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Appendix D: Site Specific Design 
Examples

Design Example #1 Reaper Brook Estates
• Hypothetical Location:  Smithfield, RI, discharge 

to Reaper Brook (1st-order stream) near the 
Stillwater River, a Warm Water fishery;

• Total site area, (A) = 80.5 acres; two study 
points at two outfalls;

• Site Soils Type: 100% HSG “B”; Recharge Factor, 
F = 0.35.  Loamy-sand soils with average depth to 
groundwater ~ 10.0 feet.



Horsley Witten Group, Inc.Horsley Witten Group, Inc.

Original Design Plan 
The Original Plan results:
• 19 single-family lots 
(min lot size = 2.75 ac,  
avg. lot size = 3.32 ac);
• 28.0 acres of disturbed 
area;
• 15.38 acres of open 
space (outside of lot 
areas);
• 3,200 linear feet of 
street;
• 5.51 acres of 
impervious cover (roads, 
houses, and driveways).
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LID Site Planning and Design 

• Avoid Impacts
– Maximize undisturbed open space;
– Maximize protection of waterways and wetlands;
– Minimize clearing and grading/soil compaction;

• Reduce Impacts
– Provide low maintenance vegetation;
– Minimize impervious surfaces;
– Maximize runoff time of travel (tc);
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Conservation Subdivision Design Plan

• 19 single family lots (min 
lot size = 1.1 ac and avg lot 
size =1.37 acres);
• 20.3 acres of disturbed 
area;
• 51.7 acres of open space 
(outside of lot areas);
• 2,500 linear feet of 
street; 
• 3.83 acres of impervious 
cover (road, houses, 
driveways, and community 
parking lot).
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Stormwater Design Components

• Required Design Criteria;
– Recharge (Rev);
– Water Quality (WQv);
– Channel Protection (Cpv);
– Overbank Control (Qp) – 10 and 100 Yr Storms;

• Warm water fishery, no downstream 
hazards;

• Downstream analysis not required (20.3 
acres and < 50% impervious)
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LID Site Planning and Design 

• Manage Impacts
– Infiltrate precipitation near the source;
– Disconnect impervious cover; and
– Source controls to minimize or prevent 

exposure of pollutants 
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BMP Selection Criteria

• Recharge: (infiltration, filtering, open 
channels);

• Water Quality: (WVTS, infiltration, 
filtering, open channels, green roofs);

• Conveyance, Channel Protection and 
Overbank Flood Protection (WVTS, 
detention basins, vaults)
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Selected BMPs

• Recharge:
– Bioretention facilities and dry swale;
– (could have used QPAs for rooftop runoff or 

dry wells).

• Water Quality:
– Bioretention facilities and dry swale;
– (could have used infiltration trenches, WVTS, 

porous pavement, maybe a sand filter).
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Selected BMPs

• Channel Protection and Overbank Flood 
Protection:
– Dry Extended Detention Basin (for both Cpv

and QP);
– (could have potentially used a wet basin, 

WVTS);
– DA too large for infiltration basin, 

underground storage not appropriate for 
residential subdivision. 
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Drainage Area Map
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Base Data Summary 
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Required Storage Volumes
(for Rev and WQv) 
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Bioretention, Dry Swales and Detention Basin
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Residential bioretention
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Size Bioretention Required Surface Area (ft2)
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Size Sediment Forebay

Min Volume = 25% of WQv

= 0.25 (1,851 ft3) = 462.8 ft3

Min Surface Area (As) = 5,750 (Q)
Where Q = discharge from DA = %WQv/86,400 sec
= 462.8 ft3/86,400 sec 
= 0.0054 cfs

As = 5,750 (.0054) = 30.8 ft2
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Hydrology/Hydraulics
(Models and Such)

• NRCS Methods are required for estimating 
volumes/rates of runoff for treatment and 
attenuation (rational method ok for conveyance 
systems).

• Representative variables include:
– Drainage area - Land Use
– Hydrologic soils group - Time of concentration (tc)
– Curve Number (CN) - Runoff Coefficient (C)
– Rainfall amount (P) - Return frequency (Year)
– Antecedent Moisture Cond. - Rainfall Distribution (Type)
– Orifice equation & coeff. - Weir equation & coeff.
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Models and Such
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Model Bioretention Hydraulics
(Example for Bio2)

1. Compute WQf

Adjust the CN to generate 
runoff equal to WQv:

CN = 1000 / [10 + 5P +10Q - 10(Q² + 
1.25 QP)½]

2. Calculate DA runoff volume in 
(inches): Q = (0.0425 ac-ft/2.42 
ac)(12”/ft) = 0.211 inches

3. Run  HydroCAD with the 
exfiltration outlet structure 
with constant velocity = 
2.41”/hour.  This is the 
recommended rate for 
loamy-sand soils
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HydroCAD Output (WQv)
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Bioretention: Typical Details
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Size Dry Swales for Water Quality 
Treatment

1. Compute WQv for DA #4
2. WQv = (1″)(1.1 ac)/12″/ft = 0.093 

ac-ft = 3,993 ft3

3. Af = WQv(df)/[k(hf +df)(t)]
= 3,993 ft3 (2.5')/[1.0’/day(0.25' + 

2.5‘)(2 days)] = 1,815 ft2

4. For Dry Swales with 2 ft bottom 
width; Length = 1,815 ft2/2 ft = 
907.5 ft

5. 950 feet are provided > 907.5 OK
6. Set Minimum slope = 1.0%
7. Set drainage inlets 6″ above swale 

bottom.
8. Provide underdrain system
9. Check erosive velocities & capacity
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Dry Swale Typical Section
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Check Swale Flow Capacity

• For erosive velocity 
during 1-year storm
Q1-yr = 5.3 cfs

• For flow capacity 
during 10-year storm
Q10-yr = 13.7 cfs

Note:  flow rates from 
HydroCAD Results for 
DA #4
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Confirm Rev has been achieved

% Volume Method:
Required Rev = 0.098 ac-ft (= 4,269 ft3)
Confirm infiltrating bioretention facilities 

combined volume > 4,269 ft3

Provided Rev = 0.179 ac-ft (= 7,798 ft3)
% Area Method:
Required Rea = (F)(I) = (0.35)(3.83 ac) = 1.34 ac
Confirm area draining to infiltrating bioretention 

facilities > 1.34 ac

Provided Rea = 1.96 impervious acres
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Extended Detention Basin
For Cpv and Qp Controls

Req’d Cpv = 0.65 (Vr) = 0.65 (38,725 ft3) = 25,171 ft3

(short-cut method)
For 24 hour Extended Detention (ED); average outlet 

release of the 1-year INFLOW VOLUME
= 38,725/24 hr(3600 sec/hr) = 0.45 cfs
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ED Basin Grading

Basin Bottom Elev = 432.0
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Typical ED Basin
(with Micro-pool)

Hooded Low Flow Orifice



Horsley Witten Group, Inc.Horsley Witten Group, Inc.

ED Basin Volume

Vs = 25,171 ft3

Elev ~  434.8
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Size Outlet Devise for Cpv

Size Orifice for 24 ED
Approx. Average Head (ft) 
havg = (434.8 -432.0)/2 = 1.4 ft
Orifice Equation:  QCPv = C(A)(2g*havg)1/2

0.45 cfs = 0.6(A)(64.4*1.4)1/2

A = 0.08 ft2 = pD2/4: D = 0.32' = 3.84″

Use D = 3.0″ (will provide conservative 
detention time)
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HydroCAD Output (Cpv)
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Extended Detention Basin
For Qp Controls

Size outlets for Qp controls (10 and 100-year 
storms)

• Criteria requires attenuation of post-
development flows to the pre-
development flow:
– Q10-pre = 11.1 cfs
– Q100-pre = 44.9 cfs

1. Calculate 10-year 
release rate and 
req’d storage
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Qp (10-year) Outlet and Storage
• Q10-out = 11.1 cfs – 0.5 cfs = 10.6 cfs
(the 0.5 cfs is the flow out of the 3″ Cpv orifice at the 

estimated 10-year elevation)

Size Orifice
Estimated Head (ft):  h = (436.5 – (434.9 + .05) = 1.1 ft

Orifice Equation
Q10-out = C(A)(2g*h)1/2

10.6 cfs = 0.6(A)(64.4*1.1)1/2

A = 2.1 ft2: for 12″ high 
slot

l = 2.1' = 25.2″
Use  24.0″ x 12″ vert. slot
Elevation = 434.9

Estimated 10-yr WSE = 436.5
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HydroCAD Output (Qp-10)
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Extended Detention Basin
For Qp Controls

Size outlets for Qp controls (10 and 100-year 
storms)

• Criteria requires attenuation of post-
development flows to the pre-
development flow:
– Q10-pre = 11.1 cfs
– Q100-pre = 44.9 cfs

2. Calculate 100-year 
release rate and 
req’d storage
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Qp (100-year) Outlets and Storage
• Q100-out = 44.9 cfs (subtract lower structure releases)
Set Top of Weir of Outlet Control Structure
Set top above 10-year elev, say 437.0
Estimated Head (ft):  h = (440.5 – (437.0 + 0.5) = 3.0 ft
Size Outlet Pipe to Control 100-year release rate 

Orifice Equation: OCS
Q = 44.9 – (18.5 + 0.7) = 

25.7 cfs
Q100-out = C(A)(2g*h)1/2

25.7 cfs = 0.6(A)(64.4*3.0)1/2

A = 3.08 ft2: for 12″ slot
l = 3.08' = 37″
Use  36.0″ x 12″ vert. slot
Elevation = 437.9

Estimated 100-yr WSE = 440.5
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QP (100-year) Outlets
Continued

• Q100-out = 44.9 cfs; size outlet pipe

• Trial and error in HydroCAD (or other 
generally accepted TR-55/TR-20 H/H 
software);

• Culvert Software;
• “Old School” Culvert Nomographs.
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Culvert Software
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Old School
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HydroCAD Output (Qp-100)
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Summary of Results
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Other Design Features

• Some rooftops drain to Qualified Pervious 
Areas (QPAs);

• Open space is commonly owned (i.e., 
community open space);

• Retained native vegetation where 
possible (note cul-de-sac islands);

• Meets well and septic separation 
distances.


