- APPENDICES




ORDINANCE APPENDIX A

THIS AGREEMENT made and entered into this day of , 20, by and between
, (hereinafter the *Landowner™), and [Municipal Name]  , _

{County Name] __ County; Pennsylvania, (heremaﬁer “Municipality™};

WITNESSETH

WHEREAS, the Landowner is the owner of certain real property as recorded by deed in the land records of
[County Name] _ County, Pennsylvania, Deed Book at Page , (hereinafier “Prpperty”).

WHEREAS, the Landowner is proceeding to build and develop the Property; and

WHEREAS, the Subdivision/Land  Management Plan  (hereinafler “Plan”) for  the
Subdivision which is expressly made a part hereof, as approved or to be
approved by the Municipality, provides for detention or retention of stonnwater within the confines of the Property;

and

‘ WHEREAS, the Municipality and the Landowner, his successors and assigns agree that the healih, safety,
and welfare of the residents of the Municipality require that on-site stormwater managerment facilities be constructed

and maintained on the Property: and

WHEREAS, the Municipality requires, through the implementation of the

Watershed Stormwater Management Plan, that

stormwater management facilities as shown on the Plan be constructed and adequately
maintained by the Landowner, his successors and assigns.

NOW, THEREFORE, in con51derat10n of the foregoing premises, the mutual covenants contained herein,
and the following terms and conditions, the parties hereto agree as follows:

1. The on-site stormwater management facilities shall be constructed by the Landowner, his successors and assigns,
in accordance with the terms, conditions and specifications identified in the Plan. '

2. The Landowner, his successors and assigns, shall maintain the stormwater management facilities in good
working condition, acceptable to the Municipality so that they are performing their design functions

3. The Landowner, his successors and assigns, hereby grants permission to the Municipality, his authorized agents

and employees, upon presentation of proper identification, to enter upon the Property at reasonable times, and to
inspect the stormwater management facilities whenever the Municipality deems necessary. The purpose of the
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inspection is to assure safe and proper functioning of the facilities. The inspection shall cover the entire
facilities, berms, outlet structures, pond areas, access roads, etc. When inspections are conducted, the
Municipality shall give the Landowner, his successors and assigns, copies of the inspection report with findings
and evaluations. At a minimum, maintenance inspections shall be performed in accordance with the following
schedule:

Annually for the first 5 years after the construction of the stormwater facilities,

Once every 2 years thereafter, or

During or immediately upon the cessation of a 100 year or greater precipitation event.

All reasonable costs for said inspections shall be born by the Landowner and payable to the Municipality.

The owner shall convey to the municipality easements and/or rights-of-way to assure access for periodic
inspections by the municipality and maintenance, if required.

In the event the Landowner, his successors and assigns, fails to maintain the stormwater management facilities in
good working condition acceptable to the Municipality, the Municipality may enter upon the Properiy and take
such necessary and prudent action to maintain said stormwater management facilities and to charge the costs of
the maintenance and/or repairs to the Landowner, his successors and assigns. This provision shall not be
construed as o allow the Municipality to erect any structure of a permanent nature on the land of the Landowner,
outside of any casement belonging o the Municipality. It is expressly understood and agreed that the
Municipality is under no obligation to maintain or repair said facilities, and in no event shall this Agreement be
construed to impose any such obligation on the Municipality.

The Landowner, his successors and assigns, will perform maintenance in accordance with the maintenance
schedule for the stormwater management facilities including sediment removal as outlined on the approved
schedule and/or Subdivision/Land Development Plan,

In the event the Municipality, pursuant to this Agreement, performs work of any nature, or expends any funds in
performance of said work for labor, use of equipment, supplies, materials, and the like on account of the
Landowner’s or his successors’ and assigns’ failure to perform such work, the Landowner, his successors and
assigns, shall reimburse the Municipality upon demand, within 30 days of receipt of invoice thereof, for all costs
incurred by the Municipality hereunder. 1f not paid within said 30-day period, the Municipality may enter a lien
against the property in the amount of such costs, or may proceed to recover his costs through proceedings in
equity or at law as authorized under the provisions of the Code,

The Landowner, his successors and assigns, shall indemnify the Municipality and his agents and employees
against any and all damages, accidents, casualties, occurrences or claims which might arise or be asserted against
the Municipality for the construction, presence, existence or maintenance of the stormwater management
facilities by the Landowner, his successors and assigns.

In the event a claim is asserted against the Municipality, his agents or employees, the Municipality shall
promptly notify the Landowner, his successors and assigns, and they shall defend, at their own expense, any suit
based on such claim. If any judgment or claims against the Municipality, his agents or employees shall be
allowed, the Landowner, his successors and assigns shall pay all costs and expenses in connection therewith.

In the advent of an emergency or the occurrence of special or unusual circumstances or situations, the
Municipality may enter the Property, if the Landowner is not immediately available, without notification or
identification, to inspect and perform necessary maintenance and repairs, if needed, when the health, safety or
welfare of the citizens is at jeopardy, However, the Municipality shall notify the landowner of any inspection,
maintenance, or repair undertaken within 5 days of the activity. The Landowner shall reimburse the
Municipality for his costs,
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This Agreement shall be recorded ameng the land records of

[Cotinty Name] County, Pennsylvania and shall constitute a covenant

running with the Property and/or equitable servitude, and shali be binding on the
Landowner, his administrators, executors, assigns, heirs and any other successors in

interests, in perpetuity.

ATTEST:

WITNESS the following signatures and seals:

{SEAL)  For the Municipality:
(SEAL) : . For the Landowner:
ATTEST:

(City, Borough, Township)
County of [County Name] , Pennsylvania
I, , a Notary Public in and for the County and State aforesaid, whose
commission expires on the day of » 20__, do hereby certify that

whose name(s) is/are signed {o the foregoing Agreement bearing
date of the day of » 20__, has acknowledged the same before me in my said
County and State. '
GIVEN UNDER MY HAND THIS day of L19 .
NOTARY PUBLIC

(SEAL)
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- ORDINANCE APPENDIX B
STORMWATER MANAGEMENT DESIGN CRITERIA

TABLE B-1
DESIGN STORM RAINFALL AMOUNT
Source: “Field Manual of Pennsylvania Department of Transportation”
STORM INTENSITY-DURATION-FREQUENCY CHARTS
PDT-IDF May 1986.

FIGURE B-1
SCS TYPE I RAINFALL DISTRIBUTTON
S-CURVE

FIGURE B-2
PENNDOT DELINEATED REGIONS
Source: “Field Manual of Pennsylvania Department of Transportation”
STORM INTENSITY-DURATION-FREQUENCY CHARTS
PDT-IDF May 1986.

FIGURE B-3
REGION 4 PENNDOT STORM INTENSITY-DURATION-FREQUENCY CURVE
Source: “Field Manual of Pennsyltvania Department of Transportation”
STORM INTENSITY-DURATION-FREQUENCY CHARTS
PDT-IDF May 1986.

FIGURE B-4
REGION 5 PENNDOT STORM INTENSITY-DURATION-FREQUENCY CURVE
Source: “Field Manual of Pennsylvania Department of Transportation”
STORM INTENSITY-DURATION-FREQUENCY CHARTS
PDT-IDF May 1986,

TABLE B-2
RUNOFF CURVE NUMBERS
Source: NRCS (SCS) TR-55

TABLE B-3
RATIONAL RUNOFF COEFFICIENTS

TABLE B-4
MANNING ROUGHNESS COEFFICIENTS

TABLE B-5
24-HOUR STORM VALUES REPRESENTING 90% OF ANNUAL RAINFALL
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TABLE B-1
DESIGN STORM RAINFALL AMOUNT (INCHES)

The design storm rainfall amount chosen for design should be obtained from the PennDOT region
in which the site is located according to Figure B-2,

Source: “Field Manual of Pennsylvania Department of Transportation”
STORM INTENSITY-DURATION-FREQUENCY CHARTS
PDT-IDF May 1986,

Region 4
Precipitation Depth (in)

Duration| 1 Yr 2 Yr 5Y¥r 10 Yr 25 Yr 50 Yr 100 Yr
5 min 0.30 0.35 0.41 0.45 0.50 0.55 0.61
15 min 0.58 0.68 0.80 0.93 1.03 1.13 1.25
1 hr 1.01 1.22 1.48 1.70 1.91 2.16 2.41
2 hrs 1.24 1.50 1.84 2.14 2.46 2.80 3.18
3 hrs 1.38 1.71 2.10 243 2.82 3.24 3.69
6hrs 1.68 2.04 2.52 3.06 3.60 4.14 4,74
12 hrs 2.04 2.52 3.00 3.84 4.56 5.16 6.00
24 hrs 2.40 2.88 3.60 4.56 5.76 6.48 7.44

Region 5

Precipitation Depth (in)

Duration| 1Yr 2Yr 5Yr 10 Yr 25 Yr 50Yr 100 Yr
5 min 0.33 0.38 0.45 0.50 0.56 0.63 0.68
15 min 0.64 0.75 0.90 1.00 1.15 1.35 1.50
1 hr 1.10 1.35 1.61 1.85 2.15 2.60 2.98
2 hr 1.34 1.66 2.00 2.34 2.70 3.26 3.76
3hr 1,50 1.86 2.28 2.67 3.09 3.69 429
6 hr 1.86 2.28 2.82 3.36 3.90 4,62 5.40
12 hr 2.28 2.76 348 4.20 4,92 5.76 6.72
24 hr 2.64 3.36 4,32 5.28 6.24 7.20 8.40
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FIGURE B-2
PENNDOT DELINEATED REGIONS
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FIGURE B-3
PENNDOT STORM INTENSITY-DURATION-FREQUENCY CURVE
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FIGURE B-4
PENNDOT STORM INTENSITY-DURATION-FREQUENCY CURVE
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TABLE B-2
Runoff Curve Numbers
(From NRCS (SCS) TR-55)

LAND USE HYD OIL
BRSCRIPTION ROLOGIC 8 GROUP
Hydrologic
Condition
A B C D
Open Space
Grass cover < 50% Poor 68 79 86 89
Grass cover 50% to 75% Fair 49 69 79 84
Grass cover > 75% Good 39 61 74 80
Meadow 30 58 71 78
Agricultural
Pasture, grassland, or range —
Continuous forage for grazing Poor 68 79 86 89
Pasture, grassland, or range — )
Continuous forage for grazing., Fair 49 69 79 84
Pasture, grassland, or range —
Continuous forage for grazing Good 39 61 74 80
Brush-brush-weed-grass mixture
with brush the major element. Poor 48 67 77 83
Brush-brush-weed-grass mixture .
with brush the major element,  Fair 35 56 70 77
Brush-brush-weed-grass mixture
with brush the major element. Good 30 48 65 73
Fallow Baresoill = =eeeee- 77 86 91 94
Crop residue cover (CR)  Poor 76 85 90 93
) Good 74 83 88 90
Woods — grass combination
(orchard or tree farm) Poor 57 73 82 86
Fair 43 65 76 82
Good 32 58 72 79
Woods Poor 45 66 77 83
Fair 36 60 73 79
Good 30 55 70 77
Commercial (85% Impervious) 89 92 04 95
Industrial (72% Impervious) 81 88 91 93
Institutional (50% Impervious) 71 82 88 90

Residential districts by average lot size:

% Impervious

1/8 acre or less 65 77 85 90 92
(town houses)
1/4 acre 38 61 75 83 87
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1/3 acre | 30

1/2 acre 25
1 acre 20
2 acres 12
Farmstead

Smooth Surfaces (Concrete, Asphalt,
Gravel or Bare Compacted Soil

Water

Mining/Newly Graded Areas
(Pervious Areas Only)

* Includes Multi-Family Housing unless justified lower density can be provided.

when choosing a CN value,

56
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98
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Note: Ex1st1nﬁ site conditions of bare earth or fallow ground shall be considered as meadow




TABLE B-3

RATIONAL RUNOFF COEFFICIENTS

HYDROLOGIC SOIL GROUP
LAND USE DESCRIPTION A B C D
Cultivated Land : without conservation treatment 49 67 81 .88
: with conservation treatment 27 A3 61 67
Pasture or range land : poor condition 38 63 78 .84
: good condition -k 25 S 65
Meadow : good condition - =¥ 44 .61
Wood or Forest Land : thin stand, poor cover, no mulch - 34 .59 70
: good cover % - 45 .59
Open Spaces, fawns, parks, golf courses, cemeteries
Good condition : grass cover on 75% or more of ¥ 25 S1 .65
the arca
Fair condition : grass cover on 50% to 75% of - 45 63 74
the area
Commercial and business areas (85% impervious) .84 90 .93 .96
Industrial districts (72% impervious) 67 81 .88 92
Residential :
Average lot size Average % Impervious
1/8 acre or less 65 59 76 .86 90
1/4 acre 38 25 49 67 78
1/3 acre 30 - 49 67 .78
1/2 acre 25 ¥ 45 65 76
1 acre 20 e Al 63 74
‘Paved parking lots, roofs, driveways, etc. 99 99 99 99
Streets and roads :
Paved with curbs and storm sewers 99 .99 99 99
Gravel 57 76 84 .88
Dirt 49 69 .80 84

Notes : Values are based on S.C,S, definitions and are average values.

characteristics,

Values indicated by - should be determined by the design engineer based on site

Source :New Jersey Department of Transportation, Technical Manual for Stream Encroachment,

August, 1984
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TABLE B-4

Roughness Coefficients (Manning's "n™) For Overland Flow
(U.S. Army Corps Of Engineers, HEC-1 Users Manual)

Surface Description n
Dense Growth 04 - 0.5
Pasture : 03 - 0.4
Lawns 02 - 0.3
Bluegrass Sod 0.2 - 0.5
Short Grass Prairie 0.1 - 0.2
Sparse Vegetation 0.05 - 0.13
Bare Clay-Loam Soil (eroded) 001 - 0.03
Concrete/Asphalt - very shallow depths

(less than 1/4 inch) 0.10 - 0.15

- small depths
(1/4 inch to several inches) 0.05 - 0.10

Roughness Coefficients (Manning’s “n*) For Channel Flow

Reach Description n
Natural stream, clean, straight, no rifts or pools 0.03
Natural stream, clean, winding, some pools or shoals 0.04
Natural stream, winding, pools, shoals, stony with some weeds 0.05
Natural stream, sluggish deep pools and weeds 0.07
Natural stream or swale, very weedy or with timber underbrush 0.10
Concrete pipe, culvert or channel 0.012
Corrugated metal pipe 0.012-0.027V
High Density Polyethylene (HDPE) Pipe
Corrugated 0.021-0.029?
Smooth Lined 0.012-0.020%

(1) Depending upon type, coating and diameter
(2) Values recommended by the American Concrete Pipe Association, check Manufacturer’s
recommended value.
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TABLE B-5
24-Hour Storm Values Representing 90 % of Annual Rainfall

PennDOT Rainfall P
Region Inches
1 1.13
2 1.48
3 1.60
4 1.95
5 2.04

59




TABLE B-6
Nonstandard Stormwater Management
Stormwater Credits for Computing Proposed conditions Hydrograph

The developer may, subject to approval of the municipal engineer, use the stormwater credits,
described in the following table, in computing proposed conditions hydrograph:

Nonstructural Stormwater Description

Measure

Natural Arca Conservation of natural areas such as forest, wetlands, or other

Conservation sensitive areas in a protected easement thereby retaining their
existing hydrologic and water quality characteristics.

Disconnection of Roofiop Rooftop runoff is disconnected and then directed overa

Runoff pervious area where it may either infiltrate into the soil or filter

over it. This is typically obtained by grading the site to promote
overland flow or by providing bioretention on single-family

residential lots,
Bisconnection of Disconnect surface impervious cover by directing it to pervious
Non-Rooftop areas where it is either infiltrated or filtered though the sofl.

Runoff

Buffers effectively treat stormwater runoff. Effective treatment
Buffers constitutes capturing runoff from pervious and impervious areas
adjacent to the buffer and treating the runoff through overland
flow across a grass or forested area.

Grass Channel Open grass channels are used to reduce the volume of runoff
{Open Section and pollutants during smaller storms.

Roads)

Environmentally Environmental site design techniques are applied to low density
Sensitive Rural or rural residential development.

Development
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ORDINANCE APPENDIX C
SAMPLE DRAINAGE PLAN APPLICATION AND FEE SCHEDULE

(To be attached to the "land subdivision plan or development plan review application or "minor
land subdivision plan review application™)

Application is hereby made for review of the Stormwater Management and Erosion and
Sedimentation Control Plan and related data as submitted herewith in accordance with the
Township Stormwater Management and Earth Disturbance

Ordinance.

Final Plan Preliminary Plan Sketch Plan

Date of Submission Submission No.

1. Name of subdivision or development

2. Name of Applicant Telephone No.
(if corpotation, list the corporation's name and the names of two officers of the corporation)
Officer 1
Officer 2
Address
Zip
Applicants interest in subdivision or development
(if other than property owner give owners name and address)
3. Name of property owner Telephone No.
Address
Zip
4, Name of engineer or surveyor Telephone No.
Address
Zip
5, Type of subdivision or development proposed:
Single-Family Lots Townhouses __ Commercial(Multi-Lot)
Two Family Lots Garden Apartments  ____  Commercial (One-Lot)
Muiti-Family Lots Mobile-Home Park ___ Industrial (Multi-Lot)
Cluster Type Lots Campground Industrial (One-Lot)
Planned Residential Other ( )
Development
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6. Lineal feet of new road proposed LF.

7. Area of proposed and existing conditions impervious area on entire fract.

a. Bxisting (to remain) | S.F. % of Property
b. Proposed SF. % of Property
Stormwater

a,

i.

Does the peak rate of runoff from proposed conditions exceed that flow which occurred
for existing conditions for the designated design storm?

Design storm utilized (on-site conveyance systems) (24 hr.)
No. of Subarea
Watershed Name

Explain:

Does the submission and/or district meet the release rate criteria for the applicable
subarea?

Number of subarea(s) from Ordinance Appendix D of the Brodhead and McMichaels
Creek Watershed Stormwater Management Plan,

Type of proposed runoff control

Does the proposed stormwater control criteria meet the requirement/guidelines of the
Stormwater Ordinances?

If not, what variances/waivers are requested?

Reasons

Does the plan meet the requirements of Article iii of the Stormwater Ordinances?

If not, what variances/waivers are requested?

Reasons Why

Was TR-55, June 1986 utilized in determining the time of concentration?

What hydrologic method was used in the stormwater computations?
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j. Is ahydraulic routing through the stormwater control structure submitted?

k. Isa construction schedule or staging attached?

1. TIs arecommended maintenance program attached?

9, Erosion and Sediment Pollution Control (E&S):

a. Has the stormwater management and E&S plan, supporting documentation and narrative
been submitted to the [County Name]  County Conservation District?

b. Total area of earth disturbance S.F.

10. Wetlands
a, Have the wetlands been delineated by someone trained in wetland delineation?
b. Have the wetland lines been verified by a state or federal permitting authority?

¢. Have the wetland lines been surveyed?

d. Total acreage of wetland within the property

e. Total acreage of wetland disturbed

f. Supporting documentation

11. Filing

a. Has the required fee been submitted?

Amount

b. Has the proposed schedule of construction inspection to be performed by the Applicant's
engineer been submitted?

¢. Name of individual who will be making the inspections

d. General comments about stormwater management at the development
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CERTIFICATE OF OWNERSHIP AND ACKNOWLEDGMENT OF APPLICATION:

COMMONWEALTH OF PENNSYLVANIA
COUNTY OF__ [County Name]

On this the day of , 20 , before me, the undersigned officer,
personally appeared who being duly sworn, according to law, deposes
and says that owners of the property described in this
application and that the application was made with knowledge

and/or direction and does hereby agree with the said application and to the submission of the
same.

Property Owner

My Commission Expires 20
Notary Public

THE UNDERSIGNED HEREBY CERTIFIES THAT TO THE BEST OF HIS KNOWLEDGE
AND BELIEF THE INFORMATION AND STATEMENTS GIVEN ABOVE ARE TRUE
AND CORRECT. '

SIGNATURE OF APPLICANT

L i i
(Information Below This Line To Be Completed By The Municipality)

(Name of) Municipality official submission receipt:

Date complete application received Plan Number

Fees date fees paid received by

Official submission receipt date

Received by

Municipality
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Drainage Plan
Proposed Schedule Of Fees

Subdivision name Submittal No.

Owner Date

Engineer
1. Filing fee $

2. Land use

2a. Subdivision, camY rounds, mobile home parks, and
multi-family dwelling where the units are located
in the same local watershed. )

2b. Multi-family dwelling where the designated open
space is located jn a different local watershed from
the proposed units.

2¢. Commercial/industrial. $

=]

o

3. Relative amount of earth disturbance
3a. Residential
road <500 1.f.
road 500-2,640 1.1,
road >2,640 L.,
3b. Commercial/industrial and other
impervious area <3,300 s.£.
impervious area 3,500-43,460 s.f.
impetvious area >43,560 s.f.
4, Relative size of project
4a, Total tract areca <1 ac
1-5ac
5-25 ac
25-100 ac
100-200 ac
>200 ac

LALRGS  H9ER  SALRYD  DRRES

5, Stormwater conirol measures
5a. Detention basins & other controls which $
require a review of hydraulic routings
g Eer control), .
5b, Other control facilities which require $
storage volume calculations but no hydraulic
routings. { $ per control)
6. Site inspection ($ per inspection)

Total

All subsequent reviews shall be 1/4 the amount of the initial review fee unless a new application
is required as per Section 406 of the stormwater ordinance. A new fee shall be submitted with
each revision in accordance with this schedule.
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ORDINANCE APPENDIX D
STORMWATER MANAGEMENT DISTRICT WATERSHED MAP
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ORDINANCE APPENDIX E

West Nile Virus Guidance

Monroe County Conservation District Guidance:
Stormwater Management and West Nile Virus

The Monroe County Conservation District recognizes the need to address the
problem of non-point source pollution impacts caused by runoff from impervious
surfaces. The new stormwater policy being integrated into Act 167 Stormwater
Management regulations by the PA Department of Environmental Protection (DEP) will
make non-point pollution controls an important component of all future plans and updates
to existing plans. In addition, to meet post-construction anti-degradation standards under
the state National Pollution Discharge Elimination System (NPDES) permitting program,
applicants will be required to employ Best Management Practices (BMPs) to address
non-point pollution concerns.

Studies conducted throughout the United States have shown that wet basins and in
particular constructed wetlands are effective in traditional stormwater management areas
such as channel stability and flood control, and are one of the most effective ways to
remove stormwater pollutants (United States Environmental Protection Agency 1991,
Center for Watershed Protection 2000). From Maryland to Oregon, studies have shown
that as urbanization and impervious surface increase in a watershed, the streams in those
watersheds become degraded (CWP 2000). Although there is debate over the threshold of
impervious cover when degradation becomes apparent (some studies show as little as 6%
while others show closer to 20%), there is agreement that impervious surfaces cause
nonpoint pollution in urban and urbanizing watersheds, and that degradation is ensured if
stormwater BMPs are not implemented,

Although constructed wetlands and ponds are desirable from a water quality
perspective there may be concerns about the possibility of these stormwater management
structures becoming breeding grounds for mosquitoes, The Conservation District feels
that although it may be a valid concern, municipalities should not adopt ordinance
provisions prohibiting wet basins for stormwater management, '

Mosquitoes

The questions surrounding mosquito production in wetlands and ponds have
intensified in recent years by the outbreak of the mosquito-borne West Nile Virus. As is
the case with all vector-borne maladies, the life cycle of West Nile Virus is complicated,
traveling from mosquito to bird, back to mosquito and then to other animals including
humans. Culex pipiens was identified as the vector species in the first documented cases
from New York in 1999. This species is still considered the primary transmitter of the
disease across its range. Today there are some 60 species of mosquitoes that inhabit
Pennsylvania. Along with C. pipiens, three other species have been identified as vectors
of West Nile Virus while four more have been identified as potential vectors,
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The four known vectors in NE Pennsylvania are Culex pipiens, C. restuans, C.
salinarius and Ochlerotatus japonicus. All four of these species prefer, and almost
exclusively use, artificial containers (old tires, rain gutters, birdbaths, etc.) as larval
habitats. In the case of C. pipiens, the most notorious of the vector mosquitoes, the dirtier
the water the better they like it. The important factor is that these species do not thrive in
functioning wetlands where competition for resources and predation by larger aquatic and
terrestrial organisms is high.

The remaining four species, Aedes vexans, Ochlerotatus Canadensis, O.
triseriatus and O. trivittatus are currently considered potential vectors due to laboratory
tests (except the O. frivittatus, which did have one confirmed vector pool for West Nile
Vitus in PA during 2002). All four of these species prefer vernal habitats and ponded
woodland areas following heavy summer rains. These species may be the greatest threat
of disease transmission around stormwater basins that pond water for more than four
days. This can be mitigated however by establishing ecologically functioning wetlands.

Stormwater Facilities

If a stormwater wetland or pond is constructed properly and a diverse ecological
community develops, mosquitoes should not become a problem. Wet basins and wetlands
constructed as stormwater management facilities, should be designed to attract a diverse
wildlife community. If a wetland is planned, proper hydrologic soil conditions and the
establishment of hydrophytic vegetation will promote the population of the wetland by
amphibians and other mosquito predators. In natural wetlands, predatory insects and
amphibians are effective at keeping mosquito populations in check during the larval stage
of development while birds and bats prey on adult mosquitoes.

The design of a stormwater wetland must include the selection of hydrophytic
plant species for their pollutant uptake capabilities and for not contributing to the
potential for vector mosquito breeding. In particular, species of emergent vegetation with
little submerged growth are preferable. By limiting the vegetation growing below the
water surface, larvae lose protective cover and there is less chance of anaerobic
conditions occurring in the water.

Stormwater ponds can be designed for multiple purposes. When incorporated into
an open space design a pond can serve as a stormwater management facility and a
community amenity. Aeration fountains and stocked fish should be added to keep larval
mosquito populations in check.

Publications from the PA Department of Health and the Penn State Cooperative
Extension concerning West Nile Virus identify aggressive public education about the
risks posed by standing water in artificial containers (tives, trash cans, rain gutters, bird
baths) as the most effective method to control vector mosquitoes.

Conclusion

The Conservation District understands the pressure faced by municipalities when
dealing with multifaceted issues such as stormwater management and encourages the
69




incorporation of water quality management techniques into stormwater designs. As
Monroe County continues to grow, conservation design, groundwater recharge and
constructed wetlands and ponds should be among the preferred design options to reduce
the impacts of increases in impervious surfaces. When designed and constructed
appropriately, the runoff mitigation benefits to the community from these design options
will far out weigh their potential to become breeding grounds for mosquitoes.
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ORDINANCE APPENDIX F

Consumptive Use Tracking
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CONSUMPTIVE USE TRACKING REPORT

PROJECT NAME: MUNICIPALITY:
Type of Project: _Residential _ Commercial ~__ Institutional
____Recreational/Seasonal ___Industrial

1. In which watershed is this project located? If more than one, identify the percentage
of the project in each watershed. (See Figure x.x.)

. Appenzell

.. Brodhead — above Paradise
___ Brodhead — below Paradise
____Marshalls

___ McMichael

__ Paradise

___Pocono

2. Water Source

__ On-Site Well __ Central (source watershed: )
(utility company:

3. Sewage Disposal
_Land Disposal ____ Stream Discharge
4, Stormwater
| cubic feet - cubic feet]/1.6728 = gallons/day

{Required Infiliration)* (Proposed Infiltration) (Net Stormwater)

5. Water Use (Industrial projects must use project-specific data, not App. J or Table xx)

A, X gallons/unit/day = gallons/day
(# of Units Proposed)  (Value from App. ) (Gross Water Use)
B. gallons/day x = gallons/day

(Gross Water Use) (Table x.x Multiplier)(Water Use)
6. Consumptive Use

gallons/day + gallons/day = gallons/day
(Stormwater) (Water Use) (Consumptive Use)
*Calculated per Section 304
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7. Example

10-Lot Subdivision with On-Site Wells and Central Sewage

Stormwater: -420 gal/day (calculated per Section 304)

Water Use: 10 units x 190 gal/unit/day = 1900 gal/day

1900 gal/day x 1,00 = 1900 gal/day

Consumptive Use: -420 gal/day -+ 1900 gal/day = 1480 gal/day

s 2 sk o ok o e ok ok ok ok ook s sk sle sl e o o sl kol ok stk sl ook shekolodokoioiok kool dok dolotok skkook ke k ok kb kR Rk

Table x.x, Multipliers for Water Use Calculation (Do not use for industrial projects.}

Sewage
Disposal

NOTES: A multiplier of 0 will result in a debit to the source watershed by the reviewing
enfity. A multiplier of 0,14, derived from the Pocono Creek Goal-Based Watershed
Management Project, is designed to protect aquatic habitat during summer low flows. A

Central Central
Out of Watershed Within Watershed On-Site Well
Land Disposal 0 0.14 0.14
Stream Discharge 0 1.00 1.00

Water Source

multiplier of 1.00 assumes that water is not available to sustain aquatic base flows.
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WATER USE FOR CONSUMPTIVE USE TRACKING

TYPE OF ESTABLISHMENT UNIT GALLONS/UNIT/DAY
Residential
Hotels and motels Room 100
Multiple family dwellings and apartments, including Unit 400
townhouses, duplexes and condominiums
Rooming houses Room 200
Residential Subdivisions (On-Lot Sewage) Single family 400*
residences
+Residential Subdivisions (Central Sewage) Single family 190
residences
*For units of 3 bedrooms or less; for each over 3, add 100 gallons
bedroom
Commercial
Airline catering Meal served 3
Airports - not including food Passenger 5
Alirports Employee 10
>Barber shops Chair 54.6
One licensed operator beauty shops Station 200
>Bowling alleys Alley 133
Bus service areas ~ not including food Patron and employee 5
>Bus/rail depots Square foot 3.33
>Car washes Inside square foot 4.78
Country clubs - not inctuding food Patron and employee 30
>Drive-in restaurants Car stall 109
Drive-in theaters - not including food Space 10
Factories and plants exclusive of industrial wastes Employee 35
Laundries, self-service Washer 400
>Laundries, non self-service Square foot 0.25
>Medical Offices Square foot 0.62
Mobile home parks, independent Space 400
Movie theaters - not including food Auditorium seat 5
>Night clubs Person served 1,33
>Office buildings Square foot 0.19
Offices Employee 10
Restaurants (toilet and kifchen wastes) Patron 10
Restaurants {additional for bars and cocktail lounges) Patron 2
Restauorants (kitchen and toilet wastes, single-service Person 8.5
utensils
Restaurants (kitchen waste only, single-service utensils Patron 3
>Service stations Inside square foot 3.33
Stores Public toilet 400
Warehouses Employee 33
Work or construction camps (semipermanent) with flush Employee 50
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Toilets

Work or construction camps (semipermanent) w/o flush Employee 35
Toilets
TYPE OF ESTABLISHMENT UNIT GALLONS/UNIT/DAY
Institutional
Churches Seat 3
Churches (additional kitchen waste) Meal served 3
Churches (additional with paper service) Meal served 1.5
Hospitals, with laundry Bed space 300
Hospitals, without laundry Bed space 220
Institutional food service Meal 20
Institutions other than hospitals Bed space 125
Schools, boarding Resident 100
Schools, day (without cafeterias, gyms or showers) Student & employee 15
Schools, day (with cafeterias, but no gyms or showers) Student & employee 20
Schools, day (with cafeterias, gym and showers) Student & employee 25
>YMCA/YWCA Parson 33.3
Recreational and Seasonal
Camps, day {no meals served) Person 10
Camps, hunting and summer residential (night and day) with | Person 50
limited plumbing including water-carried toilet wastes
Campgrounds with individual sewer and water hookup Space 1100
Campgrounds with water hookup only and/or central Space 50
comfort
Station which includes water-carried toilet wastes
Fairgrounds and parks, picnic - with bathhouses, showers Person 15
and flush toilets
Fairgrounds and parks, picnic - toilef wastes only Person 5
Swimming pools and bathhouses Person 10

NOTE: If type of establishment proposed is not listed or if more project specific values

are available, supporting
documentation must be provided.

SOURCE: PA Title 25§73.17. Sewage flows, unless otherwise indicated

> Crews, James E. and MaryAnn Miller, 1983. Forecasting Municipal and

Industrial Water Use.

IWR Research Report 83R-3. U.S. Army Corps of Engineers, Fort

Belvoir, Virginia.

+ Watershed Protection Advisory Committee Meeting #3 held at Monroe

County Public Safety Center
May 16, 2003.
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ORDINANCE APPENDIX G
Selected We_tland BMP References
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Technical Note #23 from Watershed Protection Technigues. 1¢2): 81-82

Practical Tips for

Establishing Freshwater Wetlands

“T" o shortage of backs and manuals exist to
N design freshwater wetlands for mitigation,
testoration or stormwater treatment. A recent
series of articles by Garbisch and others, bowever,
suggest that successful establishment of freshwater
wetlands often hinges on writing practical and thor-
ough construction specifications for the contracter
who implements the design. Lack of attention to these
irmaportant details canlead to serious problemsin estab-
tishing a dense and diverse freshwater wetland.

Ed Garbisch founded the nonprofit corporation
Envirenmental Concern (EC) in 1972 to educats, re-
search, devdlop, and apply techuology for the restora-
tion and construction of wetlands. Overthisperiod, EC
has been involved in hundreds of tidal and non-tidal
wetland establishment projecis and has gained a groat
deal of experiéncein wetland propagation and creation
techniques. Soms of the practical lessons they have

able

groundwater far water supply.

2. Consider procuring wetland plants through
condracis ensure that the desired species and quantities of wetland plants

implement the planting plan.

Table1;Useful Consirustion Specifications for Freshwatar Wetlands (Garbisch. 1983, 1994)

1. Always clearly specify the proposed wetland hydrology
ensure that proper welland plants are selected. Be wa

learned on how to construct successful wetlands are
surnmparizedinTable 1.

Matching the design hydrology of the planned
wetland with the appropriate wetland plaat species is
perhaps the most critical tagk in the design of diverse
pondscapes. However, many wetlmd construction
drawings failto even show the design hydrology onthe
plan. Withouta good understanding of the future water
surface elevations and the frequency ofinundation itis
nearly impossiblemaketherightmatch. Therefore, itis
important to clearly show desipn hydralogy on all
construction drawings (plan view and cross section).

Another frequently encountered problem is that
while the planting plan may contain an extensive wet-
Jand plant list, most of the species may notbe available
in quantity from lpcal wetland nurseries at the time of
construction. As a consequence, plant species are
gubstituted at the last minute that may not meet the

on construction pianéand drawingsto
ry of wetland projects that unly rely on

growing contracts with wetland nurseries. These
will be available to

amendments to prepare the substrale for

' planned wetlands. Tepsoiling may notalways bene

Use care before automatically requiring topsoil
eded, canbeéxpensiveand mayintroduce
undesirable species from the seedbank.
Although it is very important to quickly stabilize disturbed upland areas during construction,
avoit specifying the use of Tall Fescua for this purpose, because of its alielopathiccharacier.
Be careful when specifying hydrosesding to establish stormwater and other fypes ofwetlands
without strong confidence that seeds will germinate and root in the substrate before the site
is Inundated. Othérwise, both mulch and seeds will float away or be unevenly distributed
through the marsh. .
If seeding is to be used as the key propagation method to establish the weliand, be sure to
specify the quantity of pure live seed needed, the commercial source of seed, seeding
technique, filler, and window and other key aspects leading to a successful result,
Clearly specify watering requirements during the first growing season for seasonally or
tamporarily Inundated wetland areas. Drought conditions can severely reduce growth and
survivarship for these wetlands without initial watering by truck or by a shallow aquifer well.

26
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Tecknical Note 24 from Watershed Protection Technigues. 1(2): &3

Broad-Leaf Arrowhead:
A Workhorse of the Wetland

hebroad-leafarrowhead (Sagittaria
.! larifoli) is 2 native North American

wetlamdplant foundin southem Canada
and rnuch of the Uniied States. Many practitio-
nershave founditespecially useful for wetland
enhancement, restoration, and cre-
ation projects bevause of several
desirable chamoteristics, However,
Marburger (1993 ) points outthereis
still much to be leamed about its
ecology and physiology before rou-
tinely investing in large scale planting
and management schemes,

The plant is identified by its ro-
settesofarrowhead-shapsdlieaves. Flow-
arsare white with threepetals and arranged
in whorls around a long stalk. Its most dis-
tinctivé feature is the starchy tuber producsd
fromthe rhizormes. Thisphenomenon givestise
to its common name of duck potato. This
“potato” portion of the plant is consumed
Bymuskrats, porcupines, geese, and other

3. Heavymetaluptake. Insurveysin South Caro-
lina and Michigan, broad-leaf mrowhead was
found to have the highest Jeaf dry weight con-

cenirations of several metals,

4, Ease of plant propagation. Wetland plant
vendors can supply achnenes, tubers, and
container-grown plants, Tubers are
generally praferred because they
requireless site preparation. Plants
are more costly, but survive a
widerrange of initial conditions.

5. Resistnceto diseaseand dami-
age. There are few meports of
population reductions due to
pathogens, insect pests, and smimal

feeding, In some limited situationitmay be
necessary to enclose areas with protective
fencing to keep out muskrats and waterfowl.

In spite of many apparent field successes,
Marburger points out there exists only a
e limited database an theinstallation and
management of the broad-leafarmow-

animals. Native Americansand B i ‘ !
rropeat Adapted from Fasselt, 1960 head, éspeoially for large-scale

seitlers also used the tuber as a food
source.,

While its days as human food have Jong since past,
otherbeneficial charasteristics of broad-leafarrowhead
have propelied it into the field of wetland restoration,
Speciat characteristics include the following,

1. Adaptation toa wide range of conditions, The
plant persists under stabilized water levels of less
than 50 cm and few drawdowns and survives in
pHs from 5.9 to 8.8. It has been found in highly
calearsous water and in a varniety of sofl types
inoluding sandy loamsand silty clays. Whileitcan
withstand turbid conditions, it does not {olerate
severe sediment deposition.

2. Nutrient uptake. Arrowhead rapidly takes up
phosphorus from the sediments andretainsitin its
tissue. In one South Carolipa study it had the
highest leaftissue composition of phosphorus of
17 wetland plants analyzed (Boyd, 1970). Forthis
reason arrowhead is often selected for use in
mumicipal and dormestic wastewatertreatment sys-
tems, constructed wetlands, and for stormwater
runofftreaunent.

applications. Before incorporating the
arrowhead in a wetland design the practifioner
nesds to work with plant vendor te identify the
following:

*» Ifthe envirommental fectors at the sile are more
favorabie for germinating/growing achenes, tu-
bers, or seedlings

* If environmental fastors arerightforsustaining
amature population of arrowheads

+ If pathogens, animal herbivory, and/or other
plant species are likely to impact the plant
References . 5
Boyd, C.E. 1970, "Chemical Analyses of Some Vascu-
lar Aquatic Plants." Archiven fiir Hydrobiologie

67.7885.

Fassett, N.C. 1960. 4 Manual of Aguaiic Plants. The
U. of Wisconsin Press, 405 pp.

Marburger, 1.E., 1993. "Biclogy and Management of
Sagittaria latifolia Willd. (Bread-leaf Arrow-
head) for Wetland Restoration and Creation.”
Restoration Ecology 1(4) 248-257.
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original intent of the wetland plan. Anew approachhas
been developed to ensure that the species and Guanti-
ties of wetland plants are available at the time of con-
struction.

This approach is termed coniract growing. It in-
volves executing an advance contract with a wetland
nursery to grow and deliver a specified number and
species of plants at a future date. An up-front deposit
of 20t030% is normally requiredpriorto growing. While
contract growing means more planning and Jogistics,

. the practice does provide a better guarantes that the
planned and most desirable wetland plant species will
be available when needed.

Garbisch also questions the common specification
to topsoil the surface of created herbaceous wetlands
priortoplanting. Topsoiling can beexpensive, andmay
not always be nesded at most sites, This is due to the
fact that herbaceous wetland plants typically produce
a great deal of below-ground organic matter and quickly
dominate the composition of the substrate within a fow
years. Garbisch dods suggest topsoiling in clay, rock,
or pyritic soils and topsoiling or soil axendment for
forested or scnib shrub wetlands. But generally, soil
tests should be performed before recommending top-
s0il at a partioudar site.

Most wetland plans devote 2 great deal of attention
to the selection of wetland plant species, but give
relatively little thought to the ground covers used to
vegetate disturbed areas around the pond or wetland,
Many plans simply specify that these areas be stabi-
lized through hydroseeding of KY-31 Tall Fesoue
(Festuca aruninacea). Fescue has been widely speci-
fied for years for erosion control during and afier
construction. Ft does an admirablejob of quickly estab-
lishingadense turfcover. This coolseason bunch grass
also tolerates a wide range of moisture conditions and
can invede many areas of the site.

Burchick (1993) questions thewisdom of specifying
Tall Pescue as a ground cover around wetlands and
ponds, He argues that Fescue frequenily displaces
native grass and meadow species, out-competes natu-
ral or planted tree seedlings,-and can even invade
portions of the wetland, Fescue is 2 tough competitor
partly due to its allelopathic characteristios, It secretes
organic acids that can impatr the germination ofnative
species. Consequently, Burchickrecommendsthatless
aggressive cool season grasses be utilized for erosion
control purposes around pond and wetland arsas.

Direct seeding is often the most economical tech-
nique to establish wetlands. Garbsich cautions that
construction specifications should be very tight if
direct seedingis calied for. For exarople, many wetland
seed mixes haverelatively low purity and germination
rates. Consequently, Garbisch observes that if'a pound
of pure, live seedis needed to establish a ground cover
perunitares, andithasa 10% germinationrateand 50%

purity, then some 20 pounds will actually need 1o be
troadcast to achieve the desired coverage. Conse-
quently, it i5 recommended to express direct seeding
ratss interms ofpure, ive seed (pls). The specifications
should etther require that the source(s) of the seed be
indicated, or require that they be field collected and
tested for purity and genmination rate.
Of equal importancs are the seeding window and
filler. The window is the optimal seasons and dates for
8 succossfiil rosult. The Hller represents the sand dilu-
tion neededforsmall seedsto ensure they are tniformly
disteibuted over the planting area. Seeding specifica-
Hons should dlso clearly state the technique andimple-
ments for the seeding operation, and whether this
operation willbe doneinthe wetorthedry. Hydmseeding
of wetlands should be avoided unless the contractor
as confidence that the sesds will germinate and root
‘beforethe nextrunoffevent. Otherwise, themnuleh, tagk

. and seeds will loat away or become unevenly distrib-

uted.

The establishient of & dense and diverse wefland
is the joint produst of the design engineor, landscape
architect, wefland nursery, and plepting contractor.
Thoughtfil and olear construction spocifications help
-assura that sach individual parforms his orherrole well.

: —IRS
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.7 Stormwater Wetland

Stormwater Management Fact Sheet: Stormwater Wetland

Description

Stormwater wetlands (a.k.a. constructed wetlands) are structural practices simitar to wel ponds (see .\ s

= Fact Sheet) that incorporate wetland plants in a shallow pool. As stormwater runoft flows through the
wetland, pollutant removal is achieved by settling and biological uptake within the practice. Wettands are
among the most effective stormwater praclices in terms of pollutant removal, and also offer aesthetic vaiue.
While natural wetlands can somelimes be used 1o treat stormwater runoff that has been properly pretreated,
stormwaler wetlands are fundamentally different from natural watland sysiems. Stormwater wetlands are
designed specifically for the purpose of treating stormwater runoff, and typically have less biodiversity than
natural wetlands both in tenms of plant and animai life, There are several design variations of the :
stormwater wetland, each design differing in the relative amounts of shallow and deep water, and dry

storage above the wetland,
Applicabiiity

Wetlands are widely applicab}e stormwater treatment practices. While they have limited applicabiiity in
highly urbanized settings, and in arid climates, they have few other restrictions.

Regicnal Applicability

Stormwater wetlands can be applied in most regions of the United States, with the exception of arid
climates. In arid, and even in semi-arid climates, it is difficult to design any stormwater practice that has a
permaneni pool. Because wetlands are relatively shallow, water losses due to evaporation can be high
which can be critical for the wetland plants. This makes maintaining the perrmanent poaol in wetlands both
more challenging dnd more important than maintaining the poul of a wet pond {see \Wet Pond Fagl Sheet).

Ultra Urban Areas
Ulra urban areas are densely developed urban areas in which Iittle pervious surface exists. it is difficult io

wet ponds in the ultra urban watershed because of the land area each wetland consurries. They can,
however, be used in these environments if a relatively large area is available downstream of the site.

Stormwater Hotspots
Stormwater hotspots are areas where land use or activities generate highly contaminated runoff, with
concenirations of pollutants in excess of those typically found in stormwater, A typical example is a gas
station. Wetlands can accept runoff from starmwater hotspots, but need significant separation from

however, is the difficulty storing largé amounts of |
possible to incorporate wetland elements into existing practices, such as wetland ptantings (see vz Dunz
and Z0. T . Tan o Teen Fact Sheets).

Cold Water (Trouwt) Streams .
Wetlands pose a moderate risk to cold water systems because of their potential for stream warnming. When
.. Water remains in the permanen pool, it is healed by the sun, A study in Prince Georges County, MD
e investigated the therma! impacts of a wide range of stormwater management practices, (Gatli, 1990). In this
- study, only one wetland was investigated, which was an extended detention wetland (see Design .
Variations). The practice Increased the average temperature of stormwater runoff that flowed through the
practice by about 3 F. While this is less than the temperature increase associated with wel ponds {see .

| http://wwew slormwatercenter.net/ A ssorted%20F act%205heets/Toolé_Stormwater . /Wetiand bt 3/8/02
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- Stormwater Wetland

Suant Fact Sheet), it cannot be concluded from one study that wetiands necessarily increase temperatures '
less than wet ponds. In fact, wetlands may have a greater potential to increase temperature because the
shallow portions of wellands can easily be warmed by the sun.

Locational and Design Considerations

in addition to the broad concems described above, designers need to consider conditions at the site level. In
addition, they need to incorporate design features o improve the jongevity and performance of the praclice,
while minimizing the maintenance burden. : .

Locafional Considerations
Designers need to ensure that stormwater wetlands are feasible for a site. The following section provides

basic guidelines for locating wellands.

Drainage Area

Wetlands need sufficient drainage area to maintain a shallow permanent pool. In humid regions, about
twenty-five acres of drainage area are needed, but a larger areas may be needed in regions with Jess

rainfall,

Slope

Wetlands can be used on sites with an upstream slope up to about 15%. The local slope should be relatively
shallow, however, While there is no minimum slope requirement, there does need to be enough elevation
drop from the inlet to the outiet to ensure that hydraulic conveyance by gravity is feasible {generally about v

three to five feet). .

Seils /Topagraphy

Wetlands can be used in almost all soils and geology, with minor design adjustrments for regions of karst
topography. (See Design Cor_rsfderaﬁons).

Groundwater

Unless they receive hotspot runoff, wetlands can often intersect the groundwater table. Some research
suggests that poliutant removal is moderately reduced when groundwater contributes substantially to the
pool volume {Schueler, 2000) (for more information see Influence of Groundwater on Performancs of
Storrwater Ponds in Florida, Arficle 78 in The Practice of Watershed Protection). it is assumed that

wetlands would have a similar response.

Daesign Considerations _ .
Specific designs may vary considerably, depending on site constraints or preferences of the designer or

community. There are some features, however, that shouid be incorporated into most wetland designs.
These design features can be divided into five basic categories: pretreatment, b’ee_zbnent, COnvVeyancs,
maimtenance reduction, and landscaping (for more information see the Manuat Builder Category).

Pretreatment

Pretreatment is used to settle out coarse sediment particles prior to entry in the main welland cell. By
removing sediments before they reach the wetland, the maintenance burden of the wetland is reduoed In
wetlands, pretreatment is achieved with a sediment forebay. A sediment forebay is a small pool (typically
about 10% of the volume of the permanent pool). Coarse particles remain trapped in the forebay, and
maintenance is performed on this smaller pool, eliminating the need to dredge or clean out sediments from

the entire wetland.

Treatment
http';',fwww_stormwatercenter.nerfAssorted%ZOFact%ZOS%Letsz oolé_Stormwater../Wetland.ht 3/8/02




Staormwater Wetland

Treatment design features help enhance the ability of a slormwater treatment practice to remove poliutants,
Several features can enhance the ability of wetlands to remove pollutants from stormwater runoff. The
purpose of maost of these features is Yo increase the amount of time and flowpath that stormwater remains in
the wetland. Some typical design faatures include:

< The surface area of wetiands should be at least 1% of the drainage area to the practice.

» Wellands should have a length to width ratio of at least 1.5;1. Making the wetland longer than it is
wide helps prevent "short circuiting” of the practice. '

= Effective weiland design "complex microtapography”. In other words, wetlands should have zones of
both very shallow (<87 and moderately shallow (<18 wetlands are incorporated, using underwater
earth berms to create the zones. This design will provide a longer flow path through the wetland to
encourage settling, and provides two depth zones to encourage plant diversity.

Convevance

Conveyance of runoff into and through a stormwater practics is a oritical component of any stermwater
design. Stormwater should be conveyed to and from practices safely and to minimize erosion potential. The
outfall of pand systems should always be stabilized to prevent scour. In addition, an emergency spiliway
should be provided to safely convey large flood events, in order to prevent warming at the outlet channel,
designers should provide shade arpund the channel at the wetlands outlet.

" Mainlenance Reduction

In addition to regular maintenance activities, several design features can be incorporated to ease the
... maintenance burden of stormwater wetlands.

One potential maintenance concem in stormwater wetlands is clogging of the outlet. Wetlands should be
designed with a non-clogging outlet'such as a reverse-slope pipe, or a weiroutlet with a trash rack. A
reverse slope pips draws from below the micropool extending in a reverse angle up to the riser and
establishes the water elevation of the micropool. Because these outlsts draw water from bslow the level of
the micropoal, they are less likely to be clogged by floating debris. Another general rule is that no orifice
should be less than 3" in diameter {smaller orifices are generally more susceptible to clogging, without
specific design considerations ¢ reduce this probiem).

Wetlands should incorporate design features that make sediment cleanouts of both the forebay and the
shallow pool easier. Wetlands should have direct maintenance access to the forebay, to allow this relatively
routine (five to seven year) sediment cleanouts. In addition, the shaliow pool should generally have a drain
to draw down the wetland for the more infrequent dredging of the main cell of the wetland.

Landscaping

Landscaping of wetlands can make them an asset to a community, and can also enhance their potlutgnt
removal. To ensure the establishment and survival of wetland plants, a landscaping plan should prp\flde
detailed information about the plants selected, when they will be planted, and a strategy for maintaining
them. The plan should detail wetland piant species, as well as vegetation to be established adjacent o the
wetland.

A variety of techniques can be used o establish wetland plants. The most effective technique is the use of
nursery stock as dormant rhizomes, live potted plants, or bare root stock. A "wéttand muich,” soil from a
naturat welland or a designed "wetland mix,” can be used to supplement wetiand plantings or alone to }
—, Establish wetland vegetation. Wetland mulch caries with # the seed bank from the original wetiand, and can
.“help to enhance diversity in the wetland. The jeast expensive option to establish wetlands is to allow thg
wetland to colonize itself. One disadvantage to this tast technique is that invasive species such as ca_t_tal!s or
Fhragmites may dominate the weiland (for more information see Nutrient Dynamics and Plant Diversity in

Volunteer and Planted Stormwater Wetlands, - o roou . )-

' B2
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When developing a plan for wetland planting, care needs Lo be taken to ensure that plants are established in
the proper depth and within the planiing season. This season varies regionally, and is generally between two
and three months long in the spring to eardy summer, Plant lists are avallable for various regions of the
United States through wetland nurseries, extension services, or conservation distdcts.

Design Variations

There are several variations of the wetland design. The designs differ in the proportion of the volume of the
wetland in deep pool, high marsh, low marsh, and whether volume is provided for extended detention above
the wetland surface. Other design variations help 1o make wetland designs practical in cold climates,

Shaillow Marsh

In the shallow marsh design, most of the wetland volume is In the refatively shallow high marsh or low
marsh depths, The only deep areas of the shallow wetland design are the forebay at the injet to the wetland,
and the micropoo! at the outlet. One disadvantage of the shallow rnarsh design is that.the pool Is very
shallow and a large amount of land is typically needed to store the water quality volume (.e., the velume of

runoff to be treated in the wetland) {see Figure 1).

25 WETLAND BUFFER LANDSCAPED WITH 2
RATIVE TREES | SHRUBS FOR HABITAT | LOW BARSH :
(WATER DEPTH BETWEEN B~ and 1 8)

: 83 -
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Pond/Wetland System

The pondiwetiand syster combines a wet pond (see V&l Ponc Fact Shee:) and a shaljow marsh.
Stormwater runoff flows through the wet pond and into the shallow marsh, Like the extended detention
wetland, this design requires less surface area

? than the shallow marsh because much of the practice is
reiatively deep (i.e., six to eight feet) (see Figure 3).
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FILTER DIAPHRAGM

Pocket Wetland

This design is very similar to the Pocket Ponid (see <\ & Z172 San 2 <=2+, In this design, the bottom of the
welland intersacis the groundwater, which helps to maintain the psmanent poal. Some evidence suggests
that groundwater flows may reduce the overall effectiveness of stormwater management practices
{Schueler, 2000). This option may be used when there is not significant drainage area to maintain a
parmanent pool for the stormwater wetland (see Figure 4).
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Gravel-Based Wetlands

In this-design, runoff flows through a rock filter with.weatiand plants at the surface, Pollutants are removed
through bloioglcai activity on the surface of the rocks, as well as by poliutant uptake of the plants. This
praclice is fundamentally different from other wetland designs because, while most wetland designs behave
like Wei Fonds with differences in gradmg and landscaping, gravel:based wetlands are more similar io &
fiitering system. A proprietary version of the gravel-based wetland, StormTreal®, operates on a similar
principle (for more information see The StormTreat Systam: A New Technaology for Treaﬁng Stormwater
Runoff, Article 96 in The Practice of Watershed Protection).

Regional Variations
Cold Climates

Cold climates present many chailenges lo designers of wetlands. During the spring snowmel, a large
volurne of runoff ocours in a short time, which carries a relatively high pollutant load. In addition, cold winter
temperatures cause freezing of the shallow pool as well as freezing up inlet and ouwliet structures. Finally,
high salt concentrations are spread by road salting which can impact wetland vegetation. Also sediment
loads from road sanding can be high, and cause premature loss of treatment capacity.

A key problern with stormwaler wetlands (particularly shallow marshes); Is that the practice has very shallow
water depths. Therefore, much of the volume in the wetland can be lost when the surface ices cver. One
7 Study found that the performance of a wetland system was moderately diminished during the spring
7 snowmelt because the outlet and surface of the wetland had frozen. Sediment and poliutants in snowmett
and rainfall events "skated” over the surface of the wetland, depositing at the outlet of the wetland. Ywhen
the ice melted, this sediment was washed away by storm events (Oberts, 2000) (for more information see
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Performance of Stormwater Pends and Wetlands in Winter, ~nicle 71 and Pollutant Removal Dyniamics of
Three Canadian Wet Ponds, &omcie T3in The Z-z7nge of Watershed Protection), Several design features

can help minimize this problem, including:

« Design wetlands "on-line,” so that flow continuously moves through the system. This ¢an help

prevent outlets from freezing.
+ Design wellands with multiple cells, and a berm or weir separating each cell, This modification helps

{o retain storage for treatment above the ies layer during the winter season.
» Use outlels that are resistant 1o freezing. Some examples include weirs, ar pipes with large

diameters.
The salt and sand used to remove ice from roads and parking lots may-aiso create a problem for wetlands
in cold climates. When wetlands receive highway runoff, or parking lots, salt tolerant wetland plant species,
such as Pickerelweed or Cord Grass should be used. (Contact a local nursery or extension agency for more

information in your region). In addition, designers should consider increasing the size of the sediment
forebay to capture the increased sediment load from road sanding. )

Karst Topography

- In karst (i.e., limestone) topography, the bottam of wetlands should incorporate an impermeable linarto
prevent groundwater contamination or sinkhole formation, and to help maintain the shallow pool.

Limitations

Some limitations of stormwater wetlands Include:

« Wetlands consume a relatively large amount of space, making them an impraciical option on many
sites where surface land area is constrained or land prices are high.
» Although design features can minimize the poiential of wetlands to became a breeding area for

mosquitoes (McLean, 2000}, there can bs public perception that wetlands are a mosquite source (for
more information see Mosquifos in Constructed Wetlands - A Management Bugaboo?, Arlicie 106 in

The Praciice of Watershed Protection),
» Wellands require careful design and planring to ensure that wetland plamts survive and flourish after

construction,
s Some evidence exists that stormwater wetlands can release some nutrients during the non-growing

Seasomn.
» Designers should ensure that wetlands are not built in natural wetlands or high quality forest.

Maintenance Considerations

Several regular maintenance and inspaction practices are needed for stormwater wetlands as outlined
below: '

Table 1. Regular Maintenance Activities for Wetlands
{Source: Adapted from WML, 1997 and CWP, 1938) .
[ Activity il Schedule
Replace wetiand vegetation to maintain at least 80% surface area Or}:f;rg:ne
lcoverage in welland plants after the second growing season. construction
. . . . Sermi-Annual
Inspect for invasive vegetation and remove where possibie. Inspection

. : 8 .
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&

Inspect for damage to the embankmesnt and inleyoutial structures,
Repair as necessary.
Note signs of hydrocarbon build-up, and deai with appropriately.

‘ Annual )
fMonitor for sediment accurnulation in the faciiity and forebay. inspection
Examine lo ensure that infet and outlet devices are free of debris
@and operational.
iRepair undercut or eroded areas. As Needed

Maintenance
IClean and remove debris farm iniet and outlel Structures Frequent (3-4
' ' times/year)
Mow side slopes, : Maintenance
Supplement wetland plants if a significant portion have not . Annual

lestablished (at Jeast 50% of the surface area). Maintenancs|

Harvest wetland plants that have been "choked out by sediment (if needed) n

fibuild-up.
' . : 510 7 year
Removal of sediment form the forebay. T Malntenance

onitor sediment accurmulations, and remove sediment when the
ool volume has become reduced significantly, plants are "choked”
ith sediment, or the wetland becomes eutrophic,

20 to 50 yea
lMaintenance

Effectiveness

 Stormwater treatment practices can be used to achieve four broad resource protection gbais. These include:

Flood Conirol, Channel Protection, Groundwater Recharge, and Pollutant Removal (see the Manual puimer
Category for more information). Wetiands, howevyer can only meet flood control and channel protection, and
poliutant removal goals.

Flood Conirol
One objective of stormwater treatment practices can be to reduce the flood hazard associated with large

storm events by reducing the peak flow associated with these storms. Wetlands can easily be designed for
fiood controf, by providing fiood storage above the level of the wetland surface,

Channel Protection

One result of urbanization is the channel erosion caused by increased stormwater runoff. When used for
channel protection, wetlands have traditionally been designed o control the hva-year storm. 1§ appears that
this design storm has not been effective in preventing channel erosion, and recent research suggests'that
control of a smaller storm may be more appropriate (MacRae, 1996). Choosing a smailer design stormn
(one-year) and providing longer detention time (12 to 24 hours) are thought to be the best methods to
reduce channel erosion.

Groundwater Recharge

Wetlands usually cannot provide groundwater recharge. The build-up of sediment and prganic matter debxis
al the bottom of the wetland prevents the downward movement of water into the subsoil,

Pollutant Removal

Wetlands are among the most effective practices for removing stormwater pollutants. Over thirty-five
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research studies have estimated the effecliveness of wetlands. Wetlands have high poliutant removal rates,
and are more effeciive than any other pracice al removing nitrate and bagteria. Table 2 provides poliutant
removal data derived from the CWP's National Poflutant Removal Database for Stormwater Treatment
Pradices: '

! Table 2. Typical Pollutant Removal Rates of Wetlands {%) (Winer, 2000)
. Stormwater Treatment Practice Design Variation
Pollutant ; Pand/Wetland Submerged Gravel
Shatlow Marsh| ED Wetland’ Sysiemn W;gtllan e
7SS [ 83x51 | 89 I 71£35 It 83
TP [ 43140 L 39 56135 64
[ TN i 26449 56 19129 18
{ NOx I 73449 35 I 40168 I . B
i Metals i 36-85 (-80) - 63 0-57 Il .21 - 83
Bacteria I 781 NA NA f 78
[1:0ata basad on fewer than five dsta polnts . .

There is considerable variability in the effectiveness of wetlands, but i is believed that proper design and
maintenance may help to improve their performance. The siiing and design criteria presented in this sheet
reflect the best current information and experience to improve the performance of wetlands.

Cost Considerations

Wetlands are a relatively inexpensive stormwater practice. Gonstruction cost data for wetlands are rare, but
one simplifying assumption Is that they are typically about 25% more expensive than stormwater ponds of
an equivalent volume. Using this assumption, an equation developed by Brown and Schueler (1897) 1o
estimate the cost of Wet Ponds can be modified to estimate the cost of stormwater wetlands using the
equation:

C = 30.6V07%5

Where:

¢ = Construction, Design and Permitting Cost

V = Wetland Volume needed to control the 10-year storm (cubic feat)
Using this eguation, typicel copstruction costs are:

$ 57,100 for a 1 acre-foot facility

$ 289,000 for a 10 acre-foot faciiity

% 1,470,000 for a 100 acre<foot facility

Wetlands consume about 3% to 5% of the land that drains to them, which is relatively high compared with
other stormwater management practices. In areas where land value is high, this may make wetlands an

infeasible option. .

For wetlands, the annual cost of routine maintenance is typically estimated at about 3% to 5% of the
construction cost. Allematively, a community can estimale the cost of the mainienance activities 0ut}|‘ne_:q in
the maintenance section. Wetlands are long-fived facilities (typically longer than 20 years). Thus, the initial
investment into these systerns may be spread over a relatively long time period.

White no studies are available on wetlands in particular, there is some evidence 1o suggest that wet ponds
may provide an economic benefit by increasing property values. The results of one study suggests that
"pond frontage” property can increase the selling price of new properties by about 10% (US EPA, 1993).
Another study reported that the perceived value (i.e., the value estimated by residents gf = communrty)‘ of -
homes was increased by about 15 to 25% when located near a wet pond (Emmerding-Dinovo, 1995). iLis
anticipaled that well-designed wetlands, which incorporate additional aesthetic features, would have the
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Stormwater Management Fact Sheet: wet Pond

Description

Wel ponds (a.k.a. stormwater ponds, retention ponds, wet extended detention ponds) are constructed
r throughout the year (or at least throughout the wet season).

basins that have a pemmanent pool of wate

Ponds treat incoming stormwater runoff by settfing and algal uptake. The primary removal mechanism Is

settling while stormwater runoff resides in the pool. Nutrient uptake also occurs through biological activity in

the pond. Wet ponds are arnong the most cost-effective and widely used stormwater treatment practices.
the wet porid design, the most common modification is the

While there are several different versions of
extended detention wet pond, where storage is provided above the permanent pool in order to detain

stormwater runoff in order io provide greater settling.

Applicability

Wet ponds are a widely applicable stormwater treatment practice. Whille they may not always be feasible in
ultra-urban areas or arid climates, they otherwise have few restrictions on their use.

Regional Applicabilily

Wet exiended detention ponds can be applied in most regions of the United States, with the exception of
arid climates. Inarid regions, 1t Is difficult to justify the supplemental water needed to maintain a penmmanent
pool because of the scarcity of water. Even in semi-anid Ausiin, TX one study found that 2.6 acre-feet per.
year of supplemental water were needed to maintain a permanent pool of only 0.28 acre-feet (Saunders and
Gilroy, 1987). Other modifications and design variations are needed in seri-arid and cold climates, and
karst (1.e., limestone) topography (for more information see Stormwalter Strategies for Arid and Semiarid
Wafersheds ; Article 66 in the Practice of Watershed Protection and Performance of Stormwater Ponds in
Central Texas, Ariicle 74 in the Pracfics of Watershed Protection). '

Ulfra Urban Areas <
Ulira urban areas are densely developed urban areas in which little pervious surface exists, 1t is difficult to
d area may not be available for the pond. Wet ponds

use wet ponds in ultra urban areas because enough lan :
can, however, be used in an ultra-urban environment if a relatively large area Js available downstream of

the siie.

Stormwater Hotspols
Stormwater hotspots are land use or activities that generate highly contaminated runoff that has pollutant
d in stormwater, A typical example is a gas station or

cuncentrations thatl exceed those typically foun
convenience store, Wet ponds can accept runoff from stormwater hotspots, but need significant separation

from groundwater if they are used to treat hotspot runoff.

Stormwater Reifrofit ‘
A stormwater retrofil is a stormwater treatment practice (usually structural) put into place after development

has occurred, to improve water quality, protect downstream channels, reduce fiooding, or meet other
watershed restoration objectives. Wet ponds are widely used for stormwaler retrofits, and have two primary
applications as a retrofit design. In many communities, dry detention ponds have been designed for flood
control in the past. It is possible to modify these facilities to develop a permanent wet pool to provide water
guality treatment (see "Treatment” under Design Considerations), and modify the outlet struciure to provide
channe! protection. Alternatively, new wet ponds may be instalied in streams, or in open areas as a part of a

comprehensive watershed retrofit inveniory.

i Cold Water (Trouf) Streams
' Wet ponds pose a risk to cold water streams because of their potential to wamm streams. When water

remains in the permanent pool, it is heated by the sun. A study in Prince Gaorges County, MD found that
wet ponds increased temperatures by about 9 F from the inlet to the autlet (Galli, 1990).
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Siting and Design Considerations

SHing Considerations
Designers need to ensure wet ponds are feasible for the site in question. The following section provides

basic guidelinas for locating wet ponds.

Drainage Area

e area to maintain a permanent pool. In humid regions, a drainage area

Wet ponds need sufficient drainag
lly needed, but greater drainage areas are needed in arid and semi-arid

of about hwenty-five acres is typica
regions,

Slope

e used on sites with an upstream slope up to about 15%. The local slope within the pond
e there is no minimum stope requirernent, there must be snough

Wet ponds can b
water can flow through the system by

should be relatively shallow, however. Whil
elevation drop from the pond inlet to the pond outlet 10 enstire that

gravity. :

Soils Tapearaphy

Wet ponds can be used in almost all sols and geology, with minor design adjustmenits for regions of karst
topography (see Design Considerations). '

Groundwatér

ds can often intersect the groundwater table. However, some
research suggests that poliutant removal is moderately reduced when groundwater contribu_teg&ubslanti‘a!}y
to the paol volume (Schueler, 1997} (for more information, see Jnfivence of Groundwater on Performance of

Stormwater Ponds in Florida, ariicle 78 in The Pradtice of Watershed Proteciion.

Unless they recejve hotspot runoff, pon

Dssign Considerations

There are same design features that should be incorporated Into ali wet pond designs (see Figure 1). These
design features can be divided into five basic categories: pretreatment, freatment, conveyance,
malnfenance reduction, and landscaping (for more information, see the Manual Builder Category).

Pretreatment

Pretreatment features are designed to settle out coarse sediment particles before they reach the main pool.
By frapping these sediments in the forebay, itis possible to greatly reduce the maintenance burden of the
pond. A sediment ferebay is a small pool (typicatly about 10% of the volume of the permanent pool) located
near the pond inlét. Coarse sediments are trapped in the forebay, and these sediments are removed from

the smalier pool on & five to seven year cycle.

Treatment

Treatment design features help enhance the abllity of a stormwater treatment practice to remove polivtants.
Several festures can enhance the ability of wet ponds o remove pollutants from stormwater runoff. The
purpose of most of these features is to increase the amount of time that slonn\vater remains in the pond.

nt removal is to increase the volume of the permanent pool. ™
the water quality volume (i.e., the volume of water treated for

poliutant removal). Designers may consider using a larger volume to meet specific watershed objectives,
such as phosphorous removal. Regardless of the pool size, designers need to conduct & water balance
analysis to ensure that sufficient inflow is available to sustain a permanent pool.

http:/fwww .stonnwatercenter.net/Assoﬂed%ZOFact%ZélsSheetsz ool6_Stor../Wet%20Pond. it 3/11/02
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Other design features can increase the amount of time stormwater remains in the pond, and help fo
be designed with a length to width ratio of al least 1 5.

eliminate short circuiting. Wet ponds should always

In addition, the design should incorporate features to lengthen the flow path through the pond, such as

underwater berms designed to ¢reate a longer flow path through the pornd. Gombining these two measures
t stormwater. Another feature that can improve

helps ensure that the entire pond volume is used {o trea
treatment Is to use multiple ponds in series as part of g "treatment train” approach 10 pollutant removal. This

redundant treatment can also help slow the rate of flow through the system.

Conveyance

Stormwater should be conveyed to and from alf wet ponds safely and to minimize downstream erosion
potential. The outfall of pond systems shotild always be stabllized to prevent scour. In addition, an
emergency spillway should be provided to safely conyey large flood everits. In order to prevent warming at
the outlet channel, designers should provide shade around the channel at the pond outist.

aintenance Reductio

Several design features can be incorporated to ease the maintenance burden of wet ponds. Maintenance
reduction features include techniques to reduce the amount of maintenance needed, as well as techniques

1o make regu!ar maintenance activities easier,

One maintenance concem {n wet ponds Is potential clogging of the pond outiet. Ponds should be designed
with a non-clogging outlet such as a reverse-slope pipe, or a weir ottlet with a trash mck. A reverse slope
pipe draws:from:bglaw:the permanent'poolextending.ina teverse'angle up-io the riserand establishesthe
water elevation ofthe permanent pook: Because these oullets drawwater frombelowhe level of the

d by flaating debris. Anbther general rule is that:no-low flow-

peimanent poal, they are-less:likely«o be.clagge.
oriflce should be less.than 3° ir‘a_- diameter:{smaller orifices.are more susceptible to clogging).

.+

Direct access.lsneeded:to .al?ﬁ%&zaintenance:pt&}othdhefforebaysandriha }nain-paol of ponds: In addition,.
ponds should generally have:a-drain to draw down e pond or forebayto -ehable periodic sediment clean -

outs. .
Landscaping

Landscaping of wet ponds can make them an asset o a cnmmunit&, and can also enhance the poliutant
removal. A vegetated buffer shouid be created around the pond to protect the banks from erosion, and
ff enters the pond by overland flow. In addition, ponds should

provide some poliutant removal before runo ‘ _ :
incorporate an agquatic bench (a shallow shelf with welland plants) around the edge of the pond. This feature

provides some poliutant uptake, and also helps to stabilize the soil at the edyge of the pond and enhance
habital and aesthetic value, '

Design Variations

There are severat variations of the wet pand design. Some of these design alternatives are intended ta
make the practice adaptable to various sites and io account for regional constraints and opportunities. -

Vet Extended Detention Pond

The Wet Extended Detention Pond combines the treatment concepts of the dry extended detention pond
{for more Information see Dry Extended Detentign Pengd Fact Sheel) and the wet pond (see Figure 2). In this
design, the water quality volurne is spiit between the permanent pool and detention storage pravided above
the permanent pool. During storm events, water is detained above the permanent pool and released over 12
to 48 hours. This design has similar pollutant removal to a iraditional wet pond, and consumes less space.
Wet Extended Detention Ponds shouid be designed to maintain at least half the treatment volume in the
perraanent pool. In addition, designers need to carsfully select vegetation planted in the exiended detention

zone to ensure that it can withstand both wet and dry periods.
http://wrww. stormwatercenter. net/Assorted % 20F act%g,gSheetsz ool6_Stor.. /Wet%20Pond.ht  3/11/02
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Pocket Pond

drains a smaller area than a traditional wet pond, and the permanent pool is

roundwater. While this design variation achieves less poliutant removal
lternative on sites where space is at 8 pretriium, of in

In this design variation, a pond
maintained by intercepting the g
than a traditional wet pond, i may be an acceptable a

a retrofit sifuation.

Water Reuse Pond

Some designers have used wet ponds to act as & water sourcs, usually for irrigation. In this case, the water
balance should account for the water that will be taken from the pond. One study conducted in Florida
estimated that a water reuse pond could provide irrigation for a 100-acre golf course at about one seventh
the cost of the market rate of the equivalent amount of water ($40,000 versus $300,000).

Regional Adaptations

Semi-Ard Climates

In arid climates, wet ponds are nat a feasible option (see Application), but they may be possible in semi-arid
climates i the permanent pool is maintained with a supplernental water source, or if the pool is aliowed to
vary seasonally. This choice needs to be seriously evaluated, however. Saunders and Gliroy {1897)
reported that 2.6 acre-feet per year of supplemental water were needed to maintain a permanent pool of
only 0.29 acre-feet In Austin, X (for more information see Stormwater Strategles for Arid and Semierid
Watersheds, Ariicle 66 tn The Practice of Watsrshed Protection).

Cold Climates : S .

Cold climates present many challenges to designers of wet ponds. The spring snowmelt may have a high
pollutant foad, and large volume to be treated. In addition, cold winters may cause freezing ofthe ~

permanent pool or freezing at inlets and outlets. Also, high salt concentrations in runoff resulting from road
salting may impact pond vegeétation, and sediment loads from road sanding may quickly reduce pond

capacity.

One means of effectively dealing with spring snowmelt is to use a seasonally operated pond to capture
extra snowmelt ditring the spring, but retain a smalier permanent pocl during warmer Seasons. in this
option, proposed by Obars (1984), a wet pond has two water quality outiets, both equipped with gate
valves. In the summer, the lower outlet is closed. During the fall and throughout the winter, the lower outlet
is opened o draw down the pemnanent pool. As the spring melt bégins, the lower outlet is closed 1o provide
detention for the melt event. This method can actas a substitute to using 2 minimum extended detention
storage volime. When wetlands preservation is a downstream objective, seasonal manipulation of pond
levels may not be desired (for more information, see Performance of Storrmwater Ponds and Wetiands in
Winter, sricle 71 in The Practice of Watershed Protection). An analysis of the effecls on downstream
hydrology should be conducted before considering this option. in addition, the manipulation of this system
requires some labar and vigllance; a careful maintenance agreement should be confimmed.

Several other modifications help to improve the performance of ponds in cold climates. Desligners should
copsider planting the aquatic buffer with sali-tolerant vegetation if the pond recelves road runoff. In orderto
counteradct the effects of freezing on inlst and outlel structures, weirs and larger diameter pipes that are

resistant 1o frost can be used. Designing ponds on-lins, which create & continuous flow of waler through the
pond, also helps prevent freezing of outlet structures. Finally, since freezing of the permanent pool can

reduce the effectiveness of pond systems, it may be useful to incorporate extended detention Into the
design 1o retain usable treatment area above the permanent poot while it is frozen (for more information,
see Performance of Stormwater Ponds and Wetlands in Winter, ariicle 71 in The Pracfize 5f Warershed

Proteciion).

Karst Topogranhy
http Jwrwe.stormwatercenter. net/ Assorted%:20Fact%20Sheets/ T 0ol6_Stor../Wet%20Pond ht  3/11/02
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In karst (L.e., limestone) topography, wet ponds should be designed with an impermeable liner to prevent
groundwatef comtamination or sinkhole formation, and to help maintain the permanent pool.

Limitations
Limitations of wet ponds include:

When improperly located, wet pond construction may cause loss of natural wetlands or high quality

forest.
Although wet ponds consume a small amount of space relative to their drainage areas, they are often

inappropriate in dense urban areas because each pond is generally qulte large.
Use of ponds Is restricted In arid and semi-arld regions due to the need to supplement the permanent

pool.
in cold water streams, wet ponds are not a feasible due to the potential for stream wamming.

Wet ponds may cause some camrmunity concems regarding safety.

Maintenance Considerations
In addmon 16 incorporating features into the pond design 1o minimize maintenance, some regular
mamtenance and inspection practices are needed. The table below outlines these practices.

Table 1. Typical Maintenance Activities for Wet Ponds
{Source: WM, 1897) .
Activity i Schedule s
e ¢ Inspectfor darpage: ) .
. » Note-signs of h“ydrucarbon ‘buildstip;and-deal with+ -
appropriately. . : Annual
® Momtc:riorsedzment acoursilation. i the:facility.and forebay: 4. . Inspegt?o;n
» Examine to ensure that inlet:and outlet devices are free-of.
debris and opserationat’
s Repair undercut or eroded areas. - As Needed
] Maintenance
« Clean and remove debris form inlet and outlet structures.
s Mow side slopes  Monthly
’ Maintenance
"
» Removal of sediment form the forebay 510 7 year
Maintenance
» Monitor sediment accumulations, and remove sediment when
the pool volume has become reduced significantly, or the 20 to 50 year
pond becomes eutrophic, Maintenance

Effectiveness
Stormwater treatment practices can be used to achieve four broad resource protection goals. These include:
http://www.stonnwatercenter.net/Assorted%ZOFact%z{)ggeets/Too]G_Stor...[Wet%ZOPond.ht 3/11/02
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arge, and Pollutart Removal {for more information,

Flood Coritrol, Channel Protection, Groundwater Rech
rol channg) protection, and

see the Manual Builder Category.) Wet ponds can generally provide flood cont
polivtant removal funciions.

Flood Comtrol

One objective of stormwater treatment practices is to reduce the flood hazard associated with large storm
events by reducing the peak flow associated with these storms. Wet ponds can gasily be designed for floud
control, by providing flood storage above the level of the permanent poal.

Channel Protection . )
One result of urbanization is channel erosion caused by-increased stormwater runoff. Traditionally wet
| of the two-year storm . It appears that this design storm has

ponds have been designed to provide contro
not been effective in preventing channel erosion, and recent research suggests that control of a smaller
storm may be more appropriate (MacRae, 1996). Choosing a smalier design storm {one-year) and providing

longer detention time (12 to 24 hours) Is now thought to be the best method to reduce channel erosion.

Groundwater Recharge ‘
Wet ponds generally cannot provide groundwater recharge, as infittration is impeded by the accumulation of

organic debris on the bottom of the pond.

Pollutant Removal

Wet ponds are among the most sffective stormwater ireatment practices at removing stormwater pollutants.
A wide range of research is available to estimate the sffectiveness of wet ponds. Table 2 provides pollutant

removal estimates derived from CWP's Natlonal Pollutant Removal Performance Database for Stormwatgr

Treatmeni Practices:

" Table 2. Pollutant Removal Efficiency of Stormwater Wet Ponds
{WI_H?T,‘ 2000)

Pollutant il Removal Efficiency (%)

7SS 8027
‘ . IP . 51221
[ TN . 35:20
' NOx [ 43138
Metals 29-73
70£32

Yoo
L
T

X
=2

-
:

Bacleria
[ & vahies represent one standard deviation

There Is considetable variability in the effectiveness of wet ponds, and it is believed that properly designing
and maintaining ponds may help to improve their performance. The jocational and design criteria presented

in this sheet reflect the best current information and experience to improve the performance of wet ponds. A
recent joint project batween the American Society of Givil Engineers (ASCE) and the Lz EPA Office of

Water may help to isolate specific design features ihat can improve parfomrancs. The National
ilation of stormwater practices which

Stormwater Best Management Practice {BMP) database Is a comp
includes both design information and performance data for various practices. As the database expands,
inferencas sbout the extent to which specific design criteria infiuence poilutant removal may be made. For

more information on this database, access the ASCE web page at hitp//www . asce.org.

Cost Considerations

Wet ponds are relatively inexpensive stormwater practices. The construction costs associated with these
facliities range considerably. A recent study (Brown and Schueler, 1997) estimated the cost of @ variety of
stormwater management practices. The study resuited in the following cost equation, adjusting for inflation:

http://www.stormwatercenter.net/Assorted%20F act? c?gOQSheets[Ioow__Stor.. JWet%20Pond.ht  3/11/02
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C = 24 5V0703

Where:

C = Canstruction, Design and Permitting Cost

V = Volume in the Pond to Include the 10-Year Storm (cubic feet)
Using this equation, a typical construction costs are:

$ 45,700 for a 1 acre-foot faciiity

$ 232,000 for & 10 acre-foot facility

$ 1,170,000 for a 100 acre-foot facility

Ponds do not consumé a lame area (ypically 2-3% of the contributing drainage area). Therefore, the land
waver, that these facilities are

consumed to design the pond will not be very large. 1t is important to note, ho
generally large. Other practices, such as filters or swales, may be *squeezed" into relatively unuéable land,

but ponds need a relatively large continuous area,

For ponds, the annual cost of routine maintenance is typically estimated at about 3 o 5% of the construction
cost. Alternatively; a community can estimate the cost of the maintenance activities outlined in the
maintenance section. Ponds are Jong-lived facilities (fypically longer than 20 years). Thus, the initial
investment Into ponds systems may be spread over a rélatively long time period. .

benefits;of wet;ponds, there:is same evidence:to. suggest thatihey
property walues iThesresults of one study suggest that™"pond
front". proparty ‘canincrease the:seliing: price;ofnew-properies.by about: 0% (WS .EPA,.1885). Another- .
study:reportedithat-the perceived valuei (i.es the value estimated-by:residents:of & comraunity)-of-homes:
was increased<by abouwt 15 'to‘2_5%=.whaﬂ.locaiad'near.“a'watfpondr{EmmedingéDinovq; 1985): .

I addition to-water resource-protection:
may provide.an econamicbenefit:by:increasing'
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ConsTRUZTES TRZATMEN™ WET N2

PERMANENT

NAME: Constructed Treatment Wetland
COMPANION BMPS:
DEFINITION: Constructed treatment wetlands are DRY POND
artificial shallow water-filled basins that have been planted FILTER STRIP
with emergent plant vegetation. Constructed treatmnent CRITICAL AREA
wetlands are designed to achieve specific stormwater water- PLANTING
quality objectives before the water is discharged. GRASSSWALE
OUTLET STABILIZATION

PURPOSE: Constructed treatment wetlands can be STRUCTURE
an efficient method for removing a wide variety of pollutants, ALTERNATIVE BMPS:

WET POND

such as suspended solids, nutrients (nitrogen and phosphorus),

heavy metals, toxic organic pollutants, and petroleum compounds. RIPARIAN FORESTED
Wetlands also are an effective means of reducing peak runoff rates ~ BUFFER

and stabilizing flow to adjacent natural wetlands and streamns. BIORETENTION

L] L
Source: CH2M HILL

APPLICATION: Constructed treatment wetlands require an area sufficiently large for
impounding stormwater in shallow basins. In sloping terrain, wetland cells can be arranged in series
on terraces. Treatment wetlands can be completely artificial. Alternatively, for limited applications,
existing natural wetlands can be used to accept prétreated runoff from watersheds that are adversely
affected by urbanization or agricultural land use. Constructed wetlands are appropriately located at

the lower parts of sites.
RECOMMENDED DESIGN CRITERIA:

Requirements for Regulatory Compliance

Stormwater wetlands that are constructed entirely outside of the Waters of the United States (33 CFR
Part 328), and are explicitly designed for stormwater management, are not subject to the provisions
of Sections 401 and 404 of the Clean Water Act. However, when the stormwater wetlands are

abandoned, they may be regulated as wetlands.

NOVEMBER 14, 1997
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STALCTURZD BMPs

Existing wetlands may be used as part of a stormwater management system if the wetland can be 7
considered an “urban or degraded nontidal wetland” and no feasible alternatives exist (U.5. Army '
Corps of Engineers (USCOE), 1997). When the specific conditions established by USEPA are

satisfied, construction in an existing wetland for creating or enhancing stormwater management
functons is permitted under the Clean Water Act, Section 404(b)(1). In addition, the provisions of

25 Penmsylvania Chapter 105 must be considered before initiating any projéct that will influence

existing wetlands.

Wetlands that 1) will have a contributing drainage area exceeding 100 acres, 2} will have
embankments higher than 15 feet, measured from the downstream toe, or 3) will impound meore
than 50 acre-feet of runoff during the high-water condition, may be regulated as dams PADEF. The
designer should consult 25 Pennsylvania Chapter 105 to determine which provisions may apply to a

specific project.
Performance-Based Guidelines

Pretreatment Requirements

Most raw stormwater must be pretreated to maximize the treatmenit effectiveness and ancillary
wildlife benefits of treatment wetlands. In particilar, highly variable water levels and high
hydralﬂic-léadmg.rates (HI.Rs) are not conducive to wetland plant survival and treatment efficiency.,
In many instances, stormwater flows should be attenuated and equalized in a preliminary DRY
POND; or forebay, to optimize pollutant assimildtion'in the wetland. Pretreatment in stormwater
pond systems or conveyance facilities such as grass swales also may be important for reducing high
sediment.and pollutant loads before they are discharged to the treatment wetland. Approaches for
tplementing prétreatment are presented in the BMP descriptions for WET POND and GRASS E

| LWALE.

Area Requirements

The design of constructed treatment wetlands requires knowledge of pollutant influent
concentrations, base flow and stormwater flow raté characteristics, and effluent goals. Constructed
treatment wetlands typically are designed to achieve a specific HLR, computed as the design inflow
rate divided by the surface area of the wetland. For stormwater wetlands, the water quality design

storm should be used as the basis for computing the design inflow rate (see Section 5.3 of the
Handbook). A conservative approach is to use the time-weighted average of the highest inflow

rates occurring during a 1-hour time period.

The North American Wetland Treatment System Database (USEPA, 1993) and other similar data, are
a basis for designing most wetland treatment systems. Kadlec and Knight (1996) have developed
area-based, first-order wetland design models to predict treatment area requirements. FILRs
computed using this method will vary widely, because of site-specific differences in runoff quality,
discharge requirements, seasonal Jow temperatures, and stormwater flow characteristics.

-

¥

Depth Reguirements

The water balance for the facility, including infiltration, percolation and evapotranspiration losses
must be calculated to determine the expected range of pool levéls. Wetland plants are dependent
upon saturated soil conditions for varying time periods. The plants typically incorporated in
constructed wetlands will require some standing water in deep zones during all but the driest
periods. Shallow water zones can be dry at the surface for longer periods, but not exceeding

{
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CONSTRUCTED TREATMENT WZT_AND

1 month. The permeability of the wetland base may need to be reduced by introducing a clay layer |
to maintain the required hydroperiod for wetland plant communities.

The wetland vegetation depends greatly on water depth. Shallow areas, typically 1 foot in depth,
enable emergent plant vegetation to grow, whereas submerged plants'prefer deeper water. Large
unvegetated oper-water areas near the wetland outlet should be avoided so the potential planktonic
algae growing is reduced. As a “rule-of-thumb,” the shallow water zone should comprise at least 80

percent of the total wetland area.

In addition to the treatment objectives, consideration must be given to the ability of the vegetation to
accommodate the range of inundation depths anticipated in the wetland. Some wetland systems
have failed because of transient hydraulic problems. To prevent the disruption of the wetland plant
communities and to improve the pollutant-removal efficiency, wetlands may be constructed in
combination with stormwater detention facilities. In this way, the peak flow rate to the wetlands

during rainfall events can be reduced and flows equalized. .
As an alternative, so-called extended detention wetlands can be designed by providing adequate

wetland area and embankrrient freeboard to impound the design storm. If the base elevation of the
supplemen’cal detention area is approxma{ely equal to the normal pool elevation, 2 new growth

" zone is created in which watet is ephemerally ponded ad;acent to the margins of the permanent

pool.
Inlet Manifold Pipe Gontainment
= Shallow Marsh OQutlet Berm \
T ' lé" § ' Deep o A Dy
‘;’;’.p Y \AL\A\A\ i \AAA Zone 'll ; Y
= ° Emergant L e
mergen

From Detention Basin \ Vegetgahon Ski \ Outiet Pipe
QOutlst ar Wetland immer, ‘Sliding Weir
Forebay Deep-Water Zone Plate '

Figure 1. Schematic eross section of constructed treatment wetland.

Hydraulic Requirements

Storinwater wetlands are likely to have periods without inflow between storm events. However, a
regular supply of inflow water is preferred for the biological health of the system. Flow equalization
ponds upstream of treatment wetlands should be designed with outlet structures that detain flow
over the longest practical interval to help maintain a steady flow to the wetland. If the inflow of
water is not reliable, episodes of stagnant water will interfere with the treatment function of the
wetland and increase the likelihood of mosquitoes and nuisance odors. A method for manually
adjusting the normal water level should be provided. Being able to adjust the water level is
important for assisting plant growth in the early phases of development and for optimizing
performance in response to seasonal variations in inflow rate. The outlet design must be resxstant to
fouling by floating or submerged plant material and access1ble to operators.

Even distribution of flow is vital for achieving the treatment function of wetlands. Narrow, deep
water zones should be at the inlet and outiet to balance head conditions and evenly distribute flow.

MNOVEMBER 14, 1907
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to enhance flow distribution. Deep water zones, oriented

Inlets also may incorporate pipe manifoids to e
rnal berms, oriented parallel to flow, also can be used to

transverse to the direction of flow, and inte
minimize the potential for short-circuiting of flow.

Embankments must be designed to accormmaodate:

1. High water events associated with large rainfall events
2. Head loss through the systern under varying operating conditions

Centainment Berm

Inlet Deap-Water Zone

Medial Berm To Reduce Flow
Widih and tmprove Fiow
Distribution

intet Manifold Pipe

LR Lkt
&5 Lk
ki
LR X T

T3
aF
aF
Fﬁ 3 ;
¥ i**-} Z
SR N
¥y te? inlet Pipe
g S }from dry pond or
R Ty

Crass

Qultiat Céntrol
Structure .

Shallow Zones

Outllet Deep Zone

Transverse Deep-Water Zone To improve
Flow Distribution and Provide Habiltat

Habital 1sland

Figure'2. Conceptual layout of constructed ireatment weiland.

Head loss is an especially important consideration for stormwater treatment wetlands where a large
range in flow rates are encountered. Mathematical descriptions are often adaptations of open-
channel flow formulae. The formulae are discussed in detail in a number of texts (for example,
French, 1985) and empirical constants from treatment wetlands are available (Kadlec and Knight,
1996). The general approéch uses equations for mass,-energy, and momentura conservation coupled
with an equation for frictional resistance. Examples of the equations are in the “Specifications and
Methodology” section. All wetlands must have a high-level outlet to pass large runoffs from storm

events.
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Plant Reguirements

High poilutant—remox al effidencies are dependent on a dense cover of emergent plant vegetation.
Actual plant species do not appear to be as important as plant growth habit. ln partlcuiar, species
should be used that have high colonization and growth rates, can establish large surface areas that
continue through the winter  dormant season, have high potential for treating pollutants, and are
very robust in contmuously flooded environments. Noninvasive native species should be
emphasized. Examples include bulrush (Scirpus sp. ), arrowhead (Sagittaria latifolia), soft rush (Junus
effusus), and pickerelweed (Pontederin cordata). Other plant species can be incorporated in
constructed treatment wetlands to enhiance écosystem diversity and to create greater wildlife value.
A comprehensive list of wetland plant spec:xes adapted for, mcorpora’aori in constructed treatment

wetlands is provided in Appendix . .
OPERATION AND MAINTENAN CE‘ ’I'he desxgner should understand the biological

requirements of the plants and manage water levels to provide for their needs. Optimum conditions
are not always required. The plants” environment is most critical during seed germination and early

establishment of plants.

Wetland plants can be drowned by excessive water depth, Usually, initial growth is best with
transplanted plants in wet, but well-aerated soil. Leaving the majority of the growing plants
exposed; and occasionally inundating, will enable the plants to obtain oxygen and grow fastest. On

the other hand, frequent soil satiration.is important for wetland plant survival

Plant cover needs.to be assessed. penodmaliy and documented. Dramatic shifts can occur as plant
succession proceeds. The'plahtcomraunity reflects mandgement and-can indicate improvement or
problems For example, submesgentaguaticiplants-suchasipondweed.(Potamogeton pectinatos)
require that light penetrate intorthe-water-cobummn: The. disappearance of these plants indicates
problems with water danty

Dikes, embankments, and.hydraulic contzol structures should be inspected regularly and.
immediately afterany unusual flow-event. Wetlands alse should be checked: after perieds of rapid
ice break-up. Any damage, erosion, or blockage should be corrected as soon as possible.

Unlike wet or dry stormwater ponds, sediment is-rarely removed from constructed treatment
wetlands. Sediment removal disturbs stable vegetation.cover ard disrupts flow paths through the
wetland. The embankment height of constructed treatment wetlands should be designed to
accornmodate the gradual accumulation of sediment over the lifetime of the facility. Likewise,
outlets should be designed to compensate for sediment accurnulation by allowing the normal pool

elevation to be adjusted to higher levels.
CONSIDERATIONS: AsFigure 3 shows, wetlands are effective sedimentation devices and

.provide conditions that facilitate the chemical and biological processes that cleanse water. Pollutants
are taken up and transformed by plants and microbes, buried in seditnent, or réleased in the

wetland’s discharge.

in

NovEeMBER 14, 1897
04WILD.DOC

106




STRuCTURED BMPS CONSTRUCTED TREATMENT WETLANG

Transformation

and
Emergent Volatilization

Plants \ (€, N}

Figure 3. Wetland ricrobes, plants, and soil transform and take up pollutants in the wastewater.

Plants improve water quality by slowing water flow, settling solids, taking up wastewater ™’
pollutants, and supplying reduced carbon and attachment area for microbes (bacteria and fungi). Of

these functons, the most important are physical; dense stands of vegetation create the quiescent
andrbiclogical processes that cleanse water. Most

conditions that facilitate the physical, chemical,
the dead plant material requires months to yearsio,_ .

herbaceous wetland plants die annually. Because | o
decompose, a dense layer of plant litter accumulates. Like the living vegetation, the litter creates a,,

substrate that supports bacterial growth and physically traps solids.
anic compoundszélégdrﬁﬁcaﬁoﬁ A .
on of,am:r}oniaf" to mitrite and

e : 's;:_\..n_ﬁ

tr

e N

'

-

The most important microbial processes are decomposition of org
{conversion of organic nitrogeh to ainrnonia), nitrification {conversi
nitrate), and denitrification (release of nitrogen to the atrnosphere),
. £ e
: roots, and sediment in the wetland can convert significant
quantities of nitrate directly to nitrogen gas. Large amounts of nitrogen and phosphorus also can ber
incorporated in new soil and in-the extra biomass of the wetland vegetation. For these reasons,
maintaining the health of the vegetative community is critical.
Long-term data from wetland treatment systems indicate that treatment performance for parameters
emand (BOD,), total suspended solids (TSS), and total nitrogen

such as 5-day biochemical oxygen.d
(TN) typically does not deteriorate with age. However, the dissolved oxygen (DO} conceritration in
wetland effluent may be below 1.0 thg/L. Higher DO concentrations can be achieved in effluent by

incorporating turbulent or cascading discharge zones.

the cost of constructed treatment wetlands included high land
costs, sloping topography, highly permeable soil, and low depth to bedrock. A liner may be required
in some constructed treatment wetlands to reduce percolation and cohserve water. Wetland topsoil
must be suitable for healthy plant growth. Where the existing site soil is unsuitable for growth (such
as clayey or rocky soil), it is beneficial to apply a rooting zone of about 12 inches of loamy or sandy

. soil. Embarikments must be designed with adequate freeboard to accommodate the accretion of

sediment over the design life of the facility.

Microorganisms, adheriflg to vegetation,

Site conditions that may increase
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CONSTRUCTED TREATMENT WETLARG

REFERENCES:

Nursery Information and Referral Assistance
Pennsylvania Landscape Nurseryman’s Assodation, 1707 5. Cameron St., Harrisburg, Pa. 17104

[800-898-3411] _
Morris Arboretum, 9414 Meadowbrook Ave., Philadelphia, Pa. [215-247-5777]

Design Guides
Kadlec, R. H. and R. L. Knight. Treatment Wetlands. Boca Raton, Florida: Lewis Publishers. 1996.

USEPA, North American Treatment Wetland Database, Electronic database created by R. Knight, R.
Ruble, R. Kadlec, and S. Reed, 1993 (Copies available from USEFPA; 513-569-7630).

Wren, C.C., C.A. Bishop, D.L. Stewart, and G.C. Barrett. Wildlife and contaminants in constructed
- wetlands and stormwater ponds: current state of knowledge and protocols for monitoring contantinant levels
and effects in wildlife. Canadian Wildlife Service, Environmental Conservation Branch, Ontatio

. Region, Technical Report Series Nuniber 269. 1997.

~ Davis, Lulse. A Handbook of Constructed Wetlands, A Guiide to Creating Wetlands for Stormuwater in the

Mid-Atlantic Region (Vohune V). National Resources Conservation Service.and U.S. EPA~Region I,
in cooperation with Pennsylvania Departmertt 6f Environmental Resouzces, 1996.

Schueler, T. R. Design of Stormwater Wetland Systems. Metropolitan Washington Councilof
Governments, Anacasta“Restorahem Team,; Department of Environunental Programs. 1992, ,
!

US. Army Corps ofEngmeens Guidelines Jor Reconciling Stormwater Management and Natural
Resources Protection Issues., Federal-State Interagency Stormwater/ Wetlands Workgroup, USEPA-

Region HI. 1997,
Cooper, P: F. and Findlater, B. C. (eds.). Constructed Wetland in Water Pollution Control. Oxford.

1990.
Reed, S. C., E. J. Middlebrooks, and R. W. Crites. Natural Systems for Waste Management and
Treatment. New York: McGraw-Hill. 1988,

Water Pollution Control Federation. Natural Systems for Wastewater Treatment Manual of Practice.
FD-16. S. Reed (ed.). Washington, D.C. 270 pp. 1990.

Tchobanoglous, G. and F. L. Burton. Wastewater Engineering Trentment, Disposal, and Reuse. Third
Edition. New York: McGraw-Hill. 1991. ,

U.S. Environmental Protection Agency. Design Manual. Constructed Wetlands and Aquatic Plant
Systems for Municipal Wastewater Treatment. EPA /625/1-88/022. 1988. ‘

Hamumer, D. E. and R. H. Kadlec. Design Principles for Wetland Treatment Systems. U.S.
Environmental Protection Agency. Office of Research and Development. EPA-600/2-83-026. 1983.

French, R. H. Open-Channel Hydraulics. New York: McGraw-Hill. 1985,
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CONSTRUCTED TREATMENT WETLAHO

STRUCTURED BMPS
SPECIFICATIONS AND METHODOLOGY: N
First-Order, Area-Based Constructed Wetland Sizing Model
for Conceptual Design
(Based on Kadlec and Knight, 1996)
General Model:
J=k(C-C); where k = Kk 8™
. C- = C-m e:n-m)
where: ] = removal rate (g/m’/y7)
k = first-order, area-based rate constant (ma/yr)
k, = rate constantat20°C (m/y1)
C = pollutant concentration fmg/L)
C* = irreducible background concentration (mg/ L)
c*, = irreducible background concentration at 20°C {mg/L)
T = temperatu:e,' °C .
g = temperature coefficient for background concentration
6, = temperature coefficient for rate constant

Wetland Area {based on modified plug-flow hydraulics):

A=Q/HLR= 9 In CZ—C: , .-?.-;3»:13';_:
k G-C -
where: HLR = hydraulic loading rate (m/yz) B
A = wetland area at normal pool elevation {m?), excluding habitat islands
Q = design inflow rate (m’/yr)
¢, = inflow concentration (mg/L)
¢, = outflow conceniration (mg/L)
Model Parameter Values (at 20°C):
BOD TSS NH-N  NO4NON TN TP
k,, m/yr 35 1,000 18 35 2 12
8, 1.00 1.00 1.04 1.09 1.05 1.00
C,, mg/L 6 5.1+0.16C, 0.0 0.0 15 0.02
B, _ 1.065 _ _ _ 1.00
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CONSTAUCTED TREATMENT WETLAND STRUGTYURED BMPS

Outlet Design
The outlet for the wetland should be designed to achieve two objectives:

1. Enable adjusting the normal operating level of the wetland manually

2. Detain stormwater

Wetlands should have both low-level and high-level outlets: High-level outlets such as weir boxes
or broaderested spillways should be sized to pass the 100-year 24-hour storm event (or larger
maximum design storm event). The low-level outlet should be readily adjustable to change the
normal pool elevahon In many instances, the wetland also will be designed to achieve a spemﬁc
runoff peak attenuation. Flow routing using the methods described in the WET POND BMP should
be used for the design. If forebays or detention ponds are used for equalizing flow, a multipond

routing approach will be required.
- 'The outlet device in Figure 4 incorporates the following design features:

High-level weir box overflow

o
¢ Mid-depth opening to exclude floating plant material or bottom debris
»  Adjustable V-notch weir
» Easy accessibility for inspection and maintenance
Top of .
Hard Embaniment /-‘Qailfng (ggﬂd
: mE .. Grate
Railing ‘ .
( \ ( _ . Over_ﬂowW.LW N : (/T »
0 o : . ‘
o— . i Deasigri W.L. ' = L ; i {
[ | 1 . ' \ o
. ; | r Boltom.of AR T
N h . ,.
ﬁ Shallows Mersh . o/ ~~ Swtionary
Stidin Statien %ﬂt? Base Plate
Weir Plate o Fiats alr Plate
Section

Top Elavation

Figure 4. Désign of typical outlet control structure.

Infiltration Design and Water Balance

The rate of infiltration through the base of the wetland can be estimated by using Darcy’s law. For
most wetlands, the rate of infiltration is relatively constant. Wetlands act as storage reservoirs,
retaining water during precipitatién events and releasing it slowly as outlet flow and infiltration.
During summer months when evapotranspiration losses are large, pool levels commonly drop
episodically below the design operating level and outflow ceases. However, water infiltrated in the
wetland will continue to replemsh the water table and will help stabilize base flow to adjacent

drainages.
Ideally, wetlands should not completely dewater under conditions of normal precipitation. To
identify potential problems, a monthly water balance should be constructed for the wetland. The

pool level at the end of each month can be estimated as follows:
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COMSTRUCTED TREATMENT WETLAND

STRUCTURED BMPS
PL = PLO + [BE + (PR x AW} + (PRx AD x RO} - (ET x AW} {Ix AYl/A .
Where: PL = Pool depth at the end of month (feet) :
PLO = Pool depth from the previous month (feet)
BE = Total monthly flow into the wetland (acre-feet)
PR = Total monthly precipitation (feet)
AW = Area of wetland (acres)
AD = Area of tributary drainage (acres)
RO = Runoff coefficient
ET = Monthly potential evapotranspiration (feet)
A = Area inundated at depth PLO (acres)
I =  Monthly infiliration (feet) '
If PL is greater than the normal pool depth established at the outlet, then outflow will occur during
that month. The quantity is not important. In months with a net outflow, the beginning pool depth

for the next month will equal the normal pool depth.

estimating potential evapotranspiration are available from many sources,

Tables or equations for
wetland evapotranspiration

including Kadlec and Knight (1996). However, for a conceptual design,
can be estimated as 80 percent of the pan evaporation rate.

o most wetlands, fhe area that is inundated varies with depth. The normal operating pool depth-
also may be adjusted seasonally to accommodate changes in the water budget. These factors should

be accounted for in the calculation.
Tf the water balance predicts that the wetland will dewater, design modifications can be c@ngdergd#.
including: o ' ) f e

« Reducing the infiltration rate by adding a clay layer or synthetic liner
o Increasing the drainage area that is tributary to the wetland .

e Increasing the normal operating pool level S -
Limitations on increasing the normal pool level will be imposed by the need for shallow water B
habitat to support emergent plant vegetation.

Short periods during which the wetland becox;r'xes dry may be tolerated in some instances. I—ioweve.r,
the selection of plants must be tailored to accommodate these adverse conditions and spedal
considerations will be required for the maintenance of the wetland during dry periods.
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VEGETATIVE BMPS

BIORETENTION
NAME: Bioretention PERMANENT :
DEFINTTION: Two general types of bioretention COMPANION BMES: |
facilities exist: off-line areas and on-line areas. Off-line CRAS3 SWALE i
bioretention areas consist of sand and soil mixtures FILTER STRIP |
planted with native plants, which receive runoff from PER?’;LEA.GN;.—E[}:—}}-TVE ’
overland flow or from a diversion structureina | STABILIZATION Fy i
traditional drainage system. On-line bioretention areas ALTERNATIVE BMPS: 3 |
have the same composition as off-line areas, but are INFILTRATION TRENGH
located in grass swales ot other conveyance systems that have been AND DRY WELL
modified to enhance pollutant removal by quiescent settling and WET POND
biofiltration. S CONSTRUCTED

TREATMENT WETLAND

PURPOSE: Bioretention is an efficient method for removing a wide variety of pollutants, such
as suspended solids and nutrients. It can also be an effective means of reducing peak runoff rates
and recharging groundwater by infiltrating runoff. However, not all bioretention facilities will

necessarily be optimized for all of these functions.

N

GROUND COVER OR

MAX. PONDED :
MULCH LAYER . !

WATER DEPTH

ras gt

. (
LIMIT OF 4 M :
PAVEMENT 31 MAX
S {TYPICAL)
OPTIONAL GRAVEL BED

WITH DEWATERING PVC PIPES

[ :
1" MIN. SAND BED
(TYPICAL) 72

L———— BIORETENTION AREA ———J

IN-SITU MATERIAL ’W‘

{Adapted from Prince George’s County, 1993)

APPLICATIQN: Bioretention areas, consisting of sand and soil mixtures planted with native
plants, which filter urban runoff, can be used in residential and nonresidential developments.
Sources of runoff can be overland flow from impervious areas or discharge diverted from a drainage
pipe. Also, on-line bioretention facilities use check dams or other barriers to retain flow in grass

swales.

Bioretention facilities are most effective if they receive runoff as close as possible to the source. A site
designer needs to look for opportunities to incorporate bioretention facilities throughout the site and
minimize the use of inlets, pipes, and downstream controls. Prince George’s County, Maryland,
which Initially developed the bioretention concept, reports saving as much as 50 percent on

drainage infrastructure costs in developments that incorporate bioretention facilities.
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VEGETATIVE BIPS

Jjoretention should not be used in areas with the following characteristics:

The water table is within 6 feet of the land surface (the use of collector pipes may reduce this

limnitation).
Mature trees would be removed for constructing the bioretention area.

]

« Slopes are 20 percent or greater.

» An unstable soil stratum is in the proximity.

Off-Line

Off-line bioretention fa
applicable in urban areas
reliably are scarde. Bioret

cilities can be applied to most development situations. They aze particularly
where the opportunities and the land available for controlling stormwater

ention facilities may be installed in median strips, parking lot islands, or
lawn areas of commercial developments. They also can be used in residential subdivisions with
open drainage systems or in easements located around lots. Figure 1 shows a bieretention area

receiving runoff diverted from a storm sewer.

\;% Starm
Cutflow o

{10 Year)

Lo e BV

N . ' N
Water Bypass - -
Quailty |/ Pipe w1 ()
Qutfait : b
Pipe L. .

' pr o1

Bloretention/

Bil i
ioretention/ Grass Area

Grass Area

t

t-Yaar Storm
to Be Treated

Figure 1. Storm sewer diversion into bioretention area

On-Line |

On-line bioretention facilities use check dams to “collect” the water in the bioretention area, as
shown in Figure 2. Adding a bioretention area behind the check dam allows filtering and
sedimentation to occur. Check dams should only be used in small open channels or in filter strips
that drain 5 acres or less. Runoff from storms larger than the water quality design storm should

safely flow over or bypass the bioretention area.
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BICHETENTICN

Grass/Bioretention Plants

Sand and Tppsoﬂ Mix

Geotextile

Figure 2. Bioretention cross sectlon; bioretention facility incorporated in a grass swale with flat to mild slape.

'RECOMMENDED DESIGN CRITERIA:

Requirements for Regulatory Compliance
(none specified)

Performance-Based Guidelines

Bioretention facilities should be optimized to treat the runoff generated by the water quality design

storm.. The peak discharge from: largerstorms:should beibypassed, if possfble

For off-line bioreténtion systems, the Prince George’s County’s design manual recommends using
planting soil ranging from 10 to 25 percent clay dlong with sandy loam, loamy sand, or loam texture.
The soil pH should range between 5.5 and 6.5. The soil should be placed in lifts less ’chan 18 inches’
and lightly compacted by tamping with a bucket from a bulldozer or a backhoe. A desirable

planting soil would:

» Be permeable to allow infiltration of runoff

¢ Adsorb organic nitrogen and phesphorus

In areas where clay contents are higher and the soil is not conducive to infiltration, the bioretention
facility can be modified with a collector pipe system installed beneath the basin to form a
bioretention filter. The City of Alexandria has developed design guidelines for bioretention filters
(Gity of Alexandria, 1995) and collector pipes for areas of clay soil.

Bioretention areas can be used successfully in a wide range of drainage areas. Median strips, ramp
loops, and parking lot islands are examples of small drainage areas (less than 1 acre). In large
drainage areas (less than 10 acres), diversion structures and énergy dissipation devices need to be
incorporated into the design to preserve the integrity of the bioretention area.

The Prince George’s County’s design manual recommends that the size of the bioretention area be 5
percent to 7 percent of the drainage area multiplied by the ¢ coefficient of the rational formula.
Smaller and larger ranges are being constructed in Virginia. Ongoing monitoring data will provide
better guidance on the design of these facilities. The land required for bioretention facilities can be
reduced by partally substituting vertical-extended detention storage for horizontal storage.

NOYEMBED 14, 1597
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the velocity of concentrated stormwater flows, promoting
sedimentation behind the dam. If properly anchored, railroad ties, gabions, or rock filter berms may ! o
be used as check dams. The use of railroad ties is shown in Figure 3. The use of gabions as a drop '
structare is shown in Figure 4. These types of structures can be used in swales with moderate slopes.

Check dams, as shown in Figure 2, reduce

Railroad

Sand

and
| Sand Top Sofl

Geotextile Mix o

Figure 3. Bioretention cross section; bioretention facility incorporated in a grass swale with mild to moderate slope. ) )

Check dams must be sized and constructed correctly and maintained properly, or they will be eitl%grr _
washed out or eontribute to flooding. The relationship between ponding depth and: discharge rate
can be computed by using the critical-depth formula, which accounts for a generalized weif profife!

6" Perf. PVC

PN

The relevant equation is: :
Q=((Axg) /D" #
Where: Q = discharge rate
A = areasubtended by top of check dam and ponding elevation
T = widthof check dam
g = gravitational constant

Check dams can be constructed of either rock or logs.' The use of other natural materials available on
the site that can withstand the stormwater flow velocities is acceptable. Check dams should not be
constructed from straw balestor silt fences, because concentrated flows quickly wash out these

materials.

Maxirnum velocity reduction is achieved if the toe of the upstream check dam is at the same
elevation as the top of the downstream dam. The center section of the dam should be lower than the
edge sections to minimize the potential for erosion of the abutments during frequently occurring

storm events.
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Check dams, as shown in Figure 2, reduce the velocity of concentrated stormwater flows, promaoting
sedimentation behind the dam. If property anchored, railroad ties, gabions, or rock filter berms may
be used as check dams. The use of railroad tes is shown in Figure 3. The use of gabions as a drop
structure is shown in Figure 4. These types of structures can be used in swales with moderate slopes.

Railroad

Ties \

4t
fo
4.5
(] K3
wigatigraso N avte Sand
Sand and
6* Perf. PVC . Top Soil
Geotexlile Mix ' o
Figure 3. Biorelention cross section; bioretention facility incorporated in a grass swale with mild to moderate slope. ’

Check dams must be sized and constructed correctly and maintained properly, or they will be e‘iﬂf}*.er ‘_ .
washed out or contribute to flooding. The relationship between ponding depth and discharge raté .
can be computed by using the critical-depth formula, which accounts for a genetalized weit

The relevant equation is: '

Q=((A3_xg) /T')ﬁ %‘"
=  discharge rate
area subtended by top of check dam and ponding elevation

=  width of check dam
=  gravitational constant

Where:

% w5 0y
1}

Check dams can be constructed of either rock or logs."l"he use of other natural materials available on
the site that can withstand the stormwater flow velocities is acceptable. Check dams should not be -
constructed from straw bales or silt fences, because concentrated flows quickly wash out these

materials.

Maximum velocity reduction is achieved if the toe of the upstream check dam is at the same
elevation as the top of the downstream dam. The center section of the dam should be lower than the
edge sections to minimize the potential for erosion of the abutments during frequently occurring

storm eventis.
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BICRETENTION

Gabion Bioretention Plants
J _
f 1* Sand and Top
1 Soil Mix
2' Sand

NN ' .
L= Geotextile

' Figure 4. Bioretention cross section; bioretention Jacility incorporated in 4 grass swale with mild o moderate slope.

Bioretention facilities can be incorporated in an overall site plan for capturing runoff and recharging

oundwater, Comparatively small, frequently occurring storms are most appropriate for
establishing design criteria where ground recharge occurs (see Appendix F, Runoff Capture Design).
The appropriate design criterion is the maintenance of the total annual runoff volume below & fixed
value (usually the predevelopment runoff volume). Additional information on how to use this
criterion for designing bioremediation facilities is in “Specifications and Methodology:”

OPERATION AND MAINTENANCE: Monthly inspections are recommended umntil the
lants are established. Apnual inspections should then be adequate. Accumulated sediment behind

P Rk A
check da:cis‘s'hogid.be.r,ke;mgv:gﬂ whervit reaches.one-half the sump depth.

CONSIDERATIONS: . Collector pipe systems, if used, in bioretention areas:can become
clogged by undetlying clay soil. Pipe:cleanouts are recommiended to facilitate unclogging of the

pipes without disturbing the biorstention areas.

REFERENCES:

. Bitter, 5.D. and J.K. Bowers. “Bioretention as a Water Quality Best Management Practice.”

Watershed Protection Technigues. Vol. 1, No. 3. 1994.

City of Alexandria (Virginia). Alexandria Supplement to the Northern Virginia BMP Handbaok, Section
XIM, Bioretention and Bioretention Filters. Department of Transportation and Environmental

Services. Alexandria, VA. February 19%4.
Pennsylvania State University. The Agronomy Guide. College of Agrienlfural Sciences (latest
edition).

Prince George’s County Governrnent. Design Manual for Use of Bioretention in Stormwater
Management. Prepared by Engineering Technologies Associates, Inc. and Biohabitats, Inc. 1993.

Reeves, E. “Performance and Condition of Biofilters in the Pacific Northwest,” Watershed Protection
Technigues, Vol. 1, No. 3. Fall 1994,

Schueler, T. R. “How to Design Urban Stormwater Best Management Practices,” Seminar
Notebook. 1995.
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VEGETATIVE BMPS

SPECIFICATIONS AND METHODOLOGY:

Planting Plan

The use of plants in bioretention areas is intended to replicate a terrestrial forest community
ecosystem. The components of this comumunity include tress, shrub layer, and a herbaceous layer.
Native plants selected from Appendix H (tables H-2 and H-3) should be able to tolerate typical
stormiwater pollutant loads, variable soil moisture, and ponding fluctuations (Prince George’s
County, 1993). Designers are encouraged to check other sources, such as The Agrononty Guide, the
Field Office Technical Guide, and 16cal nurseries to identify plants that can adapt to specific site
conditions. .

The layout of the plant material should resemble a random and natural placement of plants rather
than a standard landscaped approach with trees and shrubs in rows or other orderly fashion. The
location of the plan material should provide optimal conditions for plant establishment and growth

{Prince George’s County, 1993).

Off-Line Bioretention Areas

There are six major components to the bioretention area:

Grass buffer strip or energy dissipation area

.

» Ponding or treatment area .

¢ Planting soil _ -
e Sand bed (optional) A

» Organiclayer ' ,.:1.:'43 ) ‘1

= Plant material . C mhee B g

The grass buffer strip or energy-dissipation area filters particles from the runoff and reduces its
velocity. The sand bed further slows the velocity of the runoff, spreads the runoff over the basin,
filters part of the water, provides positive drainage to prevent anaerobic conditions in the planting

soil, and enhances exfiltration from the basin.

The ponding area functions as storage area for runoff awaiting treatment and as presettling basin for
particulates that have not been filtered out by the grass buffer. The organic or mulch layer acts as a
filter for pollutanits, protects the soil from eroding, and is an environment for microorganisms to

degrade peiroleum-based compounds and other pollutants. '

The planting soil layer nurtures the plants with stored water and nutrients. Clay particles in the soil
adsorb heavy metals, nutrients, hydrocarbons, and other pollutants. The plant species are selected
on the basis of their documented ability to cycle and assimilate nutrients, pollutants, and metals
through the interaction among plants, soil, and organic layer (Bitter and Bowers, 1994). The
minimum depth of the planting soil layer should be 3'to 4 feet.

The number of tree and shrub plantings may vary, especially in areas where aesthetics and visibility
are vital to site development, and the density should be determined on an individual site basis. The
minimum and maximum number of individual plants and spacing recommended by Prince
George's County are shown in the following table. A minimum of three species of tees and three

species of shrubs should be selected to ensure diversity.
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Recommended Tres and Shrub Spacing 7

Tre= Spacing (feet) Shrub Spacing (fest) Total Density
{stems/acre)}
Maximum 19 12 400
Average ' 12 8 . 1,000
Minimum _ 17 7 1,250
L-Soums: Prince Geeorga's County, 1983

As with any experimental BMP, sizing rules are continually changing. Although the site
requirements will determine the actual dzmensxons, the foIlowmg dimenswns are recommended for

bioreterrtion areas:
s Mimdmum width is 10 to 15 feet.

+  Minimum length is 30 to 40 feet.

The ponded area should have a maximum depth of 6 inches. If collector pipes are used, the
maximum pond depth can be increased to 12 inches.

s The i:}ant'i;ng soil should have a minimum depth of 4 feet.

Figures 5 and 6 show a profile and-plan of a.typical bioretention area. A curb diversion structure
that can be installed to. divert gutter flow to a bioretention area is $hown in Figure 7.

7

Perimeter Trees '
Herbacsous Plants, : \

Contrel Structure Sedges and Grasses

Parimeter Barm Wetiarid Traes
Spiash Slock . and Shrubs

Bypass Pipe

O

'

it

Watar Quatty / Aip-Rap Mound Area
Qutfall Pipe Average Height - 18"-24"

Concrete Apron Sand And Topsoll
: peo! Existing Soil

Figure 5. Bioretentton cross section: Runoff from large storms (greater than e 1-year storm) is bypassed through the main drafnage
system. Renoff from small storms is diverted at the contral structure (runthole). The energy of the stormwater flow is dissipated by
the spiash Black or the wip rap. The stormwater ls filtered through an open sand filter. Excess stormuwater is treated in the bioretention

Qrea.
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Omn-Line Bioretention Areas
A bioretention area upstream of a check dam is constructed with simular spedficadons as the off-line” )

bioretention areas. The depth of the planting soil zone can be reduced (2 to 2 feet) if the drainage
area is small {less than 2 acres).

Rock check dams usually are constructed of approximately 8- to 12-inch rock The rock is placed
either by hand or mechanically, but never just dumped into the swale. The dam must completely
span the ditch or swale to prevent being washed out. The rock used must be large enough to stay in
place, given the expected design flow through the channel. .

Log check dams usually are constructed of 4- to 6-inch-diameter logs and are illustrated in Figure 3.
The logs should be embedded into the soil at least 18 inches. Gabion applications are illustvated in

Figures Z and 4.
Design Methodology for Controlling Runoff Volume

The runoff capture volume is the minimum volume of rainfall that must be retained and completely
infiltrated on site during every storm. Itis also equal to the rainfall quantity associated with the .
runoff capture design storm. Runoff capture criteria are discussed in Section 5.3 of the Handbook

and in Appendix F, Runoff Capture Design.
The runoff capture volume is conveniently stated as a rainfall depth, in inches, over the area of the,
site. For example, to achieve a suitable level of groundwater recharge, the determination may be that,

a minirmum of 0.75 inches of rainfall from every storm should be detained and infiltrated. In this ; .,
example, all rainfall events with less than 0.75 inches of rainfall should be completely.infiltrated. - .

the, .-

Analysis of the site using the approach described in Appendix F will establish the'ftal runoff ! kL
capture storage that must be provided by infiltration BMPs at a particular site. In géneral, the 7 :
retention volume of appropriately located biorétention areas can be applied to satisfy the runoff

capture storage requirement for the site.

' Bioretention facilities are effective measures for increasing the runoff capture capability of the site.
Other methods that canbe used to improve runoff capture and infiltration include:

» Installing permeable pavement
» Installing infiltration trenches or dry wells
» Modifying the site design to decrease imperviousness

Design Methodology for Rimoff Peak Attenuation

Ouly bioretention facilities with large retention storage capacities will be effective in controlling
runoff peak discharge rates. To predict a change in peak runoff, the Natural Resources (formerly

Soil) Conservation Service’s (NRCS) methodology (USDA, 1986) can be used. This methedology
includes the so-called soil cover complex and nondimensionalized unit hydrograph techniques and

is implemented in a variety of computer simulation packages. Alternative methodologies, including
kinematic wave runoff routing and synthetic unit hydrograph generation, also are available in

various computer software packages.

By retaining runoff during the initial stages of a storm, bioretention facilities can significantly reduce

peak runoff rates. With these measures implemented, runoff from the site will be delayed until the 2
storage capacity of the facilities is excesded. When using the NRCS methodology, this effect canbe %+

10 Novenges 14, 1897
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accounted for as an increase in the initial abstracton, fa, for the drainage subarea. in which the
facility is located. The relationship can be expressed as follows:
_( V—Ia)*

(V-Ia)+S$
5= 1,000 10
CN .
where:

V = Rainfall volume {inches, over the drainage area)

R =  Runoff volume (inches, over the drainage area)

Iz = Imitial absiracton {(inches, over the drainage area)

$ = Potental maximum retention aftér runoff begins (inches, over the drainage area)

CN = NRCS runoff curve number

Ia can be approximated as the combined runoff capture storage divided by the surface area of the
drainage stibarea. The effect will be moreé important for small runoff peak attenuation design

storms.
Some bioretention faciliies.may also include. peak attenuation storage. The effectiveness of these
facilities in attenuating runoffpeak rates must be evaluated-according to procedures-described in
DRY POND. Inaddition; the impacts -of large flows and velocities on the plant material need to be
carefully evaluated beforensing bioratention facilities as peak attenuation facilities: Bioretention
facilities with:small drainage areastiie., less than.0.25 acres} may be effective for peak attenwaation if
they are installed:thwoughouta subdivision or nonresidential developmertt.
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INAME: Pond, Wet PERMANENT
. COMPANION BMPS:
DEFINITION: A wet pond is a stormwater management OUTLET STABILIZATION
facility, which includes: a) a permanent pool of water for STRUCTURE
enhancing water quality and b) additional capacity above the -~ CRASSSWaLZ
permanent pool for detaining stormwater runoff. FILTER STRIP
' PERMANENT
PURPOSE: Wet ponds fill with stormwater and release most VEGETATIVE
STABILIZATION

of it over a pericd of a few days, slowly returning the pond to its

normal depth. Wet ponds improve water quality by two ALTERNATIVE BMPS:
mechanisms. Water contained in the permanent pool mixes with ~ DFY FonD

and dilutes the initial runoff from storm events. Runoff generated ~ “OPSIRUCTED
during the early phases of a storm usually has the highest WEILAND
concentrations of sediment and dissolved pollutants. Therefore, BIORETENTION
the concentration of pollutants in runoff released to downstream .

drainages is reduced. Fellowing storm events, pollutants are removed from water retained in the
pond. Several mechanisms that remove pollutants in wet ponds include settling of suspended
particulates and biological uptake, or consumption of pollutants by plants, algae, and bacteria in the
water. Theréfore, the total mass of pollutants released to downstream areas also can be substantally

reduced by using wet ponds.
Access Road

Around Basi;_-: Terrastrial Bench

and Buffer at
Toe of Slope

Side Slopes
max 3:t

No Trees
on
Embankment

% l.. Quitst Structure
Y oy Altarnativa Riser Outlet
S?Sesll:gfyﬁﬂr X .... bior/Earth WﬂhH_OOﬂ;* Structure
i abioi A
g ... Baffle (Altlemative) Alternative
.". i Qutfail
Sedimam ) 'Q. .
Forebay ) ~: _
Stabilized *
Preforted T
~—==-Emargen
Spitlway

Maintenance
Right-of-Way
to Sedimant
Forebay

APPLICATION: Wet ponds are most applicable in low~density residential or commercial
(™ developments whers a reliable source of water for maintaining the permanent pool exists. Because
of design requirements, which incorporate large storage volumes to achieve extended detention

NGVEMBER 14, 1997
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nd areas than many other BMPs. Locations for ponds that will
best selected in the context of regional or watershed-wide
tappropriate for drainage areas smaller than 5 acres.

tirnes, wet ponds require larger la
serve more than one development site are
site planning. Wet ponds generally are no

The effectiveness of wet ponds can be improved by combining them with other BMPs that attenuate
peak stormwater discharges or reduce runoff volumne. These BMPs include PERMEABLE PAVING
SYSTEM, ROOFTOP RUNOFF MANAGEMENT, INFILTRATION TRENCH AND DRY WELL, and
FILTER STRIP. Through a comprehensive approach for managing runoff in a drainage area, the size:
of wet ponds can be substantially reduced. '

Wet ponds are not reliable methods for recharging groundwater. Fine-grained sediment, which
accumnulates in the ponds, tends to clog soil pores and reduce infiltration capacity over time.

Where site conditions permit, BIORETENTION facilities can be used to achieve similar performance
objectives. In general, a group of smaller bioretention facilities can be used to replace the function of
one wet pond. Maintenance of bioretention facilitiés frequently is less inyolved and less costly than

wet ponds. :
Although simﬂiar in some respects to CONSTRUCTED TREATMENT WETLAND, wet ponds
generally require less space and are more resilient when faced with rapidly varying runoff flow

 rates. However, constructed treatment wetlands may be preferable in areas where water quality
degradation would have a significant effect downstreamn. A

Most conventionally designed SEDIMENT BASIN cannot readily be converted for use as wet pond;o‘?
enerally are designed to be compact structures and are typified by

This is because sediment basins g
nd high embarikments. However, in many instances itmaybe 1

comparatively steep side slopes a
advantageous to consiructa sediment basin using an outlet design and embankmegt geometry that |

will make conversion to a permanen -

t wet pond more convenient. T
RECOMMENDED DESIGN CRITERIA:

Requirements for Regulatory Compliance

Wet ponds should comply with all criteria implemented in municipal ordinances or specified ina
watershed plan developed under the auspices of the Pennsylvania Act 167 stormwater management

planning grants program.
Ponds that 1) will have a contributing drainage area exc
higher than 15 feet, measured from the downstream toe,
of runoff during the high-water condition may be regula
consult 25 Pennsylvania Chapter 105 to determine which

ge, and which are abandoned in place without first
d as wetlands under the provisions of

eeding 100 acres, 2) will have embankments
or 3) will impound more than 50 acre-feet
ted as dams PADEP, The designer should
provisions may apply toa specific project.

Large wet ponds that include a wetland frin
being drained and regraded, may subsequently be regulate
Sections 401 and 404 of the Clean Water Act.

er 102 does not regulate the design of wet ponds. However, the
Pennsylvania Erosion and Sedimet Pollution Contral Program Manual contains design requirements
for sediment basins, which are used during construction and can be converted into a wet pond after
the construction is finished. Regulations covering sediment basins are discussed in the BMP

description, SEDIMENT BASIN.

The 25 Pennsylvania Chapt
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Performance-Based Guidelines

Quality Control

Two primary mechanisms remove pollutants from stormwater in wet ponds: sedimentation and
biological uptake. Extended detention times allow many of the sediment-bound pollutants to settle.
The permanent pool and vegetated banks promote the necessary conditions for the pollutants to be

taken up biclogically,

Because of the great range in potential site conditions and pond configurations, providing numerical
estimates of wet pond treatment efficiencies is not possible. Pond designs shouid be tailored to the
specific site requirements. However, the general effectiveness of wet ponds as water quality

measures can be characterized as follows.

Efficiency of Wet Ponds in Removing Pollutants

Poillutant - Estimated Removal Efficiency
i i : 1
Sediment as total suspended solids High
Muirients ‘
Total phosphorus Low
Low

Total nitragen

Metals
Lead o .| Moderate to High
Zine '?' cLe . . .| Moderate,
Orgamc matter as bmchemrcaioand chemxcal oxygemdemand = |: Moderate
Oil and grease Low
High

Bacteria

1 Ta achiave high overzll efficiency, measuras must be taken o minimize re-suspension of sediment during'

subseguent storms.
{CompHed from Schualar 1987; Schueler, ef 2/, 1892; US EPA 1980, Phillips 1992; Birch, st a/. 1892 and othars.)

The following sections describe the methodology for desigﬁmg a wet pond, including the physical
features required for successfully controlling water quantity and quality. Also discussed are design
modifications and alternatives that can be implemented to change the operational functions of the

pond, if desired.

Quantity Control

Design Storms

Unless local hydraulic conditions dictate otherwise, wet ponds should be designed to completely
control runoff generated by the water quality design storm within the water quality storage (see
Section 5.3 of the Handbook}. The water quality storage is that part of the pond that lies between
the crest of the high-level outlet and the permanent pool level. To promote quiescent settling of
particudates, the water quality volume should be released over a period of not less than 24 hours.

NOVEMBER 14, 1997
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uirements of local ordinances or regional stormwater plans, high-level putlets

d to achieve runoff peak attenuation for less frequently cccurring storms,
including the 2-year, 5-year, 10-year and 25-year storms. An emergency spillway capable of passing£
the spillway design flood (SDF) also must be integrated into the design (see Section 5.3 of the e
Fandbook). This is usually equal to the 100-year return frequency storm. '

Depending on the teq
should be incorporate

Hydrograph Calculations

Inflow and discharge hydrog
hydrograph must be calculate

raphs should be calculated for each selected design storm. The entire
d, not just the peak runoff rate, because the detention storage
characteristics of the pond must be evaluated. Provided that no conflict will exist with local
ordinances or watershed plans, hydrographs should be based on a 24¢-hour rainfall event. Shorter
rainfal] distributions may not adequately account for partial filling of pond storage prior to the
occurrence of the peak storm runoff. The Natural Resources (formerly Soil) Conservation Service's
(NRCS) 2¢-hour type I cainfall distribution for the specific locality is recommended.

development hydrographs for the drainage area can be caleulated by
using the NRCS.methodology deseribed in the NRCS Nationat Engineering Handbook, Section 4. This
methodology includes the so—alled soil cover complex and nondimensionalized unit hydrograph
techniques and is implemented in a variety of ¢computer sirnulation packages. Alternative .
methodologies, including kinematic wave runoff routing and synthetic unit hydrograph generation,.
also are available in various computer software packages. C N

The predevelopment hydrograph calculations should be based on the assumption that the land a7ea,
before it developed, exhibited hydrologic conditions (land use, slope, vegetative gover) typical for ¢ . .
that type of axea. The post-development hydrograph calculations should be basedion the specificy - -

cases where the pond is intended to serve as a regionakgacility and thess -

development scenario. In $a¢ €
drainage area may be developed over a period of several years, reasonable predictions of the future .l

pattern of development in upgradient areas must be made.

The predicted post-development hydrographs for the drainage areas are the'inflow hydrographs _‘E‘of-'
the wet pond. The peak runoff rates of the predevelopment hydrographs typically provide the

maximum permissible discharge for each selected design storm (e.g., 2~ 5-, 10-, and 25-year storm).

The predevelopment and post-

Pond Outlet Design

To accommodate the design storm requirements, the inflow hydrographs must be hydrautically
routed through the pond. A multistage outlet structure typically must be part of the design. The

outlet system typically will have three elements:

Low-flow or smallest-storm release outlet. This outlet controls the extended detention functon

L
of the pond and will be responsible for discharging the water quality design storm.

2. High-level or principal outlet that will attenuate the peak discharge of less frequent storm
events.
3. Emergency overflow spillway.

More information on outlet configurations and performance is in Appendix I, Common Design

Elements.

MOVEMBES 14, 1887
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The inflow hydrographs can be routed hydraulically through the basin by manual or computerized
procedures. One of the manual processes widely used is the Storage/Indication method (also known
as the Modified Puls method, Chow, 1964). The Mcdified Puls method is discussed in the DRY
POND BMP description. Numerous commerdally available computer programs, which eriable .
relatively quick analyses of alternatives, are available. Whatever method is used, it must be able to

accurately simnulate a reservoir with multiple outlets.

The primary data required for an analysis are:

'+ Depth-storage information that is developed on the basis of the proposed size and shape of the
pond, and computations of the volume of stormwater stored for each increment of pond depth

Depth-discharge information that relates the outlet capacity to the depth of water in the pond

When routing wet éonds, the volume of the permanent pool should not be inicluded in the depth-
storage relationship. Likewise, the outlet capacity of the low-flow outlet should not be includéd in
the depth-discharge relationship (see Appendix I, Common Design Elemenis).

Pond Configuration

A sediment forebay can be constructed near the inlet to trap coarse sediment. Because the forebay
acts like a sediment basin or trap, the sediment will need to be removed periodically. To create the
forebay, a baffle can be.introduced to restrict hydraulic communication between the inlet and the
remairider.of the pond. Baffles canrbe constructed from stone, rip rap, gabions, or similar materials.

Short-circuiting of the stormwater should: be miriimized:The most direct way of minimizing short-
circuiting stormwater isito;maximize: the:distancesbetween. the inlet and the outlet. A minimum -
length-to-width ratio of3:1:is recommerided:for:awet pond design. Wet ponds with long, narrow,
and irregular shapes also have reduced surface area exposed to wind and, therefore, a reduced
tende.ncy to resuspend:previously settled material: Irregularly. shaped ponds also appear more
natural, or less “engineered.” If local site conditions inthibit constructing:a re]ahvaly long, narrow
facility, baffles constructed from gahions or other materials should be placed in the pond to

“lengthen” the stormwater flow path as'much as possible.
Aquatic benches can be introduced to provide a shallow-water envzronment for emergent wetland
vegetation. Vegetated aquatic benches can:

* Enhance biological pollutant removal

s Provide a habitat for wildlife and waterfowl
Protect the shoreline from erosion

» Improve sediment trap efficiency

In some designs, that portion of the pond devoted to peak attenuation storage will incorporate a |
nearly level terrestrial bench. Unlike the aquatic bench that is submerged at all times, this bench is -
inundated during large storms, only. It can be planted with shrubs and trees that will shade the
pool and help reducing warming effects. The terrestrial bench also introduces the following

benefits:

+ Enhances wildlife habitat
+ Leaf litter provides an additional carbon source for aquatic macro-invertebrates

+ Contributes to aesthetic value of the BMP
[mproves safety, by providing a buffer that separates the pond edge from the permanent pool.

o
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Reduces currents during large storms, thereby minimizing the potential for the resuspension of

sediment .
Forebay Maximum Pool {SOF) Embankment
L" Peak Attanuation Stora-ge
l. Water Quality Storage
S RN,

T N
— Gabion/Earth Psrmanent Quilet
Aguatic Balite Pool
Bench '(Optional}

Figure 1. Depth relationships.

OPERATION AND MAINTENANCE: The maintenance requirements for wet fionds '

are intensive compared to most BMPs. Normal maintenance costs can range from 3 to 5 percent of

the construction costs annually (Schueler, 1992). Areas of concern include excessive weed growth,
maintaining adequate vegetative cover, sedimentation, bank erosion, insect conitrol, outlet e
stoppages, algal growth, embankment failures, arid seepage. An active program of preventive
maintenance is required to ensure that the facility remains operational and safe at all times. The ..y
following items should be part of preventive maintenance procedures: ' ag T

s (Grass maintenance

» Control of noxious weeds and invasive plants
s Maintenance of wetland vegetation : B
« Removal and disposal of trash and debris ;e
+ Removal and disposal of sediment’ , _ .
¢ Maintenance of mechanical components CF
« Elimination of mosquito-breeding habitats
» Maintenance of pond .

s TInspection of pond and reporting of results

Typically, sediment is removed once every 5 to 15 years. A rule-of-thumb is to increase the storage
volume by 25 percent for sediment accurnulation, but detailed calculations that are based on
watershed sediment yields and pond trap efficiency will more accurately reflect the volume
requirements and expected frequency of sediment removal. All wet ponds should have a drain so
that the pond can be completely emptied for maintenance, repairs, and sediment removal. The
bottom of the pond must be accessible for maintenance during periodic draining. The access way
should be a minimum of 10 feet wide (widths of 15 feet are common), have a maximum slope of .
5H:1V, and not cross the emergency spillway. Measures must be employed during sediment
removal to minimize the potential for resuspension and release of sediment to downstream areas.
Appropriate controls are discussed in BMPs PORTABLE SEDIMENT TANK, STRAW BALE

BARRIER, SILT FENCE, and FILTER BAG.

The muost effective mosquito-control program is one that eliminates potential breeding habitats.
Almost any stagnant pool of water can be attractive to mosquitoes and the source of a large ~
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mosquito population. To minimize the potential for stagnation, wet ponds should be situated where
they will receive base flow during dry periods. Ponded water in open cans and bottles are ideal
locations for mosquitoes to breed. Through fish stocking practices, a balanced “micro-habitat” can
be fostered in which natural mosquito predators help rmaintain moesquito populations in check. As

required, the pond can be drained periodically to suppress mosquito breeding.

A program of moenitoring the aquatic environment of a permanent pond sheuld be established.
Although the complex environment of a healthy aquatic ecosystem will require little maintenance,
water quality, aeration, vegetative growth, and animal populations should be monitored regadarly.
The timely correction of an imbalance in the ecosystem can prevent more serious problems from
occurring. Because the ecosystem of a pond is complex, the recommendation is that agencies such as
the U.S. Fish and Wildlife Service be consulted for corrective maintenance procedures.

The stability of embankments and side slopes can be impaired by large roots and animal buzrows.
Trees and brush with extensive woody root systems should be completely removed from
embankments to prevent the embankments from destabilizing and seepage routes from being
created. Roots also should be completely removed to prevent them from decomposing in the
embankment. Root voids and burrows should be plugged by filling them with material similar to
the surrounding materfals, and capped just below grade with stone, concrete, or ather material. If
plugging the burrows does not discourage the animals from returning, further measures should be
taken to. either remove the animal population or.to make critical areas of the facility unattractive to

them. . :
Accumulations:of snew and ice:can'threatenvthe functioning of-a facility; particularly at inlets,
outlets; and emergencyspillways: Providing theequipment; materials; and: personrel to monitor
and remove snow .and. ice-from. the:criticabareasismecessary-to-ensure the continued. functioning of

the facility during: the wirter months. -

The facility should be inspected:quarterly.and: after major.storms: Petailed. inspections'by a quahﬁed
inspector should.occurring atleast annually-to enstire thatitherfacility is operating as designed and
to schedule:maintermnce:that the facility may require:. If possible,. inspections should be made
during wet weather to-ensure that the facility is maintaining desirable retention times. In.addition
to regularly scheduled inspections, defidencies should be noted during any visits by maintenance
personnel. An important purpose of inspections is to ascertain the operational condjtion and safety
of the facility, particularly the condition of embankaments, outlet structures, and other safety-related

aspects.
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Recommended Minimum Inspection Requirements

Embankment settling, woody growﬂt, and signs of piping

Signs of seepage on the downstream face of the embankment

Condition of grass cover on the embankment, pond floor, and perimeter of the
pond :

+ Rip rap displacement or failure

Principal and emergency spillway meet design plans for operation

Outlet controls, debris racks, and mechanical and electrical equipment

e Outlet charmel conditions

« Safety features of the facility
» Access for maintenance equipment

CONSIDERATIONS: Because wet ponds can be aesthetically pleasing, they can beited in
both low- and high-visibility areas. Quite often, residents feel that a permanent pool of water
enhances property values as well as the aesthetic value of the area. Wet ponds have beenusedto 5.

provide wildlife habitat and a focal point for a recreation area. e
Aesthetic maintenance, aithough not required for‘keeping a wet pond Qpei'aﬁonél, will maintain. the.
visual appeal of a facility and will benefit everyone in the local community. Visual appeal is e

particularly beneficial for ponds that also are used by members of the community for recreation.
Aesthetic maintenance also ean reduce the amount of preventative and corrective maifitenance. " g
Although a regular grass maintenance program will keep weed intrusion to a minimum, some
weeds invariably will appear. Périodic weeding will not only help to maintain a healthy turf, but & =¥
also will keep grassed areas looking attractive. Applying chemicals to control weeds needstobe . =
- carefully considered and monitored. Careful, meticulous, and frequent attention to maintenance

such as removing debris and cuitting grass will result in a facility that is both functional and o

attractive. When properly maintained, wet ponds are one of the most effective'and reliable devices
for removing poliutants from stormwater.

tion and cause

One disadvantage of wet ponds is that they may contribute to thermal pollu
downstream warming. Because wet ponds can cause downstreamn warming, their use in areas where

sensitive aquatic species live may be prectuded.

Wet ponds may sometimes create problems such as nuisance odors, algae blooms, and rotting debris
when not properly maintained. Wetland plants may need to be harvested or removed periodically to
prevent releasing plant nutrients into the water when the plants die.

The permanent pool of water presents an attractive play area to children; hence, wet ponds may
create safety problems. Design features that discourage child access are recornmended. Trash racks
and other debris-control structures should be sized to prevent entry by children. Bar spacing on
debris-control structures should be no greater than 12 inches in any direction and the preferred

er safety considerations include using fences around the spillway structure,
lopes; using shallow safety benches arcund the pond; and posting warning

spacing is 5.5 inches. Oth
embankment, and pond s
signs.
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Because a wet pond typically is included with the site utilities and often is used as a sediment basin
during the construction of the upstream development, a wet pord frequently is one of the first
facilities planned and constructed on the site. However, a wet pond is most vulnerable to damage
caused by extreme rainfall events during its construction. Therefore, temporary drainage or erosion
control measures generally are required to minimize the potential for damage to the wet pond
before the site is stabilized. The contzol measures may include stabilizing the surface with érosion
mats, sediment traps, and diversions. Vegetative cover and the emergency spillway also should be

completed as quickly as possible during the construction phase.
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SPECIFICATIONS AND METHODOLOGY: The following topics are covered in this

section:

Pond Depth

Sediment Forebay
Permanent Pool Volume
Embankments
Vegetation

Inlets and Cutlets
Provisions for Draining

& & = 8 O

Posnd Depth

Pond depth is an important design criteria because most of the poltutants are removed through
settling. Very shallow ponds may be prone to currents that can resuspend materials and deep ponds
can be thermally stratified and release pollutants back into the water. Therefore, an average depth

of 3 to 6 feet for the permanent pool is recommended for most ponds, In colder areas, deeper pools
may be required to minimize the potential for “winter kill” of beneficial pond fauna and flora. -

A 10-foot-wide shelf, or aquatic bench, with a gentle slope (5H:1V or flatter) is recommended
around the perimeter of pond. If aquatic plants,or a wetland fringe is installed on the bench, the
depth of the permanent pool should be about 1 foot higher than the bench, The design of the bench

should take into account slope stability to minimize the potential for sloughing.

Sediment Forebay

A forebay is an exira storage area near an inle
coarse sediment confined to the forebay area,
life of the BMP is extended. Forebays are recomumended for use on
part of the overall pond design. -
When installed in wet ponds, forebays will be permanently submerged. In general, it s not practical
to vegetate forebays in wet ponds and other methods are required to stabilize these areas. Rip rap or
gabions can be used. However, sediment removal may be made more convenient if the forebay is
surfaced with cement or bituminous concrete. Design criteria for forebays are listed below. .

t of a BMP to irap incoming sediment. Withhea¥y,
maintenance is made simpler and less costly afiel'the
all stormwater pond BMPs as

¢  The minimum recommended forebay length is 10 feet.
+  Sufficient storage volume should be provided to trap sediment between clean-out intervals
(typically ranging between 5- and 15-year).

The height of the berm or baffle that separates the forebay from the remainder of the pond
should be 1 foot below the ponding depth associated with the water quality design storm.

The forebay should be accessible and stabilized to accommodate equipment used in removing
accumulated sediment.

Non-erodible material should be used to ccmétruct the forebay berm. Armoring, such as rip rap
or gabions, is generally preferred to stabilize the upgradient face of the berm. o

NoveMBeR 14, 1997
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Permanent Pool Velume

Although larger ponds typically are more successful, a threshold size seems to exist, above which
further improvement of water quality by sedimentation is negligible. At a minimum, the volume of
the permanent pool should equal the water quality volume (see Section 5.3 in the Handbook}). The
upper Hmit for the volume of the permanent pool may be dictated by the dry-period base flow to the

pond. Large ponds with inadequate inflow rates may become stagnant.
The volume in the permanent pool needs to be sustained by low flows, either generated by

groundwater or rainfall. To reduce losses due to percolation, it may be necessary in some instances
to line wet ponds. Natural clay or bentonite linings generally are preferable over synthetic liners.

Large seasonal fluctuations in the groundwater table may. directly influence the depth of the
permanent pool. Fluctuations that are too large may interfere with the growth of vegetation in the

wetland fringe of some wet ponds.

Embankments

A maximum slope of 3H:1V should be used to allow maintenance equipment to enter the pond and
to maintain ground cover. Steeper slopes should be avoided. If site conditions require steeper slopes
on one side of the pond, bicengineering methods should be used to ensure long-term stability of the

slope. The pond’s freeboard should be a minimum o6f 1 foot above the elevation of the SDF.
Embankmerit design sheuld incorporate the following considerations:

« Foundation preparation and treatment

» Control of seepage:

* Embarkment stability. -

» Construction considerations” - - -

Guidelines for the design and construction of earth embankments are provided in Appendix J,
Commnion Design Elements. _

Vegetation

In general, wet ponds will incorporate a variety of emergent wetland vegetation, especia}ly where a
shallow-water bench is included in the design. A wide range of potential plant spedies is available

for this purpose. For more information on the maintenance of wetland vegetation, see Appendix H,

Plant Lists for Wetland Managentent and the BMP description for CONSTRUCTED TREATMENT

WETLAND.

On the tops of berms and on the exterior slopes of containment berms, maintaining turf grass is
advisable. This will stabilize the embankment, enhance access to the facility, and make maintenance

and inspection much easier.
Inlets and Outlets
The release time for the water quality volume should not exceed 48 hours because:

¢ Longer detention times typically will not improve settling efficiency.
Prolonged periods of inundation will adversely affect wetland vegetation, which is integral to
the water quality function of the wet pond.

Persistently high pond water levels will interfere with the attenuation of peak flows.

NOVEMBER 14, 1897
01wET02.00C
134




STRGCTURAL BMPS PO WeT

chieve specific hydraulic requirements for runoff detention and
be functionally simple and easy to maintain. Durable materials,
siach as reinforced concrete or plastic, are preferable to corrugated metal in most instances. The tiser 7
should be placed in or at the tace of the embankment. By placing the riser close to the embankment,
maintenance is facilitated and flotation problems prevented. Outlets are described in greater detait

inAppendix 1, Common Design Elements.

ould be used in front of a stream inflow siructure, downstream of an
d at the pond discharge point. The inflow-control structure must
the flow evenly into the pond or the sediment forebay, if one is

In addition to being designed to a
peak attenuation, outlets also must

Erosicn protection measures sh
inflow “spillway” of any length, an
be constructed so that it distributes
used, to prevent short-circuiting of flow.

The low-How stormwaier outlet drain pipe should be negatively sloped (i.e., sloped in the direction

of the pond). The negative slope. minimizes the loss of fine-grained sediment.

Provisions for Draining .
Wet ponds should be designed with provisions for draining the permanent pool. This wilk facilitate

maintenance and sediment removal. The draining mechanism usually will consist of some type of
valve or gate attached to the spillway structure. Some guidelines for designing pond drains are

' given below: .
Pond drains should be designed with sufficient capacity so that maintenance (e.g., sediment 3 |
removal) can be carried out without fear of inundation from relatively common or frequent -{? !
Lainfall events. Therefore, pond drains should be designed to pass a flood having a 1-year i
recurrence interval with limited ponding in the reservoir area. In most cases, th rpond deain -
system should be no smaller than 8 inches in diameter. : ' ot % T :

L

2. In most cases, sluice.gates are preferred over “inline” type valves such as those used in waterﬂv—i: i
distribution systems (e.g., eccentric plug valves, knife gate valves, and gate valves). Sluice gatesié

generally ate more appropriate for passing debris-laden flow, less prone to clogging, and easier '

to maintain.
3. The design of a pond drain system should include operating instructions regarding draining the
ould not exceed 6 inches per day, For = -

impoundment. In general, drawdown rates sh

embankments or shoreline slopes of clay or silt, deawdown rates as slow as 1 foot per week may
be required to ensure slope stability. An uncohtrolled or rapid drawdown could induce
problems such as slides or sloughing of the saturated upstream slope of the embankment or

shoreline area.

4. Instances where wet ponds cannot be drained by gravity are common. In particular, the
permanent pool may be constructed by excavating below the adjacent grade. Inmany instances,
the bottoms of ponds extend below the groundwater table. In these cases, it will be necessary to
dewater the pond using pumips. The pump discharge must be filtered prior to discharge to the
recelving downstream watercourse. Measures that may be useful include PORTABLE

SEDIMENT TANK, FILTER BAG, and STRAW BALE BARRIER.
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NAME: Pond, Dry

DEFINITION: A dry pond is a permanent stormwater
management facility that temporarily stores incoming
stormwater, The pond typically is dry between storm events. To
qualify as a BMP, dry ponds should incorporate extended
detention of runoff derived from small rainfall events.

PURPOSE: The primary purpose of dry ponds is to attenuate
and delay stormwater runoff peaks. The benefits are a reduced

potential for flooding and for siream bank scour and erosion in
downstream areas. Dry ponds are not suitable as infiltration or

groundwater recharge measures.

Extended detention dry pond with shallow marsh:

PERMANENT
COMPANION BMPS:

OQUTLET STABILIZATION
STRUCTURE

PERMEABLE PAVING
SYSTEM

INFILTRATION TRENCH
AND DRY WELL

PERMANENT
VEGETATIVE
STABILIZATION

ALTERMNATIVE 8MPS:
WET FOND

CONSTRUCTED
TREATMENT
WETLAND

- ROOFTOP RUNOFE
MANAGEMENT

APPLICATION: Dry ponds are used appropriately where water quality issues are ancillary to .
managing peak runoff. If improving water quality is an important design objective, other BMPs
should be considered, including WET PONDS, BIORETENTION, and CONSTRUCTED

TREATMENT WETLANDS.

Dry ponds are most applicable in low-density reszdenttal industrial, and commerdal developments
where enough space exists to locate the pond out of plain view. Dry ponds can be designed to
control runoff from an individual development site, multiple development sites, or entire drainage
areas. However, regional dry detention ponds need large land areas; pose safety risks, and can be
very expensive to construct and maintain. Locations for ponds that will serve more thanone
development site should be selected in the context of ategional site planning program.

The effectiveness of dry ponds can be improved by combining them with other BMPs that attenuate
stormwater peak dxscharves or reduce runoff volume. These include PERMEABLE PAVING
SYSTEMS, ROOFTOP RUNOFF MANAGEMENT, INFILTRATION TRENCHES AND DRY WELLS,
and FILTER STRIPS. By taking a comprehensive approach to managing runoff in a drainage area,
the size of dry ponds can be substantially reduced. Frequently, the need for a dry detention pond

can be eliminated entirély.
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The overall poilutant removal capability of conventional dry ponds is low. By incorporating
extended detention of runoff from small rainfall events, the capacity of the ponds to trap suspended .
solids can be significantly improved. However, dry ponds should not be relied upon to mitigate 2

existing water quality problems on a watershed. In extended detention dry ponds, a low-flow outlet

is used, which will slowly release water retained below the primary outlet device over a penod of

days.

Sites where the water table is less than 2 feet below the bottom of the pond are not suitable for dry
ponds. Ponds in these areas are vulnerable to developing ephemeral pools of standing water during
wet-weather periods. if high water table conditions are anticipated, then the design of a WET POND

or BIORETENTION facility should be considered.

RECOMMENDED DESIGN CRITERIA:

Requirements for Regulatory Compliance

Dry ponds should comply with all c:ntena implemented in municipal ordinances or specified ina
watershed plan developed under the ausptces of the Pennsylvania Act 167 stormwater management

planning grants program.
Ponds that 1) will have a contributing drainage area exeeedmg 100 acres, 2) wiil have embankments
higher than 15 feet, measured from the dowmstream toe, or 3) will impound more than 50 acre-feet.-
of runoff during the high-water condition, may be regulated as dams by PADEP. The designer & v
should consult 25 Pennsylvan.a Chapter 105-to determme Wl‘uch provisions may apply toa spemﬁc

anm

project. -
The 25 Pennsylvania Chapter 102 doesnot zegulate the-desigh of dry ponds. Homv%r the '
Pernsylvarda Erosion and Sediment Pollution Control Program Manual contains deszgztreqmrementa
for sediment basins, which are used’ durmg construction and’ can be converted into dry detentiony .
ponds after the construction is completed: Regulations covering sediment basins are discussed inithe
BMP description, SEDIMENT BASIN, and guidelines for converting a sediment basin to a dry
detention pond are in the "Spemﬁcatxon and Methodology” section below.

"t
~

Performance-Based Guidelines

Stormwater control in dry ponds is a function of watershed hydrology and pond hydraulics. The
inflow and discharge hydrographs must be computed and the outlet structure hydratlics must be

evaluated to design the dry pond for controlling stormwater quantity.

Design Storms

Dry ponds typically are designed to control runoff peak rates for rainfall events with retarm
frequencies of 2 years, 5 years, 10 years, and 25 years. Local ordinances also may require peak
controls for less frequent storms, including the 50-year or 100-year storms. An emergency outlet or
spillway capable of passing the spillway design flood (SDF) also must be integrated into the design.
The SDF usually is equal to the 100-year return frequency storm (see Section 5.3 of the Handbook).

Unless local hydraulic conditions dictate otherwise, dry ponds should be designed to completely
control runoff generated by the water quality design storm within the water quality storage (see
Section 5.3 of the Handbook). The water quality storage is that part of the pond that lies below the
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crest of the primary outlet. To promote quiescent settling of particulates, the water quality volume
should be released over a period of not less than 24 hours.

Hydrograph Calculations

Inflow and discharge hydrographs should be calculated for each selected design storm. The entire
hydrograph must be calculated, not just the peak runoff rate, since the detention storage
characteristics of the pend: must be evaluated. Provided that no conflict will exist with local
ordinances or watershed plans, hydrographs should be based on a 24-hour rainfall event. Shorter
rainfall distzibutions may not adequately account for partial filling of pond storage prior to the
ocrurrence of the peak storm runoff. The Natural Resources (formerly Soil) Conservation Service’s
(NRCS}) 24-hour type If rainfall disiribution for the spedific locality is recommended.

The predevelopment and post-development hydrographs for the drainage area can be calculated by
using the NRCS methodology described in the NRCS National Engineering Handbaok, Section 4. This
methodology includes the so-cailed soil cover complex and nondimensionalized unit hydrograph
techniques and is implemented in a variety of computer simulation packages. Alternative
methedologies, including kinematic wave runoff routing and synthehc unit hydrograph generahon,

are also available in various computer software packages.

The predevelopment hydrograph calculations should be based on the assumption that the land area
before it developed exhibited hydrelogic conditions.(land: use, slope, vegetative cover) typical for
that type of area. The post-development hydrograph calculations.sheuldsbe Based on the specific
development scenario. In cases wherethe pond!is intendedrto-serve as-a:tegional facility and the
drainage area may be developed over.a peried of: several 'years;.the future pattern of development in

upgradient areas mustbe reasonably p::edtc%ed.

The predicted post-development hydrographs for the- dramage areas are the inflow hydrographs for
the dry pond. The peak runoff rates.of the predevelopment hydrographs typically are used to
* predict the maximum permissible discharge for each selected design storm.
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Top of Berm
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{Adapted from Dam Design and Canstruction Siandards, Faitfax County, Virginia, 1531)

Pond Outlet Design

To accommodate the design storm reguirements, the inflow hydrographs should be hydranlically : -
routed through the pond, and a multistage outlet structure typically must be part of the design. The-,
outlet system typically will have three elements: . )

1. Low-flow or smallest-storm release outlet. This outlet controls the extended detention fimction
of the pond and will be responsible for discharging the water quality design storm.

2. ﬁgh—lével or primary outlet that will attenuate the peak of less frequent storm events.

3. Emergency overflow outlet.

The primary outlet structure can incorporate weirs, orifices, pipes, or a combination of these to
control runoff peaks for two or more design storms. More information on outlet configurations and
performance is in Appendix 1, Commton Design Elements.

The inflow hydrographs can be routed hydraulically though the pond by manual or computerized
procedures. One of the manual processes widely used.is the Storage/Indication method (also known
as the Modified Puls method, Chow, 1964). The Modified Puls method is discussed in the
“Specifications and Methodology” section. Numerous commercially available computer programs,
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which enable relatively quick énalyses of alternatives, are available. Regardless of the method used,
it must accurately simulate a reservoir with multiple outlets.

The primary data required for an analysis are:

Depth-storage information that is developed on the basis of the proposed size and shape of the
pond, and computations of the volume of stormwater stored for each increment of pond depth

Depth-discharge information, which relates the outlet capacity to the depth of water in the pond

L]
To maximize hydraulic efficiency and minimize pond size, the primary outlet extends to the bottomn
of the pond in conventionally designed dry ponds However, in extended detention dry ponds, the
water quality storage is provided below the primary outlet. When routing ponds that incorporate
the extended detention function, the outlet capacity of the low+flow outlet should not be included in

the depth-discharge relationship.

Pond Configuration

By causing turbulence and eddies in the flow, short-circuiting of stormwater flow: can interfere with
the functioning of the pond outlet system and should, therefors, be minimized. The most direct way
of muum:zmg short-ircuiting stormwater is to maximize the distance between the riser and the
outlet. A minimum length-to-width ratic of 2:1 is recommended for a dry pond.design. Larger
aspect ratios.should.be provided if sedimentation of particulates.during, low flows is desirable.
Irregulatly shaped:pords-appear morematural,.or less “enginegred:”. [f local'site conditions-inhibit
constructing a relatively long; narrowfacility; baffles. constructed from gabions or other materials

can be placed in the portdite-*lengthen’:the stormwater How. path..

A serpentine low-flow channelishéuld:be-constmicted: through the pond to transport dry-weather
flows and minor storm flows: Preferably the. channel ivould be grass-lined and:sloped at .
approximately, 2 percent to. promate drainage:of the pond-between storms. The entire bottom of the

‘pond should drain toward the low-flow channel.

Unlike wet ponds, depth is not an'important factor in dry pond design. Frequently, the depth of the
pond and design of the embankments will be determined by criteria used for designing a sediment
basin, which is the predecessor to the extended detention dry pond. Effective multiple outlet
systems generally can be tailored to most pond configurations

A forebay is an extra storage area near an inlet of a BMP to trap incoming sediment. With heavy,
coarse sediment confined to the forebay area, maintenance is made simpler and less costly and the

life of the BMF is extended. Forebays are recommended for use on all stormwater pond BMPs as
part of the overall pond design. Baffles constructed from stone, rip rap, gabions, or simifar materials

can be used to create a separate forebay compartment in the pond.

Below-grade Detention Facilities

As an alternative to conventional dry detention ponds, runoff peak attenuation can be provided by
below-grade facilities. Although more costly than above-grade ponds, below-grade detention
facilities can preserve land area for alternative uses, including:

» Patios
¢ Tennis courts

. )+ Parking areas
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Jand uses, below-grade detention facilities can be filled with
calculation of detention volume for below-grade facilities must
be adjusted to reflect the pore space of the flI. Otherwise, the design process is similar. Below-
grade detention facilities should not be used in environments where runoff contains significant
amounts of suspended sediment. Below-grade facilities cannot easily incorporate water quality
functons. Therefore, it is common to combine below-grade detention faciliies with water quality
BMPs, such as grass FILTER STRIF or SAND FILTER. BMPs that have a tendency to shed organic
matter during large rainfall events, including grass swales, should be used with caution, because

they can result in clogging. ’
OPERATION AND MAINTENAN CE: The maintenance requirements for dry detention

otentially costly. General objectives of maintenance are to prevent
ding water, and prevent the growth of weeds and noxious
be expected to range from 3 to 3 percent of the construction

To support the weight of overlying
uniform gravel or aggregate fill. The

ponds are intensive and p
clogging of the outlets, prevent stan
plants. Normal maintenance costs can
costs annually (Schueler, 1987).

¢ berms and on the exterior slopes of embankments is advisable.
and make maintenance and inspection of the embankment

condition much easter. The stability of dams, embankments, and side slopes can be impaired by
trees and brush with extensive woody root systems. Any seedlings or planting ‘should be removed.at
the earliest opportunity and the disturbed areas propetly stabilized. Control of woody vegetatiori *
‘will require periodic mowing and a policy of not-allowing plantings on these facilities. The -
frequency of mowing mayneed to be greater if the facility is in amvarea of high visibility. 'H6Wév§r,'_
if possible, the facility should be managed as an upland meadow with grass 1o shorter than6to .
8 inches. Keeping grass much shorter than this can cause areas of the turf to die Off or requiréa 77
much higher level of maintenance. . S

Root voids and animal burrows should be plugged by filling them with material sifilar to'the = *
and capped just below grade with stone, concrete, or other material. Tf - ¥
oes not discourage borrowing animals from returning, further measures
ulation or to make critical areas of the facility

Maintaining turf grass on the tops ©
This will enhance access to the facility

T
I

surrouriding materials,
plugging the burrows d
should be taken to either remove thie animal pap

unattractive to them.
Extended detention dry ponds should have enough volume to account for sediment accumiulation

over time. Cleaning out sediment will be necessary, on average, every 2 to 10 years. Cleafing
involves digging out the accumulated sediment, mud, sand, and debris with earth-moving
equipment and disposing appropriately. Once the sediment is removed, the disturbed areas need to
be immediately stabilized and revegetated, or the facility will mobilize sediment to downstzeam
otected with erosion mat that has been securely staked In

areas. Freshly seeded areas should be pr.
place to prevent flotation. In many cases, sodding offers the best approach to stabilization after

sediment removal.

The bottom of the pond must be accessible for maintenance. The access way should be a minimum
of 10 feet wide (widths of 15 feet are common), have a maximum slope of 5H:1V, and not cross the
emergency spillway. Steeper slopes may result in rutting and requiré more access road maintenance.

The facility should be inspected quarterly and after major storms. Detailed inspections by a qualified
inspector should occurring at least annually to ensure that the facility is operating as designed and
to schedule maintenance that the facility may require. If possible, inspections should be made

during wet weather to ensure that the facility is maintaining desirable retention times. In addition

y scheduled inspections, deficiencies should be noted during any visits by maintenance

to regularl
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personnel. An important purpose of inspectons is to ascertain the operational condition and safety
of the facility, particularly the condition of embankments, outlet structures, and other safety-related

aspects.

Recommended Minimum Inspection Requirements

» Dam settling, woody growth, and signs of piping

Signs of seepage on the downstream face of the embankment

Condition of grass cover on the embankment, pond floor, and perimeter of the
pond

+ Rip rap displacement or failure

» Prindpal and emergency spillway meet design plans for operation

QOutlet controls, debris racks, and mechanical and electrical equipment

¢  Qutlet channel conditions

« Safety features of the facility
+ - Access for maintenance equipment

Perhaps the largestsingle expense inmmaintaining BMPs is- the eventual repair or replacement of the
paris.of. thefacmhj:y therefore; h1gh—quahty maten&ls with a long service life shotdd be used.
Structural use of conmgatecl metal. plpe orplastic:products is discouraged.

CONSIDERATTONS: Dry:ponds.can.effectively:control. peak runoff discharge rates from
both small and large drainage-areas: The'main problem for extended detention dry ponds is a
tendency to.develop:a soggy bottom, which hinders:facility maintenance and the growth of effective:
vegetative cover.

Dry ponds should be located where they are not easily seen or where they can be concealed with
landscaping. Ponds can be unsightly, especially if floating and other debris accumulate in them. If
inadequately drained, standing water can becormie a nuisance and an eyesore to residents. Ponds
with fouled outlets can overflow during large rainfall events; and result in erosion and flooding in
downstream areas. The poor or nonexistent maintenance of dry detention ponds is a common

problem in developments throughout the state.

Long-term provisions for the routine inspection, maintenance, and repair of ponds showuld be
included in any proposal for a new installation. The appearance of some dry ponds has been
improved by planting hardy wildflowers in the bottom. Residents” acceptance of a “wildflower
pond” is much higher than their acceptance of an unadorned open pond.

Dry ponds are costly in terms of the space that they require. Because they take up large areas, dry
ponds generally are not best suited for high-density residential developments. Other BMPs that
require less space or that can more readily be incorporated into the landscape generally are
preferred in densely developed areas. Alternaﬁvely, runoff peak attenuation facilities can be
concezled below grade.

@) Ponds present attractive play areas to children; hence, ponds may create safety problems. Design
© " features that discourage child access are recommended. Trash racks and other debris-control
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Bar spadng onl debris—conizol structures

the preferred spading is 5.5 inches. Barriers
ty considerations inctude using fences [ D
using shallow safety benches around

to prevent entry by children.

12 inches in any direction.and
should not be installed at the outfall end of pipes. Other safe
around the spillway structure, embankment, and pond slopes;

the pond; and posting warning signs.

sguctures should be sized
should be no greater than
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SPECIFICATIONS AND METHODOLOGY: The following topics are covered in this

section:

» Forebays

* Embankments

¢ Outlet design

Additional design criteria pertaining to the outlet configurations is discussed in the Appendlx L

Common Design Elemen ts.

Forebays

When installed in dry ponds, forebays generally are vegetated to improve filtering of runoff,
provide velocity control, and stabilize soil against erosion. Forebays are frequently constructed as
shallow mnarshes and may incorporate the ephemeral ponding of ru.noff to a depth of 2 feet or less.

Design criteria for forebays are listed below.
» The minimum recommended forebay length is 10 feet.

Sufficient storage should be provided to trap sediment over a 2- to 10-year plan’od.

The height of the berm orbaffle that separates the forebay from the remainder of the pond
should:be 1 foot below: the ponding depth associated with the water quality design storm (i.e.,

the elevation associated with. the water quality storage).

Embankments

A maximum slope of 3H:1V should berused so that the facility canbe properly maintained. If steeper
slopes are required, they should be paved:. The pond’s freeboard should be a-minimum of 1 foot
.above the elevation of the SDF.. Embankment design should.incorporate the following

considerations:

Foundation preparation and treatment

» Control of seepage
» Embankment stability
¢ Construction

Guidelines for the design and construction of earth embankments are provided in Appendix I,
Contmon Design Elements.

Outlet Design

In addition to being designed to achieve specific hydraulic requirements for runoff detention and
peak attenuation, outlets also must be functionally simple and easy to maintain. Durable materials,
such as reinforced concrete or plastic are preferable to corrugated metal in most instances. The riser
should be placed in or at the face of the embankment. By placing the riser close to the embankment,
maintenance is facilitated and flotation problems prevented. Qutlets are described in greater detail
in Appendix I, Common Design Elements. Erosion protection measures should be used at the pond

discharge point.

11>
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The effect of detention is coduce the maxirmun discharge rate and delay the ccourrence of the
runoff peak. The cotal volume of water that is discharged remains unchanged. Figure 1 graphically
represents the relationship between unattentuated inflow and attenuated outflow hydrographs. Y

Inflow Hydrograph

e
~ ’i\/
Qutflow Hydrograph
; N |
@ O
g 7 xﬁ*- -

r.’ ' / s | ™, <
‘ ‘.i 4 . ., N
o TR -.e:_::a‘« .
& ’ . .

s il | |
= ‘ o ——

Time Routing Time Interval, At Y
Figure 1. Deteniion curve.
The procedure for designing dry pond outlets applies equally well to designing many other,;,_,: —
CONSTRUCTED TREATMENT

stormwater detention meastres, including WET PONDS,
WETLANDS, DRY LLS, WATER QUALITY INLETS, SEDIMENT BASING, BIOMON, and

ROOFTOP RUNOFF MANAGEMENT devices. All of the measures have:

tween storage volume and depth

]. Storage devices that have a unique relationship be o
hip between discharge rate and depth ~

5 QOutlet control devices that have a unique relations
Knowledge of the two relationships plus the design input hydrograph will enable the designer 0
2 graphically illustrates the stage-discharge and stage-

compute the outflow hydrograph. Figure
storage functions for a hypothetical dry pond. In this example, water quality storage occupying the
part of the pond below the primary outlet has been assumed. For the routing analysis, no discharge

is assumed tO be associated with the low-flow outlet, which controls the water quality storage part

of the pond. The assumption will introduce no significant erTor because the discharge rate for low-
flow outlets is intentionally much less than for primary outlets, which control the runoff peak

attentuation function of the pond.

NOVENSER 14, 1887
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Storage Routing Relationships
Stage/Discharge Relationship

g

Stage/Storage Relationship g
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Figura 2. Exarple storage routing relationshipss:

The design of all outlet systems.involves the routing of a design storm hydrographt through the
facility. The design storm hydrograplr is frequently based on the 24-hour rainfall, distributed: "
according to the NRCS Type U distribution. Total rainfall amounts are published for the various
return frequencies (e.g., 2-year, 5-year, 10-year, and 25-year return frequency).

Runoff hydrographs can be generated from the design storm rainfalls by using a variety of
hydrograph generation algorithms. The NRCS methods, which use a nondimensionalized unit
hydrograph and predict runoff potential on the basis of the runoff curve riamber (CN), are widely
accepted for stormwater management design. Once the hydrograph has been computed for a
particular design storm, it can be routed manually or with the assistance of computer algorithm.
Dozens of routing techniques have been published (see Maidinent, 1993). In general, all of the
algorithms, if appropriately applied, will give similar results. However, when using any method the
assumptions on which the method is based and the limitations that apply to its use must be

understood.

A simple, but reliable procedure that can be implemented conveniently on a spreadsheet is the
storage/indication method or Modified Puls algorithm. The routing procedure is based on the
continuity equation, which states that the rate of change of water storage volume equals the inflow

rate minus the outflow rate:
I-Q=4d5/dt

MOVEMBESR 14, 1897
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The finite-difference formulation for this expression can be rewritten as:
P+[7+(25/t-0°)=(25%/t+ O%)

Inflow rate occwrring during the previous time interval

Where: I© =
= Inflow rate volume occurring during the present time interval
S° = Storage volume at the beginning of the time interval
5° = Storage volume at the end of the time interval
o = Outflow rate occurring during the previous time interval
O™ = Outflow rate cccurring during the present time interval

= Length of the routing time interval

the hydrograph must be divided into discrete time

intervals, {. At the beginning of each new time interval, all the terms on the left-hand side of the
finite difference equation are known. Therefore, the value of the right-hand terms, collectively called
the storage function, can be computed directly. By using the depth-storage and depth-discharge

relationship that characterize the detention facility, the unique relationship between depth and the

storage function can be constructed (Figure 3)-

e

To route runoff through a detention fadility,

Storage Routing Function

Starage Function {cuble Isat per secand)

Dapth {fset)

Figure 3. Example storuge ftinction.

By using this relationship, the average ponding depth during the new time interval can be
determined. The procedure can be summarized as follows:

1. From known §°, O I°, and I, defermine the value of the storage function for the new time

interval.
2. Using the storage function, determine the ponding depth for the new time interval. £
12 NovEMBEd 14, 1897
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3. Using the depth-storage and depth-discharge relationships, determine 5 and O.

4. Repeat.
When routing storm runoff hydrographs, the maximum tirne interval should be 15 minutes. Near

the peak where the inflow and outflow rates are varying rapidly, the ime interval should be
reduced to a maximum of 5 minutes. ) :

Runoff “treatment trains” frequently incorporate multiple detention devices in series. For instance,
a dry well connected to roof drains, may drain sequentially to a bioretention device. In these cases,
each detention component must be routed separately and in sequence. ‘

The design of outlets is discussed further in Appendix I, Common Design Elements.

NOVEMSER 14, 1997 13
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STRUUDSEURG AND RaAST STROUDSBURG FLOOD PROTECTION, o45:1

LOCATION: Brodhead, McMichael and Littls Sambo Creeks, Stroudsburg
and East Stroudsbury Boroughs and Stroud Towrighip,

| Monrce County ' o
QUADRANGLE: Stroudsbury, batirude: 40°53:007, Lohgdtudes 75°11130"

EPONSOR: Boroughs of Stroudsburg and East Stroudaburg

EROJECT DESCRIPTION: This project cansisted o the improvemans of
11,800 fee& of earth channel, incdluding widening, cleaning, and
raalignment; construction cf 15,000 feat of earch lavees, .including

15 draina structures equivped with emergency slulce gatssg;
construetibn Of 550 faet of reinforced cancrete flocdwall. ang

330 faax o? couczate. racaining wall; and comstructicn of bawh a
sanitary mewage and storm water pumping station, Channal slcpes.yere
pracected with zock, riprap at eritical azeas. Two ponding arsas wers
provided b3 allov interier runoff to aollsas during high stream gtages.

Improvements to the interior drainage System and installation of
starf gauggs wars campletad in 1364, ‘ ‘
P .:—e»\y.:; - .

CAEL Ee .

DESIGNER: | Fridy, Gauker, Truscott and Fridy, Tne., Philadelphis, Pa.
CONTRACT st Cdi:l . . PERMIET NO. 3 13827
. BIB: QB NG May 13, 1960 CONTRACT AWARD: May 31, 1960

LowW BIDDER r Elmhurst Contxacting Co., Coroma, W.V
FROJECT COMDLETED: QOctaobexr 9, 1982 CONSTRUCTIOR COST: $1,531,233.77

DRAINAGE GRITERTA: DRATNAGE  FLOOD OF RECORD FIS 100-YEAR
, ' ARER {(Auguat 19, 13955) DISCHARGH
L mmmmmmmm e e E L S
Bxodhesad Oreek:
- Below McMichael Cresk 238 sSmMm 68,840 ¢¥s 36,000 C¥s
Above McMichael Cresk 146 M 00 aeaeaaLLLl 26,000 CFS
ModMichael |[Creak: 197 sM 5,740 Crg 10,3040 Cprs
Maximum CHannel Rotbtom Width: . Z20 FT
Levae Top Widch: 10 FT
Lard siope 1V to 2H
trzam Slone iV o 2.5H

Pumping Séatian:
Sewage |- 2 Pumps at 100 gallons per minmurs (GUPM) each
Storm Watar - 2 Pumps as 800 galleons per minuze (GPM) e=ch
QUANTITIEQ:

22,375 C.Y Sxesvation (A1l Tyres) 15 EA. Draipnage Structuves
205,770 €Y, Rellad Zmbankments 1 EA. Sswage Pumping Statien
39,2350 ¥ Sumped Ripxap 1 EA. Storm Fumping Station

i,3%z¢ C.¥Y Caticrata 38 AC. Zeweding
Frajac Vez Lo speonser for crarsticn and mzisrtana—cs o

>
+
—
[+
[




. swxan?sauae LEVES STABILIZATION PROGECT, C4A5:1, DES 13aG-27

PROJECT DéSCRLﬁTIUN Riprap was placsd on the lefb bank levee

from the Gold Strest area upstream to Sambo Creek. Rock zriprap was
also Dlac$a from the battom of the existing riprap down to a depth af

5 feat belew the charnel invert on the ramaining. length of laves.

A control (shructurs was installed across the channdl inveri to mirnimize

future degzadaticn of Brodhead Cresk.

"DESIEIFER: {Departmsnk

ccﬂrnggrfﬁn,: n%s‘;3d§§7.1 QER?I?_F0:{ Unknown
‘EIprbggﬂiﬂéé Méy 1s, 1980 ceurxiér AWARD: Juae. 35, 1380
1.0W BIDDER: All=ghany Mauntaln Coﬁstruction Ca, - GaTECD1, Pa.
 PROUECT COMPLETED: April 14, 1381 ﬁﬂﬂSmR%CTIQH cssra $923,000.00

DESIGH CRITERTA: -
- ¢ i|g@ame’ as St¥dldsburg and East Stroudsburg Flcod Profiection.

QUANTITIES

4 ea,000 c.Y. Excavaticn |

; 31,500 S.¥. 18-Inch Riprap O
10,000 §.¥. 20-Inch Riprap A
25,09¢ C.¥ Filter Slanket
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