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Various BMPs for Low Impact Design:

Bioretention (Rain Garden)

Infiltration Trench

Grassed Swale

Infiltration Swale (Bio-swale)

Vegetative Filter Strip



Low Impact Design Tools:

TR-55 “Urban Hydrology for Small Watersheds”

Rain Garden (Bioretention) Spreadsheet

Infiltration Trench Spreadsheet

Vegetated Water Quality Swale and Enhanced WQ Swale (Bio Swale)

Veqgetative Filter Strip Spreadsheet

Hvydraulic Software (Pond Pack, HydroCad, Hydroflow, ICPR etc.)

“Site Evaluation Tool” S.E.T. (Developed by Tetra Tech )




Question:

What storm do we use for water quality control?
1 inch rainfall

1 year storm

2 year storm

10 year storm

All storms

Answer:

1 inch rainfall, sometimes called “First Flush”

Represents about 90% of annual storms and
contains over 90% of pollutants in the runoff.



Urban Hydrology
for Small
Watersheds

TR-55




Figure 2-1 Solution of mnoff equation,

1” Rainfall or 1” Runoff ?
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Water Quality Runoff:

WQv = ( 1.0RVA) /12 ( Schueler’s “Simple Method?)
Where WQv = water. quality volume (acre-feet)
Rv = volumetric runoff coefficient

= (0.05 + 0.009 (1) , | =% Impervious

A = total drainage area (acres)

Example:

1 acre of parking lot with 1-inch rainfall
WQv = ((1.0 x (0.05 + 0.009 (100)) x 1 Ac) /12
= 3448 cubic feet of runoff



Question:

What duration storm do we use for our design?
1 inch instantaneously

1 inch in one hour

1 inch in 24 hours

1 inch in 6 hours

Since the mean storm duration for this area
(Charlotte, NC) is about 6 hours, we chose that
storm event.

This storm yields a peak of 1.71 cfs per acre of
impervious surface for Charlotte, NC.



Bioretention ( Rain Gardens )




13052007 |

Updated For 2007
MEZOEMR EMPF MManual
az Amended

Wiater Qualiwy Uolume Wy

By = runoff coefficient [RunofffRainfall])
Rv = 0.0% « 0.009[1)
Fv = Wolumetric Bunoff Cocfficient [RunoffRainfall]

"M = X Impervious Ywater Gluality Protection Wolume

[“Simple Method™ - Schueler, 1987] wWQEu = 1L0"BuA
MCDENR Manual July 2007 pg. 3-3 12 I .I
Meck. Cry, BEMP fanual pg. 3.2

Fill in ¥Yalues:

1T = Percent lmpervious of Site

AT = Acres 5 Bre Marimum

S — Comupute Chimy

Answer:
SC5 = 0073 Ac. Fr Ru= 0.95
.o -
Fr.* Wiu= 0.95 inches

Method 3448
FOR SHEET FLOW ENTRY: | CNm= Use to compute @ 4-

CFS Peak Flow For 17- & Hr. Storm
Length of Level Spreader for 17 @ 1 fp=s

Rain ﬁﬂ!ﬂ!&lﬂm

AF = _[Wiv]) [[F) Where:
(k] (HF=-D¥F) [TF]) AF = Surface area of Rain Garden [5.F.)

From Georgia De=ign Manual WQEu = Water Quality Yolume to be Captured
Section 3.2.3.6 DF = Filter Bed Depth [ 2 Feet min. For grasses, 3 to 4 Feet For trees)
[Based on Darcy's Law) k = permeability coefficient of Filter media [use 1 Fr./Day for amended soil mix)
MAaryland De=ign Manual " See Margland Stormwater Design Manual, Page 3. 40
Fage 340 HF Average height of water abouwe Filter bed [Mulch)
[use 3 to B inches, which is one-half of 67 to 127 ponding depth)
TF Design Filter bed drain time in dags

" MAXIMUM 2 Dags. [Use 1Day )

Eillin ¥al N —
S5oil Type K [in.thr.] K [FriDayg)
kT = Fr.fDay"™ |5and

DF = Feet Loamy Sand
HF = inches Sandy Loam G- “Use 0.5 “IHr. 1 Fr./Day

TF = Dags” Silty Loam

SF Required assuming infiltration during rainfall
F448] 5F Req. by DEMNR Manual (Yol ./Depth)

20.25%] 5F Impervious Per 5F of Rain Garden > of impervious site




GostEstinate

Excavation
Stone Bedding

6" HOPE Pipe
6" Cleanout

Filter Fabric
Soil Mix
Mulch
Plants

Cost

5241514
5250 .33
5307 23
5250.00
346093

54,0337
$633.78

51,249 95

$9,600.54

Cost/SF

$9.26

\Wr) Cost / SF Impenvious




RAIN GARDEN / BIO-RETENTION AREA

CURB&GUTTER 12"WIDE X 6"THICK

(PER CMLDS 10.17A) ;‘(’ : DEPRESSED CURB
(SET 1" ABOVE a5 ScRew Ca (SET AT EXISTING
EXISITNG PAVEMENT.) 2:1 SLOPE J e 6 12"/ PAVEMENT GRADE.)

/]

DOUBLE HAMMERED
3" HARDWOOD MULCH

80% SAND AND 20% COMPOST MIX

6" SOLID SCHEDULE 40 PVC OR HDPE
OBERSERVATION CLEANQUT STANDPIPE
W/SCREW CAP, SET 1.0' ABOVE GRADE.

FILTER FABRIC-MARAFI 140

SLOPED AT 2% SLOPED AT 2%

UNDERDRAIN GRAVEL BED
DOUBLE WASHED #57 STONE

6" PERFORATED SCHEDULE 40 PVC
OR SLOTTED HOPE UNDERDRAIN,
RAIN GARDEN

X—~SECTIONAL VIEW
NOT TO SCALE




Infiltration Trench




REMOVABLE SECTION
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ROOF LEADER

SURCHARGE PIPE
SPLASH BLOCK

FOUNDATION [l

L | (A
n MINIMUM¢

i U

[‘ |

M

;¥

1 A ) |
—¥1 =L =l -

CAP WITH SCREW TOP LID

-~ DBSERVATION WELL

Figure 4: Infiltration Pit/Trench
Source: Adapted from Maryland Department of the Environment, 1998.




[nfiltration TrenehDesign

Equation: wa From Georgia Stormwater Management Manual Section 3.2 .5
{nd + kTi12 ) for Stormwater Infiltration Practices

Where: A= Surface Area Served
WaQ = Water Quality Volume in Cubic Feet
n = porosity (Assume 0.32)
d = trench depth in feet

k = percolation rate in inches/hour (Assume 0.5"/Hr.)
T =Time to fill in hours

Length of Trench:
L=AW Where W = allowable trench width

Fill in Values:
Wa=| 3448 |Water Quality Volume (CF) |(See Below)
Porosity #57 Stone
Depth of Trench
Percolation Rate of Soil (In./Hr.)
Fill Time in Hours
Allowable Trench Width

Square Feet Required
Length of Trench

WATER QUALITY VOLUME (WQyv)

Rv = runoff coefficient (RunofffRainfall)
Rv = 0.05 + 0.009({ 1 ) Where "I" = % Impervious
("Simple Method” - Schueler, 1987)
MNCDEMNR April 1999
Wav = 1.0"RwA
12




GOSUESHinale

Excavation $5.831.00

Stone Bedding $16,036.00
Filter Fabric $1.750.00
Cost | $23,617.00
Cost/SF $8.99

IRTYCost / SF Impenvious







Design Considerations for
Grassed Swale:

1. Keep velocities at or below 1 fps to
allow settlement of solids.

2. Keep depth of flow below tip of grass
for contact with suspended solids.

3. Use trapezoidal or parabolic shape for
maximum capacity and low flow rate.

4. Keep side slopes at 3:1 or flatter for
ease of mowing purposes.

5. Use trench drain at driveway crossing to
minimize depth and ease of cleaning.




GrassediTianezoitiallSwaley
borWatexQuality

BOTTOM WIDTH (FT) 4000 4.1 Recommended Width

DEPTH (FT) 0.32] 4" Maximum Depth

SIDE SLOPES (PHAV) (FT) 3.0

AREA (SQ. FT) 1.59

WETTED PERIMETER. (FT) 6.02

HYDRAULIC RADIUS (FT) 0.26

FLOW LENGTH (FT) 100.00

ELEV UP (NGVD FT) 100.50

ELEV DOWN (NGVD FT) 100.00

CHAMMEL SLOPE (FT/FT) 0.005] 0.030 Recommended Maximum Slope

MANNING'S "n” 0.0401 n=0.05-0.07 for Mowed Grass, Depth < 0.7 FT.

AVERAGE VELOCITY (FT/SEC) 1.1] Keep Below 1.5 fps

CAPACITY (Q, CFS) 1.71] This is the flow from 1" Rainfall - & hr. Duration

TIME OF COMCEMNTRATION (HRS 0.026] Try to provide 10 minutes of contact time, at 1.5 fps = 900 feet of swale.
Tc (MIN.) 15 at 1.0 fps = 600 feet of swale.

Mote: Keep swales wide and flat for mowing with adjacent lawns.
Keep depth of flow less than 4 inches for 1 inch rainfall.
Provide check dams, if necessary, to flatten slopes




Infiltration Swale ( Enhanced, or Bio Swale )




" Enhaneed Swale Sizing
WaterQualiyYolume WOy

Rv = runoff coefficient (Runoff/Rainfall)

Rv =0.05 + 0.009( 1) Where "I" = % Impervious

("Simple Method" - Schueler, 1987)
MCDEMR April 1999

Wav = 1.0"RvA
12

Fill in Values:

" = 100 Percent Impervious of Site

"A" = 1 Acres 5 Acre Maximum
Answer:
WQv = 0.079 |Ac. Ft.

3448 |Cubic Feet Required
3104 |Min. CF
yliriace Area
Formula:
Af = _(WQv) (Df) Where:
((k) (Hf+Df) (TF)) Af = Surface area of Rain Garden (5.F.)
From Georgia Design Manual WQv = Water Quality Volume to be Captured
Section 3.2.36 Df =  Filter Bed Depth (2 feet min., 4 feet for trees)
(Based on Darcy's Law) k = permeability coefficient of filter media (use 0.50 for amended soil mix)
Maryland Design Manual * See Maryland Stormwater Design Manual, Page 3.40
Page 3.40 Hf = Average height of water above filter bed
(use 3 to b inches, which is one-half of 6" to 12" pond depth)

Tf = Design filter bed drain time in days

(1 Days or 24 hours )

Fill in Values:

Soil Type K {in./hr.) | K (Fv/Day)
k" = 1|ft./day* |Sand 6 12
Df = Feet Loamy Sand 2 4
Hf = 1.5|inches Sandy Loam 05-1 1-2
T = 1.435|Days* Silty Loam 0.02 0.05




ReuikelSize)
1533| 5F Required
6207] SF for 90% of WQv

Width |
0.0125] Slope ft./ft.

1552 Length |
40.0] Spacing of Check Dams 6" high

Water Draw Through Rate:

Darcy's Equation:

Q = (.0000232)"K"A*( H/L ) [ Q= 0.0444 “cfs |Infiltration Rate

Where:

@ = Flow (Rate of Draw) through Bioretentioin Soil (cfs) Bottom Storage | SF Imperv.
K = Hydraulic Conductivity of soil (in./hr.) { Usually 1"/Hour) Width Per 100 LF Treated
A = Surface Area of Bio-Retention Area (SF) 2. 125 CF 1750
H = Height of Water above Drainage Pipe (Underdrain) 3. 150 CF 2000
L = Thickness of Soil Bed (Usually 4" ) 4. 175 CF 2500
Assume (HIL ) ~1 5. 200CF 2850
b.' 225 CF 3150
7. 250 CF 3500
8.' 275CF 3900

Time to Drawdown water from Inundation to Saturation at Surface: Note:
Volume/Q: 17241 Seconds Treated areas Based on Scheuler's "Simple Formula”
[ 4.8 Hours to Saturation | Storage based on 0.5 check dams properly spaced.

Time to lower Water Table to 2.0 feet below surface:
Assume 40% Porosity
Volume = Area x 2" x 0.40
= 1226.1|Cubic Feet
= 27586 Seconds
= i.7 Hours toLower Water 2' below surface
12.5 Hours to Draw Water Through 5oil Layer

SizgUndendrainis S,

Top width (T} = b + 2zd

As a rule of thumb, the length of underdrain is based on 10% of Af
Source: (NY State Starmwater Manual} Volume = (d”ZL)/3 + (dblL)2
[ L= o Feet in 3' wide stone bed

Required [}iameterlnches (Minimum & Inches )

Source: |(NCSU Rain Garden Design Worksheet, Bill Hunt, PHD)




(PER CMLDS 10.17A)
EXISITNG PAVEMENT,)

2 \_DOUBLE HAMMERED

3" HARDWOOD MULCH
BO% SAND AND 20% COMPOST MIX

16" SOLD SCHEDULE 40 PVC OR HOPE
j OBERSERVATION CLEANOUT STANDPIPE
W/SCREW CAP, SET 1.0' ABOVE GRADE

| FILTER FABRIC~MARAFI 140

UNDERDRAIN GRAVEL BED

DOUBLE WASHED §57 STONE

6" PERFORATED SCHEDULE 40 PVC

OR SLOTTED HDPE UNDERDRAIN

\Excavation | $3,793.20
‘Stone Bedding | 5474150
6" HDPE Pipe | $5431.17
6" Cleanouts | §3.879.41
Filter Fabric | $681.16,
‘Soil Mix | 1$16,092.36,
'Sod ‘ | $1,556.26

Cost [$36,175.05]
Cost/SF 5583

[IXE]Cost / S Impenious




R et

W 1

A
R —
:
.

A

s —

[ —

~
-

L3
r

£
—

o

1P

=

Vegetated Filter Str



W i Vegelae i S

Manning's Equation:
Qw=1.49 x df (R*23 x S*0.50) Source: SCDHEC - OCRM

n "Post Development BMP Design Aid Manual”
n=040 Light Underbrush Pages 69 -70

R=di* Ss/ Ss+2dr Ss = spacing of grass media
Ss =067 inches, 0.0558Feet

qw=diV V = qwids

Where Qw = Flow Rate per Foot of Width

dt = Flow Depth in Feet

Input Data:
Q= From 1 inch Rainfall (& Hr. Duration) Values of "n" for Various Vegetated Surfaces

di= . Use 1" Depth (0.08 Ft.) Sheet Flow = 1" Depth
Slope = JFt. Min. 0.02, Max. 0.10 Ft./Ft. Lawn 0.24

n= See Table Woods 0.40(Light Underbrush
0.60|Heavy Underbrush

Qw= 008|CFS/Ft.
V= A0)fps
L= Ft. of Slope [Min. 50 Ft.
Tt -J|Minutes of contact
Min. Width = Ft. of Level Spreader |Max. 300 Ft.







Site Evaluation Tool
S.E.T.

Mecklenburg County

Mecklenburg County Site Evaluation Tool

e Bvmustion Tool User’'s Manual and Guidance

Model Documentation

Prepared by

TETRATECH, INC, TETRATECH, INC.

February 2005 - Draft January 2005 - Draft




General Site Information

Click to proceed to Land Use ‘

General Site Information

Project Information

Company/Org: Mecklenburg County

Project: Forest Lake Estates

Jurisdiction: Huntersville

Scenario: single Family Subdivision

Site Information

Area (acres)

Average Site Slope (%)

(Enter value or select from range)

Soil Hydrologic Groups (% of Site Area)

Group A

Group B

100.00%

Group C

Group D

Totals OK

Design Storm Selection

Runoff Volume (storm event)

1inch storm

1-year 24-hour

2-year 24-hour

Pollutant Target Selection

Percent Reduction of Load*

Total Phosphorus

" (enter)

i+
Total Nitrogen B

" (enter)

* Targetz addess surface runoff load from
developed portion of site.

Septic Information

Humber of Homes on Septic

Commercial Systems (galiyr)




Click to proceed to DAs

Land Use Entry

Land Uses

Existing Land Use

Proposed La

nd Use

Area (ft%)

2% of Site

Area (ftY)

% of Site

Pervious Areas

Row Crops

0.0%

0.0%

Pasture

0.0%

0.0%

Forest

1,599,523

100.0%

27.2%

Wetland

0.0%

0.0%

Meadow

0.0%

0.0%

Lawn

0.0%

39.7%

Impervious Areas

Residential & Light Industrial

Rooftops

0.0%

13.6%

Driveways & Parking Lots

0.0%

4.4%

Other Impendious Area

0.0%

2.0%

Road

0.0%

9.6%

Sidewalk

0.0%

3.3%

Commercial & Heavy Industrial

Rooftops

0.0%

0.0%

Parking Lots

0.0%

0.0%

Other Impervious Area

0.0%

0.0%

Road

0.0%

0.0%

Sidewalk

0.0%

0.0%

Storm Water Management Facilities

PondWetland Surface Area

0.0%

0.0%

Permeable Pavement

0.0%

0.0%

Green Roof

0.0%

0.0%

All Other BMPs (except Forested Buffer)

0.0%

0.0%

Site Totals:

1,599,523

100.0%

1,599,523

100.0%

Check Land Use Totals:

Equals Site Area

Equals Site Area

Total Site Impervious Cover

0.00%

33.03%




Drainage Area Breakdown

Required Entry Complete

Drainage Areas (DA) associated with BMP sets

Proposed Land Use | project |Unassigned| Enter drainage area names in next row if desired

Data by DA Areas (ft}) | Area (i) DA1 DA2 DA3 DA4 DA3 DAG

Pervious Areas
Row Crops ]
Pasture 0

Forest 435,773 253,773 100,000

Wetland 0

Meadow 0

Lawn 635,500 466,900 84,500
Impervious Areas
Residential & Light Industrial
Rooftops 218,000 218,000
Driveways & Parking Lots 70,850 70,850
Other Impervious Area 32,700 32,700
Road 153,700 153,700

Sidewalk 53,000 53,000

Commercial & Heavy Industrial
Rooftops 0
Parking Lots ]
Other Impervious Area 0
Road 0
Siclewalk 0

Storm Water Management Facilities
Pond/Wetland Surface Area 0
Permeable Pavement 0

Green Roof

All Other BMPs 0

Total Area 1,599,523 1,248,923 | 166,100 | 184,500
Pro osed Land Use.




Proposed BMPs

Proceed to Model Output Cost Tool

Select BMPs for Drainage Areas defined on DAs sheet

BMP Assignment for each DA DA1 DA2 DA3

Conventional Dry Detention
Extended Dry Detention
Wet Pond
Stormwater Wetland
Bioretention
Sand Filter (DE Design)
Infiltration Trench
Grass Swale
WQ Swale (MD Design)
Veg F5S wi Level Spreader
User-defined BMP
Forested Buffer
Width of protected forest buffer in each DA (ft):
Percent of DA within treatment zone:
Green Roof HIA
Permeable Pavement HIA

L . . . . .| .
L L . . . . .| .

S (. . . . . . . . .| .
B (L . . . . . . . .| .
B (L L L . . . . . . .| 0.
S (L . . . . . . . .| .
S (L . . . . . . . .| .
B . . . . . . . .| .
S (. . . . . . . . .| .

<]
<

Notes:
Grazs Swales cannot be used in combination with Maryland Dry Swale.

Net Reductions (single or multiple BMPs)

Annual Runoff converted to infiltration
Total Nitrogen

Total Phosphorus

T55

Fecal Coliform




BMP Storage & Storm Data

Optional BMP Storage Volume and Qverall Site Peak Flow

Enter extended detention storage volume®* for each selected BUMP
(Sum storage volumes across the entire site for each BUP type) Enter post-BMP Overall Site Peak Flow (cfs)

Storage |ft')
BMP Class User-Entry Storm Event Peak

Extended Dry Detention 100,188 2.yr 24-hr storm (cfs) 5.2
Wet Pond 10-yr 24-hr storm (cfs)

Stormwater Wetland
Bioretention KNI
Sand Filter {DE Design) Specify Time of Concentration (in minutes) if known
Infiltration Trench
WQ Swale (MD Design) Existing | Proposed
Green Roof Land Use| Land Use
Permeable Pavement 2-yr 24-hr storm (min) 44 7

User-defined BMP 10-yr 24-hr storm (min}

* Extended detention storage volume is the volume stored
for water quality purposes (generally 24 to 48 hours minimum).
It does NOT include the permanent pool for ponding BMPs.




User Defined BMPs

5 MeckCo-SET 3.3 Dec2005 M =3

Use this page to enter information for a user-defined BMP.
Enter BMP name, established removal rates for targeted pollutants, and hydrologic impacts.

Brief description and references to scientific documentation supporting assigned removal
efficiencies MUST be included.

Example Example Documentation

BMP Name:| Organic Sand Filter Organic Sand Filters are similar to surface sand filters except
they use compost or peat/sand as the filter media. The treated
Infiltration Annual flow converted to infiltration (percent) 0% water filters through the media and is collected through perforated

ET" Annual flow converted to evaporation (percent)] 3% pipes in an underlying gravel bed. The runoff is directed to an

Removal Total N|  35% outlet._ A impermeable liner prevents movement of the treated
Efficiencies Total P| 40% water into gmundwater. Sourqe: (_llayrtur, R.A. and T.R. Schueler.
(as percent) TSS[ B5% 1996. Design of St-:_}rmwatc_er F||te_r1ng Systems. Center for
Fecal Coliform 0% Watershed Protection. Ellicott City, MD.

* ET = evapotran=spiration (combination of evaporation and plant transpiration)
Mo User BMPs selected on BMPs sheet, no user input required.

M 4 » W\ Site Data £ Land Use { DAs / BMPs % User BMP/ Model Output / BMP Cost £ Other Cost / Adjust Cost / Cost |¢




Model Output

Mecklenburg County Site Evaluation Tool - Site Performance Analysis

Forest Lake Estates
Huntersville
Single Family Subdivision

Land Use Summary

Total Site Area |acres) 36.72
Pre.-development impervious percentage 0.0%
Post-development impervious percentage 33.0%

Annual Hydrology Summary

Existing Design Design

Landuse without BMPs  with BMPs
Annual Surface Runoff (inches/yr) 2.68 14.01 5.31
Annual Infiltration (inchesiyr) 12.00 7.08 9.30

Storm Event Runoff Volume and Target Summary

Existing Design BMP Storage
Runoff Volume (ac-ft) Landuse without BMPs Volume —arget
1 inch storm 0.000 0.802 3.098 0.802
1-yr 24-hr storm 0.601 3.096 3.098 2.495
2-yr 24-hr storm 1.156 4127 3.098 2.971

1 inch storm 1yr 24 hr 2yr 24 hr

Cap Wol Target Cap Vol Target Target




Peak Flow and Hydrograph Summary

Existing Design Design Meets
Landuse  Without BMPs  with BMPs Source Goal?

2-yr 24-hr storm (cfs) 5.38 49.44 3.20 User-defined Yes
10-yr 24-hr storm (cfs) 50.24 159.24 24.22 Estimated Yes

60 2-yr 24-hr storm
=0y Foztz, no BMP |

e E i 5T
40 ll Past, with EMPz [ |
30

20 ll'
0 - - r —4.%————————#

300 AN 12:00 M J00PM E:00 PM 5:00 PM 12:00 AM 300 AM

10-yr 24-hr storm

Fozt, no BMF=
Ezisting
Fost, with EMF=

200 AM 12:00 Fra 200 Fra £:00 FM 200 PN 12:00 M 00 AN




Annual Pollutant Load and Target Summary

Total Total
Sediment Phosphorus Mitrogen
[toniyr) (kY] (yr)
Design without BEMPs 11.65 36.4 227
Design with BMPs 0.92 53 61
Target Remowval 85.0% 70.0% 45.0%
Achieved Remowal 92.1% 85.5% 73.1%
Meets Goal? Yes Yes Yes

Target Evaluation
(developed portion of site)

Additional load from undeveloped 1.1 1.1 o
areas removed by BMPs

Sediment Load Phosphorus Load Hitrogen Load

[devel. portion of site]) [devel. portion of site) [devel. portion of site])
14.00 420.0

12.00
10,00 30.0
8.00
&.00
4.00
z.00
0.00 0.0

20.0

10.0

Total Total Fecal
Entire Site Annual Load Sediment Phosphorus Mitrogen Coliform
[toniyr) (kY] (yr) (# x 10%yr)
Existing Landuse 2.57 17.5 112 208
Design without BMPs 13.16 45.0 282 5,485
Design with BMPs 1.13 15.0 127 293

Sediment Load Phosphorus Load Hitrogen Load Fecal Coliform Load
50.0 g,000

40.0 =000
4,000
3,000
2,000

30.0

20.0

10.0 A

oo - o -




Site Evaluation Tool
http://www.charmeck.org/Departments/StormWater/Contractors/Huntersville+LID.htm




