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Particle Size Analyses Using Video Microscope and Computer

Micrograph of Road Surface Sediment Washoff
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Particle Size Analyses Using Coulter Counter Multi-Sizer 2
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Particle Size Distribution of Street Dirt
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CHEMICAL ADDITION TREATMENT FLOATATION TREATMENT

Industrial Loading and Parking Area Samples Salvage Yard Samples
Microtox Toxicity Reduction (hours) Microtox Toxicity Reduction (%)
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Alum dosage (mg alum/L sample)
BF | J 1K

PHOTODEGRADATION AND AERATION SETTLING COLUMN TREATMENT TESTS

Automobile Service Area Samples

Vehicle Service Area Samples
Microtax Toxicity Reduction (%)
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SIEVE ANALYSES

Industrial Loading and Parking Area Samples
Microtox Toxicity Reduction (%)

Atomic Adsorption
Spectrophotometer
| (AAS) With Graphite
| Furnace, Used for
Ultra Low Level
Measurements of

Heavy Metals
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Zinc Concentration (,g/L)

Zinc Associations by Particle Size
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Example Stormwater Lead and Copper Reductions using
Chemical Coagulation and PreC|p|tat|on

| toxicity effect, while ferric

1 best overall reductions. [
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Alum usually had adverse
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Toxicity
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Buffered Aluminum Sulfate (mg/L)

Gas Chromatograph/Mass Spectrophotometer
(GC/MSD) used for Organic Toxicant Trace Analyses

Stormwater Toxicant Control

» Toxicant removal mechanisms include
sedimentation, biodegradation, volatilization,
sorption onto soil particles, and chemical
oxidation and hydrolysis

» These processes are available in many urban
runoff controls, but modifications should be
made in their designs to increase their
toxicant removal efficiencies




Stormwater Toxicant Control, cont.

The most effective treatment processes
included:

settling for at least 24 hours (40 to 90%
reductions),

screening through 40 micrometer sieves (20
to 70% reductions), and

aeration and or photo-degradation for at
least 24 hours (up to 80% reductions).

Common Stormwater Controls

Public works practices (drainage
systems, street and catchbasin
cleaning)

Sedimentation
Infiltration/biofiltration
Critical source area controls
Public education

Design Modifications to Enhance Control
of Toxicants in Wet Detention Ponds

Settling of fine particulates

Photo-degradation (enhanced vertical
circulation, but not complete mixing that
can scour sediments)

Aeration

Floatation (subsurface discharges) to
increase trapping of floating litter

Retro-fitted Catchbasin with Sump Tested at Ocean County, NJ




Dimensions of Optimally-Designed Catchbasin

Box Plots - Catchbasin with Sump

Suspended Solids (mg/L)
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Sedimentation WEARRENEE

* Dry detention ponds
» Wet detention ponds
» Wetlands

Caltrans, San Diego, California

Extended Detention Ponds

Wet Detention Pond Advantages

» Very good control of particulate pollutants

» Opportunity to utilize biological processes
— Protozoa as bacteria predators
— Agquatic plants enable higher levels of nutrient removal
 OQutfall ponds capture and treat all storm sewer
discharges
— Wet weather stormwater runoff
— Dry weather baseflows
— Snowmelt
— Industrial spills
M B — lllegal discharges
Caltrans, San Diego and Los Angeles, California




Unusual Dry Detention Pond Located on Hillside
to Meet Peak Flow Rate Criterion

Dry Detention Pond Forebay for Stormwater Pump Station,
Los Angeles, CA
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Scour and Sediment Transport in Dry Detention Ponds

Large Corrugated Pipes used for Underground Detention
Below Parking Area

Wet Detention Facility at Shopping Center, Dayton, OH
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Wet Detention Facility
at Convention Center,
Orlando, FL

Wet Detention Facility at Apartments, Lake Oswego, OR
(Part of Treatment Train)

Wet Detention Facility at Industrial Park, Birmingham, AL

—
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Advertising for New Wet Ponds, Austin, TX
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Wetlands in Malmo, Sweden (under construction and mature)

L
Watch your step Eric!

SR

Wetlands for Stormwater Control

Inlet for Wetland in Malmo. Sweden for
Treatment of CSOs and Stormwater
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Mature Wetlands and Wet Detention
Pond Facility, Malmo, Sweden

New Wetlands being Planted by Volunteers, Malmo, Sweden

Necessary Harvesting of Aquatic Plants from Wetland
used for Treatment of Municipal Wastewater

Lemna Systems

14



Observed Wet Pond Performance (when
constructed and operated according to best guidance)

Suspended solids: 70 to 95%

COD: 60 to 70%

BOD.: 35 to 70%

Total Kjeldahl nitrogen: 25 to 60%
Total phosphorus: 35 to 85%
Bacteria: 50 to 95%

Copper: 60 to 95%

Lead: 60 to 95%

Zinc: 60 to 95%

\\ Additional Storage for Drainage Benefits

\ Water Quality Storage

'Dead’ Storage

Wet Pond Design Criteria for Water Quality

» Surface area should have a minimum
area based on land use and desired
pollutant control

» Pond freeboard storage equal to runoff
associated with 1.25 inches of rain for the
land use and development

» Select outlet device to obtain desired
pollutant control for all pond stages

* Incorporate special features for harsh
winters and snowmelt loads, if needed

Pond Area as a Percentage of
Drainage Area

5 micrometer |20 micrometer

Totally paved |2.8 1.0

Industrial 2.0 0.8

Commercial |1.7 0.6

Institutional 1.7 0.6

Residential 0.8 0.3

Open space 0.6 0.2

Construction |1.5 0.5




Suspended Solids Control at Monroe St. Detention Pond,
Madison, W1 (usGS and W1 DNR data)
Storm 25.1: Predicted versus Observed Outflow * ‘
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Total Dissolved Solids Control at Monroe St. Detention COD Control at Monroe St. Detention Pond, Madison,
W1 (USGS and WI DNR data)
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Pond Problems

Safety

Nuisance conditions
Maintenance

Poorly known site conditions
Critters

Deep Water Too
Close To Shore

Safety of Detention Ponds
Numerous design features to maximize pond safety:

- Side slopes

- Depth

- Safety ledge

- Accessibility

- Outlet structure protection

i} Faa
24 ;
Steve Auger p

hoo__
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Children are Attracted to Urban Waters

~~#.  Sometimes the pord wins!

Frequent Maintenance and Adjustments to Outlets may be Needed

Wet Ponds Located in Areas of Karst Geology may have Sinkholes

18



Ponds can be attractive and in some
areas they actually encourage contact
recreation, but water quality is usually
poor. Birds and other wildlife are also
frequently attracted to ponds.

Other critters also attracted to ponds

However, they may be
mutually exclusive uses

Existing Ponds can be Modified
for Improved Performance

« Change outlet device
 Reshape pond

» Add internal berms to prevent
short-circuiting

Bob Kort photes

19



Modification of
Outlet for
Improved Performance

Modification of Pond
Outlet at Epcot Center,
Orlando, FL

Berm Located in Pond to Minimize Short-Circuiting,
Gulfport, MS

20



Design Suggestions to Enhance Pollutant

Control and to Minimize Problems

Composite list from literature and experience

Locate and size ponds to minimize hydraulic

interferences.

Keep pond shape simple to minimize short-circuiting.

Slope ground leading to pond between 5 and 25%.

Use shallow perimeter shelf as a safety ledge.

Plant dense emergent vegetation on shelf.

Plant thick vegetation barrier around pond perimeter.

Provide at least 3 ft. of permanent pool depth for scour
protection.

Provide at least 2 more feet as sacrificial storage.

Use of Sedimentation in
Conjunction with other Controls

o Effluent can be directed to infiltration or
wetland area.

» Sedimentation is a common pre-treatment
option for filtration and chemical
treatment

 Sedimentation can better handle large
flows and serves to protect downstream
more “fragile” devices, such as wetlands
or infiltration areas.

Design Suggestions (cont.)

Use sub-surface outlets to minimize clogging and to
retain floatables.

Discourage water contact recreation and consumptive
fishing.
Stock mosquito eating fish.

Minimize water level fluctuations to reduce mosquito
problems.

Place rocks at inlet and outlet areas to minimize scour.
Use anti-seep collars around outlet pipes to minimize
piping.

Provide trash and safety racks, plus baffles on outlets.
Provide emergency spillway.

Infiltration Swale in
Office Park Area,
Downstream of Wet Pond,
Lake Oswego, OR, Part
of Treatment Train

21



Wet Pond after Oil and Grease Trap and Step Aerator, Austin, TX Settling Pond after Alum Injection, Orlando, FL

Dry Pond to Equalize
Flows before Sand Filter,
Austin, TX
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Pilot-Scale Treatment Tests using Filtration,

Development of other Carbon Adsorption,UV Disinfection, and Aeration
Control Devices ' =% = 93

» Multiple treatment processes can be
incorporated into other stormwater
treatment units sized for various
applications.

— Gross solids and floatables control
(screening)
— Capture of fine solids (settling or filtration)

— Control of targeted dissolved pollutants
(sorption/ion exchange)

Pilot-scale filters
examining many
different media.

Lab and pilot-scale filters and multi-}
chambered treatment train (MCTT) $

23



Multi-Chambered Treatment Train (MCTT)
developed during EPA research to protect
groundwater during infiltration, (Pitt, et al. 1999)

Calchbasin Main_Setiling Chamber Fillering Chomber
- — sorbent pillows — sorbenl filler fabric,
::rzl;:a:!cmumn =~ fine bubble cerators = mixed media filter laoyer
= tube sefilers (sand and peat)
= filter fabric
— gravel packed
underdrain

Milwaukee, WI, Ruby Garage Public Works
Maintenance Yard (0.25 acre)

Minocqua, WI, MCTT (2.5 acre commercial parking)

Wisconsin Full-Scale MCTT Test Results

(median % reductions Milwaukee (15 Minocqua (7
and median effluent events) events)

quality)

e 99 (<0.05 ug/L) |>65 (<0.2 pg/L)
98 (<0.05 ug/L) |>75 (<0.2 pg/L)

24



Upflow filter insert
for catchbasins
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Upflow Filter™ patented

UpFlow Filter™

Components:
. Access Port
. Filter Module Cap
. Filter Module
. Module Support
. Coarse Screen
. Outlet Module

. Floatables
Baffle/Bypass

Main features of the
MCTT can be used in
smaller units.

The Upflow Filter™ uses
sedimentation (22), gross
solids and floatables
screening (28), moderate
to fine solids capture (34
and 24), and sorption/ion
exchange of targeted
pollutants (24 and 26).

Successful flow tests using prototype unit and mixed
media as part of EPA SBIR phase 1 project. Phase 2 tests
are being currently conducted, including ETV.
80 t0 90% removal of - %
dissolved zinc using

sand/peat upflow o ==
filtration o
ko)
~ 20 3
£ 1 ] 2T
E 10 — 15 to 20 gpm/ft?
5 re obtained for
0 most media
0 5 10 15 20 | tested
Headloss (inches)

Upflow Filter
Components

. Module Cap/Media
Restraint and Upper
Flow Collection
Chamber

. Conveyance Slot

. Flow-distributing
Media

. Filter Media
. Coarse Screen
. Filter Module

25



Hydraulic Characterization
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Rain in from
Catchment Tray

| slow startatienuaton " Header._
High rate outlet Tank
o

No gosing volume (25 mm @)

— Low rate outlet
(4 mm &)

. [————+ Flocculant dischanged to
sediment pond inflow

__— Displacement Tank =—

| Flocculant Reservoir =

— Tank

M.B. Size of Header, Displacement and Reservoir Tanks dependant )
on volume of flocculant required to be housed for treatment.

Auckland Regional Council, New Zealand
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Example Performance Data for PAC-assisted Settling

Pond Inflow Outflow SS Reduction
Flow SS Flow SS (%)
(L/sec) | (mg/L) | (L/sec) | (mg/L)
Mason’s Rd 3| 26,300 3 144 99.4
Mason’s Rd 2| 5,100 2 40 99.2
OVRE 15| 1,639 8 51 96
OVRE 2| 749 2 56 92
23800E 8| 14,800 6 966 93
23800E 1| 18,700 2 67 99
B1 Gully 0.3| 4,300 0.4 3 99.9
B1 Gully 0.5 | 16,900 3.0 59 99.6

Polyaluminum Chloride (PAC) was a more suitable choice,
especially for clayey soil conditions, than alum and other tested
coagulants.

The overall suspended solids treatment efficiency of PAC-treated
ponds has been between 90 — 99 % for ponds having good
physical designs. Lower treatment efficiencies have occurred
where there have been problems with decants not operating
properly, or physical problems such as multiple inflow points,
high inflow energy, and poor separation of inlets and outlets.

Flow-Balancing Method (FBM)

» Developed by Karl Dunkers, Taby, Sweden

» Sedimentation facility placed directly in
water.

 Usually for pumpback systems to treatment
facilities

27



FBM Chamber at Lake Ronningesjon, Taby Sweden (Karl Dunkers) Ferric Chloride Treatment Unit at Lake Ronningesjon,
Taby Sweden (Karl Dunkers)
& 2 :’- X g - I' .1 ﬂ‘:-r" 74




Lake Phosphorus Discharge Trends

W /N

N

w7273 ™ 75 76 77 T8 T B0 81 82 B3 84 B85 86 67 688 89 80 91

B P discharge, kg, modeled W P discharge, kg, if no treatment
Percent control

Watertable Percolation Pond, Berlin, Germany
TE

Percolation Ponds

 Can incorporate sedimentation with
infiltration

» Usually in areas of shallow groundwater

» Concern about possible groundwater
contamination, especially in industrial areas

Watertable Percolation Pond, Madison, W1




Special Stormwater Control Stormwater Design Considerations for

: : . . Cold Climates
Considerations in Areas h&VIﬂg “Oversize” wet ponds to accommodate reduced

Harsh Winters settling rates (can be one-half of the summer rates)

) o Protect sediment from scour during snowmelt
Snowmelt can contribute the majority of the “Oversize” infiltration areas due to reduced soil

annual pollutant loads from urban areas infiltration rates, but substantial infiltration does

Summer runoff is typically only considered occur under snowpacks during long winters
in the design of stormwater controls Divert snowmelt from infiltration areas

Cold weather hinders all stormwater control Do not rely on wetlands and other controls utilizing

processes (such as infiltration, settling, and plants during long dormant season
plant uptake) Follow good snow removal practices

Deicing salts are a special threat to urban Reduce_the_use of d.ellclmg salts : ion of |
groundwater quality Prevention is especially important in design of land

development

Cost-Benefit Analysis for Various Stormwater Controls, SLAMM Appropriate Combinations of Controls
% 0.7 T T T T T ; T T T * No single control is adequate for all problems
§ 0.6 - o B & shreat cloning N  Only infiltration reduces water flows, along with soluble
- and particulate pollutants. Only applicable in conditions
2 05r 7 having minimal groundwater contamination potential.
8 @ cotchbasin clecning . i
o 04f . Wet detention ponds reduce particulate pollutants and
2 may help control dry weather flows. They do not
§ 031 dal | consistently reduce concentrations of soluble pollutants,
g 02 L el nor do they generally solve regional drainage and
o flooding problems.
5 01r gums ool e & dotenton | A combination of biofiltration and sedimentation
§ 0.0 Ly e e practices is usually needed, at both critical source areas

0 10 20 30 40 50 60 70 80 90 100 and at critical outfalls.
Maximum percentage suspended solids reduction

30



Conclusions — relative effectiveness of controls

Cost

Effectiveness

Inappropriate discharge Low

High

Erosion control Low to mod.

Low to moderate

Floatable and litter control |Low to mod.

Low to high

Oil&water separators Moderate

Very low

Critical source control High

Low to high

Low impact development | Low to mod.

Moderate to high

Public education Low to mod.

Wet detention ponds Mod. To high

Usually high

Pond Area as a Percentage of Drainage Area Type

5 micron
Totally paved | 28
Industrial | 20
Commercial | 17
Instirutional | 17

20 micron
10

08
06
06

Residential 08
Openspace | 06 |
Construction

15

0.3
0.2
0.5

If areas contain infiltration controls then less area needed

Design of Wet Detention Ponds

1. The wet pond should have a minimum surface corresponding to
land use and desired pollutant control. The following is an
example of how initial size guidance values can be used:

Example site

Land Area
(acres)

Pond Size
Factor

Resulting Pond
Surface Area (acres)

Paved area

0.6

3%

0.018

Undeveloped
area

3.8

0.6%

0.023

Construction
area

27.6

1.5%

0.414

Total:

32.0

0.455

Design of Wet Detention Ponds (cont.)

2. The pond freeboard storage should be equal to the runoff
associated with 1.25 inches rain for the land use and
development type. The following is an example:

Example site

Land Area
(acres)

Pond WQ
Volume Factor

Pond WQ
\Volume

Paved area

0.6

1.1 inches

0.66 ac-in

Undeveloped area
(clayey soils)

3.8

0.3

1.14

Construction site
(clayey soils)

27.6

0.6

16.56

Total

32.0

18.36 ac-in
(1.53 ac-ft)
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3. The “dead” storage is needed to prevent scour of previously
deposited material and should be at least 3 ft deep over the
sediment. Sediment storage volume is also needed and can be
estimated using RUSLE for the construction site.

Selection of Outlet Control Device (this example
for two small VV-notch weirs)

Head Flow 22.5° Reqd. Flow 30° Reqd.
(ft) (cfs) Storage area (cfs) Storage area
(ac-ft)  (acres) (ac-ft) (acres)
0.1 <0.01 0.01 0.1 <0.01 0.02

0.5 0.03 0.1 0.7 0.05 0.1
14 0.1 0.2 1.9 0.2 0.3
2.8 0.3 0.5 3.8 0.3 0.7
7.8 1.2 1.4 11 1.6 1.8
16 3.3 2.8 22 4.4 3.8
28 7.2 4.9 38 9.6 6.6
44 14 7.7 60 18 10




SCS TR-55 plot used to size additional freeboard
needed for emergency spillway

Peak oulllow discharge ( o )
Peak mliow discharge ' 0

Rain and watershed characteristics for the emergency
spillway design:

P =8 inches

CN = 86; therefore the la = 0.0366

Q =6.2 inches and la/P = 0.041

Area (Am) = 0.021 mi? (13.2 acres)

Tc =20 min (0.3 hr)

The peak unit discharge rate from the tabular hydrograph
method is 498 csm/in, and the peak discharge is therefore:
Qpeak = (498 csm/in)(0.021 mi2)(6.2 in) = 63.7 ft3/sec

Also, the volume of runoff for this event is:
V, = [(6.2 in)(13.2 ac)]/12 in/ft = 6.82 ac-ft

Vs = 1.53 acre-ft
Vr = 7.5 acre-ft
and Vs/Vr =0.20

for type Il or 111 rain categories:
go/qi =0.72

if the calculated peak discharge rate entering the
pond (qi) = 8.7 cfs, the resulting peak discharge rate
leaving the pond, go, (through the water quality
primary outlet plus the emergency spillway) is
therefore: 0.72 (8.7) = 6.3 cfs

The maximum desired discharge rate for this pond
(for both the water quality outlet plus the emergency
spillway) is given as 46.5 ft3/sec.

The ratio of the outlet to the inlet flow rate is
therefore:  q,/g; = 46.5/63.7 = 0.73

The ratio of the storage volume (V,) to the runoff
volume (V,), for Type Il rains is 0.2, for this ratio of
outlet to inlet peak flow rates. Therefore the storage for
the pond to meet this peak discharge rate goal is:
V.= 0.2 (6.82 acre-ft) = 1.34 acre-ft

33



The length (LW in feet) of a rectangular weir, for a
given stage (HW in feet) and desired outflow rate
(qo in ft3/sec) can be expressed as:

q
L, =—2°
¥ 32H%

The desired q, for the rectangular weir is 46.5 - 2.2 =
44.3 ft3/sec. If the maximum stage for the emergency
spillway is 1 ft, then length for the emergency
spillway is:

~ _ 441t° /sec

Lo % _
"32H.S 3.2(1ft)?

=13.8ft

the basic pond area and “live” storage volume

The following are the areas associated with each surface in the
drainage area:

- paved areas: 0.2 acres

- undeveloped areas: 1.2 acres

- construction area: 32 acres

- total site area: 33.4 acres

Site Subarea Pond Surface Area Pond “Live” Volume, runoff
(acres) from 1.25 inches of rain fall
(acre- inches of runoff)

paved area 3% of 0.2 acres = 1.1 inches x 0.2 acres =
(0.2 acres) 0.006 acres 0.22 ac-in

undeveloped area 0.6% of 1.2 acres = 0.3 inches x 1.2 acres =
(1.2 acres) 0.007 acres 0.36 ac-in

construction area 1.5% of 32 acres = 0.6 inches x 32 acres =
(32 acres) 0.48 acres 19.2 ac-in

Total: 0.49 acres 19.8 ac-in = 1.65 ac-ft

Example Sizing of Wet Detention Pond

e the basic pond area,

e the “live” storage volume,

e the pond side slopes, top surface area, and “dead
storage” volume,

e the selection of the primary discharge device,

e the additional storage volume needed for the
emergency spillway,

e the sizing of the emergency spillway, and

o the sacrificial storage volume for sediment

accumulation.

pond side slopes, top surface area, and “dead storage”
volume

1) If 3 ft deep:
Top area:

1 ac

Xﬁa |65 an- 84 / (0.49acrezs+ X)3ft =1.65ac — ft

0,00 on
X =0.6lacres

at0.61 acres: ar?=26,570ft> r=92ft
at 0.49 acres: ar?=21340ft2 r=82ft

qz8x

side slope = 3 ft/(92-82 ft) =

g
3ft/10 ft=0.3 =30% too steep

T8 oy
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Therefore try different pond depths and calculate
diameters and slopes:

If 1 ft deep; top area = 2.81 acres and r = 197 ft and
side slope = 1.2% too shallow

If 2 ft deep; top area = 1.16 acres and r = 126 ft and
side slope = 4.5% suitable, but on the low side

etc.....

The “pond sizer” spreadsheet does this (and
evaluates different outlet devices) for you.

the sacrificial storage volume for sediment

accumulation
Using RUSLE, calculate the sediment loss for the complete
construction period for the site area draining to the pond:

R =350

LS =1.28 (based on typical slope lengths of 300 ft at 5% slope)
k=0.28

C =0.24 (assuming that 5 of the 32 acres of the construction area
is being actively worked with a C=1, and the other 27 acres of
the construction area is effectively protected with a C=0.1)

A = (350)(1.28)(0.28)(0.24) = 30 tons per acre per year.

Since the construction period is for one year and the active
construction area is 32 acres, the total sediment loss is estimated to
be about 960 tons. For a loam soil, this sediment volume is about
980 yd3, or 0.8 acre-ft. At least 1 or 2 ft should be used for
stabilized areas.

the selection of the primary discharge device

At the top of the live storage volume, this pond will have
2 ft of stage and 1.16 acres maximum pond area:

450 V-notch weir requires at least 1.0 acres of pond
surface at 2 feet of stage in order to provide about 90%
control of sediment.

30° V-notch weir would require only 0.7 acres,

60° V-notch weir would require 1.4 acres.

None of the rectangular weirs would be suitable,
as the smallest 2 ft weir requires at least 2.6 acres at 2
feet of stage.

The 45° weir is closest to the area available and is
therefore selected for this pond.

Another suitable outlet structure would be an 18~
drop tube structure which requires at least 1.1 acres.

The pond water surface is about 0.5 acres. With a three feet deep
dead storage depth to minimize scour, the surface area at the
bottom of this 3 ft scour protection zone (and the top of the
sediment storage zone), can be about 0.35 acres (about 25%
underwater slope).

The sacrificial storage zone can be about 3 ft deep also, and the
bottom pond area would be about 0.18 acre, as shown in the
following calculations:

Top of sacrificial storage area is 0.35 acres,

at 0.35 acres:

ar? =15,250 ft? r=70ft




Therefore, the area of the bottom of the sacrificial storage area
needed to provide 0.8 acre-ft of storage, if 3 feet deep can be
approximated by:

(0.35acres + X 3 ft =0.8ac— ft
2
X =0.18acres

at 0.18 acres, r =50 ft
side slope = 3 ft/(70-50 ft) = 3 ft/20 ft = 0.15 = 15%

- la for this curve number is 0.128 inches.
-24-hour, 25-year rain has a total rain depth (P) of 6.9 inches.
-la/P ratio is therefore: 0.128/6.9 = 0.019, which is much less than 0.1.

Therefore the tabular hydrograph table to be used would be Exhibit
111, corresponding to a Tc of 0.2 hour. The top segment of “csm/in”
(cubic feet per second per square mile of watershed per inch of direct
runoff) values are therefore used, corresponding to la/P values of 0.1,
or less. The top row is also selected as there is no travel time through
downstream subwatersheds. Examining this row, the largest value is
565 csm/in, occurring at 12.3 hours. The amount of direct runoff for a
site having a CN of 94 and a 24-hr rain depth of 6.9 inches is 6.2
inches. The AmQ value (area in square miles times the direct runoff in
inches) for this site is: (0.052 mi2)(6.2 inches) = 0.32 mi2-in. This
value is multiplied by the csm value to obtain the peak runoff rate for
this design storm: (0.32 mi2-in)( 565 csm/in) = 182 ft3/sec.

the additional storage volume needed for the
emergency spillway

Therefore, this example will only consider the capacity of the
emergency spillway to meet the design storm flow rate, the 25-
year event. Other watershed characteristics are:

o watershed area: construction area (32 acres), paved area (0.2
acres), and undeveloped area (1.2 acres) = 33.4 acres = 0.052 mi?
o clayey (hydrologic soil group D) soils (weighted curve number
=94)

o time of concentration (Tc): 12 minutes (0.2 hours). Since the
pond is at the bottom of this watershed, there is no “travel time”
through down-gradient subwatershed areas.

e rain intensity for a “25-year” rain for the Birmingham, AL,
area, with a 15 minute time of concentration (from the local IDF
curve): 6.6 inches/hour (type Il rain)

The first trial for an emergency spillway will be a rectangular
weir, with one foot of maximum stage. At the one foot of stage on
this weir, the 45° V-notch weir will have 3 feet of stage. The V-
notch weir will discharge 16 ft3/sec at this stage. Therefore, the
rectangular weir will need to handle: 182 — 16 ft3/sec = 166
ft3/sec. The rectangular weir can be sized from the rectangular
weir equation :

3
Lo d, _ 1661t /sec:52ft

tOE2HJT B2

This may be large for this pond, so another alternative is to try for
a rectangular weir having 2 ft of maximum stage.
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Another alternative is to try for a rectangular weir having 2 ft of
maximum stage. At this elevation (4 ft total), the 45° V/-notch
weir will discharge 33 ft3/sec. Therefore, the rectangular weir
will need to handle: 182 — 33 ft3/sec = 149 ft3/sec. The
rectangular weir can be sized from the rectangular weir
equation;

q, _ 149ft°/sec

(B2fH, ) (32)2)°

This is a suitable length, but does result in an additional foot of
pond depth. For this example, the 52 foot long weir is selected.

Final pond profile (continued)

Pond Surface Pond Pond slope notes
Depth (ft Areaat Storage between

from Depth below this

bottom (acres) Elevation elevation

of pond, (calculate and next

the d by highest

EXTIN))] Detpond) noted

8

(acre-ft) elevation

3.7 4.5% this is the bottom (invert) of the water
quality outlet structure (and live

storage volume), a 45° V-notch weir

this is the top of live storage volume,
and the bottom of the emergency
spillway, a 52 ft long rectangular weir

1 foot of freeboard above maximum
expected water depth, the top of the
pond

Final pond profile and expected performance

Pond Surface Pond Pond slope notes
Depth (ft Areaat Storage between

from Depth below this

bottom (acres) Elevation elevation

of pond, (calculate and next

the

d by highest

datum) Detpond) noted

0

0.1

(acre-ft) elevation
0] - the pond bottom (datum) must be 0 acres
for the routing calculations

the area close to the bottom can be the
calculated/desired pond bottom area. This
is the bottom of the sacrificial storage area
for the sediment

this is the top of the sacrificial storage area
for the sediment

this is the bottom of the “dead” storage
area, at least 3 feet above the pond bottom
(this is 6 feet above the absolute bottom,
but is 3 feet above the top of the maximum
sediment accumulation depth)

G—g-g\-‘ —_— 1.8 ac

- , 1S Fradoxd
lollo o CEFREL

I _ .
Wodpr (bua&fmﬁw'- W‘a—'-
00V ww\

L0355

0 F e
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The pond performance for a 30 year period of rain (3,346 events,
ranging from 0.01 to 13.6 inches) was calculated using Detpond.
During these 30 years, the expected maximum pond stage is
slightly more 8 ft. The emergency spillway was used a total of
four times in this period. The flow-weighted particulate solids
removal rate was about 92%.
Max. Event Flow- Partic.
Pond Inflow Event weighted Solids
Stage Volume  Flushing Particle Removed
(ft) (ac-ft) Ratio Size (um) (%)
Maximum 8.1 23 11 6.8 100
Average 6.2 0.10 0.05 n/a n/a

Flow-weighted
Average n/a n/a 14 2.6 92

Median 6.1 0.012 0.0057 0.39 99.6
Standard Deviation 0.22 0.54 0.26 0.57 1.9
Cov 0.035 5.1 5.1 1.1 0.019

Therefore, this pond is likely over-designed for these conditions and
could be somewhat reduced in area and depth.

*NURP (1983) found particulates reduced by
between 0% (for small ponds and large
drainage areas) and 90+% for large ponds.
For well designed ponds BOD and COD
removals were 70%, and heavy metals
between 60 — 95%

total phoSphorus

-Yousef 2f (1986) found 85% removal of soluble
;Anutrlents s due to plant uptake.

o H . k

Entering Wet Detention
Pond Data into the
WinSLAMM Model

Model Output

Particulate Settling

k L 5
7+
ﬁv 'K D
VoL - Qu
v D A

Pages 23-25 of detention
pond design.pdf

YV V V V V V¥V

Ideal Settling — Particle
path is vector sum of
particle velocity through
pond and settling (upflow)
velocity

L — Pond Length

D — Outlet Depth

V — Water Velocity through Pond
v — Settling Velocity

Qo — Outflow from Pond

A —Pond Surface Area
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Measured Particle Sizes, Including Bed Load Component,

at Monroe St. Detention Pond, Madison, W1

100

90

80

70

60

50

40 -

Percent Smaller Than Size Indicated

1 1 ] ] 1
1 10 100 1000
Particle Diameter (um)

[=]
|
|
|

Hydrograph Creation

Flow rate calculated using
Complex Triangular
Hydrograph
Runoff Volume calculated
from WinSLAMM

Runoff Duration = 1.2
times rainfall duration

Time (1.2 = Rainfall Duration)

Particulate Settling

Calculated Settling Velocity
Ideal settling is modeled Transition from

¢ Stokes Settling
Using Stokes Law (Ideal (laminar flow)

Settling) for smaller to Newton's N
. Settling Rates
particles

(turbulent flow)
Settling velocity as a
function of Reynolds
number and particle size
for larger particles

S

Velocity (ft/hr)
S

10 100 1000
Particle Size (microns)

—— Settling Velocity (f/hr) —Settling Velocity (fhr), R> 0.5 ‘

%St drgtentlon,pond. in
_as been,:.monltered by

" data heve been used to_verlfy the we
_ detention.pond foutines in '\
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Retrofitted to result in 90% SS control, the long-term monitored
results were 87%.

PROBABILITY
] IN % UNDER 10% 50% 90%
Storm 25.1: Predicted versus Observed Outflow
Suspended solids 35 87 97
- Total Residue <0 52 86
Volatile Residue <0 41 76
E Filtered Residue <0 <0 56
2
z Particulate COD 15 80 95
K] Total COD 29 60 84
b i <0 24 0
Predicted and Observed Outflow FikeredCOD [ 8 %0
Particulate Phosphorus =20 60 80
= 1 = Total Phosphorus <0 47 81
1000 2000 3000 4000 5000 6000 Filtered Phosphorus <0 43 23
Time (hours)

Particulate TKN -40 40 80
Total TKN <0 45 75
Filtered TKN <0 12 68
Particulate Zinc =117 70 95
Total Zinc <0 31 69
Filtered Zinc < <0 59

Modeling Notes Three Components to Modeling
« WinSLAMM assumes a 3.0 ft scour depth. Wet Detention Ponds

» Pond routing is performed using the Modified Puls— . Pond Geometry

Indication Storage Method. . Flow, Initial Stage and Particle Size Data
 Time increments are established by the model and vary ~Outlet Information T —
by event.




Additional Storage for Drainage Benefits

Dutfall Contiol

Total Area: 41.3 acres

Pond Humber 1

dd Outlet

= Dutlet Options:
. Sharp Crested Weir
¥ - Hotch Weir

Select | Particle Size Distribution File:

C:APROGRARM FILESYWINSLAMMYLOW CPZ

Initial Stage Elevation [ft) 3

Peak to Average Flow Ratio

Save this Pond as a
WinDETPOND File

Continue Delete Pond

. [rifice

. Seepage Basin

. Natural Seepage

. Evaporation

. [ther Dutfow)

. W ater Withdraw]
Lrested Weir

Edi

Salgcted Outlets (Max. 5)
Double Bliek to Edit or Delete

1 - Water With
2 - Broad Crest
3 - ¥-Notch Weir

Time (1.2 = Rainfall Duration)

Wet
Detention
Pond Data

Entry Form

Pond Geometry

Top of Pond

Opening (ft)

AN

| Height of Weir \

N\

A

N/

A

L Opening (ft)

Elevation Above Datum (ft)

T Height from Datum — 3t |

to Bottom of Weir

Storage above
— Scour Depth (See
scour note below)

Dead

Storage
Volume

Scour Depth

Dutfall Control

Total Area: 41.3 acres

Pond Number 1

Select | Particle Size Distribution File;

Datum - Pond Bottom

Wet Detention Pond Geometry

IC:APROGRAM FILES wINSLAMMALOW. CPA

Initial Stage Elevation [ft) 3

Peak to Average Flow Ratio | 3.80

Save this Pond as a
WinDETPOND File
Continue Delete Pond

d Outlet

rDutlet Dptions:

. Sharp Crested Weir
2. ¥ - Notch Weir,

3. ce

4. Seepage Basin

5. Natural Seepage

b. Evaporation

7. Other Dutfloy,

B, Water Withdraw]

9. Broad Crested Weir
10- Vertical Stand|Pipe:

Edit E; g Outlet

Selected Outlets (Max. 5)
Double Click to Edit or Delete

1 - Water Wi wl
2 - Broad Crested Weir
3 - ¥-Notch Weir

AN

Time (1.2 * Rainfall Duration)

Wet
Detention
Pond Data
Entry Form
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Stage Area Values

3 Stage Area Values

Pond Mumber 1

Cumulative
Wolume
[act]

Source Area Rooks 3 .
Land Use: Commercial i [acies]

Stage 0.000 0.000

adge and Flow § 1000 | 050
g L I 2000 | 2000
ata here im | o
Insert & aw bef
e [ m 5000 | 12500
Delete row number: [ w

Recalculste Cumulstive Yolume |

Cancel ‘ Continue ‘ Use Shilt plus the arrow keys to

move thiough the grid

V-Notch Weir

| V_Notch Weir

Sharp Crested Weir

Sharp Crested Weir

Land Use: Commercial
Source Area: Roofz 3
Pond Number 1 Outlet Humber 1

Weir Length [ft] ]
Height from bottom of weir
opening [invert] to top of weir [ft] |0

Height from datum to bottom of
weilr opening [ft] 1]

Cancel ‘ LContinue ‘ Delete ‘

Seepage Field

Seepage Basin

Land Usze: Commercial
Source Area: Roofs 3
Pond Humber 1 Outlet Humber 1

ST Height from bottom of weir

opening [invert] to the top
2. 30 degrees of the weir [ft]

3. 45 degrees _ Height from datum to bottom
4. 60 degrees of weir opening [ft]
5. 90 degrees

6. 120 degrees
Cancel ‘ LContinue ‘

Land Use: Commercial
Source Area: Roofs 3
Pond Humber 1 Outlet Humber 1

Infiltration Rate [in/hr):
Width of device [ft):

Length of device [ft]:

Delete ‘

Invert elevation of seepage
basin inlet above datum [ftl: |0

Cancel ‘ Continue Delete ‘
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Natural Seepage Discharge

I3 Matural Seepage Discharge Data

Land Use: Commercial
Source Area: Roofs 3
Pond Humber 1 Dutlet Humber 1

Outflow (in/hr) Stage [f) | Are@

Row 1 T

1.00

Use Shift plus the amow keys
to move through the grid

Lancel Continue Delete Dutlet

User-Specified Stage Discharge Data

3 Other Outlet Stage Discharge Data

Land Use: Commercial
Source Area: Roofs 3
Pond Humber 1

Dutlet Number 1

Outflow [cfs) Stage () Area Dutflow

Row 1 ’—| [acres) [icfs)

0o 0.000 0o
1.00 1.000 noo
200 2.000 noo
300 3.000 noo
4.00 4.000 noo
5.00 1 000

o= wfrof—o

Use Shift plus the amow keys
to move through the grid

LCancel Continue Delete Outlet

Evaporation

Pond Evaporation

Land Use: Commercial
Source Area: Hoofs 3
Pond Mumber 1

Outlet Humber 1

Evaporation

Month | gote (in/day)

January

February
March

April

May

June

July
August
September
October
Movember
December

Cancel

LContinue ‘ Delete ‘

Broad Crested Weir

Broad Crested Weir

Land Use: Commercial
Source Area: Roofs 3
Pond Number 1 Outlet MNumber 1

Weir Crest Length [ft)

Weir Crest Width [ft]

Discharge Coefficient [Englizh [i]
Units]

v Default Discharge Coefficients

Height of Weir Opening [ft] [i]

Height from D atum to Bottom

of Weir Opening [ft] 0

Cancel ‘ LContinue ‘ Delete ‘
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Vertical Stand Pipe

Vertical Stand Pipe Outlet

Land Uze: Commercial
Source Area: Roofs 3
Pond Humber 1 Outlet HNumber 1

Stand pipe diameter [ft]

2. Stand pipe height above
datum [ft]

Cancel ‘ LContinue ‘

Water Withdraw

Water Withdraw

Land Use: Commercial
Source Area: Roofs 3
Pond Number 1 Outlet Humber 1

Water Withdraw
Honth Rate [ac-ft/day]

January
February
March
April

May

June
July
August
September
October
November
December

Cancel ‘ LContinue ‘ Delete ‘

Orifice Outlet

Orifice Outlet

Land Usze: Commercial
Source Area: Roofs 3
Pond Humber 1 Outlet Humber 1

Orifice diameter [Ft] o
2. Invert elevation above datum [ft] |p

Cancel ‘ LContinue Delete ‘

[# winSLAMM Model Dutput
File  Wiew

RunoffVokme | PaficulaleSoids |, Folutants

File Mame: [C:\Pragram Files \Ww/inSLAMMYContral Diema Files\D etentionD emabw/ithoutS wales. dat

Percent
Runoff Percent Pariculate: Particulatz  Particulate
Wolume [cu. Ruroff Saolids Conc, Salids Tield Solids
ft.] Reduction (mg/L) (Ibs) Reduction

Total Before Drainage System | 4586E+05  EBase 2023 53036 Base

Total Atter Drainage System | 4BBBE+06 | 000 % | 20249 [ ook [ ooz

Total After Outfall Controls | 4.583E+06 [ 0.07 % I 39.63 [ 1329 [ e048%

Prink Dutput Summary to
Camma 5 eparated Yalue
File

Print Dutput Summary to

For this Example, the Wet Detention
Pond is Located at Drainage Basin
Outfall
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W WinSLASM Mode] Dbt

I Punoff Volume
Runcll Vohame [

Outfall Runoff Volume

st e DeterionDemowitho 5 wakes DAT
P Fie BMAMTE B2

Dare 050505 Tovwe 11753
Site Descrighon Desteriion

Pé’nd—ReIated

-Statistics
Dranage Dranage

00276 0.4 100049
MATTE nsa 138377
MMae 05 56881
(L] aze0
n Eo
am
nis
(Lic]
21
um
o0
s
()]
om
0E7
061 145079
om 415 415
085 205153 25153
om 415 4ns
TR MR N
148 A4 430 Dutial
omn LE<L] RE<t]
0314776 om 4335 415 1673
AT AEL 1 EEE 1 EEE 118 E Oustd
03720/76 o 769 7656 B/
114 BESL BESL =T Duaial
L Fi Fi. 3 )

 StageOutflowDP.csv

PDetention Pond Water Balance Performan Summary, by

Pond Rain Rain Time Maximum Minimum Event

[Source  Number  Depth (Julian Pond Pond Inflow

area . (in) Date)  Stage  Stage  Volume

Jumber . (ft) (ft) (ac-ft)

162 1 0.46 0 3.67 3 0.63
162 2 0.58 5 3.57 3.06 0.843
162 3 0.25 9 3.38 3.08 0.277
162 4 0.03 11 3.14 3.12 0.009
162 5 0.39 11 3.55 3.08 0.476
162 6 0.01 14 3.08 3.03 0
162 7 0.05 18 3.08 3.03 0.029
162 8 0.03 22 3.04 3.03 0.009
162 9 2.33 23 4.35 3.03 5.329
162 10 0.01 30 3.04 3.03 0
162 11 0.01 30 3.03 3.01 0
162 12 0.51 34 3.57 3.01 0.71
162 13 0.01 40 3.04 3.01 0
162 14 0.01 46 3.01 3.01 0
162 15 0.67 47 3.94 3.01 1.026
162 16 0.61 50 3.86 3.08 0.896
162 17 0.01 51 3.25 3 0
162 18 0.85 63 3.78 3 1.28
162 19 0.01 66 3.12 3.1 0
162 20 1.02 66 3.94 3.1 1.56
162 21 0.01 67 3.38 3.08 0
162 22 1.48 70 4.23 3.08 2.524
162 23 0.01 71 3.24 3.15 0
162 24 0.01 72 3.15] 3.1 0
162 25, 3.64 73 4.82 3.06 11.492
162 26 0.04 78 3.1 3.06 0.022

Additional Output

o <filename>. PWB

Event
Event
Hydr
Ouflow
(ac-ft)
0.6
0.834
0.249
0.013'
0.501
0.026
0.029
0.006
5.326.
0.002
0.012
0.694
0.018

0
0.991
0.8
0.133’
122
0.013
1.402
0.166
2.442
0.046
0.028
11.511
0.008’

Event
Infil
Ouflow
(ac-ft)

cooocooocooooocoooooocooooloooo

Event
Evap
Ouflow
(ac-ft)

coocoococooocooocooocooooooooooo

Event
Wir_ Wdrl
Outflow
(ac-ft)

cooocoooooooocooocoooooocoloooo

Event Event
Total Flow
Ouflow  Balance
(ac-ft) (ac-ft)
0.6 0.03
0.834 0.009
0.249 0.029
0.013 -0.004
0.501 -0.025
0.026 -0.026
0.029 0
0.006 0.003!
5.326. 0.004
0.002 -0.002
0.012 -0.012
0.694. 0.015!
0.018 -0.018
0 0
0.991 0.035.
0.8 0.096
0.133. -0.133
1.22 0.06
0.013 -0.013
1.402 0.158
0.166 -0.166
2.442 0.082
0.046 -0.046
0.028 -0.028
11511 -0.019
0.008 0.014

Total
Outflow
(ac-f)

0.6
1.434
1.683
1.696
2198
2224
2.253
2.259
7.585
7.587
7.599
8.293
8.312
8.312
9.303
10.103
10.236
11.455
11.468

12.87
13.036
15.479
15.524
15.552
27.063
27.071

Cum
Flow
Balance
(ac-ft)

0.039
0.06
0.064)
0.03
0.01
0.013
0.016)
0.0}
0.017]
0.006)
0.0214
0.003
0.003
0.03:
0.134)
0.00Y
0.062)
0.04¢
0.207]
0.041
0.12:
0.07:
0.09
0.031
0.045

H winSLAMM Madel Dutput
Fie Wiew

Funoff Yolume Particulate Solids | Pollutants T Output §
Concerirstion il eid 54 Yield Contri
Data File: DetertionDemdwithoutSwalss.DAT O u tf a I I
10407776 018 1304 1304 0 i 1648 08181
10416/76 0.05 L] ] 0 0 00845 0.29
10/20/76 0.15 1348 1348 0 i 203 09583 -
10/24/76 001 3762E04 3RS 0 0 4882605 02013 P a rt I C u I ate
10/24/76 064 6750 6750 i 0 £1.69
10/29/76 054 5375 5975 i 0 49,47
111476 0.23 2084 2084 i 0 5183 = =
114476 0.95 Trag 788 0 0 046 . SOI IdS Yle I d
1A976 0.01 37EIED4 BTEED4 0 0 4380E05 0276l
11720076 0.22 197 1917 0 0 6051
11/26/76 012 101 1101 i 0 0S| 08ge2
127776 0.02 2,344 2344 0 0 0174 05504
11726776 0.72 6305 £605 0 [ 5a.17
12/06/76 057 197 6197 i 0 46.07
1210476 1.09 8397 8397 0 i 1007
12414776 0.25 z31 2331 0 i 10.73
12419/76 0.87 738 78 0 0 5057
12/25/76 135 1110 110 i 0 2028
1243076 0.20 1583 1583 0 0 3412
Summary for Funeff Producing E vents
Fiain Total Totd | Catchbasin| UpflawFiter  Total _/Flowwid
Total Before After Yolume | Volume Altg Min, Part,
finches] | Drainage = Drainags | % Ful % Ful Jueal Size
System Swstem onirols | Conlroled
Minimurn 001 3762E04  A7E2E04 5 0 000
Masimum: 384 8322 8322 g 0 230800
Flwit dve 29 2am 75,3
Total 55.23 5036 5036 1132307
(I |
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