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P = R + I + ET 
 
 
 
 
 
 
 
 
 

Normal Year Brandywine Creek 
 
P =   42 in. 
R =     7 in. 
I  =        14 in. 
ET =      21 in  
 
Drought Year Brandywine Creek 
 
P =   28 in 
R =    3  in 
I  =      4 in. 
ET = 21 in. 
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P = γh        γ = density of water (62.4 pcf)
h = depth (ft)

H = UF0.5/1760 H =wave height (m)
F = wind fetch (m)
U =wind speed (m/s)

Fx = γh2/2
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The Origins of Watersheds
• Derivation - from wasserscheide, German 

for “water parting”

• Definition - The region draining into a 
river, lake or body of water (American 
Heritage)

• Delineation - John Wesley Powell lost job 
at USGS for proposed link between political 
jurisdictions and watersheds (1878).









A Drainage Network
Streams and rivers form a network of channels connecting down 
from the headwaters to the mouth or outlet of the watershed.
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Different Divides

Permeable subsurface

Impermeable subsurface

Topographic Divide
Phreatic (groundwater) Divide

Water table

Topographic DividePhreatic
Divide

Caution: there are both surface (topographic) and sub-surface 
(phreatic or hydrogeological) divides. The latter may change 
seasonally.

Mapped using
stereo air photos
or contour maps.

Mapped using
geological tech,
such as structural
mapping, tracers,
test drilling, etc.

Modified from Gregory & Walling (1976)



Source:
Iron Peak
Eel River
from
Outdoors on Disk 
CD Rom

Identifying A
Watershed

Un-named 
Tributary of 
White Rock Creek

COMPLETED
EXERCISE



Source:
Iron Peak
Eel River
from
Outdoors on Disk 
CD Rom

Identifying A
Watershed
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COUNT NO.
SQUARES
WITHIN
WATERSHED

Area = N * k2 where N = number of squares and 
k = length of square (e.g. if 1:250,000 Scale, 
1mm square has a k of 250m)



Sub-watershed Ordering
At each confluence (bifurcation), specific contributing areas can 
be identified (sub-watersheds) from which water will coalesce to 
that particular stream segment junction.



Stream (sub-watershed) Ordering

Strahler
Shreve 1 1

4 91 1
1 1

1 1

1 1

1 1

1 1

1 1
1 1

1 1
2 2

2 2
3 4

3 5 3 4

4 10

2 2
2 2

A variety of different numbering techniques exist, each with 
merits and de-merits, the two most widely-adopted being:











The United Watersheds of America





“Watersheds form the natural hydrogeological
planning units for water, land, and ecosystems 
management”.

“Watersheds know no political boundaries”.
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Public Water Supply System 
Service Areas

New Castle County

Public Water Supply System 
Interconnections

New Castle County



Christina Basin



Newark Reservoir  September 2003





Newark 
Reservoir















Dissolved Oxygen, Brandywine River above Wilmington, LE1 
Smith Bridge, Station 104051
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Total Phosphorus, Brandywine River above Wilmington, LE1  Smith 
Bridge, Station 104051
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Lead, Brandywine River at Wilmington, LE1 
Foot Bridge, Station 104011
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The Coastal Plain (Southern) Experimental Watershed

Main St.

UD Mall

Kells Park

UD Farm



1926 1992



Water Use  

Inside  
Sustenance - 8 gallons
Showers - 50 gallons every 10 minutes
Laundry - 40 gallons per load
Toilets - 5 gallons per flush
Handwash Dishes - 12 gallons per wash

Outside  
Lawns, Gardens - 600 gallons over a couple hours.
Carwash - 100 gallons with a hose.
Wash Sidewalks -   50 gallons in 10 minutes.



Cost of Essential Fluids  

Fluid $/gal.    

Tap Water 0.002 - 0.005
Gasoline 1.59
Ginger Ale 2.60
Milk 3.00
Bottled Water 4.00
Beer   10.60



Water Laws (con’t.)

• National Environmental Policy Act of 1969
• Federal Water Pollution Control 

Amendments of 1972
• Clean Water Act of 1977

– Section 404
– Section 401
– Section 208
– Section 303d



Federal Water Agencies

• U.S. Geological Survey
• NOAA National Climatic Data Center
• U.S. Bureau of Reclamation
• U.S. Environmental Protection Agency
• U.S. Natural Resources Conservation 

Service
• U.S. Army Corps of Engineers



State Water Agencies

• Delaware DNREC
– Division of Water Resources
– Division of Soil and Water Conservation
– Division of Air and Waste Mgmt.
– Division of Fish and Wildlife

• Delaware Dept. of Transportation
• Delaware State Fire Marshall’s Office
• DE Public Service Commission



Municipal/County/State 
Regulations

• Water Supply (NCC Certification)
• Wastewater Management
• Floodplain Management
• Stormwater Management
• Dam Safety
• Groundwater
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Drought
Warning
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