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Stormwater

Stream Flow 
and 

Sediment Hydrology Basics
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Stormwater

Stream Flow

• Groundwater
• Interflow
• Direct channel 

precipitation
• Surface runoff

There are four basic sources of stream flow.

Ritter, Michael E. The Physical Environment: an Introduction to Physical Geography. 
2006. http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/title_page.html 
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Stormwater

Normal Stream Flow
All streams accomplish three 
basic geomorphic tasks:

• Erosion

• Sediment transport

• Sediment deposition

These determine the size and 
shape of the stream channel, 
both laterally and 
longitudinally. Figure 2.1 Cross-section of a Stream Channel 

(FISRWG, 1998)
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Geomorphic Definitions

• Erosion – the detachment of soil particles along the stream bed 
and banks

• Sediment transport – the movement of eroded soil particles in 
stream flow

• Sediment deposition – the settling of eroded soil particles in the 
water or on land as water recedes.
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Dynamic Equilibrium
• Sediment particles that erode are transported downstream

• Replaced by particles of the same size and shape from 
upstream

Qs * D ∝
 

Qw * S
Where: 

Qs = Sediment discharge Qw = Streamflow

D = Sediment particle size S = Stream slope

When all four variables are in balance, the channel is stable
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Stormwater

Figure 2.2 Factors Affecting Channel Degradation and Aggradation (FISRWG, 1998)
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Figure 2.3 Example of Aggradation (Adapted from FISRWG, 1998)
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Post-Construction Impacts
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Stormwater

Hydrologic Changes
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Pre-Development

Urbanization tends to increase 
storm water runoff:



 

peak flows 



 

volume 



 

frequency

Post-Development
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Native Soil
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Stormwater

Disturbed Soil
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Stormwater

Construction Activity Threats
• Two-fold – construction projects over an acre 

have the potential to cause impacts to our 
beneficial uses of water both during and after 
the project.

• During – potential for accelerated erosion.
• After – potential for pollutant export and 

hydromodification impacts as a result of how the 
new landscape functions.
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Construction Water Quality 
Threats

+
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Hydromodification

18



Stormwater

What is Hydromodification?
• Alteration of the hydrologic characteristics of waters, 

which in turn could cause degradation of water resources.

• Effectively reduces base-flow and increases overland or 
stormwater flow, which increases peak discharge rates 
and increases water temperatures in creeks and rivers 
through an increase in sedimentation.

• Causes excessive erosion and/or sedimentation rates, 
causing excessive turbidity, streambank downcutting, 
and/or excessive deposition within the stream channel. 
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The USEPA cateragorizes hydromodification activities 
into three categories: 

•Channelization and channel modification;
•Dams; and 
•Streambank and shoreline erosion.

Hydromodification
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Stormwater

Stream Channel Modification


 
In the past, new and redevelopment construction 
activities have resulted in modified natural 
watershed and stream processes.


 

Caused by altering the terrain, modifying the 
vegetation and soil characteristics (i.e. pavement, 
etc.).
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Stormwater

Impacts of Channel 
Modifications

• Plays a critical role in nonpoint source pollution by increasing 
downstream delivery of pollutants and sediment that enter 
water.

• Downstream velocities may continue to increase and lead to 
more frequent and severe erosion.

• A channel that is deepened or widened can result in slower or 
shallower flow.



 

Results in an increase in sediment transport capacity and a 
decrease in sediment supply.
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Channel Modification Impacts
• Results in an increase in sediment deposits to a stream segment which 

can cause:


 

Disturb stream equilibrium and cause channels to become unstable


 

Disrupt riffle and pool habitats


 

Create changes in stream velocities


 

Eliminate the function of floods to control channel-forming properties


 

Alter the base level of a stream (streambed elevation)


 

Critical habitats to be buried


 

An increase in flooding



 

Chemical impacts - Nutrients, metals, toxic organic compounds, 
pesticides and organic material
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Channel Changes Associated with 
Urbanization
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Channel Response Time



Stormwater

Stream Characteristics

• Channel Shape: Function of the flow, and quantity 
of sediment in the flow, the materials in the bed 
and the vegetation in the channel.

• Channel Alignment: Natural channels meander.  A 
straight section more than 20 times the channel 
width is very rare.

• Sinuosity: Channel (bankfull) length/valley length

• Low<1.2, High>1.5
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Channel Morphology – Form 
Variables

• Average Discharge: The average daily flow.  
Depth from average discharge is about 1/3 of bank 
full flow.

• 90 percent of all channels in valley areas meander


 
Tendency toward minimum work



 
Uniform distribution of work
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Channel Morphology

• Meanders indicate an approximation of a steady 
state


 
Wavelength: about 11 times channel width



 
Radius of curvature: About one-fifth of the wavelength 
or 2.3 time channel width.  This ratio provides the 
minimum headloss.

• Riffle/pool sequence: spaced at 5 to 7 channel 
widths.
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Channel Morphology

• Bankfull Discharge: Recurrence interval of about 
1.5 to 2 years.  Considered to be the ‘channel 
forming’ discharge.

• The primary effect of urbanization is to increase 
the frequency of bank-full flows and overbank 
flooding.  Increase is on the order of 7 times with 
urbanization.



Stormwater

General Channel Flow 
Relations

• Low Flow (Qavg ): 0.20 ft3/s per square mile

• Qavg = 0.034 Q bank full (Qbnk )

• Q5 = 4.5Qbnk

• Q2 = 1.9Qbnk
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Dam Modification
• Retains water by design.

• Range in size from berms across small 
streams that create farm ponds to large 
concrete structures across major rivers 
for hydropower and flood control.

• Built to provide water for industrial 
cooling, agricultural irrigation, 
municipal water supplies for human 
consumption, and impoundment-based 
recreation (e.g., boating and sport 
fishing).
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Impacts of Dams
• Associated with a number of effects including changes to hydrology, 

water quality, habitat, and river morphology.

• Can affect water quality and habitat both upstream and downstream 
of the dam.  Most are observed downstream.

• Lakes and reservoirs integrate many processes that take place in their 
contributing watersheds including processes that contribute energy 
(heat), sediment, nutrients, and toxic substances.

• Presence and operation of dams can determine the fate of pollutants 
in a reservoir or impoundment and potentially  downstream as water 
is released from the dam.

• Dams can lead to sediment accumulation in a reservoir.
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(Image from The World Commission on Dams, www.dams.org)
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Stormwater

Streambank and Shoreline 
Modifications

• Streambanks and shorelines naturally erode.

• Water flowing along (parallel to) 
streambanks dislodges sediment and other 
materials that constitute a streambank

• Waves or tides transports sediment and 
other materials away from the shoreline.

• Changes to the natural erosion processes  
often increases erosion locally and 
sedimentation , along adjacent shorelines, or 
offshore.
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Impacts of Streambank and Shoreline Modifications

• Increase in imperviousness -results in greater flow rates and more 
erosive force.

• Livestock grazing - can significantly increase streambank erosion 
and destroy important riparian habitat.

• Roads - can erode and supply increased sediment and pollutants to 
adjacent streams. Stream crossings associated with rural roads can 
block fish passage, trap debris during storms, and lead to increased 
streambank erosion in nearby areas.

• Marinas - can alter local wave and tidal flow patterns, resulting in 
transference of wave and tidal energy to adjacent shorelines.
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Solution
To address hydromodification concerns and/or impacts the new 
CGP includes:

•Post-Construction Standards

•Post-Construction Water Balance Calculator

•Increased sampling and monitoring requirements for projects 
according to Sediment Risk and Receiving Water Risk levels

•Added Bioassessment Monitoring
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What does this mean?
• Are we trying to go back to historical conditions?


 

No! The intent is to work today forward.


 

Stream systems have changed over time and are new in a new 
equilibrium state.  So going backwards may do more harm than good to 
the receiving water system.

• Owners, design engineers, consultants, etc., will need to be aware of 
post-construction requirements in this permit or local MS4 post- 
construction requirements in order to incorporate the post- 
construction requirements early on in the design phase of the project.

• Get the designers involved early in the project planning and 
conception phase.
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Stormwater

Hydromodification Management 
and 

Practice Measures
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Stormwater

Hydromodification Management
• Evaluate potential effects from construction on pre-construction 

water balance.

• Stormwater discharges from new development and 
redevelopment projects  should not increase the erosion 
potential for the receiving stream over the pre-project (existing) 
condition.

• Increase in runoff flow and volumes should be managed so that 
post-project runoff does not exceed estimated pre-project rates 
and durations, where such increased flow and/or volume is 
likely to cause increased potential for erosion.

40



Stormwater

Hydromodification Management
New hydromodification management (HM) techniques utilize 
LID applications to focus on:

•Retaining, 

•Detaining or infiltrating runoff, and 

•Matching post-project flows and durations to pre-project patterns 
for a specified range of smaller, more frequent rain events, to 
prevent increases in channel erosion downstream.

LID tools available online on some MS4 websites.

http://www.lowimpactdevelopment.org/lidphase2/home.htm
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Hydromodification Management

• Hydrologic source controls are design techniques that minimize and/or 
slow the rate of storm water runoff from the site.  Examples include:


 

Reduction of impervious surfaces


 

Use of landscaping as a storm drain treatment feature


 

Drain rooftop downspouts to pervious areas.
• Flow Duration Controls are structures designed to detain excess runoff 

that remains following the use of hydrologic source controls. Examples 
include:


 

Detention basins


 

Wet ponds


 

Underground tanks or vaults
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Hydromodification Management
Successful hydromodification management is achieved through LID by: 

•Integrating stormwater management early in site planning activities

•Using natural hydrologic functions as the integrating framework

•Focusing on prevention rather than mitigation

•Emphasizing simple, low-tech, and low cost methods

•Management as close to the source as possible

•Distribution of small-scale practices throughout the landscape

•Relying on natural features and processes

•Creating a multifunctional landscape

•Maintaining HM controls
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Stormwater



 

Soil quality improvement (porosity)


 

Native and drought tolerant vegetation


 

Trees


 

Permeable pavement


 

Riparian buffers


 

A general reduction of connected, 
impervious surfaces in runoff pathways



 

Bioretention


 

Disconnected downspouts/rain chains/rain 
barrels

Ways to Mimic Pre-Development
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Stormwater

Channel Modification 
Management

• Plan, design, and operate channel modification projects to:


 

Improve water quality, and



 

Promote aquatic live and riparian ecosystem functions.

• Reduce or limit the number of service roads adjacent to waterways

• Use models and common methodologies to evaluate effects of 
proposed channelization and channel modification projects on 
physical and chemical characteristics of the surface waters and on 
aquatic and riparian habitat.

• Address fish passage concerns prior to installing any grade control 
structure.
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Channel Modification 
Management

Operation and Maintenance



 

Grade control structures


 

Levees, setback levees, and 
floodwalls



 

Non-eroding roadways


 

Streambank protection and 
instream load controls



 

Vegetative cover

In cases where existing channelization or channel modification projects can 
be changed to enhance instream or streamside characteristics, several 
practices can be included as part of regular operation and maintenance 
programs.  These practices include:
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Stormwater

• Plan, design, and operate streambank and shoreline modification 
projects to improve water quality, and promote aquatic live and 
riparian ecosystem functions.

• Use models and common methodologies to evaluate effects of 
proposed streambank and shoreline modification projects on physical 
and chemical characteristics of the surface waters and on aquatic and 
riparian habitat. Perform an analysis of physical factors that includes 
determining:


 

Limits of the shoreline reach



 

Rates and patterns of erosion



 

Estimation of factors such as ground-water seepage or surface water 
runoff that contribute to erosion

Streambank and Shoreline Modification Management
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Streambank and Shoreline Modification Management

• Stabilize eroding streambanks and shorelines using indirect 
or vegetative methods over structural methods.

• Protect and conserve streambank and shoreline features with 
the potential to attenuate polluted runoff.

• Plan and manage activities to reduce erosion and retain 
sediment onsite during and after construction

• Silt basin location siting and design considerations.
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Stormwater

• The use of vegetative streambank and 
shoreline stabilization practices refers 
to the installation of plant materials as 
a main structural component.

• Implementation has shown to be 
physically and ecologically 
successful. 

• Less costly as an alternative to 
engineering structures for controlling 
erosion of streambanks and 
shorelines.

Streambank and Shoreline Modification Management
Vegetative Practices
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Vegetative Practices
• Designed to be low maintenance or maintenance-free in the long run

• Enhance habitat not only by providing food and cover sources, but by 
serving as a temperature control for aquatic and terrestrial animals

• If successful, can stabilize slopes effectively in a short period of time 
(e.g., one growing season)

• Self-repairing after establishment

• Filter overland runoff, increase infiltration, and attenuate flood peaks

Streambank and Shoreline Modification 
Management
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Post-Construction Standards
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Stormwater

Post Construction Standards
• Post-Construction Standards developed to 

avoid, minimize and/or mitigate post- 
construction storm water runoff impacts

• Specifically addresses water quality and 
channel protection events

• Required for all new traditional projects in 
areas not covered by an active Phase I or 
Phase II Municipal Separate Storm Sewer 
System (MS4) NPDES permit that has an 
approved Storm Water Management Plan 
(Out: if the project is required to develop a 
WQMP or similar, it is not required to comply 
with the post construction standards in the 
CGP)
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Development Impacts – Quick Review
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Post-Construction Standards
• For projects not covered under MS4 requirements:



 

Effective 3 years after permit adoption (September 2, 2012)


 

Should be addressed now for projects currently in planning/design 


 

Small loophole: Applies to all project areas  with active permit 
coverage on the effective date

• For projects covered under MS4 requirements:


 

Need to comply with MS4 standards now or as soon as they come 
into effect



 

For example, several MS4s are in the process of getting their plans 
approved and will be in effect shortly thereafter

• How to address for small, non-traditional MS4s


 

e.g. universities, military bases 
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Post-Construction Standards 
Exceptions

• LUP projects are not subject to post- 
construction requirements due to the 
nature of their construction to return 
project sites to preconstruction 
conditions.

• Not applicable to projects that are 
under an active MS4 jurisdiction with 
an approved Storm Water 
Management Plan 
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Municipal Permit Coverage
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Stormwater

For those not in Municipal 
Permit Coverage areas....
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CGP Post-Construction Standards
• Requires replication of pre-project water balance 

• up to the 85th percentile rainfall event 
• using non-structural management practices where feasible (match 

pre-development runoff volume)
• Emphasis on Low Impact Development (LID) 
• (Bay Area, LA and San Diego have good tools for understanding 

LID)

• For sites over two acres of disturbed area 
• preserve the pre-construction drainage density (miles of stream 

length per mile of drainage area) for all drainage areas with the 
area serving a first order stream or larger

• replicate pre-project time of concentration.

61



Stormwater

What is a first order stream?

• A first order stream is 
defined as a stream with 
no tributaries
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Post-Construction Runoff 
Reduction

• Through on-site stormwater reuse, interception, 
evapotransportation, and infiltration through non-structural 
controls and conservation design measures

• Non-structural measures implemented close to the source 
of runoff is the easiest most cost-effective way to comply 
with the pre-construction water balance standard

• Obtain runoff reduction credits
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Runoff Reduction Through LID
• LID’s goal is to mimic a site’s pre-development hydrology by 

using design techniques that infiltrate, store, evaporate, and 
detain runoff close to its source.

• Serves to protect related watersheds and waterbodies from both 
hydrologic-based and pollution impacts associated with post- 
construction landscape
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Does it all have to look like 
this?



Stormwater

But, sometimes, even 100% 
vegetation isn’t enough
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Non-Structural Controls Available 
for Crediting

• Porous Pavement
• Tree Planting
• Downspout Disconnection
• Impervious Area Disconnection
• Green Roof
• Stream Buffer
• Vegetated Swales
• Rain Barrels/Cistern
• Landscaping Soil Quality
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Cluster Development



Stormwater

Post-Construction Structural 
Controls

• Structural controls are to be used when:


 
Non-structural controls are infeasible



 
Structural controls will produce greater reduction in water 
quality impacts

Note: The use of structural controls must be approved by 
the local Regional Water Quality Control Board prior to 
installation and use

- discuss with Regional Board staff early in the design phase
- There is no pre-determined method or timeline of 

submitting to the RB, no review checklist for RB staff to 
follow
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Post-Construction Structural 
Controls

• Vegetated Swales

• Bioretention Cells

• Water Quality Ponds

• Media Filtration 
Systems

Structural Post- 
Construction 
Practices need to be 
approved by 
RWQCB.
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We’ve come a long way from the 
large structural BMPs that were 

popular…



Stormwater

Water Quality Pond
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Bioretention Area (with underdrain)
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CGP Post-Construction Water 
Balance Method

• Based on NRCS Hydrologic Soil Groups

• Hydrologic Soil Groups based on soil texture, runoff 
potential, and water transmission rate.

• Mimic pre-development water balance

• Preserve existing (pre-construction) time of concentration

• Protect channels
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NCRS Hydrological Soil 
Groups

75

HSG Example Soil 
Texture

Runoff Potential Water 
Transmission 
Rate

A Sand Low High

B Sandy loam Moderately Low Moderate

C Clay loam Moderately High Low

D Clay High Very Low
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Submittal Requirements
• Determine the project-related increase in 

runoff volume by either:

– Completing Attachment 2 spreadsheet; or

– A sophisticated watershed process-based 
model (e.g. Hydrologic Simulation Program 
Fortran).

• Submit with the NOI to demonstrate 
compliance with the New and Re- 
Development Water Balance 
Performance Standard.
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Post-Construction Water Balance 
Calculator

Information that you will need:
• Project location county
• Soil type (e.g., Group C soils)
• Existing dominant non-built land use type (e.g., Wood & 

Grass: <50% ground cover)
• Proposed dominant non-built land use type (e.g., Lawn, 

Grass, or Pasture covering more than 75% of the open 
space)

• Total project site area
• Sub-watershed area
• Runoff Reduction Credits
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Post-Construction Water 
Balance

• Must be performed for each land use/soil type 
combination for each project sub-watershed.
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Water Balance Calculator 
Demonstration

To Calculator
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Soil Particle Size Analysis

81



Stormwater

Soil Particle Size Analysis

• Performing a soil particle size analysis by 
American Society for Testing and Materials 
(ASTM) Test Method D422 will assist in:


 
Determining soil compatibility for planting of native 
plant species or the broadcasting of native seed mixes.  
It is crucial to have a good understanding of the soil 
type(s) at the project site.



 
Determining effective non-structural and structural 
BMPs to be implemented during and post-construction 
activities.
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Soil Particle Size Analysis
ASTM D422 

• ASTM D422 is a quantitative 
determination of the distribution of particle 
sizes in soils. 

• The distribution of particle sizes larger 
than 75 micrometers (retained on the No. 
200 sieve) is determined by sieving.

• The distribution of particle sizes smaller 
than 75 micrometers is determined by a 
sedimentation process using a hydrometer.

• Sieve analysis, hydrometer analysis and 
hygroscopic moisture analysis shall be 
performed on the sample soil.
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Standard USDA soil texture triangle http://www.soils.usda.gov/

http://www.soils.usda.gov/
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K Determination

fp is the particle size parameter (unitless) 
Pom is the percent organic matter (unitless) 
Sstruc is the soil structure index (unitless) 

fperm is the profile-permeability class factor (unitless) 
Pclay is the percent clay (unitless).
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K Determination Con’t

• The profile-permeability class factor, fperm , is 
equal to: 1 for very slow infiltration; 2 for slow 
infiltration; 3 for slow to moderate infiltration; 4 
for moderate infiltration; 5 for moderate to rapid 
infiltration; 6 for rapid infiltration

Sstruc , is equal to: 1 for very fine granular soil; 2 for fine 
granular soil; 3 for medium or coarse granular soil; 4 for 

blocky, platy, or massive soil
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Pom (%)

Textural Class <0.5 2 4

Sand 0.05 0.03 0.02
Fine sand 0.16 0.14 0.10
Very finesand 0.42 0.36 0.28
Loamy sand 0.12 0.10 0.08
Loamy finesand 0.24 0.20 0.16

Loamy veryfine sand 0.44 0.38 0.30

Sandy loam 0.27 0.24 0.19
Fine sandyloam 0.35 0.30 0.24

Very fine sandy loam 0.47 0.41 0.33

Loam 0.38 0.34 0.29
Silt loam 0.48 0.42 0.33
Silt 0.60 0.52 0.42
Sandy clayloam 0.27 0.25 0.21

Clay loam 0.28 0.25 0.21
Silty clayloam 0.37 0.32 0.26

Sandy clay 0.14 0.13 0.12
Silty clay 0.25 0.23 0.19
Clay 0.13-0.2

(a) The values shown are estimated averages of broad ranges of specific soil values. When a texture is near the border line of two texture classes, use the average of the two Kfact values. In addition, the values shown are 
commensurate with the English units used in the cited reference (and as used in the source-term module input files). To obtain analagous values in the metric units used in this report, the above values should be 
multiplied by 1.292.
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Air
25%

Mineral
45%

Water
25%

Organic Matter
5%

Ideal Soil Structure for Plant Growth
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• Organisms 
build 

structure

• Nutrients 
held

• Water is 
retained and 

moves 
slowly thru 

the soil

• No organism, no 
structure

• Nutrients move 
with the water

• Water not held in 
soil pores, moves 
rapidly thru soil

• Leaching, erosion 
and run-off are 

problems

SOIL      DIRT

Rainfall

Clean Water

Water moves clay, silt 
and inorganic 

chemicals so no 
“cleaning” process
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What happens when we 
maintain soil quality?

• More nutrient and water retention

• Less need for fertilizer, pesticides, etc.

• Filtering and decomposition of toxins

• Keep your soil onsite!
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Risk Assessment
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93

Risk Based Permitting Approach
A project’s overall risk assessment is broken up into three steps:

1) Project Sediment Risk – the relative amount of sediment 
that can be discharged, driven largely by scheduling and 
site characteristics.

2) Receiving Water Risk – the risk sediment discharges 
pose to the receiving waters.

3) Overall Risk
Sediment Risk

Low Medium High

Receiving 
Water Risk

Low Level 1 Level 2

High Level 2 Level 3

Project Sediment Risk

Low Medium High

Receiving 
Water Risk

Low Type 1 Type 1 Type 2

Medium Type 1 Type 2 Type 3

High Type 2 Type 3 Type 3

Traditional Risk Matrix Linear Risk Matrix
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Risk Assessments 
(Traditional)

First: Does the project qualify for a waiver? 

If no, perform risk assessment
Step 1: Determine Sediment Risk

Step 2: Determine Receiving Water Risk

Step 3: Determine Combined Risk Level

If yes,

Complete waiver forms on SMARTS, submit $200 fee to State Board, 
WDID will be issued

Risk determination worksheets available at:
http://www.waterboards.ca.gov/water_issues/programs/stormwater/constpermits.shtml

Or, use the calculator in SMARTS!

94
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LUP Type Assessments 
(Linear)

First: Does the project qualify for a waiver? 

If no, perform risk assessment. Start with flow chart in Attachment A.1
Step 1: Does the project qualify for automatic LUP Type 1 designation?

Step 2 (if no): Determine Sediment Risk

Step 3: Determine Receiving Water Risk

Step 4: Determine Combined LUP Type

If yes,

Complete waiver forms on SMARTS, submit $200 fee to State Board, WDID 
will be issued

*Linear project risk (LUP Type) is performed segment by segment; each segment may 
have a separate LUP Type
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Risk Assessment 
(The Old, Slow Way)

96

With 
practice, 1/2 

hour

Finding the 
receiving water 

and impairments 
was longest task 

(GIS or hard 
copy maps were 

required)
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Example Site – Risk Determination


 

Project in Fremont:


 
Fictitious site


 

Determine Risk Level:


 
Project sediment risk



 
Receiving water risk


 

Risk determinations drive the requirements for the 
site – They must be done as the first step
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Sediment Risk Factor WorksheetSediment Risk Factor Worksheet EntryEntry

A) R FactorA) R Factor

Analyses of data indicated that when factors other than rainfallAnalyses of data indicated that when factors other than rainfall are held constant, soil loss is directly proportional to a rainare held constant, soil loss is directly proportional to a rainfall factor composed of total storm fall factor composed of total storm 
kinetic energy (E) times the maximum 30kinetic energy (E) times the maximum 30--min intensity (I30) (Wischmeier and Smith, 1958). The numerical min intensity (I30) (Wischmeier and Smith, 1958). The numerical value of R is the average annual sum of EI30 value of R is the average annual sum of EI30 
for storm events during a rainfall record of at least 22 years. for storm events during a rainfall record of at least 22 years. "Isoerodent" maps were developed based on R values calculated fo"Isoerodent" maps were developed based on R values calculated for more than 1000 r more than 1000 
locations in the Western U.S. Refer to http://cfpub.epa.gov/npdelocations in the Western U.S. Refer to http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm to determine the R factor fors/stormwater/LEW/lewCalculator.cfm to determine the R factor for the project site.the project site.

http://cfpub.epa.gov/npdes/stormwater/waiver.cfmhttp://cfpub.epa.gov/npdes/stormwater/waiver.cfm

R Factor ValueR Factor Value 40.1140.11

B) K Factor (weighted average, by area, for all site soils)B) K Factor (weighted average, by area, for all site soils)

The soilThe soil--erodibility factor K represents: (1) susceptibility of soil or serodibility factor K represents: (1) susceptibility of soil or surface material to erosion, (2) transportability of the sedimenturface material to erosion, (2) transportability of the sediment, and (3) the amount and rate of , and (3) the amount and rate of 
runoff given a particular rainfall input, as measured under a strunoff given a particular rainfall input, as measured under a standard condition. Fineandard condition. Fine--textured soils that are high in clay have low K values (about 0.textured soils that are high in clay have low K values (about 0.05 to 05 to 
0.15) because the particles are resistant to detachment. Coarse0.15) because the particles are resistant to detachment. Coarse--textured soils, such as sandy soils, also have low K values (abotextured soils, such as sandy soils, also have low K values (about 0.05 to 0.2) because of ut 0.05 to 0.2) because of 
high infiltration resulting in low runoff even though these parthigh infiltration resulting in low runoff even though these particles are easily detached. Mediumicles are easily detached. Medium--textured soils, such as a silt loam, have moderate K values textured soils, such as a silt loam, have moderate K values 
(about 0.25 to 0.45) because they are moderately susceptible to (about 0.25 to 0.45) because they are moderately susceptible to particle detachment and they produce runoff at moderate rates. Sparticle detachment and they produce runoff at moderate rates. Soils having a high silt oils having a high silt 
content are especially susceptible to erosion and have high K vacontent are especially susceptible to erosion and have high K values, which can exceed 0.45 and can be as large as 0.65. Siltlues, which can exceed 0.45 and can be as large as 0.65. Silt--size particles are easily size particles are easily 
detached and tend to crust, producing high rates and large volumdetached and tend to crust, producing high rates and large volumes of runoff. Refer to GIS Map provided or sitees of runoff. Refer to GIS Map provided or site--specific data (requires submittal of specific data (requires submittal of 
supporting data).supporting data).

K Factor ValueK Factor Value 0.450.45

C) LS Factor (weighted average, by area, for all slopes)C) LS Factor (weighted average, by area, for all slopes)

The effect of topography on erosion is accounted for by the LS fThe effect of topography on erosion is accounted for by the LS factor, which combines the effects of a hillslopeactor, which combines the effects of a hillslope--length factor, L, and a hillslopelength factor, L, and a hillslope--gradient factor, S. gradient factor, S. 
Generally speaking, as hillslope length and/or hillslope gradienGenerally speaking, as hillslope length and/or hillslope gradient increase, soil loss increases. As hillslope length increases, t increase, soil loss increases. As hillslope length increases, total soil loss and soil loss per total soil loss and soil loss per 
unit area increase due to the progressive accumulation of runoffunit area increase due to the progressive accumulation of runoff in the downslope direction. As the hillslope gradient increasesin the downslope direction. As the hillslope gradient increases, the velocity and erosivity , the velocity and erosivity 
of runoff increases. Use GIS Map provided or LS table located inof runoff increases. Use GIS Map provided or LS table located in separate tab of this spreadsheet to determine LS factors. Estimseparate tab of this spreadsheet to determine LS factors. Estimate the weighted LS for ate the weighted LS for 
the site prior to construction. the site prior to construction. 

LS Factor ValueLS Factor Value 0.010.01

Watershed Erosion Estimate (=RxKxLS) in tons/acreWatershed Erosion Estimate (=RxKxLS) in tons/acre 0.1804950.180495

Site Sediment Risk FactorSite Sediment Risk Factor

LowLow
Low Sediment Risk: < 15 tons/acreLow Sediment Risk: < 15 tons/acre

Medium Sediment Risk:  >/=15 and <75 tons/acreMedium Sediment Risk:  >/=15 and <75 tons/acre

High Sediment Risk:  >/= 75High Sediment Risk:  >/= 75

http://cfpub.epa.gov/npdes/stormwater/waiver.cfm
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Determine Site R Factor


 

The numerical value of R is the average annual 
sum of EI30 for storm events during a rainfall 
record of at least 22 years. "Isoerodent" maps were 
developed based on R values calculated for more 
than 1,000 locations in the Western U.S. Refer to 
http://cfpub.epa.gov/npdes/stormwater/LEW/lewC 
alculator.cfm

http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm
http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm
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Enter R Value

A) R FactorA) R Factor

Analyses of data indicated that when factors other than rainfallAnalyses of data indicated that when factors other than rainfall are held constant, soil loss is are held constant, soil loss is 
directly proportional to a rainfall factor composed of total stodirectly proportional to a rainfall factor composed of total storm kinetic energy (E) times the rm kinetic energy (E) times the 
maximum 30maximum 30--min intensity (I30) (Wischmeier and Smith, 1958). The numerical min intensity (I30) (Wischmeier and Smith, 1958). The numerical value of R is the value of R is the 
average annual sum of EI30 for storm events during a rainfall reaverage annual sum of EI30 for storm events during a rainfall record of at least 22 years. cord of at least 22 years. 
"Isoerodent" maps were developed based on R values calculated fo"Isoerodent" maps were developed based on R values calculated for more than 1000 locations r more than 1000 locations 
in the Western U.S. Refer to http://cfpub.epa.gov/npdes/stormwatin the Western U.S. Refer to http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm to er/LEW/lewCalculator.cfm to 
determine the R factor for the project site.determine the R factor for the project site.

R Factor ValueR Factor Value 84.0284.02
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USDA Soil Survey

.29

.22
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Enter K Factor
B) K Factor (weighted average, by area, for all site soils)B) K Factor (weighted average, by area, for all site soils)

The soilThe soil--erodibility factor K represents: (1) susceptibility of soil or serodibility factor K represents: (1) susceptibility of soil or surface material to erosion, (2) urface material to erosion, (2) 
transportability of the sediment, and (3) the amount and rate oftransportability of the sediment, and (3) the amount and rate of runoff given a particular rainfall input, as runoff given a particular rainfall input, as 
measured under a standard condition. Finemeasured under a standard condition. Fine--textured soils that are high in clay have low K values (about textured soils that are high in clay have low K values (about 
0.05 to 0.15) because the particles are resistant to detachment.0.05 to 0.15) because the particles are resistant to detachment. CoarseCoarse--textured soils, such as sandy textured soils, such as sandy 
soils, also have low K values (about 0.05 to 0.2) because of higsoils, also have low K values (about 0.05 to 0.2) because of high infiltration resulting in low runoff even h infiltration resulting in low runoff even 
though these particles are easily detached. Mediumthough these particles are easily detached. Medium--textured soils, such as a silt loam, have moderate K textured soils, such as a silt loam, have moderate K 
values (about 0.25 to 0.45) because they are moderately susceptivalues (about 0.25 to 0.45) because they are moderately susceptible to particle detachment and they ble to particle detachment and they 
produce runoff at moderate rates. Soils having a high silt conteproduce runoff at moderate rates. Soils having a high silt content are especially susceptible to erosion and nt are especially susceptible to erosion and 
have high K values, which can exceed 0.45 and can be as large ashave high K values, which can exceed 0.45 and can be as large as 0.65. Silt0.65. Silt--size particles are easily size particles are easily 
detached and tend to crust, producing high rates and large volumdetached and tend to crust, producing high rates and large volumes of runoff. Refer to GIS Map provided es of runoff. Refer to GIS Map provided 
or siteor site--specific data (requires submittal of supporting data).specific data (requires submittal of supporting data).

K Factor ValueK Factor Value 0.460.46
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Enter LS Value
C) LS Factor (weighted average, by area, for all slopes)C) LS Factor (weighted average, by area, for all slopes)

The effect of topography on erosion is accounted for by the LS fThe effect of topography on erosion is accounted for by the LS factor, which combines the effects of a actor, which combines the effects of a 
hillslopehillslope--length factor, L, and a hillslopelength factor, L, and a hillslope--gradient factor, S. Generally speaking, as hillslope length gradient factor, S. Generally speaking, as hillslope length 
and/or hillslope gradient increase, soil loss increases. As hilland/or hillslope gradient increase, soil loss increases. As hillslope length increases, total soil loss and slope length increases, total soil loss and 
soil loss per unit area increase due to the progressive accumulasoil loss per unit area increase due to the progressive accumulation of runoff in the downslope tion of runoff in the downslope 
direction. As the hillslope gradient increases, the velocity anddirection. As the hillslope gradient increases, the velocity and erosivity of runoff increases. Use GIS erosivity of runoff increases. Use GIS 
Map provided or LS table located in separate tab of this spreadsMap provided or LS table located in separate tab of this spreadsheet to determine LS factors. heet to determine LS factors. 
Estimate the weighted LS for the site prior to construction. Estimate the weighted LS for the site prior to construction. 

LS Factor ValueLS Factor Value 0.130.13
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Comparison of KLS value vs. 
K*LSUSEPA EMAP Risk Categories, KLS ValueUSEPA EMAP Risk Categories, KLS Value

KLS ValueKLS Value 0.30.3

Soil Survey, K Factor and Site LS FactorSoil Survey, K Factor and Site LS Factor

LS determined as 0.13 from topo review, so LS determined as 0.13 from topo review, so 
computed K*LS = .45*.13=0.06computed K*LS = .45*.13=0.06

K*LS ValueK*LS Value 0.060.06
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Compute Site Sediment Risk
Sediment Risk Factor Worksheet Entry

A) R Factor

Analyses of data indicated that when factors other than rainfall are held constant, soil loss is directly proportional to a rainfall factor composed of total 
storm kinetic energy (E) times the maximum 30-min intensity (I30) (Wischmeier and Smith, 1958). The numerical value of R is the average annual sum of 
EI30 for storm events during a rainfall record of at least 22 years. "Isoerodent" maps were developed based on R values calculated for more than 1000 
locations in the Western U.S. Refer to the link below to determine the R factor for the project site.

http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm

R Factor Value 84

B) K Factor (weighted average, by area, for all site soils)

The soil-erodibility factor K represents: (1) susceptibility of soil or surface material to erosion, (2) transportability of the sediment, and (3) the amount and 
rate of runoff given a particular rainfall input, as measured under a standard condition. Fine-textured soils that are high in clay have low K values (about 
0.05 to 0.15) because the particles are resistant to detachment. Coarse-textured soils, such as sandy soils, also have low K values (about 0.05 to 0.2) 
because of high infiltration resulting in low runoff even though these particles are easily detached. Medium-textured soils, such as a silt loam, have 
moderate K values (about 0.25 to 0.45) because they are moderately susceptible to particle detachment and they produce runoff at moderate rates. Soils 
having a high silt content are especially susceptible to erosion and have high K values, which can exceed 0.45 and can be as large as 0.65. Silt-size 
particles are easily detached and tend to crust, producing high rates and large volumes of runoff. Use Site-specific data must be submitted.

Site-specific K factor guidance

K Factor Value 0.45

C) LS Factor (weighted average, by area, for all slopes)

The effect of topography on erosion is accounted for by the LS factor, which combines the effects of a hillslope-length factor, L, and a hillslope-gradient 
factor, S. Generally speaking, as hillslope length and/or hillslope gradient increase, soil loss increases. As hillslope length increases, total soil loss and 
soil loss per unit area increase due to the progressive accumulation of runoff in the downslope direction. As the hillslope gradient increases, the velocity 
and erosivity of runoff increases. Use the LS table located in separate tab of this spreadsheet to determine LS factors. Estimate the weighted LS for the 
site prior to construction. 

LS Table

LS Factor Value 0.13

Watershed Erosion Estimate (=RxKxLS) in tons/acre 4.914

Site Sediment Risk Factor

Low
Low Sediment Risk: < 15 tons/acre

Medium Sediment Risk:  >=15 and <75 tons/acre
High Sediment Risk:  >= 75 tons/acre

http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm
https://smarts.waterboards.ca.gov/smarts/faces/SwSmartsLogin.jsp
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TEMP

303d List
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Receiving Water Risk
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Risk Assessment 
The Easy Way
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Project Sediment Risk: Revised Universal 
Soil Loss Equation (RUSLE)

A = R x K x LS x C x P

A = the rate of sheet and rill erosion (tons/acre)

R = rainfall erosivity factor

K = soil erodibility factor

LS = length slope factor

C = 1

P = 1
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Receiving Water Risk: 
Sediment Sensitive Waterbodies

1. Receiving water has Beneficial Uses of COLD and SPAWN 
and MIGRATORY 

2. CWA 303(d) list for waterbodies impaired for a sediment 
pollutant (TSS, turbidity, siltation)

3. TMDL for sediment, silt, or turbidity
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Receiving Water Risk 
Traditional Projects

If any of the receiving water risk conditions 1-3 are 
met, the project has HIGH receiving water risk.

If none of the conditions above are met, the project 
has LOW receiving water risk.



Stormwater

Traditional Project Risk Matrix

Sediment Risk

Low Medium High

Receiving 
Water Risk

Low Level 1 Level 2 Level 2

High Level 2 Level 2 Level 3
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Receiving Water Risk 
Linear Projects

If : 

(1) any of the receiving water risk conditions 1-3 are met, 
AND the land disturbance is within the floodprone zone 
of the receiving water, the project has HIGH receiving 
water risk.

(2) Any of the receiving water risk conditions 1-3 are met, 
AND the land disturbance is NOT within the floodprone 
zone of the receiving water, the project has MEDIUM 
receiving water risk

(3) If none of the conditions above are met, the project has 
LOW receiving water risk.
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Linear Project Risk Matrix

Project Sediment Risk

Low Medium High

Receiving 
Water Risk

Low Type 1 Type 1 Type 2

Medium Type 1 Type 2 Type 3

High Type 2 Type 3 Type 3
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Sediment sensitive 
receiving water

Floodprone width

Linear construction 
project
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SMARTS Demo

• Traditional Project Risk Assessment

• Linear Project Risk Assessment

• See next slide for test project location – UC Irvine
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SMARTS Demo

• Click to reach SMARTS

• Click to reach the SMARTS Beta System

https://smarts.waterboards.ca.gov/smarts/faces/SwSmartsLogin.jsp
http://water24.waterboards.ca.gov/smarts_beta_test/faces/SwSmartsLogin.jsp
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Average Watershed Slope (%)

Sheet Flow 
Length (ft) 0.2 0.5 1.0 2.0 3.0 4.0 5.0 6.0 8.0 10.0

<3 0.05 0.07 0.09 0.13 0.17 0.20 0.23 0.26 0.32 0.35

6 0.05 0.07 0.09 0.13 0.17 0.20 0.23 0.26 0.32 0.37

9 0.05 0.07 0.09 0.13 0.17 0.20 0.23 0.26 0.32 0.38

12 0.05 0.07 0.09 0.13 0.17 0.20 0.23 0.26 0.32 0.39

15 0.05 0.07 0.09 0.13 0.17 0.20 0.23 0.26 0.32 0.40

25 0.05 0.07 0.10 0.16 0.21 0.26 0.31 0.36 0.45 0.57

50 0.05 0.08 0.13 0.21 0.30 0.38 0.46 0.54 0.70 0.91

75 0.05 0.08 0.14 0.25 0.36 0.47 0.58 0.69 0.91 1.20

100 0.05 0.09 0.15 0.28 0.41 0.55 0.68 0.82 1.10 1.46

150 0.05 0.09 0.17 0.33 0.50 0.68 0.86 1.05 1.43 1.92
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K Factor 
GIS Map
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K Factor Soil 
Analysis 
Method
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LS Factor 
GIS Map
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Receiving Water Risk
Sediment Sensitive Waterbodies

• Use a map or a list to determine the following:


 
CWA 303(d) list for waterbodies impaired for a sediment 
pollutant (TSS, turbidity, etc.)



 
USEPA approved Total Maximum Daily Load 
implementation plan for sediment



 
Beneficial uses of COLD, SPAWN, and MIGRATORY

129
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Spawn, 
Migratory & Cold 
Beneficial Uses, 
TMDLs & 303d

130
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Project 
Status 
Emails 
from 

SMARTS
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R-Factor Sensitivity Analysis
Location Start Date End Date Duration R-Factor

Santa Barbara

1/1 1/30 1 month 9

8/1 8/30 1 month 2.08

1/1 1/1 1 year 91.14

1/1 1/1 2 year 189.14

Fresno

1/1 1/30 1 month 1.04

3/1 3/30 1 month 1.38

1/1 1/1 1 year 13.94

1/1 1/1 2 year 27.94

10/1 3/1 5 month 8.89

12/1 5/1 5 month 8.83

3/1 8/1 5 month 4.07

Indio
1/1 1/1 1 year 10.03

1/1 1/1 2 year 20.06

10/1 12/1 2 month 2.15

Berkeley

10/1 12/1 2 month 4.97

10/1 12/2 2 month, 1 day 5.23

11/1 1/1 2 month 14.8

7/1 9/1 2 month 0.09
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Risk Assessment Tips
• Know where to find your references

• Understand how to manipulate R-Factor

• Use K and LS maps/SMARTS as a first step

• If risk comes out high or borderline, do a second check using more 
detailed methods

• LS map in SMARTS is likely to overestimate in flat areas

• Receiving waters may be difficult to determine 


 

not all receiving waters are listed in Basin Plan or 303(d)


 

Sometimes GIS is the only tool 

• Know where to find help
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Three Ways to Reduce Risk
• Construct during the dry season (in general May 1 to 

October 1) only (this will reduce the R-factor)

• Shorten project duration (this will reduce the R-factor)

• For linear projects, divide the project into segments.  
Discrete segments may have different risk levels (this will 
reduce the size of high risk segments)
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Bioassessment Monitoring

135
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Bioassessment Monitoring
Required for projects that meet all of the following:

– Rated Risk Level 3 or LUP Type 3
– Directly discharges runoff to a freshwater wadeable 

stream that is either:
1. Listed by the State Water Board or USEPA as impaired 

due to sediment and/or
2. Tributary to any downstream water body that is listed 

for sediment; and/or have SPAWN & COLD & 
MIGRATORY beneficial use 

– Total project-related ground disturbance is > 30 acres.
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Bioassessment Monitoring
Objectives

• Measure the population of freshwater benthic 
macroinvertibrates.

• Assess the effect of the project on the biological integrity 
of receiving waters.

• The collection and reporting of:


 
Specified biological data



 
Specified physical habitat data

137
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Bioassessment Monitoring
What are Freshwater Benthic Macroinvertibrates?

• Animals without backbones and larger than ½ 
millimeter.

• Live on rocks, logs, sediment, debris and aquatic 
plants.

• Includes crustaceans such as crayfish, mollusks 
such as clams and snails, aquatic worms and the 
immature forms of aquatic insects such as 
stonefly and mayfly nymphs.

138

http://www.umass.edu/tei/mwwp/wkshdes.html

http://www.umass.edu/tei/mwwp/wkshdes.html
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Where can they be found?

• Can live on all bottom types, even on manmade objects.

• In hot springs, small ponds and large lakes

• Expand their distribution by drifting with currents to a new 
location during the aquatic phase of their life or by flying 
to a new stream during their terrestrial phase.  

• They remain in the water for most of their lives (typically 1 
month to 4 years).  

139
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Why use them for bioassessments?

• Less able to escape the effects of sediment and other pollutants 
that diminish water quality.

• Give us reliable information on stream and lake water quality.  

• Extremely diverse group of aquatic animals, and the large 
number of species possess a wide range of responses to stressors 
such as organic pollutants, sediments, and toxicants.

• Many are long-lived, allowing detection of fast paced pollution 
events such as pesticide spills and illegal dumping.

140
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Bioassessment Monitoring 
Exception

If construction commences out of an index period, for the 
site location, the discharger shall:

• Receive Regional Water Board approval for the sampling exception
• Invest $7,500 x # of samples required into the SWAMP program as 

compensation (upon Regional Water Board approval).
• Make a check payable to: Cal State Chico foundation or San Jose State 

Foundation (SWAMP Bank Accounts) and include the WDID number 
on the check for the amount calculated for the exempted project.


 

Must be documented in PRDs

• Send a copy of the check to the Regional Water Board office for the 
site’s region

• Conduct bioassessment monitoring, as described in Appendix 3.
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Bioassessment Monitoring
Sampling Frequency

• Samples are to be collected within the sampling index period 
for both:


 
Before ground disturbance is initiated, and 



 
After the project is completed.

• The “after” samples shall be collected after at least one winter 
season resulting in surface runoff has transpired after project- 
related ground disturbance has ceased.


 

NOT can be filed prior to collecting “after” sample if conditions for 
filing have been met per the permit requirements.
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Bioassessment Monitoring
Site Locations and Frequency



 
“Before” and “after” samples shall 

be collected both upstream and 
downstream of the project’s 
discharge.



 
Upstream samples should be taken 
immediately before the sites outfall 
and downstream samples should be 
taken immediately after the outfall 
(“when safe”).
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Bioassessment Monitoring
Site Locations and Frequency


 
Samples should be collected for 
each freshwater wadeable stream 
that is listed as impaired due to 
sediment, or tributary to a water 
body that is listed for sediment.



 
Habitat assessment data shall be 
collected concurrently with all 
required macroinvertibrate 
samples.
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Bioassessment Monitoring

Index Period
• Shall be conducted during the index 

period most appropriate for 
bioassessment sampling (depends 
on ecoregion).

• (Not required if the construction of 
the project is to be performed 
outside of the sampling index 
period).
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Designated 
Ecoregions 

Map
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Bioassessment Monitoring

Planning for Monitoring
• Know your Project’s specific Ecoregion.

• Use qualified personnel to perform field sampling 


 

“Reachwide Benthos (Multi-habitat) Procedure” as well as the full 
suite of physical characterization.

• Use qualified Laboratories to perform the analysis 


 

per Standard Taxonomic Effort (STE) Level 1 of the Southwestern 
Association of Freshwater Invertebrate Taxonomists (SAFIT)



 

fixed-count of 600 organisms per sample. 
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Bioassessment Monitoring

Planning for Monitoring
• Have a quality assurance (QA) plan in place that covers the 

required bioassessment monitoring.  

• The QA plan is to include, or be supplemented to include, a 
specific requirement for external QA checks (i.e., verification of 
taxonomic identifications and correction of data where errors 
are identified).

• Budget and schedule for external QA checks to be performed by 
the California Department of Fish and Game’s Aquatic 
Bioassessment Laboratory.
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Bioassessment Monitoring
Planning for Monitoring
• Plan and budget for samples for each taxon id to be stored for 

3 years after completion of all QA evaluations.


 

e.g., a sample with 45 identified taxa would be archived in a minimum 
of 45 vials, each containing all individuals of the identified taxon.

• External QA checks shall be performed on randomly selected 
samples collected per calendar year, or 10% of the samples per 
year (whichever is greater).

• An alternate laboratory may be used once approved.
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Bioassessment Monitoring
Data Submittal
• The macroinvertebrate results are to be submitted to the 

State Water Board in electronic format.

• SWAMP is currently developing standardized formats for 
reporting bioassessment data.

• Until available, the biological data is to be submitted in 
MS-Excel (or equivalent) format.

• The physical/habitat data shall be reported using the 
standard format titled SWAMP Stream Habitat 
Characterization Form – Full Version.
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Bioassessment Monitoring
Invasive Species Protection



 
Precautions shall be taken to prevent the 
introduction or spread of aquatic invasive 
species.



 
At minimum, the recommendations of the 
CDFG to minimize the introduction or 
spread the New Zealand mudsnail are to 
be followed.

151

Images from Department of Fish and Game
http://www.dfg.ca.gov/invasives/mudsnail/

http://www.dfg.ca.gov/invasives/mudsnail/
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Questions?
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