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Types

 Natural  (not considered as 
pollution)

 Grand Canyon, Badlands, Arid 
regions – natural weathering

 Anthropogenic (caused by 
humans)

 Deforestation

 Agriculture

 Dust Bowl

 Overgrazing

 Construction sites

 80 million of tons annual washed 
from construction sites to receiving 
water bodies



Others sources of sediments in water 

bodies

 Urban dust and dirt and 
other solids (leaves)

 Accumulation and 
washoff on impervious 
surfaces

 Surface mining

 Wind erosion 

 Dust storms

 Waste water solids

 Algae development



Definitions

 Denundation - same 

as weathering or erosion

 Erosion

 Upland

 Sheet and rill

 Expressed in tons/km2

 Channel

 Stream bank

 Flood plain scour



Anthropogenic erosion

 Agricultural erosion    
 Ranges 1000 to 4000 

tones/km2 /year

 Urban erosion 
 Construction sites up 

to 50,000 tones/km2 

/year

 Highway 
construction erosion

 Silvicultural

 Streambank, channel 
and shoreline erosion  



Examples



EFFECTS OF DEFORESTATION

DEFORESTATION

Clear cutting is one of
the most polluting land
use activities. 
Sediment and pollutant
loads in logged
watersheds increase by
two to four orders of
magnitude (102 to 104).
Also soil chemistry
changes.

Deforestation is most
damaging in humid
higher slope water-
sheds. 





Sediment yield and sediment 

delivery

 Measured sediment load in streams does not 

equal the upland erosion emissions

Y = DR (A)

Y = sediment yield

DR = sediment delivery ratio

A = upland watershed and channel gross erosion 



Sediment movement in streams

 Suspended sediment (washload)

 Bedload

Cohesive sediments (clays , organic sediments

Noncohesive sediments (sand and gravel)



Estimating erosion

 Sampling and establishing a relationship 

between sediment concentration C [mg/L] or 

load  [grams/sec = Cx Q] and flow Q [m3/sec]

 Note – spurious correlation

 Reservoir sedimentation

 Empirical equations

 Simulation models

 HSP-F



Estimating upland erosion

Universal Soil Loss Equation –USLE

A = R K (LS) C P

A = calculated soil loss for a given storm or period

R = rainfall erosivity factor

K = soil erosivity factor

LS = slope length factor

C = cropping management (vegetative cover) factor

P = erosion control practice factor  



Example of Experimental Plots for 

Determining USLE parameters

Field  Facility of 

Agricultural Research 

Institute in Beijing 

near Miyun Reservoir



Rainfall erosivity

Expresses rainfall energy that liberates particles from soil

Annual 

Per storm Rr = ∑[(2.29+1.15 ln Xi)Di)] I

X = rainfall intensity (cm/hr), D = rainfall depth (cm), I=max 30 minutes intensiy 

of the storm, I – time interval of the storm hyetograph 



 Soil Erodibility

 Expresses detachment of soil particles from soil

 Unit tons/ha – unit of rainfall erosivity

 Maximum for fine noncohesive soils (silt) 

K

Clay  CL Silt SiltL Loam SandL    Sand



 Slope/Length Factor    LS  

 Expresses impact of slope on a standard 22 m plot

 Adjusted for length

LS=(L/22.1)m(0.065+0.04579 S+0.0065 S2)

L = length of overland flow m

S = slope %

m= 0.2 for S<1%

m= 0.3 for 1%<S<3%

m= 0.4 for 3.5%<S<4.5%

m= 0.5 for S>4.5% 



 Cropping Management or Vegetative Cover 

Factor  C

 Dimensionless

 = 1 for bare freshly plowed soils

 = 0.003to 0.01  for grass and sod

 =0.06 to 0.2 for mulched soils

 = 0.1 – 0.3 for corn

 = 0.001 for woodland

 Erosion Control Factor P

 = 1 for most application

 Contouring

 Crop rotation 



Watersheds in Iowa with 

soil conservation

Contouring, terraces, 

ponds, wetlands, buffers 

Credits   NRCS









Sediment delivery

 Number of processes 

attenuate sediment loads on 

route from the source area to 

the receiving water

 Filtering by grasses

 Loss of energy after rain 

terminates

 Infiltration into soil

 Small depressions and 

ponding 

 Change of slope of overland 

flow





Movement of sediment in streams

 Erosion and deposition of sediments in 

channels is related to the bottom shear stress  

τ= γ R Se

Where τ = shear stress in N/m2, γ=specific weight 

of water in N/m3, R= hydraulic radius in m (for 

wide channels R is aproximatelly equal to average 

depth, and Se is the slope of the energy line 

There is a critical shear stress, τc, for erosion and 

scour. For noncohesive sediments, τc is the same; 

however, for cohesive sediments, the critical shear 

stresss for deosion is smaller than that for erosion.  



RUNOFF RATE (cm/h or m3/s)

Overland and/or channel
sediment transport capacity

Deposition Erosion

Deposition Erosion

Qc’ Qc’

Shen’s diagram for sediment transport, scour and deposition



Deposition of sediments in floodplain



Erosion Control for Pollution 

Reduction

 Source controls

 Hydrologic Modification

 Control of delivery

 Capture, storage and treatment



Source Controls

 Soil conservation
 No-till planting

 Conservation tillage

 Contour plowing

 Stripcropping

 Terraces

 Vegetative and other surface controls
 Sod, converting highly erosive lands to pastures and woodlands

 Crop rotation

 Mulching

 All of above modify hydrology of the surface (surface 

storage, roughness, infiltration)



NO-TILL PLANTING

- Improves soils        
quality by increasing
organic matter

- Reduces erosion
- Optimizes soil 

moisture
- Increases

nitrification in the
upper soil layer

- Improves nutrient cycling
- Increases both water holding capacity and infiltration
- Speeds up breakdown of pesticides

    PROBLEMS
- Requires more pesticides application
- Not applicable to all soils and crops



Terrace

Strip cropping and 

contour plowing



Terraces in China



Hydroseeding 

Mulching



Reduction of Delivery

 Vegetative filter strips

 Grass filters, buffer strips

 Grassed waterways

 Silt fences and sediment traps



In the Food Security Act the
US Congress authorized the
Conservation Reserve
Program that pays farmers for
set aside lands on high slope
erosive lands and along the
receiving water bodies
(riparian buffer strips). 

Research docummented that
when the riparian buffer strips
are properly designed they
dramatically reduce
concentrations of sediment,
nutrients and pesticides in
runoff and subsurface flow.  

REMOVALS
>75% sediment
>50% nutrients and pesticides
>60% pathogens

RIPARIAN BUFFERS 



Grassed Waterways and 

filter strips



Storage and Treatment 

Ponds and wetlands (or combination)



 Nitrification of stored organic nitrogen 
and release of nitrate

 Release of metals stored as metal 
sulfides

 Loss of pollutant retention capacity 
“Wetlands are kidneys of nature”
 BOD and SS removal > 90%

 Significant removals (immobilization) of 
toxics

 pH control

 Wetlands are naturally dystrophic (low  
dissolved oxygen)

Ca’di Mezzo recreated 
wetland – Venice Lagoon

Berndoricchio’s memorial

Constructed wetlands


