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Guiding Principles

o Preserve pre-development hydrology
o After construction, reduce annual solids by 80%

o Preserve and protect wetlands, stream buffers, and
natural drainage

o Manage runoff velocity & volume to preserve/protect
Integrity of existing waterways

o Prevent pollutants from entering receiving waters and
wetlands beyond their ability to assimilate

o Seek multiple benefits from stormwater practices



Guiding Principles

Larger peak flow and volume ...

... and sooner.

Flow Rate, cfs

Source: NEMO

Time, hours



2004 Connecticut Stormwater Quality Manual

Guiding Principles

o After construction, reduce annual solids loading by 80%




Guiding Principles

Source: USDA NRCS
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Guiding Principles

o Manage runoff velocity & volume to preserve/protect
Integrity of existing waterways
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Guiding Principles

o Prevent pollutants from entering receiving waters and
wetlands beyond their ability to assimilate




Guiding Principles
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Source: NEMO
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Stormwater Management
Objectives

o Remove pollutants from runoff
« Sediment
- Floatable debris
« Oil & petroleum products

o Groundwater recharge

o Peak runoff attenuation

o Stream channel protection
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Treatment Train Concept

REQUIRED:
o Site Planning
o Source Controls/Pollution Prevention

OPTIONS:
o Primary Treatment Practices (one or more)

o Combination of Secondary and Primary Treatment
Practices

o Multiple Secondary Practices (at the discretion of the
regulatory authority)

- Retrofits
= Ultra-urban sites
- Significant Source Controls/LID

12
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Primary versus Secondary
Treatment Practices

Primary Practices Secondary Practices

o Capable of stand- o Not Suitable as Stand-
alone treatment alone systems

o Provide high level of - Not capable of meeting
water quality performance criteria
treatment - Have not been through

o Meet performance evaluation needed to
standards demonstrate capability

o Appropriate in certain
applications

13
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Appendices
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Sizing and Design Criteria

Recharge and
Runoff Capture

Runoff Capture Volume (RCV)

Objective Criteria Post-Development
Storm Magnitude
Pollutant Water Quality Volume (WQV) First 1” of rainfall
Reduction
Water Quality Flow (WQF)
Groundwater Groundwater Recharge Volume (GRV) | Not Applicable

First 1” of rainfall

Peak Flow Control

Stream Channel Protection
Conveyance Protection
Peak Runoff Attenuation
Emergency Outlet Sizing

2-yr, 24-hr

10-yr, 24-hr

10-, 25-, 100-yr, 24-hr
100-yr, 24-hr

15
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Pollutant Reduction

o Water Quality Volume

- Rationale
» Majority of pollutant loading from small frequent storms
> “First flush” concept (traditionally first 72 to 1 inch runoff)

> 90% Rule: Capture 90% of runoff events annually and
majority of pollutant load

» Northeastern US: Approximately 1 inch rainfall

16
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Pollutant Reduction

o Water Quality Volume

- Runoff generated by first
inch of rainfall over site

= Equation

wow - EIENA

- WQV = acre-ft

= R = runoff coefficient = 0.05
+ 0.009(1)

= % Iimpervious cover
= A = site area in acres

17
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Pollutant Reduction

o Water Quality Volume

- Estimating Site Impervious Coverage
» Directly connected to drainage system
» From site plan Table 7-3
- Paved surfaces

Residential Land Use Impervious Cover

Parcel Size (acres) Average Percent
- Roofs Impervious Cover
- Patios, decks <18 39
» Tabulated land use values el -
/4 to |12 21
1/2 to 3/4 |6
N 34 to | |4
R = runoff coefficient = 0.05 + 0.009(I)
| to [1/2 10
1112 to 2 £
>2 8

18
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Groundwater Recharge

o Groundwater Recharge Volume (GRV)

« Calculation concept
» Estimate pre-developed recharge volume

» Determine annual recharge volume lost due to new
impervious coverage

= Hydrologic soil group approach
> Based on NRCS hydrologic soil groups
» Average annual recharge

= Accomplish recharge
» Primary and secondary practices
> Site design techniques

19
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Groundwater Recharge

o Groundwater Recharge Volume
(GRV)

- Hydrologic soil group asvproach (cont.)

(D) AX! o7
GRV -

12
o NRCS Average Groundwater
<l = depth to be reCharged Hydrologic Annual Recharge
> A = site area Soil Group Recharge Depth (D)
e g A |8 incheslyear 0.4 inches
> | = site imperviousness — ,
B |2 inches/year 0.25 inches
C 6 inches/year 0.10 inches
o SUbtraCt GRV from VVQV D 3 inches/year 0 inches (waived)

« Other approaches

20
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Groundwater Recharge

o Groundwater Recharge
Volume (GRV)

- Reasons to waive criterion
» Stormwater “hotspots”
« Salvage yards

- High intensity commercial [
parking '

= Public works storage

« Industrial facilities
» Subsurface contamination
» Groundwater supply

= Aquifer recharge areas

« Wellhead protection
areas

21
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Introduction to Practices

Stormwater Design Criteria

Treatment Practice Selection (Chapter 8)
Site Stormwater Management Plan
Retrofits

Stormwater Management Practices
Appendices
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Treatment Practice Selection

o Stormwater Management
Effectiveness

o Land Use

o Physical/site Feasibility

o Downstream Resources

o Maintenance

o Winter Operation

o Nuilsance Insects and Vectors

o Natural Wetlands and Vernal
Pools

23
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Treatment Practice Selection

» Land Use

Roads and Commerclall Ultra
= Land Category Practice Rural Residential  Highways Industrial Urban®
1 YWet pond * 3 » - 3
Requirements _ Vietpon ' :
Migopool extended . . . ;
detertion pond =
« Pollutant Loads | swrmwaer e
Pond Wit extended . . . .
detention pond
«» Land Use e .
o Multple pond system . 0 L 2 o
Compatibility Shalow vetlnd - . =
Stormwatsr Extendad . . . . .
Watlands detertion wetlnd
Fondiwethnd system ] : o
Irfiltracion Infiltration trendy 0
Practices Infiltration basin . . . o
Surface sand filter ] ] » o
Undergrourd
Filtering cand fitter 2 L . L
Practices
Ferimeter sand fiter (s ] ]
Bicretention ] -
Watar '::'LIQ“E:F Cry swalke L ] L] (o}
Swales ‘Wet swale » L ] o]
Motes: @ Appropriate LIF e designed to infiltrate

Somewhat a ppropriate

ZMay require pond li
O Least appropriate 1y requis pond Toet

55-:-:-:-n-.1ar;.- treatment practices and stormmwater treatment trains
are typically more appropriate for Ultra Urban land uses

24



Residential

= Alternative site design
« Permeable pavement
- LID

- Bioretention

- Water quality swales
- Ponds/wetlands

= Public safety
= Nuisance insects

Jordan Cove, Waterford, Source: UConn
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Commercial/lndustrial

o Potentially Suitable
Practices

o Issues/Concerns

Alternative site design

Parking Lot
Bioretention

Swales, ponds,
wetlands

Below-ground
detention or infiltration Sx

Litter
Hydrocarbons
Metals

Spills

UTC Fuel Cells, South Windsor, Source: UTC Fuel Cells
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Ultra-Urban

O

o

Potentially Suitable
Practices

Below-ground
detention/treatment

Treatment train
Green roofs
Permeable pavement
Bioretention

Retrofits

Issues/Concerns

Little available land area

- Wide range of pollutants

Infrastructure constraints

27
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Outline

o Introduction to Practices

o Stormwater Design Criteria

o Treatment Practice Selection

o Site Stormwater Management Plan (Ch. 9)
o Retrofits

o Stormwater Management Practices

o Appendices

28
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Plan Content

\\”‘\6
= Applicant/site information

= Project narrative

- Calculations L%@
- Design drawings and specifications

= Construction erosion and sedimentation controls
« Supporting documents and studies

= Other required permits
« Operation and maintenance

29
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PLAN DEVELOPMENT

o Criteria to require plan
= Disturbance =2 1 acre

Residential development
» 2 5 units
» < 3 units, new road (re)construction
» < 5 units, > 30 % impervious

Discharge to wetlands/watercourse
Discharge < 500 ft. from tidal wetlands
Land uses with potential for higher pollutant loadings

uoguelph.ca
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PLAN DEVELOPMENT

o Criteria to require plan (cont.)

« Industrial & commercial
» 2 10,000 sq. ft. impervious surface
» May have specific DEP requirements

- New highway, road, street construction
= Storm drainage modifications

altanet.org 31
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Outline

O

Introduction to Practices
Stormwater Design Criteria
Treatment Practice Selection

Site Stormwater Management Plan
Retrofits (Chapter 10)

Stormwater Management Practices
Appendices
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INTRODUCTION

- Modify existing development by...
» Implementing source controls
> Installing treatment practices

- Results: Improved water quality
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OBJECTIVES AND BENEFITS

o Objectives

« Old stormwater management systems
» Remedy problems
> Improve water quality

« Re-development
» Incorporate treatment practices
» Encourage Low Impact Development

o Benefits
- Combine quality and quantity controls
- Remedy local nuisances & maintenance problems
« Landscape to improve appearance

34
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WHEN IS RETROFITTING
APPROPRIATE?

o TlTable 10-1 site considerations
« Retrofit purpose
« Construction/maintenance access
« Subsurface conditions
« Utilities
= Conflicting land use
- Wetlands, sensitive water bodies
- Complementary restoration projects
« Permits and approvals
= Public safety
- Cost

35
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Stormwater Retrofit Options

« Stormwater drainage systems

- Stormwater management facilities
= Storm drain outfalls

- Highway rights-of-way

= Parking lots

= |In-stream practices

= Wetland creation and restoration

36
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Outline

o Introduction to Practices

o Stormwater Design Criteria

o Treatment Practice Selection

o Site Stormwater Management Plan

o Retrofits

o Stormwater Management Practices
(Chapter 11)

o Appendices
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Primary Treatment Practices

o Capable of stand-alone treatment

o Provide high level of water quality treatment
o Performance standards:

- Capture & treat WQV or WQF

« Remove 80% annual total suspended solids

- Remove floatable debris, including oil/petroleum

- Acceptable performance and operational longevity

38
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Primary Treatment

Practices ek
o Chapter 11

Summary

Description

EP——— «
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rimary Treatment

ractices .
o Chapter 11

Design Variations

Advantages/Limitations

Stormwater wetland systems should be designed to
operate on the plug flow principle where incoming
water displaces the water retained in the system from
the previous storm event, This is accomplished by
maximizing length versus width ratios and/or by
creating  distina cells along the treatment  path,
Ideally, the wetland system would be designed 1o
retain the water c|u|\|l\' valume  (WQV) between
slorm events. resull, storms that generate mnoff
less than the \\ v \\nuld be entirely retained while
only a percentage of the runoff from storms that gen-
erate mote than the WOV would be retained. The
value provided by this process is that a portion of the
‘new” polluted runoff is retained, and the “old”
treated water is discharged from the wetland. thereby
allowing extended treatment of the WiV,

Stormwater wetlands should be equipped with a
sediment forebay or similar form of pretreatment Lo
minimize the discharge of sediment 1o the primary
treatment wetland, H\g,h solids loadings 1o th sLem
will degrade system performance and result in more
frecuent Llc.lmn_q which could result in additional
disturbance to the wetland vegetation. A micropoal ar
permanent pool is olten included just prior to the
ischarge [or additional solids remaoval,

esign Variations

There are several common stormwater wetland
design variations. The various designs are chamder-
ized by the volume of the wetland in the deep poal,
high marsh, and low mamsh zones, and whether the

design allows for detention of small storms above the
permanent pool.

Shallow Wetland: Most shallow wetlind sy
also referred (o as sl ands, consist of
T vegelation with a rx.-rmmenl pool ranging
from 6 Io 18 inches during normal conditions
Shallow weilands are designed such that Now through
the wetlinds is conveyed uniformly across the tres
pent area. While pathways, streams or other varied
water s could enhance the aesthetic or eoosy
tem value of the they could also cause
short-circuiting through the we :reby reducing
the overall reamment effediveness,
maximize freatment performance, providing a uni-
formly sloped system is recommended. In order Lo
enhance plug flow conditions across the wetland,
individual wetland cells can be constructed and sepa-
raled by weirs. Figure 11-P2-1 depicts a typical
schematic design of a shallow wetland.

=B

Extended D ion Shallow dand: Exiended
detention shallow wetlinds provide a greater degree
of downstream channel protedion as they are
designed with more vertical storage caps

T'he

I1-P;

additional vertical storage volume also provides extra
runofl detention above the nomal pool elevations,
Water levels in the extended detention shallow wet-
land may increase by as much as three feet after a
storm event and return gradually 1o pre-storm ele
tions within 24 hours of the storm event The growing
area in extended detention shallow wetlands extends
from the nomal pool elevation o the maximum
water suface elevation. Wetland plants that tolerate
intermittent flooding and  dry periods should  be
selected for the extended detention area above the
shallow marsh elevations. Figure 11-P2-2 depicts a
typical schematic design of an extended detention
shallow wetland

Pond/Wetdand Systems: Mulliple cell systems. such
as pond‘wetlind systems, utilize at least one pond
component in conjundion with a shallow marsh
component. The first cell s typically wet pond,
which provides pretreatment of the runoff by remoy-
ticulate pollutants. The wet pond is also used
1o recuce the velocity of the runoff entering the sys-
tem. The shallow marsh then polishes the minoff
particularly for soluble pollutants, prior to discharge.
These syslems requine space than the shallow
marsh syslems since more of the water volume is
stored in the deep pool which can be designed 1o
reduce peak lows Because of this system’s ability to
significantly reduce the velociy and volume of
incoming peak flows (e, Aow equalization or damp-
ening), it can often achieve higher pollutant removal
rates than other similarly sized stormwater wetland
systems. Figure 11-P2-3 depicts schematic
design of a pond/wetland system.

Advantages
b]

icient at removing borl paricdare and solu-
bie Poliniais.

J Capable of providing acsibeic benefits.

3 Capabie of providing wildlife babitac wich
appropriate design clements.

3 Provide ability o attennate peak runoff flows.

Limitations

) More cosily ihan extended detention basins.

3 Reguire a relacively large land area thar is
direcily preportional to the size of the contribut-
ing drainage area.

J Very sensitive (o the abiliey (o mainiain wet con-
ditions especially during exiended dry wearber
when there may be significani evaporative los

i

2004 Connecticut Stormwater Quality Manual
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Primary Treatment

Practices o
o Chapter 11

D May cause thermal Wapacis 1o receiving waters
aned thereby should wor discharge divecily o coled
water fish babiars.

(]

Poential breeding habiwt for mosquitoes,
particudariy for stems with isolated pockers of
standing weter (sanding lowger than 5 da)si
Circulating water in the permanent pool may
miniaize s probiem. This may be a more
ignificant problem for lined systems.

(%]

Werland systems with seep side siopes andor
dogh wer pools may present a safety issue i
neariay pedesirians.

]

Stornuvater wetlands can senve as decoy wel-
kaneds, intercepiing breading amphbibians moving
wward vernal pools. If aniphibians deposit their
eans in these antificial wedands, ey rarely sur-
vive de o the sediment and polfuiant ioads, as
well as fluctuations in water quality, quaniity,
and teniperanire.

Siting Considerations

Siting Considerations

Drainage Area: Siormwater wetlands thar urilize a
liner system Lo maintain the desired permanent pool
should have a contributing drainage area that is
adequate o maintain - minimum lew
Typically. minimum contributing drainage areas are
twenty-five acres, especially for shallow systems, A
water budget for the wetlands should be calenlated o
ensure that evaporation losses do not exceed inflows
during warm weather months,

Groundwater: Unlined ins must intersed the
groundwater table in order to mainin the desired
permanent pool. In this case, the elevations of the

basin should be establishad s Trouind-
weale = equal o the desired permanent

pool elevation. Seasonal variations of groundwater
elevations should be considered. which can be very
pronounced in low permeability soils

Design Criteria

Land Uses: Land uses will dictate potential pollutants-
of-concern and potential safety risks, For those land
where there is significant potential for soluble
pollutants, especially those that are highly susceptible
1o groundwater transpor, the use of liner is
recommended. An impermeable liner nol be
required, depending on the risk of dowr
tamination, but a low permeable liner constructed in
till soils may be acceptable. Adjacent residential land
uses pose the greatest public safety risks where mos-
quite breeding and water hazards must be considered.

Lise

Baseflow: A small amount of basellow is desirable 1o
maintain eirculation and reduce the potential for low
dissolved oxygen levels during late summer, and 1o
reduce mosquito breeding. This baseflow can be pro-
vided by groundw infiltrating inte either the
wetlind or the collection system above the pond.

Site Slopes: Sleep on-site slopes may result in the
need for a large embankment 1o be constructed 1o
provide the desired storage volume and could require
dam constmiction  permit from the Connecticut
DEP. Sieep slopes may also present design and
construction challenges, and significantly increase the
cost of eanthwork.

Receiving Waters: The sensitivity of receiving wate
should be evaluated 1o determine whether the elfects
of the warmer stormwater discharges from  the
wetland could be detrimental o cold-water fish or
olher sensitive aquatic species,

Flood Zones: Construded wetlinds should not be
located in Aoodways. Aoodplains, or tidal lands, espe-
cially those  that quire  construction  of - an
embankment. Floodwaters could Aush out stored pol-
lutants or damage pond embankments,

Natural Wetlands/Vernal Pools: Natural wetland
and vernal pool depressions should not be used,
dither temporarlly or permanently, as a2 slormwater
pond or wetland. Stormwater wetlands should be
located at least 750 feet from a vernal pool. They
should not be sited between vernal pools or in areas
that are known primary amphibian overland mig

routes.

Design Criteria
Wetland designs may vary considerably due to site
constraints, local requirements, or the designer’s pref-
erenc The five common design elements that
should be considered for all stormwater wetlands ar

Pretrearment
Treatment
Comveyance

Meaintenance reduction

[T )

Landscaping

Design considerations for stormwater wetlands are
presented below and summarized in Table 11-P2-1.

2004 Connaectlcut Stormwater Quality Manual,
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Stormwater YWetland Liner Specifications

o Chapter 11 rr—— o
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Primary Practice: Stormwater Ponds

o Permanent pool
o May have extended detention
o Pollutant removal

- Sedimentation

- Biological uptake

= Microbial breakdown
- Gas exchange

dnr.state.md.us

- Volatilization

« Decomposition T
> Various wet pond designs L G S
- Wet ponds i WEEN N W\ &
- Micropool extended detention ., e\ L e
ponds NG o
- Wet extended detention ponds :“--?,-"'/4_;-‘ g

= Multiple pond systems e
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Primary Practice: Stormwater
Wetlands

O

O

Constructed wetlands systems

May not have the full range of functions of
either natural or mitigation wetlands

Typical components

- Sediment forebay

- Shallow & deep pool areas
- Meandering flow paths

= Vegetation

Design Types

- Shallow Wetland = Yabw A |
. Extended Detention s /) W\
- Pond/wetland system Z Xle//s

Plan View

5
* High marsh
[Lass than &7 wagar dupti)

Lesw rarsh
{watar dipah bermuen 8 and 187
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Primary Practice: Infiltration

o Function
- Capture
« Temporarily store
= Infiltrate into permeable soils
o Pollutant removal
= Adsorption onto soil particles
- Biological & chemical conversion

o Must be carefully desighed,
constructed, and maintained to

Figure 1 1-P3-1 Infiltration Trench

prevent premature clogging | e
> Pretreatment is critical! | |
o Design Types

= Trench
- Basin Plan View

47



Primary Practice: Filtration

O

o

2004 Connecticut Stormwater Quality Manual

Capture, store and filter through:

- Sand

- Soill

= Organic Material

« Other Porous Media
Pollutant removal

= Physical straining

- Adsorption
Pretreatment is critical!
Design Types

« Surface filters

= Bioretention

- Underground filters

Figure 11-P4-1 Earthen Surface 5and Filter

Bypass Flew diversion structure /
¢ / ; Flltar bed
= : 7 —
T -'::'{ { ¥ i ,I'T " ¥ !
o 1 I g 1
- -f p ~ T ) I_‘ I..- ...— -. S “r ; : I ' B 1
- | N ¥ [ H H H t | ™
< | Pretreatment . ] - H j. :: I
| - |eedinnentation’, [0 BN W1.g Rl fe g
| ehamber ik 3 | 1} I 1
\'\,_ L} [}
-‘-"\_'_'_'_-_.. - d - & —— e _"' - r. i
Plan Yiew

1 Underdrain collection system

] "“ Crearflow spilbeeay

Outflow
| >

48



2004 Connecticut Stormwater Quality Manual

Primary Practice: Water Quality
Swales e

o Reduce Velocity
o Temporarily Store Runoff
o Promote Infiltration
o Differ from conveyance swales
o Design Types

- Dry swale
- Wet swale

Figure |1-P5-1 Dry Swale - Parabolic Cross Section

 Gravel inlet trench
| Pretreatment
| (forebay) |
| |
.'I COptional check dam lIl.l_Il-ufer\dmurm ,."l ,'I Culvere
i J } M

HlE T% Clefun/¥ v % N
}_#. e —— 3 A8 AT - S
Inflow 7S R f}‘ b :
T e iinfidoiifiafbafinginiiofialdba i S g B T T T

{
/112 round pipe welr
!

- o Shouider =7

-—— Roadway —=

Plan Yiew

UTC Fuel Cells, South Windsor
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Secondary Practices

o Not Suitable as Stand-alone
= Are not capable of meeting performance criteria

= Have not been through evaluation needed to
demonstrate capability

o Appropriate Applications

= Pretreatment

- Use in treatment train to meet specific objectives
o Conventional Practices
o Innovative/Emerging

50
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Secondary Treatment

Practices o
o Chapter 11

Description

Reasons for Limited Use

Suitable Applications

51
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Secondary Practices

o Conventional Practices o Innovative/Emerging
Dry detention basins Technologies
Underground detention - Catch basin inserts
facilities Hydrodynamic separators

Deep sump catch basins

Oil/particle separators e lanliGR
. D Underground infiltration
Dry wells
systems

Permeable pavement

- Vegetated filter strips/ level
spreaders

Grass drainage channels

= Alum injection

53



2004 Connecticut Stormwater Quality Manual

Secondary Practice: Dry
Detention Basins

o Reasons for limited use
- Limited or no water quality treatment
= Subject to re-suspension of materials
o Suitable applications
= Peak flow control
= Channel protection

AL I A e ] P
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Secondary Practice: Underground
Detention and Infiltration

o Reasons for limited use
= Not intended for pollutant removal
- Particulates can be re-suspended
« Risk of groundwater contamination
o Suitable applications
- Peak flow control/groundwater recharge
- Stormwater retrofits
= Space-limited sites

= Must have pretreatment
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Secondary Practice: Grass
Dralnage Channels

i dpi | o Reasons for limited use
Can’t achieve 80% TSS removal

Require moderate maintenance

Impractical in areas with steep
grades or very flat sites

Large area requirements

o Suitable applications
Part of conveyance system
Replace curb & gutter drainage
Highway road runoff

pasture.ecn.purdue.edu

These are not the same as
Water Quality Swales!

clean-water.uwex.edu
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Secondary Practice: Catch Basin
Inserts

o Reasons for limited use
- High maintenance
= Susceptible to clogging
o Suitable applications
-  Stormwater retrofits and pretreatment
- Temporary construction sediment control
= Qil control for small areas
- Target specific pollutant

hydrocompliance.com

:"; ™ .-‘;_&M" -_.".'E_:_-—'..il
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Secondary Practice:
Hydrodynamic Separators

o Reasons for limited use

Limited peer-reviewed data

Soluble and fine particles not removed

Source of pollutants if not maintained
o Suitable applications

Sediment removal over range of flow
conditions

Pretreatment
Stormwater retrofits |
Ultra-urban sites pipe. rocla-com
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Secondary Practices: Other
Innovative Strategies

59
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Outline

O

Introduction to Practices
Stormwater Design Criteria
Treatment Practice Selection

Site Stormwater Management Plan
Retrofits

Stormwater Management Practices
Appendices
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Appendices
o A: Plant List
. Calculation Guidance

: Model Ordinances

B
C
o D: Site Plan Checklist
E: Maintenance Checklist
=

. Glossary

61
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