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These design & construction standards contain information developed by Steven
Trinkaus, PE including results of independent abservations of LID systems in the field. This document
also includes information an Low Impact Development obtained from highly regarded sources, such as
academic institutions ather technical manuals . These sources are identified where this material has
been used,

Reuse of any information contained in this technical document cutside the Town of Harwinton
is permitted provided a specific written acknowledgement is given to the author, Steven D. Trinkaus, PE
and to document entitled “Harwinton, Recommended Low Impact Development Techniques.”

This project was made possible by a grant frem the Connecticut Department of Environmental
Protection through the Farmington Rlver Enhancement Grant Program.

The grant is intended to support the formation of a loral committee to:
*  review existing municlpal regulations and ordinances, and
» draft recommended changes to remove barriers to low impact development (LID) and
create opportunity for low impact development practices to be employed in Harwinton.
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1.0 Purpose of these Recommended Low impact Development Technigues

The purpose of these recommended [ow impact development techniques is to provide the design and
construction specifications to guide the application of Law Impact Development (LID) treatment systems in the
Town of Harwinton. These design and construction specifications have been assembled based on significant re-

search and field observations af LID systems in the fisld.

These recommended low impact development techniques will be used by four main groups; design engi-
neers, municipal land use agencies and staff, and reviewers for regulatory programs. Design engineers are the
group that will use these recommended low impact development techniques the most. The design engineers
should familiarize themselves with ali the design specifications and calcufations, where required, to ensure that
the sclected LID systemi(s) will perform correctly in the ficld and provide their intended environmental benefit,

Low Impact Development represents a paradigm shift of the current processes which drive the develop-
ment process. |t is very important that the professionals and individuals who will use these recommended low
impact development technigues understand the concepts which created LID. Educational resources for Law Im-
pact Development are provided in a separate document entitled "Public Educational Materials on Stormwater
Management and Law Impatt Development in the Town of Harwinton.” The use of LID strategies and technigues
can ceduce the cost of starmwater infrastructure between 20-40% on average {EPA, 2007) while minimizing or
gliminating the environmental impact of development on the natural environment,

2.0 List of BMPS for Groundwater Recharge and Water Quality Treatment
FILTERING SYSTEMS

Bioretention: A shallow depression with vegetation that
| treats stormwater as it filters through a specific soil mix-
ture. lnorder to be utilized for groundwater racharge,
the bottam of the system must be unlined to infiltrate

stormwater into the underlying soils,
Figure 2.0.a — Bioretention System




Tree Filter: A Bioretention system contained within a precast unit for
use in retrofit situations in a commercial envirgnment,
Figure 2.0.b - Filterra Tree Filter (www.filterra.com)

Surface Sand Filter; This system treats stormwater by the removal of
coarse sediments in a sediment chamber or forehay, which is easily
maintained prior ta the stormwater filtering through a surface sand
mattix, Inorder to be utilized for groundwater recharge, the bottom
of the system must be unlined to infiltrate stormwater inta the un.
derlying soils.

Figure 2.0.c — Surface Sand Filter {UNH5C)

Organic Filter: This filtering practice uses an organic soil com-
ponent such as compost ar a sand/peat moss mixture to filter
the stormwater, In order to be utilized for groundwater re-
charge, the bottom of the system must be unlined to infiltrate
starmwater into the underlying sails,

Figure 2.0.d — Organic Filter




Dry Swale: These are vegetated open swales or depressions
which are specifically designed to detail and Infiltrate stormwa-
ter into the underlying sails. They use a madified soil mixture
ta enhance the infiltrative capacity of the system. Inorder to
be utilized for groundwater recharge, the bettorm of the system
must be unlined to infiltrate stormwater into the underlying
s0ils,

Figure 2.0.e — Dry Swale [UCONN NEMO)

INFILTRATION SYSTEMS

Infiltration Trenches: These are infiltration practices that store
water volume In open spaces in a chamber or within the void
spaces of crushed stone or clean gravel prior to the water being
infiltrated inte the underiying soifs. These practices are permis-
sible for runoff from residential roofs or small commercial roofs
{<3,000 sq.ft.). For larger commercial roofs, pre-treatment via
one of the filtering systems list above must be provided prior to
discharge inta this type of infiltration system.

2.0.f - Infiltration Trench (www. washco-md. net}

tnfiltration Chambars: These are infiltration practices that
store water volume in open spaces both within the chamber
and the void spaces in the crushed stone.

Figure 2.0.g — Infiltration Chamber

(www.tritonsws.com /Images/case-studies)




inflitration Basin: This is an infiltration practice that stores
stormwater in a flat, vegetated surface depression prior to infii-
trating into the underlying soils.

Figure 2.0.h ~ Infiltration Basin — {www.wash-rmd.net)

Alternative Paving Surfaces: These are practices that wil store
and filtér stormwater in the vaid spaces of a clean gravel base
prior to infiltrating into the underlying soils.

Figure 2.0.i — Porous Pavements
(wwiw stormwateranvironments.com)

2.1 List of BMPs for Water Quality Treatment
WET VEGETATED TREATMENT SYSTEMS

Extended Detentlon Shallow Marsh: A stormwater basin
that provides treatment by the utilization of a serfes of shallow,
vegetated permanent pools within the basin in addition to shal-
low marsh areas.

Figure 2.1.a ~ Extended Detentipn Shallpw Wetlands
(www.wetlands.corm.au)




Subsurface Gravel Wetlands: A starmwater system where wa-
ter quality is provided by the movement of stormwater through a
subsurface, saturated bed of pravel with the soil sudace being
planted with emergent vegetation,

Figure 2.1.b — Subsurface Gravel Wetlands [UNH5C)

Pond [ Wetland System: A treatment system which
combines the shaflow, vegetated aspects of a marsh with
at least ane pond component.

Figure 2.1.c — Pond/Wetland System

(www.starenvironmentaling.com)

Wet Swale: This is a vegetated depression or open
channel designed to retaln stormwater or intercept
groundwater ta provide water guality treatment in a
saturated condition.

Figure 2.1.d — Wet Swale (Dr. Bill Hunt, NC5U}

2.2 List of BMPs for Pretreatment for Water Quality Systems



Filter Strips: These vegetated systems that are designed to
treat stormwater from adjacent impervious area which occurs
as overland flow. These systems function by slowing flow ve-
locities, which allows the removal of sediments and other pol-
lutants,

2.2.a - Filter Strip {www.trinkausengineering.com)

Sediment Forebay: This is a depressed vegetated area
prior to a larger stormwater treatment facility which will
trap coarse sediments and reduce maintenance require-
ments of the larger treatment facikity.

Figure 2.2.b — Sediment Farebay (www vwrre.vt.edu)

Desp Sump Catch Basim These systems are modified structures that are installed as part of a conventional
stormwater conveyance system, They are designed to trap trash, debris and coarse sediments. \While the
hooded outlat provides the potential to trap oil and grease, frequent maintenance is required to remove the oils

from the water surface.

Proprietary Treatment Devices: These are manufactured systems which were enginesred to provide  cost-
effective approach to stormwater quality in a contained space, These systems include oil/grit separators, hydro-
dynamic separators, and a wide range of filter systems with specialized media. Research by the Center for Water-
shed Protection, University of New Hampshire Stormwater Center in the past few years have shown that many of
these systerns are not able to achleve the water quality goals as specified in Section 4.3.3. They may be appropri-
ate for pretreatment in some situations. [n orderto use a proprietary treatment device, independent research
docurmentation must be provided to justify the pollutant removal efficiency.



2.3 List of BMPs for Water Quantity Control
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Wet Extended Detention Pond: This practice is primarily de-
signed to address stormwater quantity increases. They have a
deep permanent pool, but do not effectively remove stormwa-
ter pollutants. These systems may be located in areas of sea-
sonally high groundwater.

Figure 2.3.a — Wet Extended Detention Pond (NCSU)

Dry Detention Pend: This practice has a dry bottom
and is also tlesigned to address changes in stormwater
quantity only.

Figure 2.3.b ~ Dry Detention Pond
{www.dhn.iihr.uiova.edu)

3.0 Design & Construction Standards for LID Systems

There are six categories for required design elements and guideiines for each type of stormwater re-
charge, water quafity, pretreatment and water quantity systems. The categories are feasibility, conveyance, pre-
treatment, sizing criteria, treatiment and maintenance. The following pages provide detailed design parameters
far each type of LID treatment system to be used to address stormwater issues in the Town of Harwinton.

System Type

3.1 - Bioretention

3.2 —Tree Filter

3.2 - Surface Sand Filter
3.4 - Organic Filter

3.5 — Dry Swales

3.6 - Infiitration Trench
3.7 ~Infiltration Chamber

Page Number
10
13
is
17
19
21
23



System Type Paga Number

3.8 — Infiltration Basin 25
3.9 — Alternative Paving Surfaces 27
3.10 - Extended Detention Shallow Wetland 30
3.11 ~ Subsurface Gravel Wetlands 32
3.12 - Pond / Wetland System 34
3.13 — Wet Swales 36
3.14 - Filter Strip 38
3.15~ Sediment Forebay 40
3,16 - Deep Sump Catch Basin 42
3.17 — Proprietary Treatment Devices 44
3.18 - Wet Extended Detention Pond 46
3.19 - Dry Detention Pond 48

As the LID approach to stormwater management focuses on treating runoff at its source, both short term
and long term maintenance of these systems are very important. Lagally binding maintenance agreements for
these LID systerms must be prepared and filed in the Office of the Town Clerk for the Town of Harwinton. Each
maintenance agreement must include the maintenance requirements as specified for each system. A mainte-

nance agreement format is provided in Appendix “B”.

Table 3.0.a has been developed to asslst the design engineer in determining the optimum configuration of
treatment system(s} to meet stormwater and water quality goals as specified in the Town of Harwinton Zoning
and Subdivision Repulations.

Tahble 3.0.a - Stormwater System Matrix

Stormwater Treatment Device Selection Matrix

Stormwater Treatment Systems —{ GRv | wWQu | PT FP

" FILTERING SYSTEMS

] Bioretention {page 14)

{ Tree Fliter (page 17)

| Surface Sand Filter (page 19)
Organic Filter {page 21)

Dry Swales {page 23)
INFILTRATION SYSTEMS
Infiltration Trenches {page 25)
tnfiltration Chambers (page 27}

[nfiltration Basins {page 28]

Alternative Paving Surface {page 31)

'WET VEGETATED TREATMENT SYSTEMS
Exrended Detention Shallow Wetlands (page 34)
Subsurface Gravel Wetlands (page 36)

Pond / Wetland System {page 38)

FWet Swales [page 40) J ‘




GRv:

| PRETREATMENT FOR WATER QUALITY SYSTEMS

| Filter Strip {page 42)

[ Sediment Forebays (page 44)

" Deep Sump Catch Basins {page 46)

Proprietary Treatment Devices {page 48)

WATER QUANTITY CONTROL

Wet Extended Detention Pond (page 50)

( Dry Detention Pond (page 52)

Groundwater Recharge Volume

WQv:  Water Quality Voiume

FT:
FP:

Pretreatment
Flocd Protection



3.1 — BIDRETENTION (Grv & WQw)
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Table 3.1 — Bioretention Dasign Parameaters

Design Parameter

Driveway Runoff

r Residential Roof or | Runoff from Commercial

Roof

Runoff from Commercial
Driveway or Parking
Area

Deep Test Pit

Yes, min. & in depth

Yes, min. 8" in depth

Yes, min, 8 in depth

Percolation Test

Yes, 24-30" deep

Yes, 30-36” deep

Yes, 30-36" deep

Depth of Soil Media

18"

24"

36"

Separation to SHGW
from bottom of soil me-
dia

12" for A Solls
&" for B & C Soils*

24" for A Soils
18" for B & C Soils*

24" for A Soits
18" for B & C Soiis*

Underdrain (ralsed)

Not required for A & B

Not required for A soils

Mot required for A soifs

s0ils Required for B & C Saoils Required for B & C Soils
Required for € Soils
Depth of Pea Grave| 3" 3" 3
Layer above underdrain
Depth of 1-1/4" crushed 12" 12" 12"

stone for underdrain
layer

Enhanced Nitrogen Re-
moval {Internal Water
Storage)**

Saturate bottom 6" of
Soit Media Layer

Saturate bottom 127 of
Soil Media Layer

Saturate bottom 12" of
Soif Media Layer

Overflow Provisions -
Top af pipe set at max.
ponding depth

Na, for A Soils
Yes, for B & C Solls

No, for A Soils
Yes, for B & C Soils

No, for A Soils
Yes, for B & C Soils

* Separation to SHGW may be reduced by 50% provided that the surface ponding depth is reduced by 50% and
the surface area of the bioretention facility is increased accordingly.
** See Detail below for Internal Water Storage Design
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Reguired Design Elements for Bioretention
FEASIBILITY:
~ Invert of underdrain pipe (il provided) at or sbove Seasonal High Groundwater {(SHGW) level for systems serving
roads, parking lots & commerdial roofs.
~ Vertical separation from hottom of soil media to SHGW shall conform to the requirements found In Table 7.0.c
~ The maximum drainage area to a biaretention system shal] be five (5} acras.
» Deep test pit and percolation test must be performed within 15° of proposed Bicretention system,
CONVEYANCE:
» Overflow provisions from the facility shall be provided for the 1-year storm event to either a structural conveyance
system or 10 daylight onto a stable surface, where non-eresive velocities shall be provided {3-5 fps).
» Conveyance to the facility shall overland flow from the adjacent land area or via a 4-6" drain pipe {roof drain outlet)
onto a pad of field stpnes to dissipate flow velocities,

PRETREATMENT:
» Pretreatment shall he required for runcff from connected Impervious areas as flow across a vegetated filter strip or

grass swale to the facility. A gravel diaphragm can be used for the discharge of sheet flow from the edge of a park-

ing facility.
» Nopretresztment s required for runaff from residential or small cammercial building roofs (4,000 sg.ft. or less).

SIZING CRITERIA;
» The meximum permissible ponding depth shall be 127(1,6°} for a Class A sail, 9(0.75°) for a Class B soll and £7(0.50")
for a Class € soil. Bioretention systems shall not be permitted in Class D soils.
» The surface area of the bottom of the bioretention system shall be determined by the following equation:

54 = (WQvi/hf where:
SA = Surface area of filter bed (square feet)
WQv = Calculated water quality valume (cubic feet)
hf = Dapth of panding above soil surface in feet {use values above per soil
class)

TREATMENT:

» The bicretention facility must fully contain 100% of the required WQv for the contributing area.

» Depth of soil media shall be as specified in Table 7.0.c.

»  Soil media shall have a P-Index (Phasphorous [ndex) of 0 — 30 (A low P-Index creates an enhanced environment to
remove phosphorous from stormwater)
Soil Mixture shall consist of sand (85%), Compaost {10%), Organic soil {5%) [organic soil shall have no more than 2%
clay].
Mulch layer shall consist of well aged {6-12 month old) shredded hardwood mulch and shall only be placad around
plant stems,
» Adetailed planting plan shall be provided for each bioretention system,
Only native plants shall be used. Appropriate plants for the hydrologic conditions shalt be taken from the plant lists

found in Appendix B,

CONSTRUCTION AND MAINTENANCE REQUIREMENTS:
» The area of the facility shall be fenced off during the construction period to prevent disturbance af the soils.

r

» The design engineer shall oversee the preparation of the area and the Installation of the various components of the
biaretentlon system {gravel sterage zone, gravel filter course and modified soii mixture).

~ The design engineer shall provide an as-bullt plan of the bioretention system along with a certification that the sys-
tem was designed in accordance with ihe specifications found in the Design Technical standards and installed in ac-
cardance with the approved plans.

~ Fatilities shall be inspected annualty for preper growth of plant material. Dead plants shaill be remaved and replaced

during the first two growing seasons. Plants shall be pruned as needed.
» Mulch shall be reapplied as needed to maintaln a 2" thick layer around the plant stems,

12



3.2 — TREE FILTER (GRv & waQv)
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Required Design Elements for Tree Filter Systems
FEASIBILITY:
» Invert of underdrain pipe (if provided) at or above Seasonal High Groundwater (SHGW) level,
»  Topof soil surface at least three (3) feet above SHGW.
»  The maximum drainage area to a tree filter shall be 5,000 square feat {D.12 acres)
CONVEYANCE:
» Overflow provisions from the facility shall be provided for the 1-year storm event to either a structural conveyance
system or 1o daylight onta a stable surface, where non-erosivie velotities shafl be provided {3-5 fps).
»  Ataminimum the underdrain pipe shall consist of 6" perforated PVC pipe. The minimum dlameter of the overflow
pipe shall be 67. The overflow pipe shall be sized to convey the Channel Protection Flow for each particular system.
PRETREATMENT:
» No pretreatment is required for a tree filter.
SIZING CRITERTA:
» The maximum permissible pohding depth shall be 127,
» A minimum surface area for ponding within the tree filter is 36 square feet {6’ x &').
» The stone reservotr, consisting of %" washed crushed stene (no fines) shall be 24” in depth.
TREATMENT:
> The tree filter system must fully contain 100% of the required Wav,
winimum depth of soll mixture shall be 48",
Soil Mixture shall cansist of sand [80%], and Carmpaost [20%).
Mulch layer shall consist of well aged {6-12 month ofd) shredded hardwood muleh and shall only be placed around
tree stem.
» Qnly declduous tress shall be used. Appropriate tree species shall be taken (rom the plant lists found in Appendix B,
CONSTRUCTION AND MAINTENAMNCE REQUIREMENTS:
» The area of the facility shall be fenced off during the canstruction period to prevent disturbance of the soils.
» The design engineer shall oversee the preparation of the area and the installation of the various components of the
tree filter system (grevel sturage zone, ond modilied soil mixture).
» The design engineer shall provide a certification that the system was designed in accordance with the specifications
found in the Design Technical standards and installed in accordance with the approved plans.
»  Fatillties shall be Inspected annually for proper growth of tree, Plants shall be pruned a3 neaded.
~  Mulch shall be reapplled as needed to maintain a 27 thick layer around the plant stems.

Yo
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3.3 - SURFACE SAND FILTER (GRv & wQv)
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Required Design Elements for Surface Sand Filters
FEASIBILITY!
# Invert of underdrain pipe {if provided} at or above Seasonal High Groundwater (SHGW) level,
~ Top of sail surface at least three (3] feet above SHGW.
~ The maximum drainage area 1o a surface sand filter shall be ten [10) acres,

CONVEYANCE:
~ Surface sand filter must be designed as “off-line” if stormwater is delivered by standard pipe system.
»  Only WQy shall be directed to “off-fine” filter with by-pass for larger flows.
~ Overflow provisions from the facllity shall be provided for the 1-year storm event to either a siructural conveyance
systern or to daylight onto & stable surface, where non-erosive velocities shall be provided {3-5 fps).
~ The surface sand filter shall have an underdraln unless it is a fully exfiltrating system.

PRETREATMENT:
~ Pretreatment shall be provided by a sediment forebay. The pretreatment area shall provide 25% of the reguirad
WQv,

SSZING CRITERIA;
# 'The surface area of the sand fiiter shall be determined by the following equation (RI DEM, 2010):

Af = (weav) {df)/[{ky*H{hr + df) (1)} where;
Af =surface area of fllter bed {square feet)
WQv = Calculated water quality volume
df = Fllter bed depth (sand media) (feet}
k = Coefficient of sand meadia, use k=3.5 ft/day
hf = Depth of ponding above soil surface in feet
tf = Design filter bed drain time (days), use tf = 1.0 for surface sand filter

TREATMENT:
#  The suiTace sand filer including the preteatmentcomponent mwst fully contain 100% of the required WQv, A pu-

rosity value of 0.33 shall be used to determine the storage volume within the media. Storage volume within the
media can be used to meet the WGy requirement,
Sand meeting ASTM C-33 specification must be used for filter media.
Contributing area to surface sand filter must be permanently stabilized priar to directing runoff to fitter,
Minimum depth of sand shall be 24”,
A minimum diameter of 4" shall be used for the underdrain pipe.
Surface of sand filter shall be planted with appropriate grass mixture. Grass musl be ahle to sustain periods of fre-
quent drought and inundation, See list in Appendix B,
CONSTRUCTION AND MAINTENANCE REQUIREMENTS:
- The area of the facility shail be fenced off during the construction period to prevent disturbance of the soils.
+ Thedesign engineer shall oversee the preparation of the area and the installation of the various components of the
sand filter system [gravel storage zone, and sand treatment zone).
~ The design engineer shall provide a certification that the system was designed in accordance with the specifications
found in the Design Technical standards and installed in accordance with the approved plans.
» Removal of sediment from forebay when accumulated depth is 67,
- The surface of the filter shall be inspected every six months and trash/debris removed.
» Ifwater is ponding for more than 2.0 days, the surface has likely become clogged with fine sediments. The surfaze

shall be raked to a depth of 2 and reseeded. If clogging still occurs, the top 3” of material shall be removed and re-
placed with new sand meeting the design specification and reseeded.

» Facilities shall be inspected annually for proper growth of grass material.

# Grass shall be maintained at a helght of 3 — 47,

Y Y 2y
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3.4 - ORGANIC FILTER [GRv & wQv}
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Required Design Elements for Organic Filters
FEASIBILITY:
» Invert of underdrain pipe {if provided} at or above Seasonal High Groundwater {SHGW) fevel,
» Top of soil surface at teast three (3) feet above SHGW.
» The maximum drainage area to an organic filter shall be ten (10) acres.
CONVEYANCE:
Organic filter must be designed as “off-line” if stormwater is delivered by standard pipe system.
Only WQv shall be directed to “off-line” filter with by-pass for larger flows.
» QOverflow provisions from the facility shall be provided for the 1-year storm event to either a structural conveyance
system or to dayllght onto a stable surface, where non-erosive velocities shatl be provided {3.5 fps),
~ The organic filter shall have an underdrain unless it is a fully exfiltrating system.
PRETREATMENT:
» Pretreatment shall be provided by a sediment forebay,
» 25% of the required WQv shall be provided by a sediment forebay.

SIZING CRITERIA:
» The surface area of the organig filter shall be determined by the following equation (RI DEM, 2010}

v

.

AF = (WQvY T (dR/ ) (hr + df)*(1f)] where:
Al = Surface area of filter bed |square feet)
WQv = Calcutated water quality volume
df = Filter bed depth (sand media} {feet)
k = Coefficient of sand media, use k=3.5 ft/day, for peatuse k = 2.0
ft/day, and for Jeaf compost, use k = 8.7 ft/day
hf = Depth of ponding above solt surface in feet
tf = Design filter bed drain time {days), use tf = 2.0 for organic filter

TREATMENT:
» The organic filter including the pretreatment comporent must fully contaln 75% of the required WQv. A porosity

-
value of 0.33 shall be used to determine the storage volume within the media. Storage volume within the media can
be used to meet the WQy reguirement.

+  Soil mixture for organic filter shall be either a mix of sand/peat mix or leaf compost. Peat shall he a reed-sedgs
hemic peat (partially decomposed).

» Contributing area to organic filter must he stabitized prior to directing runoff to filter.

~ Minimum depth of media material shall be 247,

~ A minimum diameter of 4" shall be used for the underdrain pipe.

» Surface of organic filter shall be planted with appropriate grass mixture. Grass must be able to sustain periods of

freguent drowght and inupdation. See list in Appendix B,
CONSTRUCTION AND MAINTENANCE REQUIREMENTS:
» The area of the facllity shall be ferced off during the construction period to prevent disturbance of the soils.
The design engineer shall oversee the preparatian of the area and the installation of the various components of the

~

-
organic filter system {gravel storage zone, and media treatment zone).

» The design engineet shalt provide a certification that the system was designed in accordance with the specHications
found in the Deslgn Technical standards and installed in accordance with the approved plans.

» Removal of sediment from forebay when accumulated depth is 67,

» The surface of the organic shall be inspected every six months and trash/debriz removed.

tf water is ponding for more than 4.0 days, the surface has likely become clogged with fine sediment, The top

g"{minimum] of material shall be removed and replaced with new media meeting the design specification and re-

planted.

r  Facllities shall be inspected annually for proper growth of grass material,

» The height of vegetation on the surface of an organic filter shall not exceed 18",
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3.5 — DRY SWALES (GRv & WQy]
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Figure 3.5 ~ Dry Swale {Ri DEM, 2010)
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Required Design Elements for Dry Swales

FEASIBILITY:

-
w
>
.

-

Maximum slope along flow length shall be 4.0% without check dams.

Invert of underdrain pipe (if provided} or bottom of soil mixture shall be at or above Seasonal High Groundwater
(SHGW] level.

Top of soif surface at least three (3) feet above SHGW.

The maximum drainage area to a diy swale shall be five (5] acres ro one inlet.

Primary use is along linear systems, such as roads, residential development and pervious areas, such as ballfields.

CONVEYANCE:

Swaie shall be able to handle 10-year, 24-hour peak rate from contributing area.

»
# Swale side sfopes shalf be a minimum of 3:1. If there are space constraints, then 2:1 slopes may be used.
~ Non-erosive velocities shall be provided (3-5 fps) for 1-yaar, 24-hour storm event,
~ Temporary ponding within the dry swale shall drain within 48 hours. 1f necessary, an underdrain shall be utilized to
achieve this requirerment, An underdrain is not required if it is a fully exfiltrating system.
PRETREATMENT;
»~ Pretreatment shall be required as panding behind store check dams tocated within the swale itself.
~ Flow acrass a vegetated filter strip along a road shall be appropriate pretreatment measure,
»  10% of the required WQy shall be provided by an appropriate pretrestrment system,
SIZING CRITERIA:
» The surface area of the filter bed {bottom of swale} shall be determined by the following equation [Rl1 DEM, 2010):
Af = (WQy)* (dB/[{k)*{hr + df)~(1f)] where:
Af = Surface areq of filter bed {square feet)
WwaQv = Calculated water quality volume
df = Filter bed depth (sand media) (feet)
k = Coefficient of bioretention soil misture {1,0 feet/day)
hf = Average height of water above swale surface [feet)
tf = Design filter bed drain time {days), use tf = 2.0 for dry swale
» Bottom width of swale shall ot be greater than eight (8) feet nor less than two {2) feet.
TREATMENT:
#  Soil MIxture shall consist of sand (85%), compast (10%), organic sofl {3%) [organic soil shall have no more than 2%
clay).
» Appropriate grass mixtures shall be used for the hottom and side slopes of a Dry Sweale,
» Contributing area to dry swale must be stabilized prior to directing runaoff to Ffilter.
¥ Minimum depth of bioretention s&il mixture shall be 30",
»  Surface of dry swale shal! be planted with approprizte grass mixtura, Grass must be able to sustain perigds of fre-

quent drought and inundation. See list in Appendix B,

CONSTRUCTION AND MAINTENANCE REQUIREMENTS:

~

"

The area of the facility shall be fenced off during the construction period to prevent disturbance of the soils,

The design engineer shall oversee the preparation of the area and the installation af the various components of the
organic fllter system {gravel storage zane, and media treatment zone).

The design engineer shall provide a certification that the system was designed in accordance with the specifications
found in the Design Technical standards and installed in accordance with the approved plans.

Shall be inspected anhually and after storms greater than 1-year, 24-hour storm event

Remova! of sediment, when accumulation exceeds 25% of the WQy storage vaiue,

Vegetatlon shall be mowed as necessary o maintain 4-6" keight. Woody vegetation shall be removed fram the dry
swale,

if ponded water is regularly cbserved more than 48 hours after a rainfall event, then the surface shall be roto-tilled

1o 7 depth of 12” and reseeded.

20



3.6 - INFILTRATION TRENCHES (GRv & wQv)
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Figure 3.6 — Infiltration Trench (RI OEM, 2010}
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Required Design Elements for Infiltration Trench
FEASIBILITY:
~ Three {3) foot vertical separation from bottom of infiltration trench to SHGW and bedrack. for residential applica-
tions, this separation can be reduced to two {2) feel.
» Must be installed on slopes < 15%.
+  MNative soils must have less than 20% clay and 40% silt/clay. This shall be determined by a dry sieve analysis by a
qualified solls lab.
~ Native soils must have an in-situ infittration rate of 0.5 inches per hour based upon NRCS soil textural classification.
Must be verified by field infiltration tests.
» The maximum drainage area to an infiltration trench shall be five (S) acres.
CONVEYANCE:
~ Infiltration trench must be designed as “off-line” if stormwater is delivered by standard pipe system.
~  QOverflow provisions fram the facility shall be provided for the 1-year storm event to either a structural conveyance
system or todaylight onto a stable surface, where non-erosive velacities shall be provided {3-5 fps).
~ allinfittration trenches shall be designed to fulty dewsaier the entire WQv 48 hours after the rainfall event.
PRETREATMENT.
»  Pretreatment shall he required as flow across a vegetated filter strip, grass swale or through a sediment forebay,
»  25% of the required WQv shall be provided by an appropriate pretrgatment system,
» Flow velocities from pretreatment system to infiltration must be non-erosive for 1-yr storm event.
» The sides of the infiltratjon trench shall be [med with a non-woven filter fabric to prevent soil piping,

SIZING CRITERIA:
# The bottom area of an infiltration trench shall be determined by the following equation (R DEM, 2010):

Ap =Y/ (hdt = fet/12) where:
Ap = Surface area at the bottom of the trench {square feet}
¥ = Design volume (WQv} {cubic feet)
n = Porosity of gravel M1t {use 0.33)
dt = Trench depth {(feet)
fc = Deslgn inflltratlon rate {infhr)
t=Time to fil trench {hours), assume t = 2,0
TREATMENT:
» Infiltration trench shall be designed to fully exfiltrate the entire WQv through the bottom of the trench only.
» Design Infiltration rates (fe) For above sizing equation shall be taken fram the following table.

Table 3.6 Design Infiltration Rates for Varinus Sofl Textures (Rawls et al,, 1982)
Design Infiltration

USDA Soil Texture Rate (fc) {in/he)
Sand 8.27
Loamy Sand 2.41
Sandy Loam 1.02
Loam 4.52
Silt Loam 0.27

CONSTRUCTION AND MAINTERNANCE REQUIREMENTS:
» Infiltration trenches shall never be used for sediment control during an active construction period,
» The area of the infiltration trench must be marked off by appropriate fencing 1o prevent the movement of construc-
tion vehicles aver and the possible compaction of the natural soils.
» The erosion cantrol plan fot the project must clearly define how sediment will be prevented from entering the area
of the infiltration trench,
~ Inspections of an infiltration trench shall be made after any storm greater than the 1-year, 24-hour storm.
The design engineer shall oversee the preparation of the area and the instailation of the stone filter.
» The design engineer shall provide a certification that the system was designed in accordance with the specifications
found in the Design Technical standards and installed in sccordance with the approved plans.

X
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3.7 — INFILTRATION CHAMBERS (GRv & wQy)
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Figure 3.7.a — Infiltration Chamber (R DEM, 2010}

Table 3.7.b Minimum Setbacks for Infiltration Systems (horizontal measurement in feet] {RI DEM 2010]

infiltration Systems for Single Infiltration Systems for all pther
Family Residentlal Uses uses
Public Potable Water Supply
well (Drilled) 200 200
Public Potable Water Supply
Well (Gravel well} 400 400
Private Potahle Wells 25 100
Potable Water Supply Reservoir 100 200
Streams which are tributary to
Water Supply Reservoir 50 100
Other Surface Waters 18] 50
Top of 15%+ Slopes 50 50
Buildings {up-gradient) 10 25
Buildibgs {down-gradient) 10 50
On-site Subsurface Sewage Dis-
posal Systems 25 25

Note: These setback requirerments shall apply to Infiltration Trenches, Infiltration Chambers, and Infiltration Basins
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Required Design Elements for Infiltration Chambers

FEASIBILITY:
~ Three (3) foot vertical separation from bottem of crushed stone under the infitration chambers to SHGVY and bed-

rock. Forresidential applications, this separation can be reduced to two {2] feet.

» Must be installed on slopes € 15%.
Native soils must have less than 20% clay and 40% silt/clay, This shall he determined by a dry sieve analysis by 2

e

»
gualified soils lalb.
» Native sails must have an in-situ infiltration rate of 0.5 inches per hour basad upon NRCS soil textural classification.
» The maximum drainage area to infiltration chambers shall e five [5) acres.
CONVEYANCE:
# |nfiltration chambers must be designed as "off-line” if stormwater is delivered by standard pipe system.
» Overltow provisions from the facility shall be provided lor the 1-year storm event to either a structural conveyance
system or to daylight onto a stable surface, where non-erosive velocities shall be provided (3-5 fps).
~  Allinfiltration chambers shall be designed to fully dewater the entire WQv 72 hours after the rainfall event.

PRETREATMENT:

Pretreatment shall be required as flow across a vegetated filter strip, grass swate or through a sedimeni forebay for
infiltration chambers. This requirement shall not apply to runoff from a residential roof,

»  25% of the required WQv shall be provided by an appropriate pretreatment system for inflltration chambers.

» The sides of the Infiltration chambers shall ke lined with a non-wowven filter fabric to prevent soil piping.

SIZING CRITERIA;
One method to calculate the storage volume of manufactured chambers is as follows (Rl DEM, 2010}:

r

>

V= L*[{wdn) = (HACn) + {HAC) + (wict/12)] where;
V = Design volume {WQv) {tubic faet)
L = Length of infiltration facility {feet)
w = Width of infiltration facility (feet)
d= Depth of infiltration facility (feet)
# = Numbher of rows of chambers
At = Chamber cross sectional area {square feet) {see manufacturers specifications)
n = Parosity {use 0,33}
fc = Design infiltration rate {in/hr)
t = time to fill chambers {use 2 hours for design)

TREATMENT:
infiltration chambers shall be designed to fully exfiltrate the entire WQv through the bottorn of the facility only,

~ Design infiltratlon rates {fc} for above sizing equation shall be taken from Table 7.6 above,

CONSTRUCTION AND MAINTENANCE REQUIREMENTS:
» Infiltration chambers shall never be used for sediment cantro) during an active construction period.

-

I

» The area of the inflltration trench must be marked off by appropriate fencing to prevent the movement of construe-
tion vehicles over and the possible compaction of the natural soils,

~ The erasion cantrol plan for the project must clearly define how sediment will be prevented from entering the area
of the infiltration chambers,

» Thedesign enginger shall oversee the preparation of the area and the installation of the infiltration chambers.

» The design engineer shall provide a certification that the sysTem was deslgned in accordance with the specifications

found in the Design Technical standards and installed in accordance with the approved plans,
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3.8 — INFILTRATION BASIN (GRv & wQv}
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Required Design Elements for Infiltration Basin

FEASIBILITY:
# Three {3) foot vertical separation from bottam of Infiltration trench to SHGW and bedrock.

-
~ Must beinstalled on slopes < 15%.

~ Marive soils must have less than 20% clay and 40% silt/clay. This shall be determined by a dry sieve analysis by a

gualified solls lab,

~ Native soile must have an in-situ infiltration rate of 0.5 inches per hour based upon NRCS soil textural classification,
Must be verified by field infiltration tests.

~ The bottom of the infiltration basin shall be constructed in either the A or B soil horizan.

+  The maximum drainage area to an infiltration trench shall be ten {10] acres,

CONVEYANCE:
Infiltration basin must be designed as “off-line” if stormwater is delivered by standard pipe system.

-

~ Overflow provisions from the facility shall be provided for the 1-year storm event te either a structural conveyance
system or to daylight orito a stable surface, where non-erosive velocities shall be provided {3-5 fps).

# Infittratfon basins shall ke designed to fully dewater the entire WQv 48 hours after the rainfall event,

PRETREATMERNT:
Pretreatment shall be required as flow across a vegetated filter strip, grass swale or through a sediment forebay,

Exit valocities from the pretreatment facility must be non-erosive {3.5 - 5.0 {ps}
» A minimum of 25% of the required WQv shall be provided by an appropriate pretreatment system.
SIZING CRITERIA:

»  Naximum ponding depth above soil surface shall be 2°,
The bottom area of an infittration basln shall be determined by the following equation;

s

e

Ab = V/d Where:
Ab = Surface area at the bottom of the basin {square feet}
¥ = Design Volume {WQy)
d = Depth of basin (feet)
TREATMENT:
»  IFthe in-situ soil infiltration rate is greater than 827 Infhr, then the entire WQu shall be fully treated by an appropri-
ate measure prior ta the infiliration basin,
» Infiltration basin shall be designed to fully exfiltrate the entire WQv through the bottem of the basin only,

r  Design Inflltration rates {fe) for above sizing equation shall be taken from Table 7.6 abave,

CONSTRUCTION AND MAINTENANCE REQUIREMENTS:
~ Infiltration basins shall never be used for sediment contrel during an active construction period.

-

> The area of the infiltration basin must be marked off by appropriate fencing to prevent the movement of construc-
tion vehicles over and the possible compaction of the matural soils,

» The erosion control pfan for the project must clearly define bow sediment will be prevented fram entering the area
of the infiftration basin.

» Ifthere is an accumulation of orpanic debris or sediment on the surface of the basin, the top 8" shali be removed,
and the expased soil surface roto-tilled to a depth of 12", After this work has been done, the bottom of the hasin
shall be restored 1o its original condition.

» Inspections of an Infiltration basin shall be made after any storm greater than the 1-year, 24-hour storm.

» The design engineer shall oversee the preparation of the area and the construction of the infiltration basin.

» The deslgn engineer shall provide a certification that the system was designed in accerdance with the specifications

found in the Design Technical standards and installed in accordance with the approved plans.
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3.9 — ALTERNATIVE PAVING SURFACES (GRv & wQv)

Refer to UNHSC Design Specifications for Porous Asphalt Pavement and Infiltration Beds
{http: //www.unh.eduferg/cstev/pubs specs info/unhse pa spec 16 09.pdf)

Open Course Pavers with gravel or topsoil/grass

Renuired Design Elements for Open Course Pavers
FEASIBILITY:
» Three {3) foot vertical separation from bettom of reserveoir base to SHGW and bedrock,
~ Use an gentle slape [<5%}
~  Notive soils must have an in-situ infiltration rate of 0.5 inches per hour based upon NRCS sall texturai classiflicatian,
Iiust be verified by field infiltration tests.
» Native soils must have less than 20% clay and 40% silt/clay. This shall be determined by a dry sieve analysis by a

qualified sails lab.
~ The bottam of the reservoir hase shall be constructed In either the A ar B soil horizon.

CONVEYANCE:
{pen course pavers shall only treat runoff generated from the actual area of the practice, Runoff from adjacent ar-
easshall not to be treated by the open course pavers.
~ Open course paver systems shall fully dewater the entire WQu 24 hours after a storm event,
PRETREATMENT:
¥ Pretreatment is nat required for open tourse pavers,
~ Fregquent maintenance is reguired ta prevent clogging of the open ¢ourse pavers,

SIZING CRITERIA:
The surface area of the open course pavers shall be determined by the following equation (Rl DEM, 2010}):

-

-

Ap =V [ (nBdt + fct/12) Where:

Ap = Surface area (sguare feer)

V = Design volume {WQv) [cubic feet)

n = Porosity of gravel {assume 0.33)

dt = Depth of gravel base (feet)

fc = Deslgn infiltration rate (in/hr), see Tzble 7.6

t = Time to fill (hours) {use 2 hours for design purposes)
TREATMENT:
» Topsoil mix shall consist of 509 sand, 35% compost and 15% native soils. Alternative surface shall be pea gravel.
+» Open course paver systems shall fully exfiltrate the entire WQv through the bottom of the practice,
~ The reservair ceurse shall be 12 — 24”7 in depth, The base course shall consist of native bank ryn sand and gravel. it
shall be sufficiently campacted to provide the required bearing capacity.
Area of open course pavers must be protected from tompattion and erosion during the construction periad.
This system 35 best used with other systams to address other stormwater issues such as fload protection.
Vegetation used with open course pavers shall be drought tolerant species.
To account for the use of open course pavers in hydrologic models in determining the Channel Protection Flow and
Flood Protectlon Flow rates, the following Curve Number values shall be applied.,

-

A U R T

Table 3.9.a — Curve Numbers for Infiitrating Permeable Pavernent Surfaces (MDE, 2009)

Reservoir Depth Hydrologie Soit Group
(Inghes) A B C D
6 76 B4 83 -
12 62 65 77 -
>12 40 55 70 -
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CONSTRUCTION AND MAINTENANCE SEOUIREMENTS:

»~ The area of open course pavers shall never be used for sediment contro! during an active construction period.

~ The area of the open course pavers must be marked off by apprapriate fencing to prevent the movement of con-
struction vehicles aver and the possible compattian of the natural soils.
The eresion control plan for the project must clearly define how sediment will be prevented from entering the area

r
of the open course pavers,
~ Attach roflers to bottom of plows to prevent the catching of paver edges during snow removal operations,
~ Do not stockpiie snow on areas of open course pavers.
~ The design engineer shall oversee the preparation of the ares and the Installation of the alternative paving surface.
#  The dezign engineer shall provide a certification that the systerm was designed in accordance with the specifications

found In the Design Technical standards and installed in accordance with the approved plans.

Permeahle Pavement or Parous Concrete
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Required Design Elements for Permeable Pavement or Parous Concrete
FEASIBILITY:
» Three {3) foot vertical separation from hottom of reservoir base 1o SHGW and bedrock,
~  Useongentle slope (<5%)
+ Native soils must have an in-situ infiltratlon rate of Q.5 inches per hour based upon NRCS soil textural classification,
Must be werified by field infiltration tests.
~ Natiye soils must have less than 20% clay and 40% silt/ciay. This shall be determined by a dry sieve analysis by a

gualified solis lab.
» The bottom of the resarvoir base shall be constructed [n either the A or B soil horiron,

CONVEYANCE:

r Permeable pavement or porous concrete shall only treat runoff penerated from the actual area of the practice.
Runoff from adjacent areas shall not to be treated by permeable pavement or porous cancrete. These systems shall
fully dewater the entire WQv 24 hours after a storm event.

PRETREATMENT:
» Pretregtment is not required for permeable pavement or parous concrete,
» Freguent maintenance is required to prevent clogging of the permeable pavement or porous concrete.

SIZING CRITERIA:
~ The surface area of the permeable surface shall be determined by the following equation (RI DEM, 2010}

Ap =W/ (n8dt + [etf12) Where:

Ap = Surface area (square faet)

V = Design voluime {WQy) {cubic feet)

n = Porosity of aravel {assume 033}

¢t = Depth of gravel base {feet)

fe = Design infiltration rate {in/hr), see Table 7.6

t = Time to fill [hours) [use 2 hours for design purposes)
TREATMENT:

» Permeable pavement or porous concreta shall fully exfiltrate the entire WQv through the bottom of the practice,

» The reserveir course shall be 12 — 24" in depth, The reservolr course shall consist of native bank run saad and
gravel. It shall be sufficiently compacted ta provide the requifed bearing capaclty. A filler Blanket shall be provided
between the filter course and the reservoir course,

7 An |mpermeab1e iner with an underdrain may be pravided if underlying soils lack adequate infiltrative capacity for
WQv,

+ This system is best used with other systerms to address other stormwater issues such as flood protection.

» Toaccount for the use of open course pavers In hydrofogic models in determining the Channel Protection Flow and
flood Protection Fillow rates, see Table 7.9 above,

CONSTRUCTION AND MAINTENANCE REQUIREMENTS:

# The area of permeable pavement or porous concrete shall never be used for sediment control during an active con-
struction periad.

» The arza of the permeable pavement or porous concrete must be marked off by appropriate fencing to prevent the
movement of construction vehicles over and the possible compaction of the natural soils.

» The erasion contral plan for the project muss clearly define how sediment will ke prevented from entering the area

of permeable pavement or porous concrete,
Every three months, the permeable surface shall be vacuym swept te minimize the potentia! of clogging.

ra

~ Do not stockpile show an areas of permeable pavement or porsus concrete.

~ Sand shall not be applied to permeable pavement or porous concrete surface.

~ The design engineer shall oversee the preparation of the area and the installation of permeable pavement or porous
concrete,

» The deslgn engineer shall provide a certification that the system was designed in accordance with the specifications

found in the Deslgn Technical standards and installed in accordance with the approved plans.
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3.10 ~ EXTENDED DETENTION SHALLOW WETLANDS {wq treatment)
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Figure 3.10 ~ Extended Detention Shaliow Wetland [RI DEM, 2010}
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Required Design Elements for Extended Detention Shallow Wetland
FEASIBILITY:

~ Shall not be located within limits of delineated inland wetlands and watercourses.

~ Siting shall be done in such a manner as to maintain the height of the berm over the original grade to less than four
{4) feet to avoid classification as a dam.

~ Discharge from basin shall be required to travel across a length of 100" finear feet of vegetated surface prior to en-
tering a wetland or watercourse,

» The minimum drainage area to an extended detention shallow wetlands shall be ten {10) scres.

CONVEYANCE:

~  Flows within the system shall be maximized by the use of islands and submerged berms.

» Discharges from the basin shall be directed toward an established watercourse wherever possible. Appropriately
desigred outlet protection {2002 Guidelines for Soil Erosion and Sediment Control) shall be provided, The autlet
protection shall be sized for the 10-year, 24 hour peak rate discharge.

~ Non-erosive velocities shalf be provided (3-5 ps} shall be provided far all discharges.

PRETREATIMIENT.

~ Asediment forebay, designed in accordance with the specifications found In Section 8.5 shall be provided for the ba-
sin.  Exit veloglties fram the pretreatment facility must be non-grosive {3.5 ~ 5.0 fps).

» A minimum of 10% of the required WQv shal! be provided by a sediment forebay.

» If there is more than ene inlet, then each inlet shall have & sediment forebay.

SIZING CRITERIA:

»  Thesurface area of an gxtended detention shallow wetland shall be a minimum of 1.5% of the tributary drainage
area. Curvilinear configurations shall be used for the basin,

~  B5% of the total surface area of the basin shall have a depth of less than 18",

35% of the total surface area of the basin shall have a depth of less than 6,
~ Deep water areas within the basin shall provide a minimum of 25% of the reguired WQv, where the depth is greater

\

than 40",
»  The minimum length to width ratio shall be 3:1 from inlet to outlet,
TREATMENT:

~ |Fsite conditions permit, the extendad detention shallow wetland shall be located “off-ne”, {f this is not feasible,
then both the Channel Protection Flow and Flood Protection requirements shall be designed into the basin,

~ Appropriate vegetation shalt be specified for all of the various hydrologic regimes within the basin.

CONSTRUCTION ANMD MAINTENANCE REQUIREMENTS:

~ The desiga erigineer shall oversee the preparation of the area and the construetlon of an Extended Detention Shal-
lovy Wetland,

» The design engineer shall provide a certificatlon that the system was designed in accordance with the specifications
found in the Design Technical standards and constructed in accordance with the approved plans.

» Appropriate access easements for maintenance shall be provided for the basin.

» Inspections of the basin shall be rade sanually and after all storm events greater than the 1-year, 24 hour event.

» ltshall be required that sediment Is removed from the forebay eithet every 5 years or when the accumulation of
sediment is 50% of the total forehay capacity,

~ Slopes of the basin shall be tnspectad for erosion and stabjlity on an annual basis. Areas of concern shall be re-

paired promptly as required.
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3.11 - SUBSURFACE GRAVEL WETLANDS (wQ Treatment)

Refer to UNHSC Subsurface Gravel Wetland Design Specifications
{http://www.unh.edu/erg/cstev/pubs specs info/unhsc gravel wetland specs 6 09.pdf)
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Figure 3,11 — Subsurface Gravel Wettand (UNHSC)
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Required Design Elements for Subsurface Gravel Wetlands
FEASIBILITY:
~ Shall be located In soil with low infiltrative capacities or the system bottom & sides shall be lined with impermeable
liner or soil with permesbility being less than 0.03 f1/day.
~ Must be installed on slopes « 5%, Level sites are best,
~ The maximum drainage area o an Infiltration trench shall be ten {10) acres,

CONVEYANCE:
- Subsurfate gravel wetland can be designed as “online” sy$tem. System can aiso provide required Channel Protec-

tion Flow above WQv.
~ Overflow provisions from the facility shall be provided for the 1-year storm event to either a structural conveyance
system or to daylight onto a stable surface, where non-erosive velocities shall be provided {3-5 fps).
PRETREATMENT:
~ Pretreatment shall be provided with a sediment forebay {Section 7.15).
¥ Exit velovitles from the pretreatment facility must be non-erosive {3.5 — 5.0 fps).
SIZING CRITERIA:
» Forebay provides 10% of the required WQy, each trearment cell provides 45% of the required WQv. The full re-
guired WQv must be retained and fiitered through the system,
~ Theinvert of primary outlet pipe shall be set 4" below surface of wetland soil to maintain saturated conditions.
~ Anoverflow outlet shall be provided with adequaté capacity to handle the peak rate of the 10-year, 24-hour storm

event.
TREATMENT:

~ Toplayer of systam is growing media (wetland soil] shall be eight {8) inches in depth w1th zerg slope,

» Intermediate layer Is pes gravel three (2} inches thick,

»  Treatment layer s 247 in thickness of %" crushed stone.

~ Berms and weir shall be canstructed of non-conductive soils to prevent seepage or piping.

+ Length to width ratio for gravel treatment shall be 0.5 (L:W) with @ minimum length of {ifteen (15} feet,

~ Vertical perforated risers shall direct stormwater to treatment fayer. Top of vertical riser shall be sat at water sur-
tace elevation where WQv s provided. Minimurn diameter of vertical riser shall be six [6) inches, can be increased
to eight (8) inches to minimize clogging potential,

» Vegetation shall ronzist of obligate and facultative wetland species consisting of grasses, forbs, shrubs,

CONSTRULCTION AND MAINTENANCE REQUIREMERNTS:
The design engineer shall oversee the preparation of the area and the construction of an Subsurface Gravel Wetland.

-

» The design engineer shall provide a certification that the system was designed in accordance with the specifications
found in the Design Technical standards and construtted in sccordance with the approved plans.

~ Inspect system to ensure that the panded water drains down ta the soil surface within 24-72 hours after any storm

event greater than 1.2” of rain In 24-hours,
* Inspect plants, water plants during 17 year, replace plants a5 needed, ensure good root estabilishment across the

wetland surface duting 1 two years.
» Check stability of slopes during 17 year, repair as nesded.
~ Inspect inlets, vertical riser pipes and outlet system lwice a year,
[t shall be required that sediment i removed from the forebay either every 5 years or when the accumulation af
sediment is 50% of the total forebay capacity.
» Remove decaying vegetation, litter and debris.
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3.12 — POND / WETLAND SYSTEM {wQ Treatment)
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Figure 3.12 Pond / Wetland System (RI DEM, 2010}
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Required Design Elements Pond / Wetland system
FEASIBILITY

- Sha[l not be located within lirnits of delineated (nland wetlands aad watercourses,

»  Siting shall be done in such a manner as to maintain the height of the berm aver the original grade to less than four
(4) feet to avoid classification as 2 dam.

» Discharge from basin chall be required to travel across a length of 100 linear feet of vegetated surface prior 1o en-
tering a wetland or watercourse.

~ The minimum drainage area to a pand / wetland system shall be twenty five {25) acres.

COMNVEYAMCE:

» Flows within the system shall be maximized by the use of submerged berms and microtopography.

» Discharges from the basin shall be directed toward an established watercourse wharever possibls. Appropriately
designed outlet protection {2002 Guidelines for Soil Erosion and Sediment Control) shall be provided. The outlet
protection shall be sized for the 10-year, 24 hour peak rate discharge.

»  Non-erosive velocities shall be provided (3-5 fos} shall be provided for all discharges.

PRETREATMENT:

»  Asediment farebay, designed in accordance with the specifications found in Section 8.5 shall be provided for the ba-
sin. Exit velocities from the pretreatment facility must be non-erosive {3.5 ~ 5.0 fps).

~ A minimum of 20% of the required WQv shall be provided by a sediment forebay.

~ [fthereis mare than one inlet, then each inlet shall have a sediment forebay,

SIZING CRITERIA:
» The surface area of an extended detention shallow wetland shall be a minimum of 1.5% of the tributary drainage
arga, Curvilinear configurations shall bre used for the basin,
The outlet poal shall also provide a minimum of 10% of the required WQv and shail ke 4-6' in depth.
35% of the total surface area of the basin shall have a depth of less than 8",
50% of the total surface area of the basin shall have a depth of less than 18",
= The minimum length 1o width ratio shall be 371 from intet to outlet,
TREATMENT:

» Lang, irregutar flow paths shall be created by the lotation and height of the marsh companents to increase contact
time with vegetation and enhance pollutant removal.

»~ Appropriate yegetation shall e specifled for all of the various hydrologic regimes within the basin.

CONSTRUCTION AND MAINTENAMNCE REQUIBEMENTS:

» The design engineer shall oversee the preparation of the area and the construction of a Pond / Wetland System

» The deslgn engineer shall provide a certification that the system was designed in dccordance with the specifications
found in the Deslgn Technical standacds and tonstructed in accordance with the approved plans.

» Appropriate access easements for mainterance shali be provided for the basin.

Inspections of the basin shall be made annually and after all storm events greater than the t-year, 24 hour event for
the first year,
» ltshall be required that sediment is remmoved from the forebay either every 5 years or when the accumulation of

sediment 18 50% of the total forebay capacity.
Slopes of the basin shall be Inspected for erosion and stability on an annual basis. Areas of concern shall be re-

AN R

paired promptly as required.
» The erosion cantrod plan for the project must clearly define how sediment will be prevented from entering the area

of the infiltration basin.
~ Vegetation in the hasin shall be inspected annually for two growing seasons, Plants shall be replaced during this pe-

rigd as necessary.
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3.13 - WET SWALES (WQ Treatment)
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Figure 3.13 Wet Swale (Rl DEM, 2010}
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Required Design Elements for Wet Swales
FEASIBILITY:
~ Maximum slope along flow length shall be 4.0% without check dams.
~  Wet swales must intercep: shallow groundwater level.
~ The maximum drainage area to a wet swale shall be five (5} acres.
»  Primary use is along linear systems, such as roads, residential development and pervious areas, such as ballfields.
CONVEYANCE:
~ Swale shall be able to handle 10-year, 24-hour peak rate from contributing area.
~ Swale side slopes shall be a3 minimum of 3:1. If there are space constraints, then 2:1 slopes may be used.
~ MNon-erosive velocities shall he provided (3-5 fps) for l-year, 24-hour storm event.
PRETREATVIENT:
~ Pretreatment shall be required as ponding behind stone check dams are located within the swala ftself.
»  Flow across a vegetated filter strip along a road shall be an appropriate pretreatment measure,
» 10% of the required WQv shall be provided by an appropriate pretreatment system.
SIZING CRITERMAY
» The required WQv shall be provided as surface ponding within the wet swale. The length, width and depth shall bhe
designed to achieve this requirement.
» Wetlswales shall be designed to provide for a maximum 12" ponded depth.
~ Bottom width of swale shall not be greater than eight {8) feet nor less than two (2) feet.
TREATMENT:
» Appropriate emergent plants shall be used for the bettom and side slopes of a wet swale,
» Contributing area to wel swale must be stabilized prior o directing runoff to the wet swale,
CONSTRUCTION AND MAINTENANCE REQUIREMENTS:
» The design enginger shall oversee the preparatian of the area and the corstruction of a Wet Swale,
The design engineer shail provide a certification that the system was designed in accordance with the specifications
found in the Design Technical standards and constructed in accordance with the approved plans,
»  The Wet Swale shall be inspected anpually and after storms greater than 1-year, 24-hour storm event.
Sediment shall be remaved when accumulation exceeds 25% of the WQv storage value.
Plant shall be inspected annually for 1™ two prowing seasans, Cead or dying plants shail be replaced as necessary.

Fal

X
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3.14 —FILTER STRIPS (Pretreatment}

B A e

i e~

| ——
s f\?’}\: AASTH l

|
_ i hEF mrgr
SO LA A GT {

; ' e v a‘c{iﬁ
A

) 1 ; ERCR T N S
i’;‘t\"— 1. - . e Ly
O '-\',/ —_ e — 3'2:"’& Gy W apy ‘.'.,‘ .
‘31;.(:”‘ - M v E4 I - I “ v ! = ArANL ,
= " [ J MmN s
o . - - . - 1 ;
E + & . ./
b v - CEB e s N
[ u - . J TR )
NN

e

) w  NIEORATE (G Mﬁj SeaeE st T
/"“ . -

Ly
» .
]
Pl :
~ 2 —
S
- -
-t o
5 PR - e
o b C o ‘- <
e el YT
E— L R .
e LTIV
I e e

L; . } 2 ‘s“ ku‘:i%
CP7IOINA L™ \x‘ A AT

S TOASE ;?}\.’1;\ T RS AAERS
R ERALT S E A
PROFILE
Figure 3.14 - Fitter Strip {R1 DEM, 2010)
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Required Design Elements for Filter Strip
FEASIBILITY:
+ The best application for filter strips is for treating stormwater from roads, small parking areas and roof runoff.
r They can be used as a pretreatment system for other stormwater practices.
= Maximum contributing area to a singte filter strip is 0.5 acres.
CONVEYANCE:
= Flows across filter strips must occur as overland fTow,
* Astone diaphragm or concrete edge shall be used to ensure uniform overland flow from impervious acea.
tf no edgse treatment is used, the top of the soil mixture shall be set a minimum of 1" below the pavement edge to
allow runoff to "fall off” the impervious edge onto the fliter strip.
PRETREATMENT:
X Thisisa pretreatment system,
SIZING CRITERIA:
»  Filter strips shall not be permissible on soils with high clay content.
~  Filter strips shall be desigrned in accordance with the following Table,

-

Table 3.14.a — Sizing Criteria for Filter Strips

Design Parameter lripervious Ares Pervieus Ares
tviax. allowable flow length 75 150°
Filter Strip Slope 4.0% 4.0%
tin. length of fiiter strip 35 18"
TREATMENT:

- Sedimentis trapped within the grass matrix. if a stone dfaphragm is used, this will improve the remeval of sediment,
CONSTRULCTION AND MAINTENANCE REQUIREMENTS:

» The design enginger shall oversee the preparatian of the area and the construction of a Filter Strip.
The design engineer shall provide a certification that the system was designed in accordance with the specifications
found in the Deslgn Technical standards and eonstructed in accordance with the approved plaps,
Grass must hecome established as soon as passible. If one species does not erow well, it shall be promptly replaced
with an alternative species.
» The majority of trapped sediment will accur at the beginning of the filter strip. Sediment shall be removed from this
zrea on an anncal basis,
The area of the filter strip must be marked off by apprapriate fencing to prevent the movement of constsuction ve-

hicles over and the possible compaction of the natural soils.
The erasion centred plan for the project must clearly define havw sediment will be prevented from entering the area

-~

of the filter strip.
# The helght of the grass shall be maintained at 4",
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3.15 — SEDIMENT FOREBAYS {Pretreatment}
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Figure 3.15 - Forebay (RI DEM, 2010)
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Required Design Elements for Sediment Forebay

FEASIBILITY:
= This is a pretreatment practice whose primary purpose is to minimize maintenance requirements of other stormwa-
ter treatrnent systems.
~ The sediment forebay shall be made part of another stormwater treatment system and shall not be constructed as a
stand alone device.
CONVEYANCE:
= Ariprap pad shall be utilized at the inlet to the forebay to reduce flow velocities to non-erosive levels (3-5 fps).

PRETREATMENT:
»  This is a pretreatment system for other stormwater management practices.

SIZING CRITERIA:
» A minimum of 20% of the required WQv shall be provided within the sediment forehay,
The length to width ratio of the sediment forebay shall be 3:1. If site constraints exists this ratio may he reduced to
2:1.
» The forebay shall be a minienum of four {4} feet in depth with a preferred depth of six [6) feet,
»  Abarrier shall separate the sediment forebay from the treatment facility, The barrier shall he armored as necessary
te prevent erosion,
The invert of the inlet plpe shall be set at the water surface elevation for 10% of the WQv,
The outlet from the sedimeant forebay shall be designed in an appropriate manner te convey the flow. This could be

2 culvert, weir or spilhway,
» The outlet elevation must be set, so that the 10% of the required WQu is provided below this elevation.

CONSTRUCTION AND MAINTENANCE REQUIREMENTS:
~ The design enginear shall aversee the preparation of the area and the instaliation of a sediment forebay,
The desiga engineer shall provide a certification that tha system was designed in accotdance with the specifications
found in the Design Technical standards and constructed tn accordance with the approved plans.
»  Access must be provided to the sediment forebay to facilitate remove! of accumulated sediments,
A fixed vertical marker shall be Installed in the sediment forebay to allow the depth of sediment to bea easily meas-

dred and observed.
The depth of the sedimant in the forebay shail be inspected annually and removed when the depth is more than

25% of the total depth of the sediment forebay,

~

~

-~
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3.16 — DEEP SUMP CATCH BASHN {Pretreatment)
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Figure 3.16 - Deep Sump Catch Basin (RI DEM, 2010)
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Reqguired Design Elements for Deep Sump Catch Basins

FEASIBILITY:

~ Adeep sump catch basin shall be used in a catch basin to manhole alignment as a by-pass.

» The maximum drainage area to o deep sump catch basin shall be 0.5 acres.
CONVEYANCE:

~ The deep sump catch basin will see the Water Quality Flow.

~ lLarger flow rates will by-pass this structure by the utilization of the manhaole configuration,

~ Hooded outlets shall be used on afl deep sump catch basins to trap litter and lighter than water emulsiops.
PRETREATMENT:

»~ Thisis a pretreatment system.
SIZING CRITERIA;

» The invert of the cutlet pipe from a deep sump catch kasin shall be set & minimum of four (4} feet above the bottom

of the structure.
» The hooded outlet shall be installed in such a manner gs to facilitate the easy remaval and replacement of the hood.
TREATMENT:
» Coarse gtained sediments will settle out in the deep sump.
»  Litter and lighter than water emulsions (oils and grease) will be trapped on the water surface by the hooded outlet,
CONSTRUCTION AND MAINTENANCE REQUIREMENTS:
» The Design Engineer shall inspect the installed Deep Sump Catch Basin and certify that the required design elements
have been provided,
» Inspections shall be made twice a year [fall and spring}.
~ Sediment shall be removed when it has reached two (2) feet in depth,
¥ Sufficient access ints the structure shall be provided from the grate to facilitote maintenance.
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3.17 ~ PROPRIETARY TREATMENT DEVICES {Pretreatment)
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Figure 3.17 - Qil Grit Separator {Mass Highway 2004}
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Reguired Design Elerments for Proprietary Treatment Devices

FEASIBILITY:
»  Systern must be capable of removing a minimum of 25% of Total Suspended Solids to be considered an appropriate

pretreatment device. This requirement must be independentiy verified and supported by necessary written docu-

e

mentation,
~  Systems must be designed In aceordance with the manufacturer’s specifications,
» Contributing area ta systern shall not exceed one (1) acre of impervious area,
CONVEYANCE:
~ System shall be designed as "off-line” to treat full water quality flow. Flows in excess of the water quality flow shall
be hy-passed around the system.
PRETREATMENT:
» Thisis a pretreatment device.,
SIZING CRITERIA:
»  The full water guality flow must be treated by the system.
» A minimum detention time of 60 seconds is required for the water guality flow,
TREATMENT:
= These devices are capable of trapping coarse sediments, litter and lighter than water emulsions by proprigtary
treatment systems by gach manulacturer.
CONSTRUCTION AND MAINTENANCE REQUIREMENTS:
~ The design enginaer shalf oversee the installation of an Oil Grit Separator.

~ The design engineer shall provide a certification that the system was designed in accordance with the specifications

found in the Design Tachnical standards and constructed in accorgance with the approved plans,
~ Maintenance shall be performed in accordance with manufacturer’s requirements,
~ The devices shall be sited in such 3 manner as to provide quick, easy access for emeargency removal of oils,
~ [nspections shall be performed twice a year and cleaned twice a year,
# Debris removed from these systerns is considered a hazardous material and must he removed and disposed off by a

properly licensed contractor,
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3,18 - WET EXTENDED DETENTION POND {(water Quantity Control]
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Figure 3.18 - Wet Extended Detention Pond (RI DEM, 2010)
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Required Design Elements for Wet Extended Detention Pond
FEASIBILITY:
» Shall not be located within limits of delineated Inland wetlands and watercourses.
» Siting shall be done in @ such a manner as to maintain the height of the herm over the griginal grade to less than four
(4) feet to avoid classificatian as a dam.
» Discharge from basin shall be required to travel across a length of 130 linear feet of vegetated surface prior to en-
tering a wetland or watercaurse.
~ The minimum drainage area ta a Wet Extended Detention Pond shall be twenty five {25) acres.
CONVEYANCE:
» The outlet of the Inlet pipe sha!l be stahilized to provide nan-ernsive velacities.
~ Discharges from the hasin shall be directed toward an established watercourse wherever possible, Appropriately
designed autlet protection (2002 Guidelines far Sol] Erpsion and Sediment Control) shall be provided, The outlet
pratection shall be sized for the 10-year, 24 hour peak rate discharge.
~ MNon-erosive velocities shall be provided (3-5 fps) for all discharges.
# Anemergency spillway, sized to handle the 100-year, 24-haur storm event must be provided.
PRETREATMENT:
» Asediment forebay, designed in accordance with the specifications found in Section 8.5 shall be provided far the ba-
sin. Exit velocitles from the pretreatment facility must be non-erosive (3.5 ~ 5.0 fps).
~ A minimum of 1% of the required WQv shall be provided by a sediment forebay.
» 1fthere is more than ane indet, then each inlet shall have a sediment forebay.
SIZING CRITERIA:
~» The gutlet control system of the wet extended detention pond shall provide for the Channel Protection Flow as well
as mael the Flood Protectlon requirement,

# Thewet extended detention pond shall nat be consldered as a water quality treatment system,
~ Water quality treatmeni shall be provided upstream as an “off-line” system.
» The wet extended detention pond shall utilize curvilinear gaometry.
» B5%of the total surface area of the basin shall have a depth of less than 187,
=  35%of the total surface area of the basgin shall have a depth of less than 67,
~ Deep water areas within the basin shall provide a minlmum of 25% of the required WQy, where the depth is greater
than 4.0,
#  The minimunm length to width ratio shall be 3:1 from infet 1o outlet.
TREATMENT:

» i slte conditions permit, the extended detention shallow wetland shall be located “off-line”, If this is not feasible,
then both the Channel Protection Flow and Flood Protection requirements shail be designed inte the basin,

» Appropriate vegetation shall be specified far all of the various hydrologic regimes within the basin.
CONSTRUCTION AND MAINTENANCE REQU{RERMENTS:

~ The design engineer shall oversee the construction of a Wet Extendad Detention Pond.

» The design engineer shall provide a certification that the system was designed in accordance with the specifications
found in the Deslgn Technical standards and constructed in accordance with the appreved plans,
Appropriate access easements for malutenance shall be provided {or the pond.

NG

~ Inspections of the basin shzll be made annually and after all storm events greater than the 1-year, 24 hour event,

» It shall'be required that sedlment Is removed frem the {orebay either every 5 years or when the accumulation of
sediment 15 50% of the total forebay capacity.

» Slopes of the pond shall be inspected for erosion and stability on an annual basis. Areas of concern shall be repaired

promptly as required.
» [Inspections of the wet extended detention pond shall be made after any storm greater than the 1-vear, 24-hour

storm.
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3.19 — DRY DETENTION POND {water Quantity Control)
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Figure 3,19 - Dry Detention Pond (R} DEM, 2010)
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Required Design Elements for Dry Detention Pond

FEASIBILITY.

-

-~

Must be installed on slopes < 15%.
Shall not be located within limits of delineated Inland wetlands and watercourses,

-~ Siting shall be done in a such a manner as to mainrain the height of the berm over the original grade to less than four
{4) feet to avoid class)ficaticn as a dan.
» Discharge from basin shall be required to travel across a length of 100" linear feet of vegetated surface prlor to en-
tering a wetland or watercourse.
~ The maximum drainage area 1o a dry detention hasin shall be twenty five (25) acres.
CONVEYANCE:
~ Inflitration basin must be designed as "off-line” If stormwater Is dellvered by standard pipe system.
- Ovearflow provisians fram the facility shall be provided for the 1-year starm event 1o either a structural conveyance
system or to daylight onto a stable surface, where non-erosive velocities shall be provided {3-5 fps),
PRETREATMENT!
~ Pretreatment shalf be renuired as flow across a vegetated filter strip, grass swale ar through 2 sediment forebay.
Exir velociries from the pretraatment facllity must be non-erosive {3.5 — 5.0 fps}),
» A minimum of 10% of the required WQy shall be pravided hy an appropriate pretreatment system.

SiZING CRITERIA:

-

The storage capacity of a dry detention pend shall be sufficient to detaln the increases in the peak rate of runoff for

the 10-vear, 24-hour storm and potentlally the 100-year, 24-hour storm event as necassary.
TREATMENT:
»  Adry detention pond Is used for water quantity control only.

CONSTRUCTION AND MAINTENANCE REQUIREMENTS:

e

-~

The design engineer shall aversee the installation of a Dry Detention Pond,

The design engineer shali provide a certification that the system was designed in accordance with the specifications
found in the Desfgn Technical standards and constructed in accordance with the approved plans,

A drey detention pord can be used for sediment control during an active cansteuction period,

The greslon control plan for the project must clearly deflne how sadiment will be prevented from entering the area
of the Inflitratian basin.

IFthere is an accumulation of arganic debris or sediment an the surface of the basln, It shall be removed and the
area ceseeded,

Inspections of a dry detantion basin shall be made after any storm greater than the 2-year, 24-hour storm.
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4,0 Pollutant Renovation Analysis

if an applicant is requested by either the Planning Commission, Zoning Commission or Inland
Wetlands Commission to tdemonstrate the effectiveness of a LID treatment system to remove pollutants
to achieve the following pollutant removal performance goals (table 4.0.3} from post-development
stormwater, then a pollutant loading analysis shall be provided in accordance with the values and calcu-
latjons found in this section. A pollutant renovation analysis calculates the poflutant loads on an annual basis
for the pollutants of concern for both the pre-development and posi-development conditions and then demon-
strates the effectiveness of the stormwater treatment system to reduce the poliutant load from the post-
development runoff.

Table 4.0.a Pollutant Removal Performance Goals

Minimum Pollut-
- . ‘ ant. '
Pollutant Type p Removal Rate”
Total Suspended Solids 80%
Total Nitrogen 35%
Total Phosphorous 40%
Zinc 65%
Total Petroleum Hydrocarbons 70%
Dissolved Inorganic Nitrogen 353%

In order to achieve the pollutant removal efficiencies stated in Table 4.0.a for a particular practice, the
practice must be designed and constructed in accordance with all of the required parameters as found in Section
3.0, Tahte 4.0.b will assist the designer in choosing the most appropriate treatment system(s) to achieve the pol-
lutant removal goals found in Table 4.0.a.

Tahle 4.0.b — Treatment System Matrix

Very
POLLUTANT REMOVAL RATING Excellent | Good Good Fair Poor

Pollutant Removal Efficiency 80—-95% | 70-80% | 55-70% | 40-55% | <40%
| Color Coded System j i AR

Stormwater Treatment System Pollutant Removal Selection Matrix

Stormwater Treatment Systems TS5 | TN | TP | Zn | TPH | DIN
FILTERING SYSTEMS
Bioretention (page 14)
Tree Filter {page 17} ' Bl
Surface Sand Filter {page 19) ., U
Organic Filter (page 21) fia,

Dry Swales (page 23) D ¥
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| INFILTRATION SYSTEMS , -

infiltration Trenches (page 25) i B

Infiitration Chambers {page 27) X

Infiltration Basins (page 29) I

Alternative Paving Surface (page 31)

WET VEGETATED TREATMENT SYSTEMS

Extended Detentlon Shallow Wetlands (page 34)

| Subsurface Gravel Wetlands (page 36) [T
Pond / Wettand System (page 38) o |

het Swales (page 40} gl

| PRETREATMENT FOR WATER QUALITY SYSTEMS
Filter Strip (page 42)

Sediment Forebays {page 44}

Deep Sump Catch Basins [page 46)

Proprietary Treatment Devices (page 48)

WATER QUANTITY CONTROL : . ) _

Wet Extended Detention Pond {page 50) R

| Dry Detention Pond (page 52) '

TSS:  Total Suspended Solids

TH: Total Mitrogen

TP: Total Phosphorous

n: Tatal Zinc

TPH:  Total Petroteum Hydrocarhons
DIN;  Dissolved Inorganic Nitrogen

Poilutant Concentrations per Land Use Type:

Table 4.0.c provides cancentrations of the pollutants of concern for common tand uses, All concentra-
tions are in mg/l.

Table 4,0.c - Pallutant Concentration per Land Use Type
Pollutant Concentration {mg/l)

Land Use 7SS TP TN Zn__ TPH__DIN
Large Lot Residential (1 unit/5-10 ac) - 60 038 21 0161 050 0.51
Low Density Residential {1 unit/5 ac —2 units/ac) &0 038 2.1 0161 050 051
mMedium Density Residential (2-8 units/ac.) 60 0,306 2.1 0.17&6 125 (0.344
High Density Residential (8+ units/ac.) 60 030 21 0.218 15 0.344
Commercial 58 0.25 26 0.1%6 3.0 0.224
Industrial &0 0,23 21 0.671 3.0 0.569
Institutional {schools, churches, etc) 58 027 2.0 0.186 3.0 0.521
Open Urban Land S0 0.25 1.3 0.0 0.0 0.0
Transportation (roads only) 99 0.25 2.3 015 3.0 0.375
Decldous Forest 20 0.10 1.5 0.0 0.0 0.215
Evergreen Forest S0 0.10 1.5 0.0 0.0 0.215



Pollutant Concentration (mg/l}

land Use 78S TP TN n TPH _ DIN
Mixed Forest 90 n.10 1.5 0.0 0.0 0.215
Brush 80 0,38 15 0.0 0.0 0,215
Wetlands 0.0 0.38 1.5 0.0 0.0 0.10
Beaches 0.0 010 15 0.0 0.0 0.0
Bare Ground 1000 0.38 1.5 0.0 0.0 0.0
Row & Garden Crops 357 1.0 292 00 0.0 0.65
Cropiand 357 1.0 292 00 0.0 0.215
Qrchards/vinayards/herticulture 357 1.0 292 00 0.0 0.215
Pasture 145 038 2.2 0.0 0.0 0.65
Feeding Operations 145 038 2.2 0.0 0.0 0.8
Agricuttural building, breeding & training facilities 145  0.38 2.2 0.0 0.0 0.8

Pollutant Rernoval Efficiencies for Treatment Systems:
Pollutant removal efficiencies are taken from the best avgilable data for each type of treatment system.

The sources of this information include the Center for Watershed Protection, the University of New Hampshire
Stormwater Center, the EWRI/ASCE BMP Database, and tha Massachusetts Stormwater Technical standards.

Table 4.0.d - Pollutant Removal Efficiencies {percent removal)

Type of System ____Pollutant Removal Efficiencles {percent)
TS5 TN TF n TPR DIN

Extended Detention Shallow Wetlands 69 56 39 0] D 35
Subsurface Gravel Wetland 89 80 56 99 g9 98
Pond/Wetland System 71 19 56 56 0 a0
Wet Extended Detention Pond 80 35 55 €9 0 36
Infiltration Basin S0 60 B85 88 a0 50
Infiltration Trenthes/Chambers 80 55 60 29 99 50
Bioretentian/Rain Garden {avg)* 90 17 5 99 99 44
Surface Sand Filtar 87 32 59 77 93 33
Organic Filter 2321 43 61 89 0 35
Dry Swale w/filter berms 5C 0 8 50 81 0
Wet Swale 75 10 40 a3 0 41
Vegetated Filter Strip 68 40 45 88 a 0
Permeable Pavernent 99 0 60 75 99 0
Porous Concrete 97 0 0 g9 99 0
Standard Sump Catch Basin (24”) 3 o 0 0 0 0
Deep Sump Catch Basins {48") 9 0 ] 0 14 0
Qil / Grit Separator 0 0 0 17 0 a7
LID Urhan Planter 99 29 5 99 g9 29
LiD Curb Extension 99 29 5 99 99 29
todular Wetland System 82 80 5 79 30 70
Filierra Bicretention System 85 40 &0 62 80 40

{Values taken from A.P.L.E.T.S. water guality suftware by Steven Trinkaus, PE)
* with a P Index < 30, TP removal rate increases to 56%
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* with Interrial Water Storage Zone, TN removal rate increases to 44%

Equation and Process:

In 1987, Tom Schueler developed the Simple Method as a way to estimate pollutant loads for various
chemical constituents on an annual basis. The Simple Method requires a small amount of information to be
utiized; annuat precipitation, pollutant concentrations, percent impervious cover and subwatershed areas. The

formula of the Simple Method is as follows:

L= [{PHPIRV)I/12(C}(AN2.72) or reduced to L= 0.226{P)}{P{J{Rv){C){A]}, where

L= Pollutant load in pounds
P= Rainfall depth aver desired time period (inches)
Pj=  Factor that corrects P for storms that produce no runoff, use Pj= 0.9

Rv = Runoff coefficient, fraction of rainfall that turns to runoff,
Rv = 0.05 + 0.009(1)

1= Site Impervicus coverage {percent)

C=  Fow weighted mean concentration of pollutant {(me/l)

A= Ared of site (acres)

0.226 = Unit Conversion Factor

The Simple Method provides reasonable estimates of changes in pollutant amounts resulting from differ-
ant types of development. There are three aspacts of the Simple Method that engineers need to keep in mind

when using the equation.

1. [t only estimates the pollutant [oad from storm events and does not consider pollutants from baseflow
valumes. For large low density residential developments, where | < 5%, up ta 75% of the annual runoff volume
may be comprised of baseflow, the annual nutrient load associated with the baseflow may be equal to the annual

load associated with the development,
2. Its primary usefulness is for calculating and comparing the relative storm water pollutant loads from

various development concepts.
3. It provides an estimate of the poliutant loads that are likely close to the “true” but unknown value for a

development profect.

The Simple Method shall be used to calculate the pallutant load for the six pollutants required to be
evaluated for stormwater dischargas in the Town of Harwinton. The following process shall be followed for the
calculation of the pollutant loads and the effectiveness of the starmwater treatment systems.

Pre-Cevelopment Conditions,
1. Delineate the watershed areas on the site for undeveloped conditions for each design point or

point of interest. A design point would typically be the point where a watercourse or overland
flow would leave the site boundary, A paoint of interast could also be the limit of a delineated
wetland or watercourse, located within the site’s boundary.

2. Label and determine the atea of each watershed on the sjte.
3. Oeterminethe type of land cover for each watershed area. (For a retrofit or redevelopment site,
the design engineer needs 1o make an assumption as to the type of |and use cover which existed

on the site prior to any type of development)
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4,
5.

Obtain annual rainfall amouant in inches for the general location of the site.
Use the Simple Method to calculate the pollutants loads for the pre-development conditions,

Post-Cevelopment Conditions:

1.

10.

:hUJr\JI—-I

inorder to fully integrate water quality into the site design, the type and location of the treat-
raent systems need to be evaluated during the design phase and not at the end of the design pe-
riod. The poliutant loading analysis should be prepared twice during the process; first during the
Conceptual Design Phase in arder to determine the type of treatment systems needed to achieve
water guality goals. The second time is when the final site plan is cornplete and accurate values
{or impervious cover are available.

Prepare Conceptual Development Plan for project.

Delineate the watershed boundaries on the site for future conditions. Divide the watershed area
into the area above the treatment system, which contributes to the treatment system, and the
area below the treatment system.

Calcufate area of each watershed area.

Based upon proposed land use, estimate Impervious coverage within each watershed area above
the treatrment systems,

Calcufate [and area below the treatment system to the design point or paint of concern. Only
that area above the fast treatrnent facility is run through the treatment system analysis. Pollutant
lwads from land below the last treatment system need to be calculated separately and can be
added to the remaining load from the treatment system to determine the total load reaching the
design point for future conditions. This is very impertant if TMOL fimits are applicable to the re-
ceiving warerway,

Use the Simple Methad to calculate preliminary poltutant loads for post-development conditions
on the site based upon the Conceptual Development Plan,

After the loads have been calculated for post-development, use the poflutant removal efficiencies
provided and the formula below to determine the type(s} of treatment systems needed to
achieve water quality goals.

After the design engineer has determined whal type of treatment system(s) are reguired, they
can procead with the final site design and incorporate the necessary storm water treatment sys-
tem|{s} as they prepare the final site design,

After the site design Is complete, steps #3 through #8 are repeated with the accorate areas of the
final watershed areas and impervious cover.

Pallutant Removal Calcutation Procedure
(totalload * 1* remaval efficiency)
{tatal Toad ~ (load removed in #1))*2™ removal efficiency
{total load — {load removed in #1 + #2))*3" removal efficiency
{total load ~ {load ramoved in #1 + #2 + #3})*4" removal efficiency ...

Total Percentage Removed by Treatment Systems

{load removed in #1+load removed In #2+load removed in #3....)/total load * 100
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APPENDIX A
PLANT LIST FOR LID TREATMENT SYSTEMS
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Plant List for LID Treatment Systems

There are six distinct hydrological planting zones for Low Impact Development Treatment Systems. Table
8 defines the hydrological characteristics of each planting zone.

Table A - Hydralogic Planting Zones

Zone § Hydrologic Condition Zone Description

1 1-6 deep permanent pool Deep Water Pool

2 B inches to 1 foot deep Shallow Water Bench

3 Regularly inundated High & Low Marsh

4 Periodically inundated Riparian Fringe, Aquatic Bench

S Infrequently inundated Upland terraces within pond/wetland system
6 Rarely inundated Upland slopes

ZONE 1 - Deep Water Pool
Trees and shrubs; not recommended for this zone

Herbaceous Plants:

Coontail Submergent
Duckweed Submergent/Emergent
Pond Weed Submergent
Waterweed Submergent
Witd Celery Submergent

ZONE 2 —Shallow Water Bench

Trees and shrubs:
Byttonbush Deciduous shrub

Herbaceous Plants:

Arraw arum Emergent

Arrcwhead, Duck Potato Emergent

Blue Flag Iris Emerpgent

Blue Jotnt Emergent

Broomsedge Perimeter

Bushy Beardgrass Emergent

Cattail Emergent

Duckweed Submergent/Emergent
Hardstem Bulrush Emergent

Long-leaved Pond Weed Rooted Submerged Aquatic
Pickerelweed Emergent

Sedges Emergent

Soft-stem Bulrush Emergent

Smartweed Emergent

Herbaceous Plants;

Seft Rush Emergent

switchgrass Perimeter

Sweet Flag Herbaceous
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wild Rice
Wool Grass

ZONE 3 — High & Low Marsh
Trees and shrubs:

Arrowwaod Viburrium
Bald Cypress
Black Ash

Black Willow
Buttonbush
Elderberry

Larch

Pin Oak

Red Maple

River Birch

Silky Dogwood
Smooth Alder
Swamp White Qale
Winterberry

Herhaceous Plants:

Arrow arum
Arrowhead, Duck Potato
Blug Flag Iris

8lue loint
Broomsedge
Bushy Beardgrass
Cattail

Duckweed

Flat-top Aster
Hardstem Bulrush
Long-leaved Pond Weed
Pickerelweed
Redtop

Sedges

$oft-stem Bulrush
Smartweed

Soft Rush
Switchgrass

Sweet Flag
Herbaceous Plants:
Witd Rice

Woot Grass

American Elm
Arrowwood Viburrium

Emergent
Emergent

Deciduous shrub
Declduous tree
Deciduous trae
Deciduous tree
Deciduous shruh
Deciduaus shrub
Coniferous treg
Deciduous tree
Derjduous tree
Deciduous tree
Deciduous tree
Deciduous trae
Decidunus tree
Deciduous shruh

Emergent
Emergent
Emargent
Emergent
Perimeter
Emergent
Emergent
Submergent/Emergent
Emergent
Emergent

Rooted Submerged Aquatic

Emergent
Perimeter
Emergent
Emergent
Emergent
Emergent
Perimeter
Herbaceous

Emergent
Emergent

ZONE 4 — Riparian Fringe, Aquatic Bench
Trees and shrubs:

Deciduous tree
Deciduous shrub
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Bald Cypress Deciduous tree

Black Ash Deaciduous tree
Black Gum Dectduous tree
Black Willow Detiduous tree
Buttonbush Daciduous shrub
Fastern Cottonwood Deciduous tree
Elderberry Deciduous shrub
tarch Coniferous tree
Pin Oak Deciduous tree
Red Maple Deciduous tree
River Birch Deciduous tree
Shadowbush Deciduous shrub
Silky Dogwood Decidugus tree
Slippery Elm Deciduous tree
Smoath Alder Deciduous tree
Swamp White Oak Deciduous tree
Sweetgum Deciduous tree
winterbarry Deciduous shrub
Witch Hazel Deciduous shrub

Herbaceous Plants;

Big Bluestem Perimeter
Birdfoot deervetch Perimeter
Blue Joint Emergent
Broomsedge Perimeter
Cardinal Flower Perimeter
Fowl Bluegrass Emergent
Green Bulrush Emergent
Redtop Parimater
Tufted Hairgrass Perimeter
Smartweed Emergent
Soft Rush Ermergent
Swamp Aster Emergent
Water Plantain Emergent

ZONE 5 ~ Upland Terraces within Pond / Wetland Systems

Trees and shrubs:
American Elm Deciduous tree
Bayberry Deciduous shrub
Black Ash Deciduous tree
Black Cherry Deciduous tree
Black Gum Deciducus tree
Black willow Declduoys tree
Buttonbush Deciduous shrub
Eastern Cottonwood Deciduous tree
Eastern Hemlock Coniferous tree
tlderberry Deciduous shrub
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Green ash

Pin Oak

Red Maple
River Birch
Shadowbush
Silky Dogwood
slippery Elm
Smooth Alder
Swamp White Oak
Swesetgum
Winterherey
Witeh Hazel

Herbaceous Plants:

Annual Ryegrass

Big Bluestem
Cardinal Flower
Creeping Red Fescue
Redtop

Switchgrass

ZONE 6 — Upland Slopes
Treas and shrubs:

American Efm
Bayberry

Black Cherry
Eastern Hemlock
Eastern Red Cedar
Elderberry

Pin Cak

Red Maple
Shadowhush
Trees and shrubs:
Sweatgum

White Ash

Herbaceous Plants;

Birdfoot deervetch
Cardinal Flower
Switchgrass

Deciduous tree
Deciduous tree
Deciduous tree
Deciduous tree
Deciduous shrub
Deciduous Iree
Declduous tree
Deciduous tree
Deciduous tree
Deciduous tree
Deciduaus shrub
Deciduous shrub

Perimeter
Perimeter
Perimeter
Perimater
Perimeter
Perimeter

Deciduous tree
Deciduous shrub
Declduous tree
Coniferous tree
Coniferous tree
Decidunus shrub
Daciduous tree
Deciduous tree
Deciduous shrub

Deciduous tree

Deciduous tree

Parimeter
Perimeter
Perimeter

59



APPENDIX B
MAINTENANCE AGREEMENT FOR STORMWATER SYSTEMS

Note: The Stormwater Maintenance Agreement was reproduced from the New York State Stormwater
Technical standards.
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Starmwater Maintenance Agreement

Whereas, the Municipality of Harwinton {"Municipality”) and the (“facil-
ity owner”) want to enter into an agreement to provide for the long term maintenance and continuation
of stormwater control/treatment measures approved by the Municipality for the below named project,

and

Whereas, the Municipality and the facility owner desire that the stormwater control/treatment meas-
ures he built in accerdance with the approved project plans and thereafter be maintained, cleanad, re-
paired, replaced, and continued in perpetuity in arder to ensure optimum performance of the stormwa-
ter systems. Therefore, the Municipality and the facility owner agree as follows:

1. This agreement binds the Municipality and the facility owner, its successors and assigns, to the main-
tenance provisions depicted in the approved project plans which are attached as Schedule A of this

agrepment.

2. The facility owner shail maintain, clean, repair, replace and continue the stormwater con-
trol/treatment measures depicted in Schedule A as necessary to ensure optimum performance of the
measures to design specifications. The stormwater controlftreatment measures shall include, but shall
not be limited to, the following: catch basins, mechanical treatment systems, hioretention facilities,
swales, sand or organic filters, inflltration systems, permeable pavement systems, subsurface gravel
wetlands, constructed wetlands and ponds.

3. The facility owner shall be responsible for all expenses related to the maintenance of the stormwater
contrai/treatment measures and shall establish a means for the collection and distribution of expenses
among parties for any comtrtonly owned facilities.

4. The facility owner shall provide for periodic inspection of the stormwater control/treatment meas-
ures on an annual basis, to determine the condition and integrity of the measures, Such inspection shall
be performed by a Professional Engineer licensed by the State of Connecticut. The inspecting engineer
shall prepare and submit to the Municipality within 30 days of the inspection, a written report of the
findings including recommendaticns for those actions necessary for the continuation of the stormwater

control/treatment measures,

5. The facility owner shall not autharize, undertake or permit alteration, abandonment, modification or
discontinuztion of the stormwater control/treatment measures except in accordance with written ap-

proval of the Municipality.

6. The facility owner shall undertake necessary repairs and replacement of the stormwater con-
trol/treatment measures at the direction of the Municipality or in accardance with the recommendation

of the inspecting engineer.
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7. The facility owner shall provide to the Municipality within 30 days of the date of this agreement, a
security for the maintenance and continuation of the stormwater control/treatment measures in the

form of { a Bond, letter of credit or escraw account ),

8. This agreement shall he recorded in the Town Clerks Office, Town of Harwinton together with Sched-
ule A,

9, If ever the Municipality determines that the facility owner has failed to construct or maintain the
stormwater control/treatment measures in accordance with the project plan or has failed to undertake
corrective action specified by the Municipality or by the inspecting engineer, the Municipality is author-
ized to undertake such steps as reasonahbly necessary for the preservation, cantinuatian, or maintenance
of the starmwater control/treatment measures and affix the expenses thereof as 3 lien against the

property.

10, This agreament is effective
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This document contains information from authentic and highly regarded Low Impact Devel-
opment sources, including results of independent ohservations of LID systems in the field by the author,
Steven D. Trinkaus, PE, Sources are identified where this material has been used.

Reuse of any information contained in this document cutside the Town of Karwinton shall pro-

vide a written acknowledgement to the document entitled “Harwintan, Public Educational Materials
on Stormwater Management & Low Impact Development”.

This project was made possible by a grant from the Connecticut Department of Environmental
Protection through the Farmington River Enhancement Grant Program.

| The grant is intended tp support the formatlon of a local committee to:

s review existing rmunicipal regulations and ordinances, and

*  draft recommended charges to remove barriers to low impact development (LID] and
create apportunity for low Impact development practices to be employed in Harwintan,
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1.0 Overview of Water Resources in the Town of Harwinton

The Town of Harwinton is located gastern portion of Northwestern Connecticut.  The western
portion of the town is located in the Naugatuck River Watershed, while the eastern portion of the town
is located in the Farmington River Watershed, Itis a rural community with mostly residential develop-
ment, aiong with some commercial development located afong the Route 118 corridor.

The surface water quality for the majarity of the town is rated Class A (known or presumed to
meet water quality criteria which support designated uses such as potential drinking water supply, fish
and wildlife habitat, recreational use, agricuitural and industrial supply, and other legitimate uses includ-
ing navigation] as stated on map entitled "Water Quality Classifications Map of Connecticut, compiled by
James Murphy; 1987” prepared for the Connecticut Department of Environmental Protection.,

The majority of the town has a GAA groundwater classification which means that the groundwa-
ter is suitable for direct hurman consumption without the need for treatment. This information was also
taken from the above referenced map.

There are three main watercourses in Harwinton, Leadmine Brook and Rock Brook which are
tributary to the Naugatuck River and Poland River which is tributary ta the Farmington River. The Nau-
gatuck River forms most of Harwinton’s western boundary.

The Town of Harwinton has a strong desire to maintain the high quality of the surface and

groundwater in their community.

2.0 Introduction

2.1, Purpose of the Document

The purpose of this document is to provide an understanding of the direct and indirect adverse
impacts of development and stormwater on the natural environment. It is generally understood that
stormwater, when not properly controlled can cause pollution and adverse impacts on our gnvironment.
These impacts range from increased flows, which cause erosion of natural stream channels; to closures
of water recreational areas due to high bacteria counts in the water. This document also discusses the
benefits of Low impact Development {LID) strategies and how these strategies could help the Town of

Harwinton minimize the adverse impacts from stormwater.

2.2  What is Stormwater Runoff

Before we can learn about LID concepts, we need to have an understanding of the natural hydro-
logic cycle and how development affects the hydrologic cycle and causes adverse impacts to our envi-

ronment.
The natural hydrologic cycle shows how water travels through our environment in the many

forms that provide a myriad of environmental benefits. It is a continuous cycie of the movement of wa-

ter in our environment.



There are five key elements to the hydrologic cycle: condensation, precipitation, infiltration,
runoff, and evapotranspiration/rainfall abstraction. These occur simultaneously and, except for precipi-
tation, continuously, The NASA's Ohbservatorium website provides the following definitions for each

element of the Hydrologic Cycle:

A. Condensation is the process of water changing from a vapor to a liquid. Water vapor in the air
rises mostly by convection, This means that warm, humid air will rise, while cooler air will flow
downward, As the warmer air rises, the water vapor will lose energy, causing its temperature to
drop. The water vapor then has a change of state into liquid or ice.

B. Precipitation is water being released from clouds as rain, sleet, snow, or hail. Precipitation begins
after water vapor, which has condensed in the atmosphere, hecomes too heavy to remain in at-
mospheric air currents and falls. o many cases, pracipitation evaporates as it falls through the
atmosphere and returns as water vapor,

€. Infiltration is that portion of the precipitation that reaches the Earth's surface and seeps into the
ground. The amount of water that infiltrates the soil varies with the degree of land slope, the
armount and type of vegetation, soil type and rock type, and whether the soil Is already saturated
by water. The mare openings in the surface (cracks, pores, joints), the more infiltration occurs.
Water that doesn't infiltrate the soil flows on the surface as runoff.

D. Runoff is the amount of rainfall which is left after evapotranspiration and infiltration occur. Un-
der natural conditions, 10-30% of the annual rainfall becomes runoff. As impervious areas in-
crease, both evapotranspiration and infiltration are reduced, thus increasing runoff.

E. Evapotranspiration is water evaporating from the ground and transpiration by plants.
Evapotranspiration is also the way water re-enters the atmosphere. Evaporation occurs when
radiant energy from the sun heats water, causing the water molecules to became so active that
some of them rise into the atmosphere as vapor. Transpiration occurs when plants take in water
through the roots and release it through the leaves, a process that can clean water by removing
contaminants and pollution. Rainfall Abstraction is the physical process of interception of rainfall
by vegetation, evaporation from fand surfaces & upper soil layers, evapotranspiration from
plants, infiltration of rainfall into the soil surface and surface storage within natural depressions.
Rainfall abstraction can be estimated as a depth of water on a site.
(http://physics.ship.edu/~mrc/astro/NASA Space Science/abserve.arc.nasa.gov/nasafearth/hyd

rocycle/hydrol.htmi)

When development accurs on a site, many changes to the hydrologic cycle will result from the
disturbance of the natural land form, the creation of impervious surfaces and the application ef chemical
compounds which can adversely affect our environment. All of these changes affect the stormwater

which is generated on the site.
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Figure 2.2.a ~ The Hydrologic Cyc[e

The 2004 Connecticut Stormwater Quality Document prepared by the CT DEP defines stormwa-

ter as follows:

“Storm water runoff is a natural part of the hydrologic cycle, which is the distribution and
rovement of water between the earth’s atmosphere, land and water bodies. Rainfall, snowfall, and
other frozen precipitation send water to the earth’s surfaces. Storm water runoff is surface flow from
precipitation that accumulates in and flows through naturai or man-made conveyance systems during
and immediately after a storm event or upon snowmelt, Storm water eventually travels to surface
water bodies as diffuse overland flow, a point discharge, or as groundwater flow. Water that seeps
into the ground eventually replenishes groundwater aquifers and surface waters such as lakes,
streams and oceans. Groundwater recharge also helps maintain water flow In streams and wetland
moisture levels during dry weather. Water returned to the atmosphere through evaporation and

transpiration to complete the cycle.”

When the stormwater is being generated by the natural environment, there are very little ad-
verse impacts associated with stormwater. However, when development occurs on the land, there are
profound impacts that ocecur which can significantly modify the natural hydrologic cycle. The adverse
impacts can be summarized as reduced rates of infiltration, reduced evapotranspiration, increased rates
and volumes of runoff, and increased pollutant loads in the runoff. These changes can be seen in Figure

2.2.b,
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Figure 2.2.b — Changes to the Hydrologic Cycle as a result of development

It can ba seen from Figura 2.2.c that as impervious cover increases, there is less base flow into

the ground, less evapotranspiration from the vegetation and increased runoff from the impervious ar-
gas.

WATER BALANCE

FOST-DEYELOFMENT

Figure 2.2.c — Effects of Impervious Cover on W ater Balance

2.3 What are the Impacts of Development and Stormwater

Land development has the potential to create many adverse impacts on the environment both
during the construction period and after construction has been completed.  When land is cleared, and



stripped of the natural organic layer on top of the soil, the soil loses its ability to infiltrate runoff, thus
more runoff is created, which in tura increases the likelihood of erosion of the soil and subsequent
sedimentation. After construction has been compieted, the iarge, interconnected impervious area pre-
vents rainfall from infiltrating into the ground. Because of this, more of the rainfall is converted to run-
off, which is demonstrated in Figure 2.2.c.

While the addition of a small amount of impervious area on a single lot may not appear to create
an issue, the cumulative impact of many small increases of impervious area can quickly become signifi-
cant. |t has been well documented that when the total impervious cover in a watershed is between 10%
and 25% that the natural aguatic environment can be adversely affected. Once the impervious cover-
age exceads 25% in a watershed, the adverse impacts to the aguatic ecological systems are often irra-
versible. There have been same studies which have shown that adverse water quality impacts can occur
with impervious cover being hetween 5 — 7% (Rl DEM Stormwater Document).

The following table highlights the typical percentages of impervious caver for various land uses.

Tahle 2.3.a —~ Typical Amounts of Impervious Cover Associated with Different Land Uses

Land Use Percent lmpervious Cover
Commercial & Business Districts 85%
Industrial 72%
High Density Residential (1/8 acre zoning) 65%
Medium-High Density Residential {1/4 acre zoning) 38%
Medium-Low Density Residential {1/2 acre zoning) 25%
Low Density Residential

1 acre zoning 20%

2 acre zoning - 12-16%

3 acre zoning 8%

5 acre zoning 5-8%

10 acre zoning 2.4%

(Source: RI DEM Stormwater Document, April 2010}

The 2004 CT DEP Stormwater Quality Document states the following adverse impacts.which can
oceur in our environment due to changes in the Hydrologic Cycle:

Hydrologic:
s increased runoff volume
e Increased peak discharges
« Decreased runoff travel time
¢ Reduced groundwater recharge
& Reduced stream baseflow
» Increased frequency of bankfull and overbank floods
¢ Increase flow velocity during storms
* [ncrease frequency and duration of high stream flows



Stream Channel and Floodplain Impacts:

Channel scour, widening and downcutting
Streambank erosion and increased sediment loads
Shifting bars of coarse sediment

Burying of stream substrate

Smothering of aquatic insects and fish eggs

Loss of pool/riffle structure and sequence
Man-made stream enclosures or channelization

Floadplain expansian

Figure 2.3.b - Stream Channel Impacts (R.Claytor file photo}
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Water Quality Impacts:
« Excess Nutrients {Nitrogen and soluble phosphorous)
s Sediments
s Pathogens
s Organic Materials
¢ Hydrocarbons
s Metals
» Synthetic Organic Compounds
s De-icing Constituents
s Trash and Debris
» Thermal Impacts
» Freshwater discharge to estuarine systems

Figure 2.3.d - Nutrient impacts in freshwater river



The water guality impacts associated with storm water runoff is called non-point source pollu-
tion. The United States Environmental Protection Agency defines non-point source pollution as follows:

Non-point source (NPS) poilution, unfike polfution from industrial and sewage treatment plants,
comes from many diffuse sources. NPS pollution is caused by rainfalf or snowmelt moving over and
through the ground. As the runoff moves, it picks up and carries away natural and human-mode polfut-
ants, finally depositing them into lakes, rivers, wetlands, coastal waters, and even our underground

sources of drinking water. These pollutants include:

A. Excess fertilizers, herbicides, and insecticides from ogricultural lands and residential areas;

B. Oil, grease, and toxic chemicals from urban runoff and energy production;

€. Sediment from improperly managed construction sites, crop ond forest lands, and eroding stream
banks;

D. Sualt fram irrigation practices and acid drainage from abandoned mines;

Bacterio and nutrients from livestack, pet wastes, and faulty septic systems;

F. Atmospheric deposition and hydromodification are also sources of non-point source poliution.

m

The most common pollutants which are found in non-point source runoff are Litter, Sediment
and Total Suspended Solids {TSS), Total Nitrogen (TN), Total Phosphorous (TP), Metals, such as Zinc {Zn)
and Copper (Cu)}, Hydrocarbons, Thermal Impacts, Oxygen demanding substances and Pathogens, Each
pollutant and its impact on the natural environment are stated below.

Litter

Litter while not causing toxic impacts on the environment, the presence of litter is an aesthetic
issue that is not well received by the public,

Total Suspended Solids {TSS) and Sediment
Total Suspended Solids are particles dissolved in water. In excessive amounts it causes turbidity

in water, The turbidity blocks light in the water column which causes reduced photosynthesis, which in
turn reduces the oxygen levels In the water, ‘Coarse and fine sediments can clog the gravel substrate in
breeding streams thus affecting the biological community ability to reproduce. Common sources of TSS
and sediment are runoff from construction sites, winter sanding operations, atmospheric deposition and

decomposition of organic matter, such as leaves,

Nutrients
Excessive levels of Phosphorous in fresh water are a concern as these nutrients encourage exces-

sive growth of plants and algae. When these plants die, the decomposition of the organic matter re-
duces oxygen levels in the water, thus adversely affecting the biological community in the water body.
Nitrogen, in the form of nitrate, is a direct human health hazard and an indirect hazard in some areas
where it leads 10 a release of arsenic from sediments. While not a major concern for freshwater sys-
tems, nitrate can cause environmental impacts in tidal regions, even though the source of nitrate can he
far away from coastal regions. When the algae dies and sinks to the bottom, its decomposition con-
sumes oxygen, depriving fish and shellfish in those deep waters of oxygen, a condition known as hy-
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poxia. Sources of nutrients are organic and inorganic fertilizers, animal manure, biosolids and failing
sewage disposal systems,

Metals
Metals in non-point source runoff are very toxic to aguatic life. The adverse effects of metals are

far reaching for both aquatic and human heaith. Many metals can bioaccumulate in the environment,
which can affect higher living organisms. While the concentration of zinc or copper in stormwater gen-
erally is not high enough to bother humans, these same concentrations can be deadly for aquatic organ-
isms. Many microorganisms in soil are especially sensitive to low concentrations of cadmium, Cadmium
is also very harmful to humans. Chromium is very toxic to fish and cam cause birth defects in animats.

Of the abiove discussed metals, zinc and copper are the two metals which are found dominantty
in non-point source runoff. Metals commonly bing themselves to sediment and organic matterin
stormwater and thus are transported to the receiving waters. Since natural rainfall is slightly acidic,
metal roofs or components on the roof can be a significant source of the metal concentrations in storm-

water.

Hydrocarbons
Total Petroleum Hydrocarbons are highly toxic in the aguatic environment, especially to aquatic

invertebrates. The primary sources of petroleum hydrocarbons are oil, grease and gas spills, along with
vehicle exhaust. Polycyclic Aromatic Hydrocarbons are also toxic to aguatic tife. The primary source of
these hydrocarbans is the incomplete burning of fossil fuels. PAH's generally deposited by atmospheric
deposition on an impervious surface, especially large flat roof areas. When it rains, the accumulations of
pollutants due to atmospheric deposition are carried off in the stormwater,

Thermal Impacts
Impervious surfaces, such as roofs and paved areas can heat up during sunny days and hold onto

this heat, When rainfall occurs on these heated surfaces, the resulting runoff has its temperature
raised. As this heated runoff is discharged into receiving waters, the temperature of the receiving water
is raised to a leval which can exceed the tolerance limits for fish and invertebrates, thus lowering their
survival rates. Elevated water temperatures will also contribute to reduced oxygen levels in the water.

Oxvgen Demanding Substances
Oxygen demanding substances are plant debris and soil organic matter which when they decom-

pose in an aquatic environment require a significarit amount of oxygen for the chemical reaction. This
results in less available oxygen in the water for other agquatic organisms. Less than 5 mg O/1 becomes

harmful to fish.

Pathogens
Pathogens are bacteria and viruses, which can cause disease in humans. Most pathogens are

found in discharges from overflowing sanitary sewers or in comhined sanitary/stormwater systems. Both
fecal coliform and enterococci are used as indicators for the presence of pathogenic organisms, yet their
presence does not mean a pathogen is present, just that there is a higher risk of being present.



3.0 Overview of Low Impact Development

3.1 WhatisLID?

Low Impact Development (LID) is an ecologically friendly approach to site development and
stormwater management that aims to mitigate development impacts to land, water and air. This ap-
proach emphasizes the integration of site design and planning technigues that conserve natural systems

and hydrologic functions on a site.
The concept of Low Impact Development {LID} utilizes five major tools to reduce the impact of de-

velopment on the environment. These primary tools are:

i. Encourage Conservation Measures,

i, Reduce Impervious Areas,

i, Slow runoff by using landscape features,

v, Use multipie measures to reduce and cleanse runoff,
v. Pellution prevention

Each LID tool is enumerated below:

i. Encourage Conservation Measures

# [mplement Open Space or Cluster Development Regulations to preserve {arge tracts of
the site,

» |mplement "Site Fingerprinting” to minimize land clearing & spil disturbance,

» Minimize soil compaction,

o Provide low maintenance landscaping & plant native species which will minimlze the use
of fertilizers and pesticides,

¢ Use Source Erosion Control measures

ii. Reduce lmpervious Areas
» Disconnect impervious coverage to the maximum extent practical tc encourage overland

flow conditions actross vegetated surfaces,

s Reduce pavement widths for local roads,

e Use Permeable Pavement, Porous Concrete, and Open Course Pavers for parking areas
and other low traffic areas,

+ Use Porous Concrete for sidewalks.

ill.  Slow runoff by using landscape features
& Maintain Pre-Development Time of Concentration by long flow paths on vegetated

surfaces;
+«  Minimize the extent of flow on impervious surfaces,
e Maintain and encourage overiand flow conditions across vegetated areas for at least 75,

where feasihle.
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iv.  Use multiple measures to reduce and cleanse runoff

* Maintain pre-development infiltration rates by preserving those soiis with moderate to
high infiltrative capacities,

¢ Maintain existing vegetation to Maximum Extent Practical,

* Remove poliutants from runoff by flow thru vegetated systems, allow natural infiltration
to occur,

»  Encourage the use of rain gardens for roof runoff,

*» Encourage the use of rain barrels or cisterns to collect & reuse runoff.

v. Pallution prevention
»= finimize applications of sand and salt on roads & parking areas,
» Use “Source Cantrols” such as weekly sweeping of large impervious areas,
¢« Minimize application of fertilizers on turf areas.

3.2 Measures to Evaluate the Effectiveness of LID

A primary abjective of Low impact Development is to mimic the pre-development hydrologic
conditions on a site, At the current time, this objective is measured by two metrics. The first is the re-
duction of the post-development runoff volume to the pre-development runoff valume for the 90% rain-
fall event. The second metric is to match the Runoff Curve Numbers (RCN) for post-development condi-
tions to pre-development conditions.  Along with the matching of the RCN, it is also important to have
the post-development time of concentration (Te} matceh or closely approximate the pre-development Te.
By achieving this metric, there should be no or little change in the post-development runoff rate, which
minimizes the need for detention facilities. In either case, the overall goal is to have a developed site
mimic or come as close as possible ta the pre-development hydrologic conditions. This condition is

known as “Hydrologic Transparency”.

3.3 Goals and Benefits of LID

The overriding goal of LID is to create developments which are in harmony with the natural envi-
ronment while ensuring that the vision of the developer can also be achieved. The general goals for LID

are listed below:

~ Preservation of environmentally sensitive areas, and naturally vegetated systems
to reduce changes to the hydrology of the watershed,

» Focus on maintaining natural drainage patterns as a key goal in the design of the
site,

» Pravent direct adverse impacts to wetiands, watercourses (both perennial & in-
termittent), to the maximum extent practical,

~ Minimize the extent of impervious cover and thus reduce the increases in runoff

volume,

11
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-

implement source controls for water quantity and water quality, while minimizing

the extent of structural drainage systems,
Create a landscape environment that is multi-functional for all users,

A primary benefit of LID is a better balance between Conservation of Natural Resources, Growth,
Ecosystem Protection and the Public Health, There are many benefits associated with the adogption of
Low Impact Development strategies for all of the stakeholders in the development field. The three pri-
mary stakeholders in the development field are the environment, the public, and the developer. The
benefits of LID for each stakeholder group are stated below,

a. Environmental Benefits:

i

ii.

Preserve the biological and ecological integrity of natural systems through the
preservation of large extents of contiguous land,

Protect the water quality by reducing sediment, nutrient and toxic loads to the
wetland/watercourse aquatic environments and also terrestrial plants 2nd ani-
mals,

Reduce runoff valumes in receiving streams

b. Public Benefits:

1.

ii.
ift.

Increase collaborative public/private partnerships on environmental protection by
the protection of regional flora and fauna and their environments,

Balance growth needs with environmental protections,

Reduce municipal infrastructure and utility maintenance costs {roads and storm
water conveyance systems}

¢. Developer Beneilts:

L.

iti.

Reduce {and clearing and earth disturbance costs, reduce infrastructure costs
(roads, storm water conveyance and treatment systems),
Reduce storm water management costs by the reduction of structural compo-

nents of a drainage system,
Increase guality of building lots and community marketability

i2



4.0 Types of Low Impact Development Treatment Systems
4.1 List of BMIPS for Groundwater Recharge and Water Quality Treatment

FILTERING SYSTEMS

. Bioretention: A shallow depression with vegetation
¢ that treats stormwater as it filters through a specific
soil rmixture. In order to be utilized for groundwater
recharge, the bottom of the system must be unlined
to infiltrate stormwater into the underlying soils.
Figure 4.1.a — Bioretention System

Tree Filter: A Bioretention system contained within a precast unit
for use in retrofit situations in a commercial environment.
Flgure 4.1.b — Filterra Tree Filter (www.filterra.com)
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Surface Sand Filter: This system treats stormwater by the re-
moval of coarse sediments in a sediment chamber or forebay,
which is easily maintained prior to the stormwater filtering
through a surface sand matrix. In order to be utilized for
groundwater recharge, the bottom of the system must be
unlined to infiltrate stormwater into the underlying soils.
Figure 4,1.c — Surface Sand Filter (UNHSC)

Organic Filter: This filtering practice uses an organic sail
component such as compost or a sand/peat moss mixture
to filter the stormwater. In order to be utilized {or
groundwater recharge, the bottom of the system must be
unlined to infiltrate stormwater into the underlying soils.
Figure 4.1.d - Organic Fitter

Dry Swale: These are vegetated open swales or depres-
sions which are specifically designed to detail and infil-
trate stormwater into the underlying soils, They use a
modified soil mixture to enhance the infiltrative capacity
of the system. In order to be utilized for groundwater re-
charge, the bottom of the system must be unlined to infil-
trate stormwater into the underlying soils.

Flgure 4.1.a — Dry Swale (UCONN NEMO)
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INFILTRATION SYSTEMS

Infiltration Trenches: These are infiltration practices that
store water volume in open spaces in a chamber or within
the void spaces of crushed stone or clean gravel prior to
the water being infiltrated into the underlying soils. These
practices are permissible for runoff from residential roofs
or small commercial roofs (<3,000 sq.ft.). For larger com-
mercial roofs, pre-treatment via one of the filtering sys-
tems list above must be provided prior to discharge into
this type of infiltration system.

4.1.f - Infiltration Trench {www.washco-md.net}

Infllitration Chambers: These are infiltration practices
that store water volume in open spaces both within the
chamber and the void spaces in the crushed stene.
Figure 4.1.g - Infiltration Chamber

(www. tritonsws.com /Images/case-studies)

Infiltration Basin: This is an infiltration practice that
stores stormwater in a flat, vegetated surface depression
prior to infiltrating into the underlying soils.

Figure 4.1.h = Infiltration Basin - {www.wash-md.net}
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Alternative Paving Surfaces: These are practices that will
store and filter stormwater in the void spaces of a clean
gravel base prior to infiltrating into the underlying soils.
Figure 4,1.i ~ Parous Pavements

{www, stormwateremvironments.com)

4.2 List of BMPs for Water Quality Treatment
WET VEGETATED TREATMENT SYSTEMS

Extended Detention Shallow Marsh: A stormwater basin
that provides treatment by the utilization of a series of
shallow, vegetated permanent pools within the basin in
addition to shaflow marsh areas.

Figure 4.2,3 — Extended Detention Shallow Wetlands
{www.wetlands.com.au)

Subsurface Gravel Wetlands: A stormwater system where
water quality is provided by the movement of starmwater
through a subsurface, saturated bed of gravel with the soll

surface being planted with emergent vegetation,
Figure 4,2,b ~ Subsurface Gravel Wetlands (UNHSC)
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Pond / Wetland System: A treatment systemn which
I combines the shaliow, vegetated aspects of a marsh
with at least one pond component,

Figure 4.2.c - Pond/Wetland System
(www.starenvironmentalinc.com}

Woet Swale: This is a vegetated depression or open
channel designed to retain stormwater or intercept
groundwater to provide water guality treatment in

a saturated condition.
Figure 4.2.d — Wet Swale (Dr, Bill Hunt, NCSU)

4.3 List of BMPs for Pretreatment for Water Quality Systems

Filter Strips: These vegetated systems that are designed

to treat stormwater from adjacent impervious area which
occurs as overland flow. These systems function by slow-
ing flow velocities, which allows the removal of sediments

and other poliutants.
4.3.a - Filter Strip [www.trinkausengineering.com)
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Sediment Forebay: This is 2 depressed vegetated
area prior to a larger stormwater treatment facility
which will frap coarse sediments and reduce mainte-
nance reguirements of the larger treatment facility.
Figure 4,3.b — Sediment Forebay [www.vwrrevt.edu)

Deep Sump Catch Basin: These systems are modified structures that are installed as part of a con-
ventional stormwater conveyance system. They are designed to trap trash, debris and coarse sadi-
ments. While the hooded outlet provides the potential to trap oil and grease, frequent maintenance is
required to remove the oils from the water surface.

Proprietary Treatment Devices: These are manufactured systems which were engineered to pro-
vide a cost-effective approach to stormwater quality in 8 contained space. These systems include
oil/grit separators, hydrodynamic separators, and a wide range of filter systems with specialized media.
Research by the Center for Watershed Protection, University of New Hampshire Stormwater Center in
the past few years have shown that many of these systems are not able to achieve the water quality
goals as specified in Section 4.3.3. They may be appropriate for pretreatrnent in some situations. In
order to use a proprietary treatment device, independent research documentation must be provided to

justify the pollutant removal efficiency.

4.4 List of BVIPs for Water Quantity Control

Wet Extended Detention Pond: This practice is primarily
designed to address stormwater quantity increases. They
have a deep permanent pool, but do not effectively re-
move stormwater pollutants. These systems may be lo-

cated in areas of seasonally high groundwater,
Figure 4.4.a — Wet Extended Detention Pond {NCSU)
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Bry Detention Pond: This practice has a dry bot-
tom and is also designed to address changes in
stormwater guantity only.

Figure 4.4.b - Dry Detention Pond

{www.dhn.ijhs, uiova.edu)

LID Urban Planter: These systems provide a “greening” of
the urban streetscape while providing pollutant attenua-

tion and potential reductions of runoff volume
Flgure 4.5.5 — LID Urban Planter {City of Portland, OR)

LID Curb Extension: These systems are used
to reduce runoff volumes by infiltration as wel|
as pollutants from runoff. They provide a
“sreening” benefit to any green in addition to
a traffic calming device

Figure 4.5.b — LID Curb Extensions (City of Port-
land, OR)
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5.0

A

Modular Wetland System: This sys-
tem provides treatment of urban run-
off in a small footprint. It utilizes the
benefits of a Gravel Wetlands along
with proprietary filters to remove pol-
iutants.

Figure 4.5.c - Modular Wetland {modu-
larwetland.com)

-

MODULAR WETLAND

Filterra Bioretention System: This system is a bioreten-
tion facility for urban applications. By the flow through a
proprietary media, the amount of pallutants in urban

runoff is reduced.
Figure 4,5.d - Filtera Bicretention {Filterra.com)

Low Impact Development References
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Low Impact Developrment Resources

A. Low Impact Development Center  httn://www.lowimpactdevelonpment.org/

B. University of New Hampshire Stormwater Center  http://www.unh.eduferg/cstev/

C. Wisconsin Department of Natural Resources http://dnr.owi.pov/

D. Low Impact Development (LID}) Urhan Design Tools http://www.lid-stormwater.netfindex.html

E. The Sustalnable Site Initiative http:/fwww,sustainablesites.org/

F. Environmental Protection Agency  http://www.epa.gov/nps/lid/

G. Puget Sound Action Team  htip://www.osp.wa.gov/

H. Center for Watershed Protection  bttp://www.cwp.org/

{, North Carolina 5tate University Stormwater Engineering Grouyp

http://wyew bae.ncsu.edu/stormwater/

J. Chesapeake Stormwater Network  http://www.chesapeakestormwater.net
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