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I. Erosion & Sedimentation Impacts
• Climate can affect erosion rates
• Human activities also affect erosion rates
I. Accelerated erosion from construction can be up to 1000 times
greater than the natural rate of erosion
• Erosion impacts the production and profitability of construction
I. Repairing grades, maintaining BMPs
• Sedimentation can impact infrastructure and involve costly cleanup
I. Clogged storm sewer systems, local flooding
II. Filled in reservoirs, shipping channels, harbor areas
• Consider where sediment from your project may end up and the cost to
clean it up and repair damages.

Water Quality & Environmental Impacts
• Clogged spawning gravels, smothered eggs and fry, gill abrasion
• Decreased photosynthesis, diminished spawning, increased temperature

Penalties & Fines
• Legal liability for damage from sediment
• Penalties for permit non-compliance
I. Stop Work Orders

Save the Money
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Hydrologic Cycle

In the natural condition the runoff from an area is fairly slow and gradual. When
we remove vegetation, strip the topsoil and compact the soils the discharge is
increased. There can be 300 times more water leaving a developed area than the
undeveloped condition.

Detention & Retention
• Project discharge must be managed to prevent damage down grade
• Infiltration is encouraged where possible
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Erosion Impacts Construction Schedules & Costs
• Diversion of resources, labor and equipment for repairs
• Construction delays & increased costs
• Mitigation costs
I. Permit holder may be liable for damage & repairs off site
 Budget appropriately for the time and methods necessary to prevent
erosion
 Plan to avoid erosion so you are not trying to control sediment
 Assess the risks of every task in your schedule and plan to avoid the risks
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II. Erosion & Sedimentation Processes
Erosion is a natural process that is accelerated by construction activities
•
•
•
•

Erosion is the process of soil detachment
Sediment is the eroded material suspended in water or wind
Sedimentation is the settling of the eroded material, deposition
Turbidity is a measurement of light refraction in a water sample, NTU’s
(Nephelometric Turbidity Units)

Types of Erosion
• Raindrop – Caused by the direct impact of raindrops on bare soil
I. Over 80% of the erosion problems on construction sites are a result
of raindrop impacts
 Protect bare soils with appropriate cover
• Sheet – Runoff which flows over the ground surface as a thin layer
• Rill – Small intermittent water course with steep sides, usually only a few
inches deep
• Gully – Channel caused by concentrated flow of storm water over erodible
soil
• Stream & Channel Bank – Caused by increased peak flows
I. Flowing water has the power to transport sediment. The greater the
velocity the larger the particle that can be transported.
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When resisting the forces of flowing water you have two choices:
• Slow it down, reduce the velocity, create ponding
• Armor against the shear stress of the flowing water
Sediment behaves the same in all moving water, the smaller the particle the
farther it will travel, the greater the velocity of the flowing water the larger the
particles transported.
• Bed load - Soil particles that are dragged, rolled or skipped
• Suspension – Soil particles that are lifted and transported long distances
• Colloidal suspension – fine clay particles that may never settle out
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Understanding the relationship between the soil particle size distribution and the
required settling time is critical to effective sediment trap and pond design to
control turbidity.
The smaller the soil particles the longer the detention time required to achieve
settling.
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Wind Erosion
Wind Erosion works similar to water
erosion. The larger the particle the
more energy will be required to
transport it. Fugitive dust can be very
difficult to control once it is allowed to
form on a project. Dust control
requires staying ahead of the problem.
Pre-watering and staying ahead of the
dust is critical.

BC-CESCL Training Workbook

Page 9

III. Factors That Influence Erosion
•
•
•
•
•
•
•

Soils
Precipitation / Climate
Vegetation
Surface Area
Slope Length
Slope Gradient
Surface Texture

Soils
• Different soils are characterized by type
Sandy soils: Erode and settle very quickly.
I.
II.

Easily detached by flowing water, can be transported by
concentrated flows
Raindrop impacts are minimal on flat surfaces

Compacted Soil: Usually has a layer that prevents downward water movement
I.
II.
III.

Slow infiltration rates
Risk will increase when the soils are actively being graded and placed
Moderately fine grained texture

Clay soils:
I.
II.

Low erosion potential
Once suspended in runoff it’s very difficult to settle out
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Diameter
(mm)
10
1
0.6
0.3*
0.2*
0.15*
0.1
0.06
0.015
0.01
0.005
0.003
0.0015
0.001
0.0001
0.00001

Order of Size

Settling Velocity
(mm / sec)
Gravel
1000
100
Course Sand
63
32
21
Fine Sand
15
8
3.8
0.35
Silt
0.154
0.0385
0.0138
Clay
0.0035
0.0015
0.0000154
Colloids
0.000000154
*Range of pore sizes for geotextiles
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Settling Time
Settle 1 Meter
1 Second
9.8 Seconds

48 Seconds
67 Seconds
125 Seconds
47.6 Minutes
107 Minutes
7.2 Hours
20.1 Hours
180 Hours
754 Days
207 Years
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Soil Horizons
Where the soil type is located
within the soil profile is described
as the soil horizon. You may have
a sandy soil in the C horizon. Or
sandy soil in the subgrade about
three feet down.

Understanding what kind of soils a site has and where the various soil types are
will help in understanding the risks that a site poses. Knowing what percent of
fine grained soils a site is made of alerts to the potential for turbidity challenges
and the time it will take to settle out if suspended.

Soil Erodibility
• As the percent of sand and silt increases the erodibility goes up.
• As the percent of organics and clay increases the erodibility goes down.

Soil Texture
• Soil texture is a reflection of the soils make up, i.e., gritty vs. slippery; sandy
vs. silty

Surface Texture
Is the roughness of the soil surface after site preparations?
• Increased roughness decreases the erosion potential
I. Track walking
II. Imprinting
III. Scarifying
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Soil Compaction
• Compaction reduces the pore spaces in the soil, less infiltration will result in
increased runoff
When the vegetation is removed, the topsoil is stripped, and the construction
activities compact the soils the amount of discharge will increase substantially.
Planning should anticipate more water coming off the project in a shorter amount
of time.

Precipitation / Climate
Rainfall factors that influence erosion
• Frequency – How often does it rain?
• Intensity – How hard does it rain?
• Duration – How long does the rain last?
Will the precipitation accumulate on the site as snow or ice? Will the
accumulation build up result in a significant discharge during melt off or break up
events
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Vegetation
• Reduces runoff volume
I. Plants up take water and transpire back into the air
• Reduces flow velocity
I. Moving water will slow down as it encounters vegetation
• Filters sediment
I. Silts and clays are “sticky” and can attach to vegetation
• Absorbs energy
I. Raindrop impact energy is absorbed by the vegetation
• Reduces pollutants
I. Many plant species can absorb pollutants of concern and retain them
in their tissue
• Roots retain soils
 Preserve vegetation where possible; establish vegetation as soon as
possible.
 Allow for the time it will take for the species to germinate, express, and
establish.
 Consider the germination rate, soil temperature, moisture, etc.
Consult the vegetation manuals your area.
Forest Road Deactivation Practices

www.culvertbc.ca

Soil Rehabilitation Guidebook
http://www.for.gov.bc.ca/tasb/legsregs/fpc/FPCGUIDE/soilreha/rehab4.htm
Alaska Department of Natural Resources Division of Agriculture
www.plants.alaska.gov
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Topography
• Doubling the slope length increases erosion potential by four times.
• Doubling the slope gradient, increases the erosion potential five times.
 With the exponential increase in erosion potential any time you can
shorten the slope and reduce the gradient, the erosion for the area can be
dramatically reduced.

Surface Area
 The greater the exposed area the greater the erosion potential
 Limit the duration and extent of your exposed soils, limit your risk

All the factors that
influence erosion
influence each other.
When managing active
construction sites,
consider all the factors
when making risk
management decisions.
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Revised Universal Soil Loss Equation (RUSLE)
A=R x K x LS x C x P
Soil loss equations can be used to determine the tons per acre per year of soil loss
from an area with numeric values for the factors that influence erosion.

RUSLE equation: A=R x K x LS x C x P
Where A = tons per acre per year in soil loss
R = Climate factor
K = Soil Erodibility factor
LS = Slope length and Steepness
C = Cover practice
P = Support practice

Climate & soil erodibility
factors are given for the area
where you are working. Slope
length and steepness are
generally determined by
design. Cover practices
prevent raindrop impact.
Support practices, track
walking vs. smooth and
compact.

 Do your Best Management Practices demonstrate a reduction in the
erosion potential?
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IV. Regulations
• Federal fisheries Act
I. No person shall disrupt or destroy fish habitat OR
II. Deposit a deleterious substance in habitat.
• Navigable Waters
• Provincial Regulations
I. Ministry of Environment Land and Parks
II. Ministry of Agriculture Fisheries and food
III. Ministry of Health
IV. Ministry of Municipal Affairs
 Recreation and Housing – Archaeology Branch
• Land Development Guidelines
I. Runoff should meet standard.
 Less than 25mg/L above background in dry period
 Less than 75mg/L above background for a design storm
• Stream Side Protection Bylaws
I. Introduced the 75 mg/L in the early 1990’s
o
o
o
o
o
o
o
o
o

Land act
Water Act
Health Act
Fish Protection Act
Soil Conservation Act
Waste Management Act
Heritage Conservation Act
Environmental Management Act
Agricultural Land commission Act
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• City of Surrey
I. BY-LAW NO. 16138
* 75 mg/L TSS

• Township of Langley
I. BYLAW 2006 NO 4381
*25 / 100 NTU

• Abbotsford
I. Bylaw No. 1989-2010
*25 / 100 NTU

• Coquitlam
I. BY-LAW NO. 3447, 2001
*No discharge of prohibited material

• Maple Ridge
I. BYLAW 2006 NO 6410-2006
*20 NTU and 25mg / L Dry Season
*No discharge of prohibited material
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• Penalties
I. Duty to Report under Fisheries Act
 Must report deleterious discharges
 Must report imminent discharges
• Personal and corporate Liability
 At the federal level the corporate veil can be pierced to pursue
corporate officers who should have had influence
 Environmental offenses are Strict Liability Offenses
 No guilty mind required
 Due Diligence is the only defense
 Must attempt to prevent offenses
 Must have adequate records to prove it
 Must resolve deficiencies promptly
• Federal Fisheries Act Section 40
 Summary Conviction (minor offense) $300,000 + 6 months
 Indictable Conviction (major offence) $1,000,000 + 3 years
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V. Inspections
BC-CESCL creed:
*Create a paper trail that documents compliance with all permit conditions
throughout the life of the project.
 By Law compliance
 Adaptive Management
 Risk Management
 Due diligence
• The ESC Plan should detail the inspection procedures
 Who will do inspections
 When will inspections be done
 How will problems be addressed
 What inspection form will be used
• Inspection Frequency



Once per week &
Within 24 hours of a significant* rain event
•
25mm in 24 hours

 Once per week &
 Within 24 hours of a significant rain event

 Once per day during rainy season 10-15 – 5-15
 During significant rainfall 25 mm in 24 hours
 Once per week during dry season 5-16 – 10-14
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• Scope of Inspections
 All areas disturbed by construction activity
 Areas where materials are stored and exposed to precipitation
 All BMPs
 Areas where pollutants have accumulated and may enter
storm water
 Vehicle entrances and exits
 Areas where storm water flows
 All discharge points
 Areas where stabilization has been initiated
• Inspection Report Form
 Make sure your form meets all permit and contract
requirements
 Inspection date
 Inspector’s name and qualifications
 Weather data
• Beginning & duration of storm events
• Whether any discharges occurred
 Locations of sediment or other pollutant discharges
 Locations of control measures requiring maintenance
 Locations where additional BMPs are needed
 Corrective actions and complete by dates
• Corrective Actions
 Must be taken when:
 Controls are not designed, installed or maintained
 A required measure was never installed
 Controls are not operating as intended
 Must be implemented immediately
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• ESC Plan Modifications including site maps
 Whenever plans change
 When BMPs change
 When good housekeeping measures change
 If monitoring plans change
 Changes made in response to a corrective action
 If regulations require a change
 Must keep a record showing :
 Name of the person authorizing the change
 Brief summary of the change
• All records, logs, reports etc. are your proof of due diligence
 Inspect thoroughly
 Report accurately
 Document the good aspects of the site
 Record all corrective actions
• All records are discoverable at the request of credentialed officials

Keep the records organized!
Do the records document
compliance?
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VI. ESC Plan Introduction
• Basically a ESC Plan explains how a site will be operated in a manner to
prevent pollution from discharging beyond the project limits using all
known available reasonable technologies.
• A ESC Plan should provide the rational for the BMP selection and their
scheduling taking into consideration the processes of erosion and the
factors that influence erosion.
• A ESC Plan needs to consider the schedule and finished design in protecting
water quality.
 Describe BMPs to minimize erosion and sediment discharge.
 Identify, reduce, or prevent the pollution of storm water.
 Prevent violations of regulatory requirements.
 Identify, and assign maintenance responsibilities for BMPs.

The key to a successful ESC Plan is proper site assessment and analysis!
• Basics of a ESC Plan
 Narrative
 Existing Site Conditions
 Construction Schedule
 Rainfall Data
 Pollution prevention strategies & responses
 Drawings and notes
 Where & when BMPs installed
 BMP performance goals
 Maintenance procedures & standards
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• ESC Plan objectives
 Stabilize the site as soon as possible
 Protect slopes and channels
 Reduce impervious surfaces
 Promote infiltration
 Control the perimeter of the site
 Protect receiving waters adjacent to the site
 Follow pollution prevention measures
 Minimize the area and duration of exposed soils
• ESC Plan Roles and Responsibilities
 Who is on the storm water pollution prevention team?
 Who will install structural storm water controls?
 Who will supervise and implement good housekeeping programs?
 Who will conduct routine inspections of the site?
 Who will maintain the BMPs?
 Who is responsible for documenting changes to the ESC Plan?
 Who is responsible for communicating changes in the ESC Plan?
 The ESC Plan must describe who is responsible for what and
when.
The risks associated with the project tasks must be assessed and addressed.
 Many ESC Plan elements are minimum permit requirements.
 The ESC Plan must be adhered to by the responsible parties. Their
contact information will be in the Plan and on the site posting.
As a BC-CESCL, you will be an integral part of permit compliance. Keeping the site
maps up to date and completing required inspections will be part of the BCCESCL’s responsibility.
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• What is a BMP?
 Design BMPs
 Fit the site into the terrain
 Minimize slope length and steepness
 Reduce the required site disturbance
 Procedural BMPs
 Time major soil disturbance for dry season
 Complete project in phases
 Integrate erosion control and construction schedules
 Physical BMPs
 Implementation of erosion & sediment control practices
 Must be a supplement to; not replacement for design &
procedural BMPs
• ESC Plans must include details for the BMPs used on the project.
 Two main categories in storm water manuals
 Source Controls; prevent the erosion from happening
 Runoff Conveyance & Treatment; prevent sediment discharge
• Without proper details and specifications an inspector cannot do their job!
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VII.

Control Measures
 Most Munis require minimum elements on all sites
• Delineation of the Site
 Delineate the location of disturbed & preserved land.
 Use a barrier that is appropriate for the site and conditions.
 Minimize disturbed area (this will also minimize the need for
stabilization and inspection)
 Keep vegetation buffer zones in key locations
 Stay out of critical areas

• Tree Protection
 Protect the root zone from compaction
• Phase / Sequence Construction
 Minimize the extent and duration of soil exposure
& risk exposure
• Maintain Natural Buffer Areas
 5 meters minimum where feasible
 Increase buffers at discharge locations
• Control Discharges & Flow Rates
 Manage the flows into, through, & off the project
 Slow it down or armor against the shear stress
 Provide clean water diversions around work areas
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• Dissipate Velocities at Outlets and Along Conveyance Channels
*Note: conveyance channels may have design standards
(25mm in 24hr event)
 Install Outlet Protection with the pipe / conveyance
 Prepare for break up before winter shutdown
 Avoid churn and suspension of previously settled sediments
• Protect Steep Slopes
 Slopes are prone to riling and gully formation
 Track walking can reduce the erosion potential up to 55%
 RECP’s (rolled erosion control products) provide instant raindrop
protection
 Functional longevity & shear stress guide design
 Break up slope length & direct flows off slopes

• Storm Drain Inlet Protection
 Limited effectiveness for fine particles
 Above grade ponds water; below grade filters water
 Measures require continuous maintenance
 Traffic can destroy protection measures
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• Water Body Protection Measures
 Minimize sediment discharge to water on or near the site

• Down Slope Sediment Controls
 Must have BMPs downgrade of disturbed soils
 Install per specification
 Silt Fence
 Wattles
 Compost
 Vegetated Buffer / Strip
 Snow Berms
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• Stabilized Vehicle Access & Exit Points
 Tracked sediment must be removed to minimize off site impacts
 Keep the tires on the rock
 Track out is the result of driving through dirt and mud
• No stabilized entrance can remove it all and prevent
track-out
• Dust Generation
 Plan ahead for dust control
 Demolition dust control must not pollute storm water
 Consider wind barriers, privacy screens

• Soil Stockpiles
 Cover and protect with sediment trapping measures
 Beware of increased flows from plastic cover
• Authorized Non-Storm Water Discharges
 Minimize allowable discharges
 Prevent pollution of the discharge
• Sediment Basins
 To be effective they will be large
 Volume for a designed storm event
 May not settle out fine particles
• Dewatering
 Plan the activity
 Disperse the discharge; prevent discharge erosion
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• Soil Stabilization
 Soils must be stabilized to prevent on-site erosion
 Initiate stabilization as soon as possible
 Identify anticipated fall freeze-up & spring thaw
 Frozen ground is not considered stabilization
 Eliminate raindrop erosion
 Minimize the extent and duration of soil exposure
 Use native seed
 Mulch
 Topsoil
 Compost
 Surface roughening
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• Treatment Chemicals
 Can be surface applied
 Employees must be trained in the proper, safe use
 Correct dose rate
 Proper mixing
 Sediment collection
 Polymers (PAM)
 Chitosan
 Active treatment
• Prohibited Discharge
 Washout wastewater
 Concrete or stucco
 Garbage or debris
 Soaps / solvents etc.

• Fueling and Maintenance Areas
 Designate the area (site map)
 Specify procedures for all operations
 Train all personnel
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