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Content

1. Detention/retention pond design (theory)

2. Hands on

a. Rational hydrograph method (morning session)

b. Pond routing (afternoon session)



STORMWATER QUANTITY DESIGN CRITERIA 

• MSMA 2nd Edition (2012)

– Runoff quantity control requirements for any size of 
development or re-development project is 

“(Qpost ≤ Qpre)”.
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MSMA Quantity and Quality Management Strategies

On-Site Detention



Pond type

Wet pond

also known as 
retention pond

hold water 
throughout the 

year

Dry pond

Also known as 
detention pond

Hold water 
temporarily

Catchment area >10ha





DESIGN CONSIDERATIONS

1. Design and Analysis
• Primary outlet

• Secondary outlet 

2. Release Timing

3. Public Safety

4. Multiple design storms and extreme flood

5. Inlet structure

6. Water quality pond (wetland)



Water Quality Control



THEORY OF POOL ROUTING



What is flow routing ?

Flow routing is a procedure to determine the 
time and magnitude of flow at a point on a 

watercourse from known or assumed 
hydrographs at one or more points upstream. 

It is a technique to trace the flow (its 
characteristic) through a hydrologic system. 



Pond routing conforms to the Continuity Equation

inflow

outflow

Volume 
increment

𝑑𝑆

𝑑𝑡
= 𝐼 𝑡 − 𝑂(𝑡)

𝐼 𝑡

𝑂(𝑡)
𝑆

𝐼 𝑡 = inflow discharge
𝑂(𝑡) = outflow discharge

𝑆 = storage volume

Concept of “pond routing”
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DESIGN PROCEDURE



Determine design storm

STEP 1

a. Minor or Major infrastructure ARI

b. Time of concentration  duration of rainfall, d>= tc

c. Design rainfall intensity I  IDF curve, or IDF constant



Develop inflow hydrograph

STEP 2

Pre-development
Uncontrolled 

runoff

Post-development
Uncontrolled 

Runoff

Use as outflow limit

Use for pond routing

Post-development
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On-Site Detention



Design pond (volume capacity)

STEP 3

TYPE 1 HYDROGRAPH

d



Pond volume estimate

TYPE 2 HYDROGRAPH



Volume increment

Calculation of volume increment when pond depth increase by h

Design pond (volume capacity)

STEP 3

Stage- Storage relationship



Design pond (volume capacity)

STEP 3

Stage- Storage relationship



Pond area estimation (planning purpose)



Select primary outlet structure

STEP 4
Weir

Orifice

Compute outlet discharge based 
on stage value

STEP 5

Stage- discharge relationship

Route inflow hydrograph from 
post development through pond

STEP 6

Repeat STEP 6 with other design 
storm (different ARI)

STEP 7 YES

If FAIL -> go 
back to STEP 4 
and choose 
different outlet 
size

NO

Size secondary outlet

STEP 8  

For emergency case (extreme event)

outflow discharge <= 
pre-development value 
calculated in STEP 2 ?

pond water level ok?



Figure 7.8: Detention Pond Sizing
For Volume and Primary Outlets 
(DID, 2000)
MSMA Pg 7-13



Figure 7.9: Detention Pond Sizing
For Volume and Secondary Outlets 
(DID, 2000)
MSMA Pg 7-13



Hands-on





Given data :



Determine stage-volume relationship







Thank You


