
• Watershed (basin): the area of land where all of the 

water that is under it or drains off of it goes to the 

same place
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• Divide: the boundary 

of the watershed



• A chart in which flow rate is plotted vs. time

2

An example hydrograph for a simple parking lot
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10-year hydrograph for 

a creek (example)

• The shape of the 

hydrograph is 

affected by various 

factors such as:  

precipitation, 

weather, topography 

of the watershed, 

density and type of 

ground cover, …
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• Runoff coefficient 

= {rate of runoff (R)} / {rate of precipitation (P)}

The more 

developed, the 

bigger runoff 

coefficient
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Qc > Qb > Qa ,  tc < tb < ta

• Urban & industrial development increases the 

impact of flood
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Q: A watershed with an area of 4530 km2 received 77.7 

cm of precipitation in 2013. The average rate of flow 

measured in a river which drained the watershed was 

39.6 m3/s. Infiltration occurred at an average rate of 9.2 

x 10-7 cm/s and evapotranspiration was estimated to be 

45 cm/year. What was the change in storage in the 

watershed in 2013? What was the runoff coefficient?
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• A developing area of study and practice 

• A land planning and engineering design approach to 

minimize the hydrological impact of urban 

development

An LID project in Seattle, USA

(http://www.mapc.org)

• Some effect on the 

treatment of stormwater

pollutants is also 

expected
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• Bioretention zone

Grass buffer strips: reduce the 

velocity of runoff, filter 

particulate matter

Plants: take up nutrients, 

transpiration

Organic layer: support microbial 

growth (organic material 

degradation), sorb pollutants

Planting soil: water retention, 

sorb pollutants

http://www.georgiastormwater.com
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• Green roofs
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• Permeable pavements

– sidewalks, bike roads, parking lots

Grass swale in Ottawa, Canada

(http://www.ottawa.ca)

• Grass swales and channels

– Redirect runoff from stormwater

drains

• Rain barrels, cisterns

– Collection of stormwater and use 

for irrigation / toilet flushing
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• Textbook Ch 7, p. 263-266, 296-298



1
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• Unsaturated zone (vadose zone): the voids in the 

soils are partially filled with water (the remaining 

portion is filled with air)

• Saturated zone: all voids in the soils are filled with 

water

• Groundwater: the water in the saturated zone

• Aquifer: the geologic formation through which water 

can flow horizontally and be pumped (ex: sand, 

sedimentary rocks, limestone, etc.)
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• Hyporheic zone

– A region beneath and alongside a stream bed, where there 

is mixing of shallow groundwater and surface water

– Important for:

• Exchange of substances (e.g., 

nutrients, dissolved O2, 

contaminants) between 

groundwater and surface water

• Aquatic ecosystem – e.g., fish 

spawning, benthic invertebrates, 

microbes

http://www.madrimasd.org
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• Unconfined aquifer: an 
aquifer of which upper 
surface of its saturated 
zone is not confined by an 
impermeable layer

• Water table: The upper 
surface of the saturated 
zone in an unconfined 
aquifer

• Capillary fringe: the zone 
where capillary action 
occurs (the soil draws 
water above the water 
table)



5

• Confined aquifer: an aquifer bounded by 

impermeable layers (called as confining layers) both 

at the top and the bottom

• Confining layers: aquicludes or aquitards
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• Piezometer: a small tube device installed 

vertically into an aquifer

• Piezometric head: the height of the water in a 

piezometer � a measure of the pressure

• Piezometric surface: an impaginary plane 

drawn through the piezometric head of 

several piezometers
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• Unconfined aquifer: 

piezometric surface 

= water table

• Confined aquifer: 

piezometric surface 

is higher than the 

top end of the 

aquifer
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• Keep in mind that:

– (Of course) surface water flows from higher to lower 

elevation

– Groundwater flows from areas of higher head to lower 

head

• Hydraulic gradient, Δh/L

h2 = the head at location 2 

h1 = the head at location 1 

L = the linear distance between location 1 and 2

∆ℎ

�
=
ℎ� − ℎ�

�
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� = 	
∆ℎ

� v = Darcy velocity (specific discharge) [L/T]

K = hydraulic conductivity [L/T]

The flow velocity is proportional to the hydraulic 

gradient and the hydraulic conductivity


 = �� = 	
∆ℎ

�
�

In terms of the flow rate of groundwater,

Q = flow rate [L3/T]

A = cross-sectional area [L2]
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Darcy’s velocity � = 
/�

This is NOT a real velocity: the groundwater flows only 

through the voids (pores), not the entire cross-sectional area
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• The average linear velocity (seepage velocity), v’

�′ =
�

� η = porosity [-]

• Porosity: the ratio of the volume of voids (pores) 

in the aquifer material to the total volume
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Q: While investigating the ground near Bldg. 35, you found 

water at 7 m below ground surface (bgs). One hundred 

meters away, you found water at 7.5 m bgs. Choose the 

datum as 25 m bgs. The aquifer is coarse sand which has a 

porosity of 30% and the hydraulic conductivity of 5.2 x 10-4

m/s. The cross-sectional area of the aquifer is 925 m2. 

Determine the i) piezometric surface at each point, ii) the 

direction of groundwater flow, iii) the hydraulic gradient, iv) 

the Darcy velocity, v) the flow rate, and vi) the seepage 

velocity.
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Textbook Ch 7 p. 276-285




