CHAPTER 2
EROSION PROCESSES

2.1 Concepts of Erosion and Sedimentation

Erosion is a natural process by which soil and rock material is loosened and transported. Erosion
by the action of water, wind, and ice has produced some of the most spectacular landscapes.
Natural erosion occurs primarily on a geologic timescale, but when human activities alter the
landscape the process of erosion can be greatly accelerated. Construction site erosion causes
serious and costly problems, both on-site and off-site. Waterborne soil erosion process begins by
water falling as raindrops and flowing over bare soil surface.

When land is disturbed at a construction site, the erosion rate accelerates dramatically. Since
ground cover on an undisturbed site protects the surface, the removal of that cover increases the
site’s susceptibility to erosion. Disturbed land may have an erosion rate 1,000 times greater than
the pre-construction rate. Even though the process of construction requires that land be left bare
for periods of time, proper planning and use of erosion prevention measures can reduce the
impact of accelerated erosion caused by land development.
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Figure2-1  Absence of surface cover increases the soil susceptibility to erosion

When combined with an understanding of basic erosion control and sedimentation processes,
fundamental erosion prevention and sediment control principles will provoke the groundwork for
successfully implementing an erosion and sediment control plan. Soils, topography, and
drainage patterns of a specific site influence the potential for soil erosion from that area.
Identifying potential erosion problems at the planning stage and recognizing highly erodible
areas help in selecting effective erosion control practices and estimating storage volumes needed
for sediment traps and basins.
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2.1.1 Types of Erosion

Erosion is often described as the detachment of soil particles by some force. This force may be
due to rainfall, wind, or other forces. Once detachment occurs, the particles are transported.
This is most often caused by water action, although wind can also be a major contributor.

STREAM & CHANNEL

Figure 2-2  Major types of soil erosion

2.1.1.1 Water Erosion

The major types of water erosion are:

Splash — When vegetative cover is stripped away, the soil surface is directly exposed to raindrop
impact. Splash erosion results when the force of raindrops falling on bare or sparsely vegetated
soil detaches soil particles that can easily be transported by runoff. This pounding action
destroys the soil structure and often a hard crust forms when the soil dries. This crust inhibits
water infiltration and plant establishment, increasing runoff and future erosion.

Sheet — The removal of exposed surface soil can be caused by the action of unchanneled surface
runoff. Shallow “sheets” of water flowing over the soil surface cause sheet flow. Sheet flow
transports soil particles that have been detached by splash erosion. The shallow surface flow
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rarely moves as a uniform sheet for more than a few feet before concentrating in the surface
irregularities.

Rill — As surface flow changes from sheet flow to deeper concentrated flow along the low spots
of the soil surface it creates rivulets, cutting grooves called rills into the soil surface. The energy
of this concentrated flow is able to both detach and transport soil particles. The rills are small
but well-defined channels that are at most only a few inches deep.

Gully — Some gullies are formed when runoff cuts rills deeper and wider or when the flows from
several rills come together and form a large channel. Gullies can enlarge in both uphill and
downhill directions. If the flow of water is sufficient, large chunks of soil can fall from a gully
headwall in a process called mass wasting. Once a gully is created, it is very difficult to control,
and costly to repair.

Channel — When stream bank vegetation is disturbed or when the velocity or volume of a stream
is increased, channel erosion can occur. Natural streams have adjusted over time to the quantity
and velocity of runoff that normally occurs within a watershed. The vegetation and rocks lining
the banks are sufficient to prevent erosion under these steady-state conditions. When a
watershed is altered by removing vegetation, by increasing the amount of impervious surfaces, or
by paving tributaries, stream flows are changed. Increased volume and velocity of runoff may
cause expansion of gullies into well-defined channels. These changes can disturb the
equilibrium of the stream and cause channel erosion to begin. Channel erosion is commonly
found at stream bends, constrictions where installed structures control the stream flow, or
discharge points where storm drain culverts release storm water into a stream.

2.1.1.2 Wind Erosion

Wind erosion is a form of erosion occurring in flat, bare areas: dry, sandy soils, or where the
soils are loose, dry, and finely granulated. Wind erosion damages land and natural vegetation by
removing soil from one place and depositing it in another. It causes soil loss, dryness and
deterioration of soil structure, nutrient and productivity losses, air pollution and sediment
transport and deposition. Soil movement is initiated as a result of wind forces exerted against the
surface of the ground. For each specific soil type and surface condition there is a minimum
velocity required to move soil particles. This is called the threshold velocity. Once this velocity
is reached, the quantity of soil moved is dependent upon particle size, the cloddiness of particles,
and wind velocity itself.

Suspension — Suspension occurs when very fine dirt and dust particles are lifted into the wind.
They can be thrown into the air through impact with other particles or by the wind itself. Once
in the atmosphere, these particles can be carried very high and be transported over extremely
long distances. Soil moved by suspension is the most spectacular and easiest to recognize of the
three forms of movement.

Saltation — The major fraction of soil moved by wind is through the process of saltation. In
saltation, fine soil particles, are lifted into the air by the wind and drift horizontally across the
surface, increasing in velocity as they go. Soil particles moved in the process of saltation cause
severe damage to the soil surface and vegetation. They travel approximately four times longer in
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distance than in height. When they strike the surface again, they either rebound back into the air
or knock other particles into the air.

Surface Creep — The large particles which are too heavy to be lifted into the air are moved
through a process called surface creep. In this process, the particles are rolled across the surface
after coming into contact with the soil particles in saltation.

““Suspension

2.1.2 Erosion Factors

The four principal factors in soil erosion are climate, soil characteristics, topography and ground
cover. These factors are interrelated in their effect on erosion potential. The variability in
Oregon’s terrain, soils, and vegetation makes erosion control unique to each construction site.
Understanding the factors that affect the erosion process enables us to make useful predictions
about the extent and consequences of on-site erosion.

An empirical model developed for agriculture applications, the Revised Universal Soil Loss
Equation (RUSLE) predicts soil loss resulting from sheet and rill erosion. It considers both the
effects of erosion control practices and the factors that influence erosion, so it is useful for
evaluating erosion problems and potential solutions.

2.1.2.1 Climate

Climate affects erosion potential both directly and indirectly. In the direct relationship, rain is
the driving force of erosion. Raindrops dislodge soil particles, and runoff carries the particles
away. The erosive power of rain is determined by rainfall intensity (millimeters of rain per hour)
and droplet size. A highly intense rainfall of relatively short duration can produce far more
erosion than a long duration storm of low intensity. In addition, storms with large raindrops are
much more erosive than misty rain events with small droplets. Oregon has considerable
diversity of climate. Rainfall intensity, duration, and droplet size vary according to geographic
location.
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2.1.2.2 Soil

Soil is a product of its environment. A soil’s erodibility, or the vulnerability of soil to erosion, is
a result of a number of soil characteristics which can be divided into two groups: those
influencing infiltration, or the movement of water into the ground, and those affecting the
resistance to detachment and transported by rainfall and runoff. Key factors that affect
erodibility are soil texture, amount of organic matter, soil structure, and soil permeability.

Soil texture refers to the sizes and proportions of the particles making up a particular soil.
Sand, silt, and clay are the three major classes of soil particles. Soils high in sand content are
said to be coarse-textured. Because water readily infiltrates sandy soils, the runoff, and
consequently the erosion potential, is relatively low. Soils high in content of silts and clays
are said to be fine-textured or heavy. Clay, because of its stickiness, binds soil particles
together and makes a soil resistant to erosion. However, once heavy rain or fast flowing
water erodes the fine particles, they will travel great distances before settling.

Organic matter consists of plant and animal litter in various stages of decomposition.
Organic matter improves soil structure and increases permeability, water holding capacity,
and soil fertility. Organic matter in an undisturbed soil or in mulch covering a disturbed soil
reduces runoff and erosion potential. Mulch on the surface also cushions the soil from
erosive impact of raindrops.

Soil structure is the arrangement of soil particles into aggregates. Soil structure affects the
soil’s ability to absorb water. When the soil is compacted or crusted, water tends to run off
rather than infiltrate. Erosion hazard increases with increased runoff. A granular structure is
the most desirable one. Loose granular soils absorb and retain water, which reduces runoff
and encourages plant growth.

Soil permeability refers to the ability of the soil to allow air and water movement through the
soil. Soil texture, structure, and organic matter all contribute to permeability. Soils that are
least subject to erosion from rainfall and shallow surface runoff are those with high
permeability rates, such as well-graded gravels and gravel-sand mixtures. Loose, granular
soils reduce runoff by absorbing water and by providing a favorable environment for plant
growth.
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Figure 2-3  Soil Structure

2.1.2.3 Topography

Topographic features distinctly influence erosion potential. Watershed size and shape, for
example, affect runoff rates and volumes. Long, steep slopes increase runoff flow velocity.
Swales and channels concentrate surface flow, which results in higher velocities. Slope length
and slope steepness are critical factors in erosion potential, since they determine in large part the
velocity of runoff. Long, continuous slopes allow runoff to build up momentum. The high
velocity runoff tends to concentrate in narrow channels and produce rills and gullies.

The shape of a slope also has a major bearing on erosion potential. The base of a slope is more
susceptible to erosion than the top, because runoff has more momentum and is more
concentrated as it approaches the base. Slope orientation can also be a factor in determining
erosion potential. In northern latitudes, exposed south-facing soils are hotter and drier, which
makes vegetation difficult to establish. Northern exposures tend to be cooler and moister,
receiving less sunlight, which results in slow plant growth.

2.1.2.4 Ground Cover

The term ground cover refers principally to vegetation, but it also includes surface treatments
such as mulches, matting, wood chips, and crushed rock. Vegetation is the most effective means
of stabilizing soils and controlling erosion. It shields the surface from the impact of falling rain,
reduces flow velocity, and disperses flow. Vegetation provides a rough surface that slows the
runoff velocity and promotes infiltration and deposition of sediment. Plants remove water from
the soil and thus increase the soil’s capacity to absorb water. Plant leaves and stems protect the
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soil surface from the impact of raindrops, and the roots help maintain the soil structure while
holding the soil in place.
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2.2 Impacts of Erosion and Sedimentation

Erosion and sedimentation cause both environmental and economic impacts. Both are important,
but are often only an economic impact that spurs a jurisdiction to take action. Environmental
impacts are harder to see and quantify as they tend to build slowly and do not produce dramatic
results for many years, when it may be too late to correct the problem. Erosion and
sedimentation can cause expensive site damage and construction delays. Lack of maintenance
often results in failure of control practices and costly cleanup and repairs.

2.2.1 Environmental Impacts
Many environmental impacts from sediment pollution are cumulative and the ultimate results
and costs may not be evident until years later.

e Eroded soil contains nitrogen, phosphorus, and other nutrients. When carried into water
bodies, these nutrients trigger algal blooms that reduce water clarity, deplete oxygen, lead to
fish kills, and create odors.

e Erosion of streambanks and adjacent areas destroys streamside vegetation that provides
aquatic and wildlife habitats.

e Excessive deposition of sediments in streams smothers the bottom fauna, seals stream beds,
and destroys fish spawning habitat.

e Turbidity from sediment reduces in-stream photosynthesis, which leads to reduced food
supply and habitat.

e Turbidity increases the amount of sunlight absorbed in water, raising stream temperatures.
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e Suspended sediment abrades and coats aquatic organisms.

e Erosion removes the smaller and less dense constituents of topsoil - those clays, fine silt
particles and organic materials that hold nutrients that plants require for healthy
establishment. The remaining subsoil is often hard, rocky, infertile, and droughty; thus
making reestablishment of vegetation difficult.

2.2.2 Economic Impacts

Many economic impacts are hard to quantify. How can a dollar value be assigned to loss of

aquatic habitat or diminished water clarity? Other impacts may be readily quantified, for

example the cost of dredging and disposing of the accumulated sediment in a silted-up reservoir.

e Excessive sediment accumulation reduces reservoir storage capacity and more frequent
sediment removal is required.

e The cost of building new reservoirs to replace lost reservoir capacity is high. Increasing land
values and lack of available sites are making this alternative much less feasible.

e Sediment deposited into streams reduces flow capacity, interferes with navigation, and
increases the risks of flooding. Regular maintenance dredging is required.

e Erosion severely diminishes the ability of the soil to support plant growth. To restore this
ability is costly.

e Listing additional wildlife as endangered species increases time and fees for permitting,
design, and construction in the affected watersheds. Some costs are directly assessed to
specific projects while many other costs are distributed statewide by spending additional
monies for habitat restoration.

2.2.3 Pollutants

This section covers potential impacts on natural systems associated with pollutants from
construction activities, and provides an overview of important pollutant categories and some of
their effects on the environment.

Pollutants, as the term applies to our subject, are substances that can render water harmful to
people, fish, or wildlife, or impair recreation or other beneficial uses. Sediments, nutrients,
bacteria, oxygen-demanding materials, heavy metals, petroleum hydrocarbons, and synthetic
organic chemicals are the most important classes of pollutants. Heavy metals, petroleum-
hydrocarbons and synthetic organics are frequently classified as toxic pollutants, depending on
their characteristics.

2.2.3.1 Sediment

Sediments and other suspended solids are the most common pollutant in storm water runoff.
Erosion and sediment loss from a site occur most commonly because of vegetation removal.
Soils exposed during construction, mining, logging or agriculture can contribute substantial
quantities of sediment to nearby water bodies. Construction site erosion is one of the primary
contributors.

Suspended particles, or turbidity, turn water cloudy, degrading aquatic habitats and can increase
the cost of maintaining storm drainage facilities. Deposited sediments can affect adjacent
properties and clog catch basins and storm drains, causing flooding and higher maintenance

2-8



CHAPTER 2: EROSION PROCESSES

costs. When sediments enter streams and lakes, they create cloudy or turbid water conditions.
This condition interferes with recreational use and enjoyment, and affects fish and other aquatic
life habitats. For example, sediments can make it difficult for fish to feed and breathe, cover
gravels needed by salmon and trout for spawning and rearing, and smother fish eggs and aquatic
insects on which fish feed. In addition, sediments can transport many other pollutants, including
nutrients, bacteria, metals and some organic pollutants.

2.2.3.2 Nutrients

Plants require nutrients such as phosphorus and nitrogen for growth, but excessive levels in
receiving waters can harm water quality. Excess nutrient levels over-stimulate the growth of
algae and other aquatic plants, potentially causing unpleasant tastes, odors, unsightly conditions
and lowered dissolved oxygen levels form plant decay. Nutrients tend to be more of a problem
in slow moving water such as lakes or sluggish streams. Sources of nutrients include organic
and inorganic fertilizers, soils and decomposing vegetation.

2.2.3.3 Bacteria

The presence of disease-bearing organisms in surface waters, such as bacteria and viruses,
potentially threatens public health. Fecal coliform bacteria are often used as an indicator for
such pathogens, even though generally they are not pathogenic themselves. The presence of
fecal coliforms, however, indicates that warm-blooded animal waste is present. The most
common impacts associated with fecal coliform pollution are closed (decertified) shellfish
growing areas and reduced recreational opportunity. Potential construction site sources of fecal
coliforms include outhouses that are not maintained or pumped out on a regular basis. The
clearing and grading process can also expose waste, deposited prior to construction, to runoff.

Bacterial decomposition of plant, animal and chemical wastes requires oxygen. When this
process occurs in water, it reduces the oxygen available for fish and other aquatic organisms. If
dissolved oxygen levels become too low, fish and other aquatic organisms may become stressed
or die.

Construction sites can be a source of oxygen-demanding substances. For example, cleared
vegetation, exposed soils, spilled chemicals, and animal or human wastes can all contribute to
lower oxygen levels in water.

2.2.3.4 Heavy Metals

Many metals are toxic and are regulated by the Environmental Protection Agency (EPA).
Specifically, EPA classifies eight metals (arsenic, barium, cadmium, chromium, lead, mercury,
selenium and silver) as hazardous and regulates their disposal.

Metals such as copper and zinc, which partially dissolve in water, may create toxic conditions for
fish and other aquatic life. A large fraction of the metals in construction site runoff is attached to
sediments and other particles. Sediments carrying heavy metals often settle out from water and
accumulate on stream and lake bottoms where they can remain for a long time. The metals
accumulate in the tissue of organisms, which are then eaten by predators near the top of food
chains. High concentrations of heavy metals can sometimes be found in these predators.
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Construction materials or equipment that contain such metals include paints, preservatives, metal
downspouts, brake linings and tires. Other metal sources are wastes such as used automotive
liquids, fuels, dust from sanding or grinding metal and painted surfaces, and wash from
roadways.

2.2.3.5 Petroleum Hydrocarbons

Petroleum hydrocarbons include crude oil and any products derived from it in the refining
process, such as gasoline, diesel fuel, industrial and home heating fuels, and lubricating oils.

Petroleum products can be present in a number of forms on a construction site, principally as
vehicle fuels, cleaning solvents, and lubricants. If released to the environment, they can harm
water quality in various ways. Certain petroleum products contaminate water supplies. They are
acutely toxic and kill fish and invertebrate life. Petroleum products also consume oxygen as they
decay naturally and greatly reduce the aesthetic quantities of water bodies for human enjoyment.
As of result of these potentially severe impacts, petroleum products require special care during
storage, transfer, and usage on construction sites.

2.2.3.6 Synthetic Organics

Synthetic organics contain carbon and are any type of chemical produced through industrial or
combustion processes. Synthetic organic substances include most pesticides, preservatives,
solvents, and plasticizers, as well as incidental and unwanted by-products of fuel combustion.
Many organics, depending on their composition and rate of degradation, are slow to degrade and
remain in the environment for long periods of time. Synthetic organics can be quite toxic to fish
and other aquatic life and are sometimes classified as carcinogenic (cancer causing).

Organics include common pesticides and the ingredients of many common household and
industrial chemicals. Pesticides, by their very purpose, are designed to kill and can do the same
in receiving waters.

Organics can be liquid or solid products, or waste materials. Liquid and solid products may enter
the environment when they leak or are spilled from containers during use or transfer, are carried
away by rain water and wash water, or are spilled or dumped on the ground or down the storm
drain. Therefore, they also warrant a special consideration for careful inspection at construction
sites.
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TABLE 2-1 OVERVIEW OF POLLUTANT SOURCES, IMPACTS, AND INDICATORS

POLLUTANTS ‘ MAJOR SOURCES

Sediments and other solids

IMPACTS

INDICATORS

Clearing/grading exposed

Cloudy water, smothering

Total suspended solids,

soils of fish eggs and insects, turbidity
flooding
Nutrients Cleared vegetation Algal blooms, reduced Different forms of
exposed soils oxygen, aquatic plant phosphorus and nitrogen
human/animal waste growth
Bacteria Human/animal wastes, Shelifish contamination, Fecal coliforms

sewer lines, septic tanks

human health effects

Oxygen demanding

materials

Cleared vegetation,
human/animal waste,

chemical reactions

Reduced oxygen in water,
stress/kill salmonid fish

and other aquatic life

Biological Oxygen
Demand (BOD), Chemical
Oxygen Demand (COD),

dissolved oxygen

Heavy metals

Paints, flashings,
downspouts, tires,
preservatives,

solvents

Bioaccumulation in food
chain, toxic to aquatic life,

human health effects

Ar, Cd, Cu, Hg, Ni, Pb, Zn

Petroleum hydrocarbons

Oil, grease, fuels,

lubricants

Decreased oxygen levels,
aesthetics, human, aquatic
and wildlife health effects

Oil & grease, total

petroleum hydrocarbons

Synthetic organics

Pesticides, pcb’s,
combustion products,

solvents

Bioaccumulation in food
chain, toxic to aquatic life,

wildlife and humans

Variety of organics

analyses

2.3 Principles of Erosion and Sedimentation

Effective erosion and sedimentation control requires first that the soil surface is protected from
the erosive forces of wind, rain, and runoff, and second that eroded soil is captured on-site.
Erosion control is the prevention or minimization of soil erosion. Sediment control is the
trapping of suspended soil particles. Erosion control is the preferred approach. Sediment control
IS necessary because some erosion is unavoidable. The following principles are not complex but
are effective. They should be integrated into a system of control measures and management
techniques to control erosion and prevent off-site sedimentation.
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Fit site construction to the terrain. Review and consider all existing conditions in the initial site
selection for the project. When construction is tailored to the natural contours of the land, little
grading is necessary and erosion potential is consequently reduced.

Time grading and construction to minimize soil exposure. Scheduling can be a very effective
means of reducing the hazards of erosion. Stage construction activities to minimize the exposed
area and the duration of exposure. In scheduling, take into account the season and the weather
forecast. Time grading to coincide with a dry season or a period of lower erosion potential.
Stabilize disturbed areas as quickly as possible.

Retain existing vegetation whenever feasible. Vegetation is the most effective form of erosion
control. Very little erosion occurs on a soil covered with undisturbed natural vegetation.
Reestablishing vegetation can be a difficult and costly process. If possible, strip only the area
where construction will actually occur, street and driveway lines, and cut and fill slopes. Try to
integrate existing trees and other natural vegetation into the site improvement plan.

Vegetate and mulch denuded areas. Seed and mulch denuded soils as soon as possible after
grading is completed. Mulch helps seedlings to become established and protects the soil from
raindrop splash until vegetation takes over. Soils may be planted with temporary or permanent
vegetation. If the soil will be exposed during the winter months, protective measures other than
vegetation must be used.

Divert runoff away from denuded areas. When vegetative cover is removed from land, the soil
becomes highly susceptible to erosion. Runoff from areas that have been denuded should not be
allowed to cross the exposed soils, particularly when the denuded areas are on slopes. Use
diversion dikes or swales to divert upland runoff away from a disturbed area to a stable outlet.

Minimize length and steepness of slopes. Slope length and steepness are among the most critical
factors in determining erosion potential. Increasing slope length and steepness increases the
velocity of runoff, which greatly increases its erosive energy. If slope steepness is doubled while
other factors are held constant, soil loss potential is increased 2-1/2 times. If both slope
steepness and length are doubled, soil loss potential is nearly 4 times greater. To prevent erosive
velocities from occurring on long, steep slopes, interrupt the slopes at regular intervals using
barrier or trap techniques.

Keep runoff velocities low. The energy of flowing water increases as the square of the velocity,
that is, the velocity doubles, the erosive energy quadruples and the water can theoretically move
particles 64 times larger by volume.

Channel velocities can be kept low by lining drainage ways with rough surfaces such as
vegetation and riprap, by designing broad, shallow flow areas, and by constructing check dams at
frequent intervals. Concrete channels, although efficient and easy to maintain, remove runoff
quickly, often resulting in downstream channel erosion and flooding.

Prepare drainage ways and outlets to handle concentrated or increased runoff. Construction

changes the characteristics of runoff. The creation of impervious surfaces, removal of plant

cover, and compaction of soil by construction traffic allows less water to percolate into the soil

and therefore increases the volume of runoff. Alternatively, if a project can be so designed that
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runoff from development areas is allowed to infiltrate into the soil on-site, no off-site channel
enlargement or protection should be necessary. To prevent channel erosion from occurring,
design drainage ways to withstand the peak flows without erosion, select lining materials
appropriate for peak flows, and deenergize concentrated flows at outlets using energy dissipaters.

If development substantially changes the natural drainage conditions in a watershed, merely
protecting the drainage channels on a project site may not be sufficient to prevent erosion. Trap
sediment on site. Some erosion during construction is unavoidable. The function of a sediment
barrier is to prevent sediment from leaving a site after the soil has been eroded from its place of
origin. Sediment laden runoff should be detained on-site so that the soil particles can settle out
before the runoff enters receiving waters. Locate sediment basins and traps at low points below
disturbed areas. Use earth dikes or swales to route drainage from disturbed areas into the basins.
Sediment barriers and sediment fences can be placed below small disturbed areas on gentle to
moderate slopes. Storm water temporarily ponds up behind these barriers, allowing sediment to
settle out.

Inspect and maintain control measures. Inspection and maintenance of control measures are
vital to the success of an erosion and sediment control program. Most control measures require
regular maintenance. Problems often develop during a single storm. Some problems left
untreated can result in more erosion damage than might have occurred without any erosion
control measures. Inspect control measures frequently, particularly before, during, and after
storm events, to ensure that they are working properly. Correct problems as soon as they
develop. Assign to an individual the responsibility for routine inspections of operating erosion
and sedimentation control practices.
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