish that live in the saltmarshes
including the Mallard Duck, Black Duck,
Blue-Wing Teal Duck, Green-Wing Teal

Duck, Osprey, Bald Eagle, Great Blue Heron,

Rivers
NS

Kingfisher, Egret, Sand Piper, Killdeer,
Cormorant, and many kinds of hawks,
owls, and seagulls.

WHAT IS THE IMPORTANCE
OF A TIDAL SALTMARSH?

Saltmarsh is abundant along the shores

of the Squamscott River. Flooded by the
tidal waters of the Great Bay Estuary, itis
a complex ecosystem containing a variety
of plants and animals. A saltmarsh has low
marsh grass which is submerged at high
tide, and high marsh grass along its upper
fringe. Saltmarsh plays an important role
in protecting roads, buildings and homes
by storing tidal floodwater during highest
annual tides and during storm events.
However, because of its proximity to
development, saltmarsh is threatened by
pollution running off of the land.

WHAT IS SEA-LEVEL RISE AND
HOW MAY IT EFFECT THE
RIVERS AND THE ESTUARY?

Sea levels adjust locally and globally to
changes in the Earth's environment. Sea-
level rise is caused by several factors,
including the melting of glaciers and sea
ice, and an increase of ocean temperatures.
Research in N.H. reports that sea levels may
rise up to several feet, or more, by 2100
projections range from a low of 1.7 feet to
a high of 6.6 feet. In a natural environment,
saltmarsh is able to move inland with rising
sea levels, but in a "built” environment
Wwhere obstacles such as roads and buildings
prevent this process from happening,

an increase in sea level could transform
saltmarsh into mudflats or open water.

e,

o sEe.
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Watershed Facts
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Riverine Ecosystems
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EXETER STORMWATER RESILIENCE
LINCOLN STREET PHASE Il PROJECT

Project Summary and Goals SR asaa
1 ::::;;:;)c::l::p::m, building around planning for climate Resilient Green Infi ctitie
2. Implement public cutreach and communication to build support for
2nd underztanding of adastation planning indluding aconamic Climate Adaptation Policy
conzid
3. Advance green infrastructure and other effective mesnz of Innovative Messaging

ade,
qus

n implementation for flood dsmage svaidsnce and water
srovementz

Watershed Assessment, Flood Analysis, and Adaptation

with Green Infrastructure

1 The total annusl nitrogen Joad from the entire Lincoln
Street watershed iz 1,265 poundz. e
2 installation of BMP: 1, 2,3, 4,5, 7, 8 and 9 iz expected "
%o reduce thiz load by 681 pounds annually, a 76%
reduction.
The BMP unit cozt perforn|
ranged from $498 - 55,08
& estimated to be $1,200 |
S3mg/l
Flood reductions are extim|
10-YR zzorm snd 50% for
921 hofstomsurge. 3
5. These sctivites sddrez re
NH Semall MS4 General Per

w

»

sptimizstion and riorz

Resilient Green Infrastructure

1. New

resulting in an increase in development in nitrogen pollution and flooding

from impervious surfaces.

2. Green infrastructure is an effective method to both improve water quality
and avoid stormwater related flood damages.
3. Theuseofgreeni ic and quality of life

ation of attractive and
supports walkable communities.

4. Thi inclusion in future

capital improvement projects in Exeter’s Iariest subwatershed.

Performance of Stormwater Retrofits

oad 178

1. The
Street watershed is 1,265 pounds.
2.

annually, a 76% reduction.

$5,080 per pound of
the new wastewater facility

retrofits at these 14 locations is $689,000.
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Rain @:rden

Tree Filter

EXETER STORMWATER RESILIENCE
FLOOD REDUCTION FROM GREEN INFRASTRUCTURE

EXETER STORMWATER RESILIENCE
ECONOMIC BENEFITS OF FLOOD AVOIDANCE

Photo: Flooding at Exeter Town Landing March 2018 Nor'easter

Green Infrastructure and Green Infrastructure Flood Reduction

Climate Adaptation FIood Reduct|on from Green Infrastructure

resultingin
in itrogen pollution and flooding from increased i dincreased runoff.
2. At , faced witha imate, including i i ts and
sea-level rise.

. New Hampshire coastal communities have experienced
inanincrease in i
surfaces, stormwater runoff, and associated flooding.

At tl i h:
# thatametims, eoiLiskies s face Wit o chnglg 3. Greeninfrastructure is an important method to both improve water quality and avoid flood related damages.
climate including extreme rainfall events and sea-level rise. N e S i A
3. Greeninf ructure is an important form of climate = re jons ‘mgreen inf ructure implementation are estimated a r the curres -year storm
ash 5 and 50% for the projected year with 9.21 feet of
adaptation which can have significant economic benefits for :
2 5. The figure with and proj year
flood damage avoidance. o mocelec * o
4. The Exeter project conducted a quality practices.
enalsis to evaluatethe potentilforflood damage
of green
Flood Damage Avoidance Damagein§ Mions o 10YR 24 HourStorm
15 Th Baseline Flooding vs. 0.5" WQV BMPs
- 6
for £

EXETER STORMWATER RESILIENCE
LINCOLN STREET PHASE II PROJECT

Damage Cost

that provide water quality and flood protection
20.5" storm, the most frequent annual rainfall event.

wme s Q) @

Project Summary and Goals

£ Achieve municpel capacty busing sround pianaing far cimste change
2ne floog e i

2 implement nd communication to build suspertrorane  Resilient Green Infrastructure
understaning o pisnnin

3 Agvencegreenin 2nc otne:
implementston ta mage avoicance ang water quality

improvementz Innovative Messaging

ing ecanomic conziderations.

trecte mesnz of aceptation Climate Adaptation Policy

Exeter Climate Adaptation Policy (ra)

The pupaze of a Ci oy (CAP) = to guide locsl & chmste
sdsptation snd implementation actions. The CAP iz zupported by ztatements in the Vizion section of the Master Plan
(raft 2017) which the weffare of inue to provide support

that helps prepare far a changing climate. Elzewhere in the Master Plen, rezponze: to changes in climate and its
impacts are detailed in the Support, Steward and Prepsre sectionz az well az in the Action Agends.

VISION FOR THE FUTURE mnmwmﬂennﬁdmdmpkmdmmm
impacts of climate change to create a and resilient

CLIMATE ADAPTATION POLICY PRINCIPCLES

IMPLEMENTATION ACTIONS -
Ensure the community iz better prapared ts Bratect the zecurity, heskh FOCUS AREAS
and zafery of itz cnzens. - Municipal Policy and Actians
Protect naturs| rezaurce: from the impactz of flooding from zea-level riz2
- M d Investment
snd storm eventz. iR mmier
Provida far 2 ztasle snd visble economic future. %, T ““‘"“"d‘ "‘:‘"""
] - Regulatory and Land Use
future comz - peiduis
of g ks : ble energy and - Community-Based

sleczric vehicle charging tatonz.
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Climate Adaptation Policy (dras)

Vision Statement

Proactive strategies are identified and implemented that
address the impacts of coastal hazards and climate change
to create a more sustainable and resilient community.

Purpose

Unified vision, goals, and actions

Guide planning, investment, management, regulations

Support for grants and other funding sources

Living document, informed by best available science/information

/A WATERSTONE
&/ |ENGINEERING

‘I&) Rockingham Planning Commission



Exeter Resilience Project: Innovative Approaches to Stormwater Management, Communications, Policy

Climate Adaptation Policy (dras)
Goals

Ensure the community is better prepared to protect
the security, health and safety of its citizens.

. Municipal Policy and Actions
Protect natural resources from the impacts of

flooding from sea-level rise and storm events. Management and Investment

Provide for a stable and viable economic future. | Environment-Natural Resources

. _ Regulatory and Land Use Planning
Minimize the future costs of infrastructure

replacement and maintenance. Community-Based

Support installations of renewable energy systems
and electric vehicle charging stations.
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Climate Adaptation Policy (dras)

Recipe for Process/Methods

Supported by Master Plan
Audit of Zoning and Regulations

Community Initiatives and Activities Storm
urge

DN N NN

Flooding

Capital Improvement/Infrastructure

Management Plans

v" Coordination with elected officials, staff,
boards, commissions

v' Exeter “Climate Proclamation” (to uphold

principles of Paris Climate Accord)
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Tasks
1. Watershed Modeling

ldentify Green Infrastructure
Retrofit Locations

Project Design

Nutrient and Flooding Reduction

‘R IAVARE N 5 HA7US Damage Costing

EARTHQUAKE - WIND .« FLOQD + TSUNAMI
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Watershed Characteristics  Jouamon
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£ 179 acres with 41% impervious cover

/ 1,265 lbs of nitrogen annually
. 27” storm drain underneath PEA

o V=
Manhole Drainage Areas Catch Basin Drainage Areas Sewershed Drainage Areas
+ Disconnected + Disconnected 1 < 6 acres
° 0-38acres ® 0-38acres ] 6-16 acres
© 38-82acres ® 38-82acres .~ 16-38acres
® 82-178 acres ® 82-178 acres [ 38 - 82 acres
P 82-178 acres

Pt




STORMWATER RETROFIT OPPORTUNITIES

Sy )
kS

1.The total annual nitrogen load from the 179-acre Lincoln Street watershed is
1,265 pounds.

2.The project identified green infrastructure retrofit opportunities for 14
stormwater installations

3.BMPs expected to reduce nitrogen load by 691 pounds annually, a 76%
reduction.

4.Retrofit unit costs averaged $1,000 and ranged from $498 - $5,080 per
pound of nitrogen in comparison with $1,200 for the new wastewater facility

5.The estimated cost to implement green infrastructure retrofits at these 14
locations is $689,000.




FLOOD REDUCTION FROM GREEN INFRASTRUCTURE
= 1o-year,

Y Proposed BMP Location

foot @!5{33 }

Flood Extent - 2040 Storm, Baseline :
[ Flood Extent - 2018 Storm, No Storm Surge, Baseline
Flood Extent - 2040 Storm, w/ WQV BMPs

1. Flood reductions as runoff volume from green infrastructure implementation are estimated at
60% for the current 10-year storm and 50% for the projected year 2040 storm event with 9.21
feet of storm surge.

2. The figure shows the modeled flood impact with and without green infrastructure for the
projected year 2040 rainfall and storm conditions with and without water quality volume best
management practices




FLOODING BEFORE AND AFTER— WINTER & RAILROAD
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Drainage Annual TN Annual TN

BMP # Area Load Reduction
(acres) (Ibs) (Ibs)

12.88 90.1 68.2 76%
24.56 157.6 120.2 76%
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FLOODING BEFORE AND AFTER— RAILROAD AND LINCOLN ST

brmnage AnnuaITN_ Annual TN
BMP # Area Load Reduction
(acres) (Ibs) (Ibs)

3.1 0.20 2.52 2.00
3.2 0.13 1.72 1.30

3.3 0.27 3.40 2.60

3.4 0.22 2.85 2.20

3.5 0.24 2.40 1.80

3.6 0.78 7.22 5.70

3.8 1.20 9.12 7.10

3.9 0.70 5.62 4.20 ‘ | VO e

3.20 1.60 13.91 10.70 e iy A S pviP#3.8 [
3.21 0.24 1.39 1.00 : ’ o

200 400
0.20 1.35 1.00 .




FLOODING BEFORE AND AFTER- ELM ST, FRONT ST & TAN LANE

Drainage Annual TN :::::;: % Load 25% Design $/LBS
Area (acres) Load (lbs) (Ibs) Reduction  Cost Estimate NITROGEN

BMP #

34.7 275 206 75% $312,000 $1,500

7.4 58 43 75% $35,000 $800
16.0 108 82 76% $84,000 $1,000

5.9 48 36 76% $38,000 $1,000

Total 64.0 75% $469,000 -



HAZUS Analysis and Damage Cost Avoidance

Total Economic Loss (1 dot = $300K) Overview Map
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ECONOMIC BENEFITS OF FLOOD AVOIDANCE

Photo: Flooding at Exeter Town Landing March 2018 Nor'easter

1.The cost impact analysis graphic at right
shows the potential for flood damage
avoidance with implementation of green

Damage in $ Millions for 10-YR 24 Hour Storm
Baseline Flooding vs. 0.5" WQV BMPs

6
infrastructure. S 4.9

2.The estimated flood loss from a current 10- %4 395
year storm is $6.11 million or $3.43 million %3
with green infrastructure, a 51% reduction. z ,

o0 1.15

3.The total estimated cost to implement green E 1 - 018
infrastructure at 14 sites is $689,000. 0 :

4.The greatest benefit is from small sized Best e oo b 0o Bas
Management Practices that provide water Scenario

quality and flood protection for a 0.5” storm,
the most frequent annual rainfall event.



MANHOLE ACCESS
FOI MARTERARGE

CLLTEC THIKLHD SERAIATON HOW

H-CHAMBE DS, 25 TOTAL LEMNGTH) AMD CULTEC

TMCLHD CHAMBENS [4-CHAMBE oS, 2% TOTAL

LENGTH) SIDE-HY-SIDE {.F amTER
CRUSHED STONE
T LW S0 D
oF 4

- EL W

EUSTING 24 RCP INWEIRT
EL =Y




RIGHT-OF-WAY INFILTRATION




RIGHT-OF-WAY INFILTRATION
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EXISTING CURB —
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EXISTING PAVEMENT —
EXISTING FRAME \ \ r— 4" CONCRETE SIDEWALK
| 1 |I
AND GRATE —|I‘ \ \ |

| \ — SOIL 12" OPTIONAL
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INNER STRAINER s ]I
BASKET — == L
T |
4 |
STRAINER e / 1
BASKET (SEE / i
DETAIL BELOW) —— / X \
OPTIONAL STAINLESS
[ ] ——————— STEEL SLOTTED SCREEN
W EXISTING 12 | COREDRIL | 4 (TYP)
INLET PIPE — 8"HOLE —/ i
1-1/2" STONE 40% VOIDS
QUTER SOLID f 24"
BASKET
; 20 MIL VERTICALLINERS | NOTES:
EX'SE'QS:RE'T% / ADJAGENT 10 ROADS — 1. SEE SHEET G4 FOR GOMPLETE PIPE LISTING Al
STRUCTURE 2. ENGINEERING OVERSIGHT REQUIRED DURING

* LOW COST PRETREATMENTINSTALLED IN EXISTING CATCH BASINS AND DRAINAGE
INFRASTRUCTURE AND INFILTRATION IN RIGHT-OF-WAY

*  MAINTENANCE IS BY STANDARD VACTOR TRUCKS WITH NO SPECIAL EQUIPMENT OR TRAINING



TREE PLANTERS
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TREE PLANTERS
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- GRASS SHOULDER

X

CURB

\
<

1-1/2" STONE 40% VOIDS

-
[ ,"—,: 8" HDPE PERFORATED PIPE
.//'REEGRA’E

4 - -
ACCESS MANHOLE -

e
STRUCTURE -
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|
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CONCRETE SIDEWALK — /
GRASS SHOULDER -/ o
‘

20 MIL VERTICAL LINERS
ADJACENT TO RIOADS

CURE INLET

% STRuCTIRE

1-417® STONF 408 VOINS

W SCALE: NOT TOSCALE
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s Wl s ) LT 2 =
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36" BIORETENTION J OPTIONAL 127 DIA .
SOILMIX FERF. FIPE
GEQTEXTILE LINER ARCUND
SOIL FLANTER AND EXCAVATION
WELLS [NO LINER ON BOTTOM) /{3\ SECTION

LOW COST PRETREATMENTINSTALLED IN
EXISTING CATCH BASINS AND DRAINAGE
INFRASTRUCTURE AND PLANTERS UNDERNEATH
SIDEWALK FOR MAXIMUM PEDESTRIAN USAGE

MAINTENANCE IS BY STANDARD VACTOR TRUCKS
WITH NO SPECIAL EQUIPMENT OR TRAINING




Low Maintenance Asset Management With
Pretreatment

* In urban environments return on investment may be 1-2
years

Goal is to use existing staff, equipment for standard catch
basin cleaning

Land-use and trash and debris load
Aesthetics

Cost to maintain versus cost of pretreatment

COVER

TIP DOWN.

EN

\

il TO BIOFILTER

Anderson Street Bioswale Pretreatment by ACF Condition After Winter

SOURCE: NYC OFFICE OF GREEN INFRASTRUCTURE



Table 7: Engineering Cost Estimates for BMPs 1, 2, 3,4, 5, 7, 8 and 9

rJ'-

e e 1 12.9 68.2 76% 545,900 5680
2 24.6 120.2 76% 579,000 5660
Subtotal - 37.4 188.4 76% $124,900 -
3.1 0.2 2.0 80% 58,000 54,000
3.2 0.1 1.3 76% $6,600 55,080
3.3 0.3 2.6 17% $12,000 54,620
3.4 0.2 2.2 17% 59,900 54,500
LINCOLN STREET
NORTH 3.5 0.2 1.8 75% $7,000 53,890
3.6 0.8 5.7 79% 521,800 53,830
3.8 1.2 7.1 78% 522,000 53,100
3.9 0.7 4.2 75% 513,600 53,240
3.22 0.2 1.0 17% 53,000 53,000
Subtotal - 3.9 27.9 77% $103,900 -
LINCOLN STREET 3.20 1.6 10.7 77% $33,000 $3,090
SOUTH
3.21 0.2 1.0 72% 52,800 52,800
Subtotal - 1.8 11.7 76% 535,300 -
FRONT STREET 5 20.3 71.7 52% 545,200 5640
4 32.43 230 0% $259,900 51,130
PHASE 2 7 7.41 7 12% $33,100 54,560
8 15.99 107 99% 553,500 S500
9 5.86 47 99% $33,600 S700
Subtotal - 61.7 391 83% $380,000 $970




Durham WW 5 mg/L1
Durham WW 3 mg/L?
WW Incremental Increasel
Durham NPS IC Program!?
WISE NPS @ IP 3/5/8 mg/L2
WISE WW @ IP 3/5/8 mg/L2
WISE Total @ IP 3/5/8 mg/L2
Exeter WW 3 mg/L3

Notes and Assumptions

Data is from 2012 Oyster River Watershed Integrated Management Plan by VHB, NOS data generated by VHB, WW data by Wright Pierce Facilities Plan

Draft

$971,140
$1,680,340
$709,200
$95,000
$453,333
$3,046,667
$3,500,000
$5,789,000

$13,800,000
$23,200,000
$9,400,000
$475,000
$13,600,000
$91,400,000
$105,000,000
$115,780,000

5,254
8,757
3,503
250
17,000
95,000
112,000
95,400

$2,627
$2,649
$2,683
$1,900
$800
$962
$938
$1,214

WW data reported is based on 7 month period. It was not adjusted for 12 months as perhaps should be considered for direct comparison with NPS

Assumes 20 Yr SRF Loan for Exeter @3.25% with no state or federal aid

Life Cycle includes capital and operations and maintenance

Present worth is capital at 20-yr;

Data sources: 1 ORWIMP 2014; 2 WISE 2015, 3 Wright Pierce 2014
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Thank you!

Robert M. Roseen, PE Julie LaBranche, Senior Planner

(603) 686-2488(c) (603) 778-0885 www.rpc-nh.org

rroseen@Waterstone-eng.com ROCKINGHAM
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