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Calibration and Prediction of Flows through
Rain Garden 

1. Objective:
To calibrate the hydrologic parameters for the as-built Rain Garden 
located at 21st and Iris, Lakewood, CO, and to determine the necessary 
adjustment on its operation.

2. Procedure
• Review and select the rainfall-runoff measurements in field

• Develop a subsurface hydrologic model to simulate the seepage 
flows through the filtering layers underneath the rain garden.

• Identify and calibrate the system parameters 

• Make a flow adjustment using a cap-orifice.

• Predict the flow release from the rain garden.
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Field Measurements at the Test Site

• Type of LID: rain garden 
• Location: 21st  Ave. & Iris St., Lakewood, Colorado.

• Tributary area: 1.9 acres , impervious area : 47%

• No street gutter  
• Rainfall events: 
1) May 18, 2011:
1.43 in. &13 hrs and 50 min.
2) July 7, 2011:
1.73 in. & 7 hrs and 5 min.
3) July 7, 2012
1.35 in. & 7 hrs
4) July 9, 2012
0.48 in. & 35 min.

Data source: Urban Drainage Flood Control District (UDFCD)

SWMM for on-surface Runoff Flow

• SWMM model

• The watershed boundary: red lines

• 3 sub-catchments 

• Flow direction: west to east
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Field Monitoring

Surface-subsurface Flow System

Flow System:
Flow Interception
Infiltrating Water on Surface
Seepage flow in sub-surface
Sub-drain flow through perforated pipe

Calibration Parameters:
Initial Soil Water Content
Hydro Conductivity 
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Surface and Subsurface Flows

• Infiltrating flow on basin bottom

f	= ௗிௗ௧ = ∆ఏ.ௗ௭ௗ௧ (1)
where F = cumulative infiltration, ∆ߠ =moisture deficit

• Seepage flow through the saturated zone using the Darcy’s law: 

V = f =	i.Ks =Ks 1 + ∆௛௓ 	 (2)

in which: ∆ℎ = ݀ − ߰,	d =	ponding depth, ߰ =	suction head, Ks=	hydraulic conductivity, 
V=	Darcy velocity,  i	=	hydraulic gradient

• Flow Continuity Eq. (1)= Eq. (2)௄ೞ.ௗ௧∆ఏ = ௭.ௗ௭௭ା∆௛ = 1 − ∆௛௭ା∆௛ dz (3) 

Eq (3) describe the movement of the wetting front that starts from the basin 
bottom and marches downward till it reaches the gravel layer. 

For each time step, Eq (3) shown the saturation process through the sand layer.

Numerical Steps for Flow Calibration

• ∆ܼ ݐ = ܼ ݐ + ݐ∆ − ܼሺݐሻ = ௄ೄ.∆௧∆ఏ + ∆ℎሺݐሻ݊ܮ ௓ ௧ ା∆௓ሺ௧ሻା∆௛ሺ௧ሻ௓ ௧ ା∆௛ሺ௧ሻ 	 (5)

• q୭ሺݐ + ሻݐ߂ = ௦ܭ	 ௗ ௧ା௱௧ ାுೞுೞ ோܣ (6)

• ݀ ݐ + ݐ߂ = ݀ ݐ − ௤೚ ௧ ௱௧஺ೃ +	 ொ೔೙ ௧ା௱௧ ିொ೚ೠ೟ ௧ା௱௧ ௱௧஺ೃ (7)

• ݐ௔ሺݍ + ሻݐ߂ = ௢ܣ	ௗܥ	 2݃ ௧ܪ ݐ + ݐ߂ ℎே߂	–	ℎ௚߂	–	ℎ௦߂	–		 (8)

• ݐሺݍ + ሻݐ߂ = ݉݅݊ሾݍ௢ ݐ + ݐ߂ , ௔ݍ ݐ + ݐ߂ ሿ (9)
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Loading of Runoff Flows from Watershed

May 18, 2011 Event

Calibration Parameters for Seepage Flows 
Through the Rain Garden

• 1) May 18, 2011 Event: 



6/5/2015

6

Intercepted Flow by Rain Garden
By-pass Flow overtopping the Weir

1) May 18, 2011 Event: 50 min.

• 2) July 7, 2011 Event: 25 min.

Intercepted Flow by Rain Garden
By-pass Flow overtopping the Weir
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Seepage Outflow through Rain Garden

• 1) July 7, 2011 Event: 

3) July 7, 2012 Event:  26 min

Intercepted Flow by Rain Garden
By-pass Flow overtopping the Weir
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Seepage Outflow through Rain Garden

• 1) July 7, 2012 Event: 

4) July 9, 2012 Event:  26 min.

Intercepted Flow by Rain Garden
By-pass Flow overtopping the Weir
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Seepage Outflow through Rain Garden

• 1) July 9, 2012 Event: 

Calibration using MSE 

• MSE: Mean Square Errorܧܵܯ = 1݊෍ ෠ܻ − ௜ܻ ଶ௡
௜ୀଵ

• Drain times derived from 4 events. None meets 
the design drain time of 12 hours.

• Solution: reduce the diameter of the cap orifice to 
limit the flow release.

Event MSE Drain time 

May 18, 2011 8.47E-07 5 hr 20 min.

July 07, 2011 2.01E-06 5 hr

July 07, 2012 3.99E-06 3 hr 15 min.

July 09, 2012 4.70E-06 3 hr 15 min.
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Energy Principle for Seepage Flow – No cap

• ௗܶ = ௒௙ = ଵଶ	௜௡.ଵ.଴	௜௡/௛௥ = 12	ℎݎs (10)

• Assume the flow is steady:

Q = fܣோ=	ܭ௦ܫ௦ܣோ ோܣ௚ܫ௚ܭ = (11)

• total hydraulic head																		ܪ௧ = Y + ܪ௦ ௚ܪ + (12)

• Residual head:∆ܪ = ௧ܪ − ∆ℎ௦ − ∆ℎ௚ − ∆ℎே (13)																						∆ℎ௦ =  
௙௄ೞ ௦∆ℎ௚ܪ = 
௙௄೒ ௚ܪ 																					

Flow adjustment using Cap-orifice
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A rain garden is designed to release the ponding water depth of 12 inch over 4 hours using a flow regulator. The 
infiltration bed has an flat area of 500 ft2. The dimensions of filtering system are: Y=12 inches, Hs=18 inches, 
Hg=8 inches. The hydraulic conductivity is 2.5 inch/hr for the sand layer and 25.0 inch/hr for the gravel layer. A 
cap-orifice is used as the flow regulator. Determine the opening area for the cap-orifice.

Operation of Cap-orifice for life cycle of rain garden

Guo, James C.Y. (2012). “Cap-orifice as a Flow Regulator for Rain Garden Design ASCE J of 
Irrigation and Drainage Engineering, Vol. 138, No. 2, February.
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Predictions of Seepage Flow with a Cap-orifice 

Predictions of Seepage Flow with a Cap-orifice 
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Q and A

FOR MORE INFORMATION
James.Guo@UCDenver.edu
WWW.UCDENVER.EDU/~Jguo -- Website
WWW.UDFCD.ORG -- Free Software
WWW.URBANWATERSHEDS.ORG – Training Classes

My kind of LID Island and cascading flows


