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INTRODUCTION TO THE TOOLKIT

The Sediment Source Control Toolkit
describes specific techniques that can be used
individually or together to implement effective
sediment source control projects and to

measure the effectiveness of those projects.

The California Alpine Resort Environmental
Cooperative (CAREC) was formed in 2003

to develop a process for planning and
implementing erosion control projects and to
experiment, through field tests, with various
approaches to keep sediment on site and thus
reduce erosion. As part of the Sediment Source
Control Handbook, the group wanted a “toolkit”
that would provide detailed explanations for
land managers to select appropriate treatments.
This Toolkit is comprised of a series of Tools
that provide more in-depth and technical
information to complement the Guiding
Principles. This Toolkit expands on the 2005
preliminary edition of the Technical Notes,
incorporating five years of test plot monitoring
and input from the CAREC Technical Advisory
Committee, with an aim to make the Tools as
useful as possible to ski area land managers. It
is our intention and experience that these tools
are highly transferable and can also be utilized

by land managers working outside of ski areas.

We have incorporated a great deal of data on
erosion control and sustainable plant-soil
systems that are capable of controlling erosion
and sustaining robust plant communities.
Many of the BMPs or “Best Management
Practices” in use today have either not been
adequately tested and researched or are not
correctly implemented (improper installation
or lack of site specificity). This situation poses
both a challenge and set of opportunities to
land managers and regulatory agencies alike.
The Tools found in this Toolkit describe

key treatment approaches as a starting

point towards developing better practices,
procedures, materials, and monitoring

protocols.

The Tools in this section generally follow
a consistent format. Each Tool begins with
a definition and purpose, but, due to the
differences in scope and subject matter,
subsequent content is not always consistent

from one tool to another.

For references cited please see the Reference List in
the Literature Review (Handbook Part Three).

Introduction to the Toolkit
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A Conceptual Framework for Soil and Vegetation Treatments

In order to get the most out of the specific
tools described in the Sediment Source
Control Toolkit, it is important to first
understand a few key factors that provide

a conceptual framework for designing and
constructing sustainable erosion control and
restoration projects. Of particular interest

is the relationship between plants, soil, and soil
water content. After reviewing this conceptual
framework, the remainder of the Toolkit will
provide the tools necessary to plan, implement,

monitor, and evaluate a project.

When designing and monitoring a project,
practitioners often find themselves considering
whether the soil or the plant functions are
more important to erosion control, disturbed
site restoration, and long-term site stability.

A simple answer is that it generally takes
thoughtful consideration of both to make a
project successful. In order to provide a general
understanding of the issue, it is important to
consider it in relation to soil water content. Soil
water content is the amount of water that is in the
soil at any given time. Water can fill the pores
within the soil, and once filled, no additional
water can be accommodated. At this point, any
additional water must run over the surface of

the soil, thus becoming runoff. In the process

of runoff, any exposed soil can be picked up
and moved off site, thus resulting in erosion
and sedimentation. Soil-water relationships

are at the core of erosion and water quality.

Foundational Concepts

Pore Space

Soil is essential to most life on earth. It is a
relatively thin crust where an even smaller
portion contains the majority of the biological
activity. Soil consists of three different phases:
solid, liquid, and gas. In the solid phase, soil
contains mainly minerals of varying sizes and
organic compounds, and the rest is pore space,
which contains the liquid and gas phases of the
soil components. These pores are essential to
the dynamics of the soil profile. Pore space
allows for the transmission and exchange of
water, gas and nutrients within soil. This pore
space acts like a sponge and plays a critical role
in how much water can be contained within
that soil. A highly compacted soil may have as
little as 5% pore space, while the same soil in
native or undisturbed condition may have as
much as 40% pore space. Thus, pore space
represents the capacity the soil has to soak

up water.

Soil Density and Infiltration Rate

A low-density soil will nearly always be able to
hold a significantly higher amount of water,
as much as ten times more by volume, than a
high-density soil. A high-density soil will also
usually exhibit a lower infiltration rate and
therefore will tend to generate surface runoff
more quickly during high-intensity rainfall
events. For example, if the infiltration rate is
0.5 inches per hour and the rainfall rate is 1.0
inches per hour, 0.5 inches per hour of rain
must run off since the soil can only infiltrate

the first 0.5 inches of rain.

Soil Moisture Continuum and Project Design

It can be difficult to design for a broad range
of soil moisture conditions, especially when
those conditions change on a seasonal basis.
Soil moisture exists along a continuum that
ranges from dry to moist to saturated. Each
moisture condition carries with it a unique set
of requirements that must be accommodated
if a site is to be successful through all of those
conditions. Soil moisture content exerts a
major influence on project performance, and
since soil moisture content changes seasonally
and with each rainfall event, a range of

treatment elements (described in the Toolkit)

Sediment Source Control Handbook

54



must be integrated to create conditions that
resist erosion across a range of soil moisture

conditions.

Site Stability and Soil Moisture

Conditions

In order to understand the influence of plants

residual water. It is when soils are dry that they
are typically able to absorb the highest amount
of water. An exception to this rule exists when
a soil is hydrophobic, causing water to collect
on the surface rather than infiltrate into the
ground. So, during normal dry conditions,

soil density will play a key role in erosion

A Conceptual Framework for Soil

and Vegetation Treatments

rates of infiltration allow more water to soak
in the soil before run off begins. As water
infiltrates, it becomes available to plants and
microbes. Low soil density is a key influence on
infiltration and therefore on erosion control.
However, when rain falls on dry, bare soil,

soil particles can become detached and move

and soil on site stability, we must discuss this
influence in the context of soil moisture

conditions.

Dry Soil

“Dry” soil is a bit of a misnomer, because

even dry soils still contain a small amount of

their total volume.

Dry Soil Stability Influences

resistance. Low-density soils can absorb a

large amount of water, perhaps up to 40% of

When soil is dry, infiltration is a key element

of erosion control and site stability. High
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downward into the pores, clogging those pores
and reducing infiltration rates. Therefore,
mulch and other surface protection measures
also play an important role in reducing soil
erosion during dry periods since mulch can
dissipate and absorb raindrop impact, thus

preventing soil pores from becoming clogged.

Figure 1: A graphical model of soil moisture levels: The influence of specific site
conditions on erosion over a range ofsoil moisture conditions l_))) approximate
percentage of importance. For instance, when soil is dry, infiltration is the
dominant process that minimizes erosion. However, when the soil is saturated
and infiltration is no longer possible, plant roots, which hold the soil together,
and mulch, which lowers surface shear forces, exert a much more important
influence over a site’s ability to resist erosion. This is a critical point. Soil
moisture levels also exert a critical influence on erosion potential but are often
overlooked with regard to their influence on the so-called storm return period.
For instance, if a 20-year, 1-hour storm took place in dry soil conditions with
high infiltration, most or all of that rainfall would be infiltrated, producing no
runoff. However, if that same storm took place in saturated soil conditions,
virtually all of the water would run off, producing very different surface flow
patterns. Thus, projects must be designed with both dry and saturated condi-

tions in mind.
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Saturated Soil

When soil is completely saturated, it can accept
no more water. When this occurs, water runs
over the soil surface, carrying soil particles with
it. As surface flow increases in velocity, it can
detach and move larger and larger particles.
Additionally, when soils are saturated, they can
exhibit positive pore pressure, which can result in

mass failures (landslides).

Saturated Soil Stability Influences

When soil is saturated, plant roots play a
critical role in soil stability. Plant roots
provide shear and tensile strength to the soil,
much as reinforcing steel bars (rebar) provide
strength to concrete. Soil aggregation is also a
critical stabilizing influence on soil stability

in saturated conditions. Aggregated soil forms
largely as a result of microbial activity. Robust
microbial activity is generally dependent upon
an adequate amount of soil organic matter.
Thus, soil organic matter plays numerous roles in
long-term site stability. Mulch can also play an
important role in saturated soil stability. When
water flows over the soil surface due to saturated
soil conditions, mulch can significantly slow
overland flow, thus reducing the shear force of
the moving water over the surface. Mulch can

also capture moving sediment, thus reducing

the overall amount of sediment transported
off site. The influence of mulch is largely
dependent upon mulch type, thickness, and
direct soil contact. Organic netting or fabric,
such as coconut or jute fabric, can also slow

or reduce surface erosion during saturated
conditions, and, as is the case for mulch, its
effectiveness will depend on type and especially
on maintaining surface contact. You will learn
how to incorporate mulch and many other

treatment tools into your projects throughout
this Toolkit.

Positive Pore Pressure — The “Balloon Effect”

‘When soil reaches full saturation, aside from
runoff, one additional physical result occurs:
positive pore pressure. Positivepore pressure is the
pressure exerted in an outward direction from
within a pore. This phenomenon is caused

by water trying to enter the pore without any
more water leaving the pore. This process is
analogous to a balloon being blown up within
a space that is smaller than the balloon. If the
strength of the space is strong, the balloon
cannot be blown up any larger. If the strength
of the space is weak, the containing space itself
may rupture, allowing more room for the
balloon expansion. In much the same way,

positive pore pressure tries to expand the pore

size. If soil cohesion is strong, the soil will not
move. However, if the soil is non-cohesive

or unconsolidated, the soil pores will tend to
expand and the soil will tend to move. The most
well known examples of this are water-caused
landslides or mass failures. Once pores expand,
they also become a lubricant, allowing soil to

slide against itself.

Designing for Sustainability

Treatments should be designed with
sustainability as the goal. Sustainability can be
defined as the ability of a site to persist in a state
of dynamic equilibrium (change within limits)
and to withstand normal perturbations from
climate and other non-anthropogenic (non-
man-made) inputs. Sustainability is difficult to
design for, especially since we do not know all
of the variables required to provide that long-
term process. However, a healthy, robust, and
self-sustaining site will consist of at least these

general elements:

% Sufficiently low or optimal soil density that
allows for oxygen exchange, water
infiltration, water storage, and root
penetration

# Adequate amount and type of soil organic
matter to provide nutrients and energy to

the soil microbial community so that
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A Conceptual Framework for Soil
and Vegetation Treatments

nutrients are provided to plants, soil Keep these concepts in mind as you explore
aggregation takes place, and carbon is the Toolkit and consider how different

sequestered through extracellular exudates  treatment tools can be integrated to achieve

% Adequate and appropriate plant long-term site stability and sustainable
community capable of physically sediment source control across a range of
strengthening the soil and being soil moisture conditions in your next erosion
supported by the climate and soil control and restoration project.

conditions of the site

# Adequate mulch cover capable of long-
term persistence until the plant
community can produce its own protective

mulch cover

_l
o
O
=
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“THE ECONOMY IS A WHOLLY OWNED SUBSIDIARY
OF THE ENVIRONMENT...” — RoBERT F. KENNEDY JR.
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Tool 1-SETTING GOALS

Definition

A number of definitions have been put forth for the term “goal.” The
simplest and perhaps most elegant definition of the term “goal” is the

result or achievement toward which effort is directed.

The terms goals and objectives are often used interchangeably but in fact
each serves a different purpose. This Tool will not go into great depth
on these differences (see Guiding Principle 2), except to say that the
term objective carries the root “object” and therefore can be thought of as
a physical manifestation of a goal. For instance, in football the goal is the
end zone. The objective is to get the ball into the end zone by running or
throwing. Thus, the objective is the method or process that will be used to
achieve the goal.

Purpose

Setting goals and objectives forces all parties to clearly define both
general and specific desired project outcomes and the methods that will
be used to get there. Once the need for action is identified, carefully

developing goals and objectives is the first step to a successful project.

Setting Goals and Objectives

This tool supports Guiding Principle 2, State Project Goals and Objectives.
This separate tool on setting goals has been included because setting
goals is the foundation of any successful sediment source control or
restoration project, and users may benefit from additional clarification
and examples. Without clearly articulated goals, it is not possible to
determine whether a project has been successful, because project success

is directly measured against the goals that have been set.

Setting goals consists of determining what you intend the final product
or condition to be. This can be difficult and often requires drilling
down into the seemingly obvious goals. For instance, the goal of

an erosion control project is often stated as the “revegetation” of a
disturbed site. However, one may argue that this is actually an objective,
since a true goal might be to “reduce erosion.” In this case, revegetation
may be a method to achieve this goal. While this difference may be
subtle, it is critical. Many project managers attempt to achieve the goal
of revegetation on ski slopes or road cuts by applying fertilizer and large
amounts of irrigation to a seeded area. These two practices have been
shown to have negative effects on water quality by creating runoff and
erosion issues. However, managers frequently continue to apply these

practices because regulatory and other land management agencies (as
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well as the managers themselves) have confused
revegetation (an objective) with controlling sediment
at the source (a goal). If the goal is stated as
“revegetation,” then the practitioner might
not take the measurements that would show
that their newly revegetated slope is actually
still contributing sediment and nutrients to a

nearby water body.

Setting goals is a critical first step toward
quantitatively defining and determining
success (see Tool 4, Success Criteria). Specific
goals for a sediment source control or site

restoration project may include:

# To reduce sediment yield

# To eliminate sediment yield during a
normal (< 2 in/hr) storm

%  To infiltrate all rainfall during a normal
(< 2 in/hr) storm

# To develop a diverse, self-sustaining, grass-
dominated vegetation community that will
anchor the site and enable a shrub-

dominated plant community to become

established
2%  To create habitat for the Yellow Warbler

# To reduce in-stream water temperature by
providing vegetative (willow) shade cover
# To develop a trail system through a project

area that does not increase erosion

#  To sink carbon in a ski run soil during run

construction

# To reduce the presence of roads within the

project area boundary

# To minimize the impacts of roads on
watershed processes within the property

boundary

The list above contains some goal statements
that may begin to meet the criteria of an
objective. For instance, the second to last, “to
reduce the presence of roads within the project
area boundary,” may be an objective that is
also linked to the goal of “to minimize the
impacts of roads on watershed processes within
the property boundary.” These examples

are included to demonstrate that it is more
important to define outcomes than to be overly
concerned with whether a statement meets the
criteria of a goal or an objective. Some goals
may be mutually exclusive, some will require
modification of specific plans, and others may
actually create synergy within a project. For
instance, goals such as “increase infiltration”
and “maintain equipment access” may be in
conflict with one another, whereas “reduce
presence of roads” may support the creation of

Yellow Warbler habitat or additional trails.

The exercise of developing clearly articulated

goals and objectives will anchor a project from

Tool 1

Setting Goals

both a planning and a permitting perspective.
The road removal example, for instance, can
be further refined through the development
of objectives such as: I) to remove 100,000
square feet of dirt road surface (8% of all
roads within the property boundaries) within
three years and 2) to demonstrate a complete
restoration of surface hydrology on the
restored road areas by establishing infiltration
rates that are equal to or greater than the
surrounding native (reference) conditions.
These two objectives, then, become the
foundation of success criteria, which may also
be useful as permit conditions. See Table 1.1
for examples of goals, objectives, and success

criteria.

Success criteria are included in this Tool

in order to demonstrate how they relate to
goals and objectives. Refer to Tool 4, Success
Criteria, for further guidance on developing
success criteria that are linked to goals and
objectives. The adaptive management process
is partly founded on the concept that what can
be measured can be improved (and vice versa).
However, measurements that are not linked

to the achievement of explicitly stated project

goals are meaningless.
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Table 1.1: Examples of goals, objectives, and success criteria.

Goal Objective Success Criteria
To minimize erosion from the Stabilize the Upper Elbow road cut using full Sediment yield from the Upper Elbow road cut
road cut on Upper Elbow Road. soil restoration treatment such that erosion is

is reduced by 50% compared to background rates

reduced by at least 50% within I year. as measured with simulated rainfall.

To enhance the aesthetic appeal

Increase plant cover and color on the road cut « Plant cover of at least 50% on Fallback roadcuts.
of road cut and fill slopes in the and fill slopes throughout the Fallback

+ Plant mix shall consist of plants with at least three
Fallback development area.

different leaf colors such as olive, medium, and dark green.
25% of the plant palette may consist of leaves that change color
through the season rather than distinctly different base leaf color.

development area.

Sediment Source Control Handbook 60



Tool 1
Setting Goals

“RESTORATION OF A DISTURBED ECOSYSTEM

IS AN ACID TEST OF OUR UNDERSTANDING OF
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THAT ECOSYSTEM.” — A.D. BRADSHAW
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- WATERSHED FLOW ASSESSMENT

Definition

Watershed flow assessment (for the purposes of this document) is the process
of identifying and mapping surface water flow patterns and erosion
problem areas (“hot spots") within a defined drainage area (i.e.

catchment, sub-watershed, watershed).

Purpose

A watershed flow assessment is conducted in order to develop a complete
understanding of existing and potential (seasonal) water flow paths
that will influence the design, implementation, and eventual success or

failure of a project. Information and data collected through watershed

flow assessment should be used by the project team to ensure that existing
and seasonal water flow is both accounted for and accommodated in
project planning, design, and implementation. This tool can be used

in planning a single project or in assessing an entire watershed or

drainage area.

Overview

Watershed flow assessment is an important but often overlooked
element of project planning, implementation, and monitoring. Most
watersheds have undergone some level of hydrologic manipulation.
Constructed features such as roads, drainages, and buildings change
hydrologic patterns in a watershed and can create erosion problems.
Common erosion “hot spots” include stream crossings (roads or trails),
roads built along creeks or other flow areas, unprotected slopes that
receive flows during runoff periods, and of course roads in general (see
photo). These areas are considered “hot spots” because of the immediate

interaction between water flow and unprotected soil surfaces.

Water flow assessments integrate many processes within an entire
watershed. It is this understanding that encourages practitioners to
map water flows and integrate them into project planning, thereby
avoiding the common problem of fixing a problem site while ignoring
the “plumbing” of the watershed. A useful adage is “Disregard at

your own risk.” Many project sites have been destroyed by inadequate
consideration and accommodation of surface flows. A complete
assessment of the network of interconnected erosion issues throughout
a watershed will produce an “erosion master plan” that will provide the

context for all other activities in the watershed.
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Steps in Conducting a Watershed Flow

Assessment

The following steps describe a logical process

for planning, conducting, and using a watershed

flow assessment:

POBENTIAL ¢
PROBLEM AREA

Figure 2.1, Map 1: Example base map with key water flow

features, known and potential problem areas.

Step 1. Prepare a map showing key watershed
features (see Map 1)

The map should include, at a minimum,
roads (active and abandoned), streams, ski
runs, drainage infrastructure, and known
water flow areas. Ideally, this base map is
developed using a Geographic Information
System (GIS). GIS allows for clear and
accurate representation of a wide range of
features and efficient incorporation and
presentation of new features that have been
located and mapped with a Global Positioning
System (GPS) unit. Various base maps are
available free of charge from online mapping
web sites such as Google Earth or Topozone.
Some of these online applications also allow

users to import GPS data.

Step 2. Identify known and potential erosion
problem areas (see Map 1)

Review the map and identify known and
potential erosion problem areas. Areas where
roads or ski runs intersect with streams or
water flow paths are generally noted as “hot
spot” locations. Many land managers are aware
of areas that have been observed as sources of
erosion—all of these areas should be marked
on the map. Identification of problem

areas provides the basis for a targeted field

Tool 2

Watershed Flow Assessment

Mountain bikes can be an efficient method of conducting

watershed flow assessments.

assessment starting with the “hot spots” that
have been identified on the map to determine
whether erosion is actually occurring in

those areas. Where problems are identified,
those problems should be traced upslope to
their source. Finding sources of drainages
and erosion areas is also referred to as erosion
forensics and is a critical step in addressing
erosion issues. Without identifying the

source of a problem or drainage, it is often
impossible to develop a comprehensive and
effective solution. This step also requires

an erosion specialist who has worked in the
field of erosion forensics. A GPS unit can
also be used to locate problem areas and
intermittent watercourses that are not obvious

on most maps. During this field process, an
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Erosion on dirt road.

overall assessment of additional flow patterns
and problem areas should be done for the
entire watershed. All problem areas should be
documented with photos, field observations,

notes, and GPS locations.

Step 4. Identify actual problem areas and

interconnections (see Map 2)

After updating the map with new problem areas
and features, identify the interconnections
between the problem areas and the root
problems that need to be addressed. Draw lines
on the map showing the connections between
problem areas and root causes. Take notes
describing the interactions between problem
areas. This information is the basis for framing

the problem(s) and defining projects.

Step 5. Prioritize and select problem areas to be
treated (see Map 3)

Once the project team has a good
understanding of what erosion problems exist
and how interconnected they are, prioritize
problem areas for treatment. Whenever
possible, treatments should begin at the top
of the watershed or the upslope origin of the
erosion issue. Where this is not possible or
practical, treatment area(s) must be protected
from on-site flows. The watershed flow
assessment can be used to prioritize treatment
areas or projects in a number of ways. For
instance, if the goal is to systematically address
erosion areas in terms of their sediment
contribution, begin with those areas that are
closest to a year-round stream. By addressing
those areas and their root cause(s), the most
problematic areas get addressed first. Or,

if planning an expansion project, identify
whether there are any areas that will contribute
either surface flow or sediment to the site and
repair those areas prior to, or as part of, the

project.

Step 6. Conduct Site Condition Assessment at
selected project sites (see Tool 3, Site Condition
Assessment)

Once problem areas have been prioritized

and specific project sites have been selected
for near-term treatment, conduct a site
condition assessment at each site to develop an
understanding of general site characteristics

and specific functional characteristics. This

Figure 2.2, Map 2: Example map of problem areas

(hot spots) and interconnections.
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step is critical to project success, as it allows
the project team to understand enough about
a site to develop a complete and effective

implementation plan.

Figure 2.3, Map 3: Example map of problem areas
prioritized for treatment.

Step 7. Incorporate the previous information into

project plans

All the information gathered previously should
be used to develop project plans. For instance,
if a seasonal drainage flows through the project
site, that flow should be accommodated by
installing a rock-lined conveyance channel

or by diverting the flow around the site.

(See Tool 18, Accomodating Water Flow.) In
addition, flow created from the site itself can be
“plumbed” into an existing watercourse if that
water is clean. Many culverts and other outflows
are not adequately armored with rock or other
protection. For instance, a culvert may have a
10-foot rock dissipation structure. However,
during saturated soil/high flow conditions, flow
will move beyond that rock apron and begin
down-cutting into native soil, thus creating an
erosion problem. All flows must ultimately be
connected, both entering and exiting a project
site, and that connection should be presented

in project plans.

Tool 2

Watershed Flow Assessment
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ITE CONDITION ASSESSMENT

Definition

Site condition assessment is the process of collecting site-specific information
and data in order to develop a complete understanding of the pre-
treatment condition and restoration potential of a particular project
site. Site condition assessment includes baseline monitoring of a number of
parameters and documentation of site-specific characteristics that will
guide the implementation plan and outcome of the project. There are

two general categories of information to be collected:

1) General site characteristics such as slope, aspect, elevation, soil

type, solar exposure, etc.

2) Specific functional characteristics of the project area, such as
soil density and soil nutrient content, which will help define specific

treatments.

Purpose

Site condition assessment is conducted to provide project planners and
implementers with enough site-specific information to develop an

effective treatment plan.

Overview

Projects are often planned and implemented without an adequate
understanding of treatment site conditions, limitations and off-site
influences. Planners and implementers often rush to apply “standard”
erosion control treatments that do not take into consideration unique
site conditions. In order to plan and implement a successful project

that efficiently meets project goals and long-term expectations, the
planner and implementer need to understand as much as possible about
the existing (baseline) condition of the site. While it is not possible to
understand everything about a site, certain site-specific conditions must
be well understood, even on small projects. These conditions include
soil conditions, where water enters and exits the site, the use patterns

of the site, and the current condition of the vegetation community. If
the treatment area has been previously disturbed, it is also important

to collect information at a nearby reference site in order to determine
reasonable targets and site-specific success criteria for the treatment site.
Baseline data provide the foundation for assessing and understanding
project performance over time in order to improve future projects.
Ultimately, site condition assessment helps the planner and implementer
understand and define the context of the project, the influence of the

surrounding landscape, and the root cause(s) of an erosion problem.
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Elements of a Robust Site Condition
Assessment

The more robust and complete the site
condition assessment is, the higher the
probability of a successful project outcome.
While collecting baseline site information
requires time, the amount of time required
to re-treat a failed project area or conduct
ongoing site maintenance is usually much
greater. The key elements of a robust site
condition assessment are listed and described
below. For information about specific
monitoring tools and techniques, refer to Tool

16, Monitoring.

General Site Characteristics

Surveying and documenting the physical

and geographic characteristics of a site is

an important first step in developing an
appropriate and effective treatment plan.
Assessment of general site characteristics should
help to identify the limitations of the site. This
understanding should influence treatment
planning. Site characteristics that should be
documented include slope, aspect, elevation,
soil type, solar exposure, landscape position,
treatment area size, and water flow paths,
among others. A site assessment information

sheet is provided at the end of this Tool for

documenting general site characteristics and

preliminary project information.

Tools for surveying and documenting general

site characteristics include:

# Global Positioning System (GPS) unit
Topographical map

Soil survey map

Inclinometer

Compeass

Measuring wheel

Camera (digital)

FeooF K KoK R K

Solar input measurement device (such as a

Solar Pathfinder)

£

Site assessment information sheet (found

at the end of this Tool)

A Note About Watersheds

All projects are implemented within a
watershed. The watershed will influence
the project and the project will influence
the watershed. A basic understanding of the

watershed as project context is critical if

the designer and implementer are to realize

a successful project outcome. See Tool 2,
Watershed Flow Assessment, for more
information on assessing and understanding

watersheds.

Tool 3

Site Condition Assessment
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Hydrologic Condition

Hydrologic condition includes soil physical
parameters such as water infiltration, water
flow paths, soil water content, and water
storage capacity. In other words, assessment
of soil hydrologic conditions provides
information about how the water that enters

a site is infiltrated, transmitted, and stored.
Hydrologic condition assessment assumes that
a larger-scale watershed flow assessment has
already been conducted (see Tool 2, Watershed
Flow Assessment) and that the planner

and implementer already have a thorough
understanding of how water enters and exits
the site during different storm events and flow
regimes. Many projects have been destroyed by

inadequate consideration of surface flows.

Table 3.1: Methods for assessing hydrologic condition.
Method What It Measures

CONE PENETROMETER

RAINFALL OR
RUNOFF SIMULATOR

Soil resistance to force; can be used as a
’ + + ++

surrogate for soil density

Infiltration, sediment yield, and nutrient content of

runoff from rainfall or sheet flow

Soil Condition

Soil condition is perhaps the most critical variable
that influences project outcome and refers

to a wide range of parameters such as soil
nutrient and organic matter content, soil
texture, biological (microbial) activity, and

soil density/compaction. Hydrologic and
vegetation conditions are interdependent and
are intimately tied to soil conditions. Soil organic
matter is the most critical variable that influences
soil condition, as it is the primary source of
energy and food for soil microbes, drives soil
aggregation, increases the soil’s capacity to

store water, and provides a long-term source of
nutrients for plants. Soil nutrient content limits how
well a vegetation community can develop and
sustain itself. Inadequate types and amounts of

soil nutrients will severely limit plant growth.

Cost Skill

Time

+++ | A+ |+t

+(low) ++(moderate) +++(high)
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Table 3.2: Methods for assessing soil condition.

Method ‘What It Measures Time Skill

SOIL SAMPLING AND
NUTRIENT ORGANIC Specific nutrient and physical parameters
MATTER ANALYSIS

++ ++ ++

Creates soil cross-section that allows for targeted soil

Soi1L PrTs + ++ +++

sampling, identification of root-restricting layers, etc.

Vegetation Condition to be included as part of the treatment plan. If

. N native vegetation is already present, the treatment
Vegetation condition refers to the types and amounts ) o )
] ) o plan may be designed to minimize disturbance

of vegetation present on a site. The composition o ] S
: ) ] of existing vegetation. If the site is highly
of the vegetation community can provide an . ) o
disturbed, surveying a nearby reference site will

indication of soil conditions at the site and may ) : i
] ] ] ] help determine the appropriate types, species,
inform specific treatments. For instance, if

17001

and amount of vegetation that is possible at the
weeds are dominant at the site, full vegetation )

treatment site.
removal and a weed management plan may need

Table 3.3: Methods for assessing vegetation condition.

Method What It Measures Cost Time Skill
SUrRFACE COVER MONITORING Soil cover by different elements such as
(Cover Point Method) vegetation, mulch, etc. Quantitative method ++ ++ +++

PLANT DENSITY MONITORING + +4+ 44+

Plant survival, plant densit
(Plant Census) P Y

SPECIES COMPOSITION SURVEY Vegetation composition by species ++ ++ +++

+(low) ++(moderate) +++(high)
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Reference Site Condition matter and a much higher density soil, 4.5
to 7% organic matter addition and full soil Soi | Moisture

tilling treatment would be required to restore CO ns | d erat | ons

impaired functions at the treatment site.

A reference site is a site that represents the
ideal used for comparison. A reference site

should also be a site that is self-sustaining and Properly treated or undisturbed soils have

o Reference site conditions can also be compared
therefore defines at least a minimum adequate ) ) ) o ) been shown to infiltrate large amounts of
with measured project site conditions following

site condition. Typically, a reference site is

water (upwards of 5 inches of rainfall per

o ) treatment to determine treatment success (see

a well-functioning area (native or restored) - : : hour) until that soil is saturated. Once soil
. ) Tool 4, Success Criteria). For instance, soil

that is located near the treatment site. The . - becomes fully saturated, runoff occurs. Runoff

o ) ) nutrient levels can be compared to determine if

conditions of the reference site are monitored . . will occur much sooner on a compacted soil

) ) } ) the amount of soil amendments added during
and defined to help identify specific potential : . because of a reduction in void space and soil
o ) treatment achieved target nutrient levels (as
future condition for the treatment site. ] water storage capacity (also referred to as
measured at the reference site).

Reference sites are used when the treatment or water holding capacity). However, all soils
problem site is highly disturbed. Appropriate Methods for assessing reference site condition will become saturated at some point. Once
amendment additions and physical treatments include some or all of the methods listed saturated, the soil cannot hold any additional
can be developed based upon the difference above under hydrologic condition, soil condition, and e 1) S e e el S e i
between the reference site conditions and the vegetation condition. Typically, all parameters that can also occur when the precipitation rate
problem site conditions. For instance, if the are measured at the project site should also be exceeds infiltration rate, such as during
reference site consists of soil that contains measured at the reference site. B i = el

o _ . . : "
7% organic matter and has a low soil density, occurs, vegetation and mulch become critical

whereas the treatment site has 2.5% organic elements of sediment reduction.

Sediment Source Control Handbook 70



Case Study: A Tale ofTwo Road Cuts

Currently, most projects that are implemented
do not go through an assessment process

that allows adequate understanding of the
limiting factors of the site. For example,

many roadside erosion control projects use a
mixture of seed and fertilizer that is applied by
a hydroseeding machine. If planners were to
compare nutrient content in a bare road cut
soil to a nearby native or other self-sustaining
site, they would usually find that elements,
especially those used in great quantities by
plants (such as nitrogen), are as much as an
order of magnitude ten times lower than those
at a native site. However, nutrient additions
(fertilizers, amendments) are seldom matched
to what is specifically needed to sustain
vegetation at a site. Thus, adequate site
assessment and careful planning can lead to

significantly enhanced project outcomes.

At a development in Martis Valley near
Truckee, California, two contiguous road cut
slopes were treated using different techniques.
In 1999, with no pre-construction site

assessment, the slope in the left photo

was treated using hydroseeding (no soil
treatment). The slope in the right photo was
thoroughly assessed prior to construction,
and appropriate treatments were developed.
The assessment indicated a severe lack of soil
organic matter, low levels of nitrogen, and
extremely dense soil. In 2001, the slope on
the right was treated using compost, tilling,
and hand application of fertilizer, seed, and
mulch (full soil treatment). In 2006, the
slope with full soil treatment exhibited the
following characteristics when compared to

the hydroseeded slope:

S

e

Tool 3

Site Condition Assessment

Infiltration rate was 1.4 times higher
Sediment yield was 32 times lower

Penetrometer depths to refusal (surrogate

for soil density) were 2.5 times deeper
Plant cover was 2 times higher

Mulch cover was 5 times greater and

3.5 times deeper

Contiguous slopes at Northstar Unit 7 in 2006 — hydroseeding treatment (leﬁ);full soil treatment (right).
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Site Assessment Information Sheet

Thisform is provided as a standard, basic format for consistent collection of site information. Additional information may be relevant on some projects, and this form should be adapted to fit the
needs of each project and user. Theﬁelds below are considered to be the minimum amount of site information needed to develop an effective implementation plan. Thisform should take less than

one hour to complete, with additional data collection, such as soil sampling and vegetation cover assessment, taking longer to complete.

PrOJECT NAME

ProjecT ID (uniquefor each project)

OBSERVERS

DATE

LocATION DESCRIPTION
(include driving directions)

PROBLEM DESCRIPTION
(describe type and level of disturbance,

source of erosion problems, etc. )

USE PATTERN DESCRIPTION
(ary} trails, roads, ongoing access
requirements?)

PHOTO POINT ID AND FILE
NAMES (important to record inﬁeld)

GPS CooRDINATES (Lat, Lon)

LANDSCAPE PoSITION
(upland, meadow/flat, riparian, wetland)

LANDSCAPE SHAPE

(concave, conver, undulating)

SLOPE ANGLE (degrees)

ASPECT (degrees and direction)

ELEVATION (feet)

SoIL PARENT MATERIAL

PROJECT/TREATMENT AREA
(dimensions and total squarefeet)

MONITORING PLOT AREA

(dimensions and total square feet)

PROJECT AREA MAP COMPLETED?

EVIDENCE OF RODENT ACTIVITY?

SOLAR INPUT
(% direct sunlight in August)

TrREE CANOPY COVER (%)

Hybprorocic CONDITION
ASSESSMENT COMPLETE?

So1iL CONDITION
ASSESSMENT COMPLETE ?

VEGETATION CONDITION
ASSESSMENT COMPLETE?

REFERENCE SITE CONDITION
ASSESSMENT COMPLETE ?
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Site Assessment Map Template

Project Name

17001

Project Map Checklist

v North Arrow v Soil Sample Locations
v Project/Treatment Area v Water Flow Areas
Dimensions

v Trails, Roads
v/ Monitoring Plot Locations

(including Reference Site) v/ Snowmaking, Other Utilities

v Photo Point Locations v Landmarks (e.g. Signs)
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Site Assessment Information Sheet (EXAMPLE)

Thisform is provided as a standard, basic format for consistent collection of site information. Additional information may be relevant on some projects, and this form should be adapted to fit the
needs of each project and user. Theﬁelds below are considered to be the minimum amount of site information needed to develop an effective implementation plan. Thisform should take less than

one hour to complete, with additional data collection, such as soil sampling and vegetation cover assessment, taking longer to complete.

PROJECT NAME Wighclimé Drive, Station 147 HCD 147

o/ 0%

Koad shoulder at Station 147 on the west Side of %gﬁc/imé Drive at North Bowl! Ski Kesort
(.4 miles from Yighway 267

ProjecT ID (uniquefor each project)

OBSERVERS Lorenzo Mulehrman, Dave wWaddle, Jeremy Lovestoseed DATE

LocATION DESCRIPTION
(include driving directions)

PROBLEM DESCRIPTION
(describe type and level of disturbance,

source of erosion problems, etc.)

Bare road showlder was heavily compacted dar/ng road construction. The area recenes runofF From road
and other upslope areas. This runof¥ concentrates on Site and has created several rills and a /arge 3a//y,
Also, there is no stable dranage or spreading area o d/sc/zarge Flowws 2o the adjacent forested area.

USE PATTERN DESCRIPTION
(any trails, roads, ongoing access Site is alongside well-tsed road. No ongoing vehicle access is needed and no trails are present in 2he area.

requirements ?2)

PHOTO POINT ID AND FILE

NAMES (important to record inﬁeld) PPA (/M3034?>’ PPE (IM3034/8>, PPC (IM30349>

GPS CoORDINATES (Lat, Lon) N 39 15.86l, & 120 OF-697F

LANDSCAPE POSITION LANDSCAPE SHAPE

/and :
(upland, meadow/flat, riparian, wetland) e (concave, convex, undulating) 5/3 /itly comex
SLOPE ANGLE (degrees) s5—7 c/egree\s ASPECT (degrees and direction) 255 dejreeS CLWON W)
ELEVATION (feet) 6435 T SOIL PARENT MATERIAL Volcanic (andesite)

PROJECT/TREATMENT AREA MONITORING PLOT AREA

(dimensions and total square feet)

~25" x s7¢ (2,903 59 ped)

(yesyno)

~20" x 60 (1,200 s9 £

(dimensions and total squarefeet)

PROJECT AREA MAP COMPLETED? EVIDENCE OF RODENT ACTIVITY?

SOLAR INPUT

(% direct sunlight in August)

$2% TrREE CANOPY COVER (%) 0-5%

Hybprorocic CONDITION
ASSESSMENT COMPLETE?

So1iL CONDITION
ASSESSMENT COMPLETE?

VEGETATION CONDITION
ASSESSMENT COMPLETE?

REFERENCE SITE CONDITION
ASSESSMENT COMPLETE?
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Site Assessment Map Template (EXAMPLE)

— N Highclimb Drive, Station 147

Site Assessient Map, Lorenzo Mulehman, 6/1/2008 .
he
g oveR Fall Line Pi ~ ek
Rﬁfﬂibww?ﬂﬂ“ L g )
Firp
h&**m% ;
‘Watt lI"'--
Mﬂuﬂ’\ ..'-'-‘..lllIl---ir-.‘llIlIlll.........‘ : - 3
PPA ot ! ."1"“ QU e dep
_———————— - W

117001

Highelind Doyiv
«— Tp Movthbpwl (_: S
Hotel s
m‘:‘mwﬂmszm
"9 edge of rpay
Project Map Checklist
v North Arrow v Soil Sample Locations
v v Project/Treatment Area v Water Flow Areas
FPC Dimensions )
v Trails, Roads
v/ Monitoring Plot Locations . o
(including Reference Site) v/ Snowmaking, Other Utilities
v/ Photo Point Locations v Landmarks (e.g. Signs)
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Tool 4 - SUCCESS CRITERIA

Definition

Success criteria are a set of numerical values or condition descriptors that
are measured or observed in the field to determine whether or not
project goals have been achieved. Success criteria must be linked to
project goals if they are to be valid and useful. Success criteria may be

direct measurements or indicator measurements of project outcomes.

Purpose

Success criteria serve as the specific standards that are used to objectively

assess project performance and outcomes. Success criteria help to define

monitoring methods and techniques that will be used to measure success.

Robust and defensible success criteria are measurable, or at least clearly

observable, in a manner that minimizes subjectivity.

Developing Defensible Success Criteria

Success criteria must be identified and defined before a project is
implemented, typically during a project’s design phase. Success criteria
may include a range of acceptable values, or may have a threshold that
sets an upper or lower value for success, such as “plant cover of no less
than (at least) 20%.” At a minimum, defensible success criteria should

have the following characteristics:

# Specific and detailed

# Linked to the project goals

# Understandable

# Quantitative and measurable (specify monitoring method and
statistical confidence level as appropriate)

# Time element (when will criteria be measured/assessed?)

# Able to be used to improve the project and/or future projects

Direct vs. Indirect Measurements

Some success criteria are direct measurements of project success,

such as the number of healthy plants that are growing on a site or the
absence (or presence) of rills and gullies on a project site immediately
following a rainstorm or runoff event. Other criteria are indicators
of a site condition that can be directly or indirectly linked to success.
For instance, in an erosion or sediment source control project,
simulated rainfall can be used to directly measure sediment yield and
demonstrate the site’s propensity for eroding over a range of non-
saturated conditions. Another success criterion that is often used is
cone penetrometer readings. A cone penetrometer measures a soil’s
resistance to applied force. This measurement is used as a surrogate for
soil density, which is an indicator of infiltration capacity. Thus, cone

penetrometer readings are indirectly linked to infiltration but may be a
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more cost-effective and appropriate monitoring
method than direct measurement with a rainfall
simulator. See Tool 16, Monitoring, for more
information on monitoring methods such as

simulated rainfall and cone penetrometer.

Direct Measurements

Many project elements are not easy to measure
directly, especially within the time or resource
constraints of most project timelines. For
instance, if a project is designed to reduce
erosion through source control, erosion
processes and rates can be difficult (or
impossible) to measure in any meaningful way,
at least during a relatively short time frame of
one to three years, thereby limiting our ability
to assess project success or failure. Other
limitations of direct erosion measurement
include the wide range of inputs and site

conditions that affect erosion. For instance,

Measurement Type Intended to Measure

CONE Soil density as indicator of infiltration
PENETROMETER
SURFACE - Resistance to splash detachment
« Resistance to shear forces inherent
MuLcH in overland, surface flow
+ Amount of nutrients available for
SoIL plant growth
NUTRIENTS + Amount and type of organic matter
available for self-sustaining system

it is not reasonable to expect a project to be
able to withstand ALL rainstorm intensities.
A rainstorm of 5 to 8 inches per hour (or
equivalent) may be beyond the possible
performance range of even a native site.
Further, each rainstorm and runoff event
will be different, with different raindrop size,
intensity, and duration. Therefore, artificial
assessment of a site to withstand erosion
within a specific and reasonable range of
storm intensities may be the most useful and

achievable method of monitoring.

Where direct measurements are possible, those
techniques should be utilized. Examples of
direct measurements include the number of
plants present in a given area or presence of
rills or gullies directly after a storm. However,
even direct observation of signs of erosion can
be misleading. For instance, if presence of

rills is used as a success criterion, and the site

Difficulty of Direct Measurement

Soil density is difficult and expensive to measure directly

and is highly variable, thus requiring many measurements.

Splash detachment and surface flow/shear force are
event-dependant and are impossible to measure without
of research-level assessment techniques.

Sustainable plant community development requires
measurement over many years and then can still be

difficult to determine.

Tool 4

Success Criteria

does not receive the type of rainfall event that
would develop rills for several years, the project
might be considered “successful” based on

that criterion. However, while that site may be
prone to rilling, it may not develop rills until a
larger storm occurs, which may be beyond the
project’s monitoring period. Therefore, some
criteria, such as rilling and gullying, may be
considered as supplemental (but not primary)
criteria. If rills are present, then there is a
problem. However, the lack of rills does not

. . . e ”
necessarily indicate “success.

Indirect Measurements

Indirect, indicator, or index criteria are
more likely to produce usable results within
the constraints and time frame of most
project cycles. Examples of types of indirect

measurements are presented in Table 4.1.

Table 4.1: Examples of Indirect Measurements

Rationale for Indirect Measurement

Quicker that bulk density measurements and, while
variable, can be conducted more quickly. Can also

provide an intuitive “feel” for soil physical conditions.

Mulch cover percentage is relatively quick to measure.
Multi-year monitoring can also provide mulch
longevity values.

Measurement of nutrients and organic matter shows
the ability or potential of a site to sustain long-term

vegetation growth.
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Defining and Measuring Success
Over Time

Sustainable sediment source control is achieved
by rebuilding site conditions and repairing
functions that are part of a dynamic and ever-
changing ecosystem. In a robust ecosystem,

soil and vegetation conditions are in a constant
state of flux (as illustrated by Figure 4.1). Tt

is therefore difficult and often misleading to
define and measure “success” at a single point
in time without considering the longer-term
trajectory of the site. The example success
criteria matrix (Table 4.2) provides an example
of how success can be defined based on a
desired trgjectory rather than at a single point in
time. These success criteria are linked to the

following treatment goals:

# Minimize erosion and sediment movement
at the source

# Establish a robust and self-sustaining native
plant community

# Recapitalize soil nutrients and organic

matter to sustainable levels

Plant Cover Trajectories over Time

40

35 '-\\‘ ) /\“/’

30 —

2

> —&—Treatment A
20 —8—Treatment B
15 Treatment C
10 \.\.

Year 1 Year 2 Year 3 Year 4 Year 5
Time

Plant cover (%)

Figure 4.1: The conceptual graph illustrates different plant cover trajectories over time following three dif-
ferent treatments. Trajectories must be considered when attempting to define or determine the success of any
ecosystem~based restoration or erosion control project. In this example, if success was set at 30 % total plant
cover in Year 2, Treatments B and C would have been determined to be “successful.” However, in Year 3, that
status would be quite different, as Treatment A exhibited a notable increase in plant cover while plant cover at
Treatment B decreased greatly. The unsuccessful trajectory of Treatment B is one that is commonly observed
when fertilizer and/or irrigation is used to help establish and sustain plants at sites where soil conditions are not

adequate to sustain a robust plant community over time.
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Table 4.2: Example success criteria matrix.

Monitoring Parameter Year 1 Year 2 Year 3 Year 4. Year 5
PENETROMETER
DEPTH 12”7 @ < 200 psi 12” @ < 250 psi 12”7 @ < 300 psi 12”7 @ < 350 psi 12”7 @ < 350 psi
TotaL COVER 98% 95% 90% 85% 85%
VEGETATIVE COVER
(90% confidence level) 10% 20% 20% 25% 30%
o
NATIVE SPECIES 10% of target 40% of target 50% of target 70% of target 90% of target
species present species present species present species present species present
B AR No areas larger than No areas larger than No areas larger than 3 square | No areas larger than 3 square No areas larger than 3 square
ARE EAS 3 square meters bare 3 square meters bare meters without vegetation meters without vegetation meters without vegetation
U TELE EesTenT Any visible signs of erosion addressed, such as rotational failures, rilling, gullying, or other deposition. Any ongoing problems, such as on-site drainage,
would require remedial action. If erosion persists, this area will be re-treated. Specifics for this follow-up treatment will be developed in a measurable fashion. 8
O
% OF TARGET =
T g N 90-100% 85-90% 80%+ 80%+ 80%+ ~
OTAL SOIL NITROGEN —]

A Word About Statistics in Measuring Success

Statistics can be a daunting subject for those not well versed in using them. In the simplest terms,
statistics help us to understand complex issues in simple ways. When we need to ascertain the total
plant cover on a site, for instance, it is difficult or even impossible to measure every square inch

of a site. Therefore, we only measure parts of the site. This is described as “sampling.” Statistical

assessment simply tells us how close our data are to the actual cover of the site. We need to know if

we have a relatively high or low level of confidence that our data are accurate. In other words, is it a

sure thing or not? Statistics, if used properly, will make the results of a project more defensible. Many
statistical software packages are available for technicians who have a basic (not comprehensive)

understanding of statistics, thus making analysis relatively simple and useful.
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Tool 5 - MANAGEMENT RESPONSE

Definition

Management response refers to pre-defined actions that are taken if a
treatment does not meet the project goals and associated success

criteria. A management response is intended to adjust or repair specific
project elements so that the project can continue to move toward the
achievement of project goals. Here, the term manager refers to the person

or parties responsible for a project’s outcome.

Purpose

Management response is the accountability element of the adaptive
management process. Adaptive management includes setting goals,

defining success in measurable terms, and monitoring after project

implementation to assess whether goals have been met. If the goals have
not been met, a pre-defined management response is implemented to

adjust project elements and move the project closer to those goals.

Developing Management Responses

Management responses must be developed during the planning phase
of a project if true adaptive management is to be employed. That way,
if outcomes are not in line with expectations, managers can respond
and implement solutions quickly and efficiently. Some management
responses may also be developed during or after implementation

and monitoring, because some sources of the problem may not be
apparent during project planning. In addition, some solutions will
not become obvious until after the project has been implemented.
Effective management responses are explicitly linked to success criteria
and monitoring, which ultimately determine whether project goals have
been met and whether a management response is necessary. Without
pre-defined management responses, a project is not using an adaptive-

management-based approach.

Adaptive management allows for flexibility in how goals are met and
broadens the manager’s options for achieving goals. It also allows trials
and experiments to be incorporated into a project, adding even more
options to a manager’s toolbox. However, with increased flexibility
comes increased accountability, as management responses are the
manager’s commitment to follow through on achieving the goals if

the first attempt does not succeed. The development of a management
response is based on the following question: “Ifthe project does not achieve these
specific goals, what actions will be taken to ensure that the goals are met?” The answer to

this question may take the form of sequential actions, such as increasing
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application rates of seed or soil amendments,
or may include a completely different approach
to the problem, such as changing from a
vegetated slope to rock slope protection. In the
following example, note how the management
response is embedded within the planning

process.

Step 1: Identify the Need for Action

A drainage swale is identified as eroding and

delivering sediment to a nearby creek.

Step 2: Set Goal

To minimize erosion and sediment delivery

to creek.

Step 3: Develop Plan

A rock-lined ditch is designed to minimize

erosion within the swale.

Step 4.: Define Success Criteria and Monitoring
Methods

Success criteria include no down-cutting of the
swale itself and no significant sediment greater

than 10 NTUs (nephelometric turbidity units)

in the water being discharged, as measured by

grab sampling and turbidity analysis.

Tool 5
Management Response

Step 5: Develop Pre-Defined Management Response

If down-cutting is measured, it will likely be
due to increased flow velocities. As alternatives,
management response will include: additional
rock, larger rock, and/or broadening of the
flow path to reduce flow velocities. If sediment
is measured in the water column (greater than
10 NTUs), potential sediment sources will

be assessed and appropriate source control
treatments will be implemented. Treatments
may include additional protection of upslope
flow areas and diversion of some of the inflow

water, if necessary.

This abbreviated planning process demonstrates
how and where management responses should
be formulated during the planning stage. In
this way, a regulatory agency or project owner
can identify what and when specific remedial
actions will need to be taken. Additional
management responses can be developed
during monitoring as other alternatives and

problem sources are identified.

In essence, a management
response says:

“If the project does not
achieve these specific
goals, this is the action
we will take to ensure

that the goals are met.”
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Case Study: Management Response to Road
Cut Slope Failures

In 2005, along road segment was constructed
at a ski area in Truckee, CA. Road cut and fill
slopes were tilled, topsoil was re-incorporated,
and fertilizer, seed, and mulch were applied.

A success criterion was defined (sediment
movement not to exceed levels at reference
site). However, no management responses were
developed to respond if this success criterion
was not met. Several months after treatment

and one week after the ski resort opened, the

Slope failures following large storm event - December 2005.

area received 4 inches of rain in a 24.-hour
period, which completely saturated the soil.
Due to a shallow subsurface layer of rock, this
saturation resulted in lateral overland flows
that moved over and through the recently tilled
soil. This combination caused several mass
failures (slides) that displaced large amounts
of soil. To respond to the mass failures,
management was forced into “crisis mode” to
develop appropriate responses, both to protect
water quality and to keep slides from blocking
the main access road for skiers traveling

to mid-mountain. It took several weeks to

develop and implement the responses. These
immediate responses included remedial work
to temporarily stabilize the sites. The following
summer, many of the slope failure areas were
rebuilt (using much of the soil that had been
displaced) and stabilized with temporary
irrigation to encourage deep plant root
penetration. These areas have now withstood
normal winter conditions for several seasons.
This project has since met the success criterion

and is now considered to be a model for similar

projects in the area.

Responding to slope failures using subsurface “scalloping” and ~ Repaired slope exhibiting long~term stability -

temporary irrigation - Summer 2006.

Summer 2008.
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Epilogue

This example illustrates the importance of
anticipating the range of potential failure
modes during project planning and pre-
defining how management will respond.

If these management responses had been
included in the restoration plan, the fixes
could have been implemented more efficiently
and management could have avoided a great
deal of headache and reactive problem

solving. The project owner now understands
the value of adaptive management, and
management response is now built into the
planning process for most new projects. One
of the most successful management responses
was to conduct further site assessment to
determine the root causes of the failures and
how treatments can be adjusted to reduce risk
exposure on future projects. Several similar
projects have been implemented along the same
stretch of roadway using modified treatment
techniques that are tailored to the unique
conditions of the site and designed to reduce
the risk of slope failure, such as “scalloping” the
subsurface material during tilling and applying
irrigation earlier in the growing season to

establish deep plant roots.

Tool 5

Management Response
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Tool 6 - TEST PLOT DEVELOPMENT
-

Test plots at Mammoth

Testplots at Heavenly

Definition

Test plot development describes the process of applying treatments to areas
that are used to test or demonstrate specific treatments or treatment
variables. Typically, test plot development involves deliberately changing
one or more treatment variables in order to compare results and fill
information gaps. Test plots can be an extremely powerful tool that can
help determine both environmental and cost effectiveness of a treatment

or treatments before large-scale application is undertaken.

Test plots at Northstar-at- Tahoe

Purpose

The purpose of developing test plots is to evaluate the site-specific
environmental and cost effectiveness of different treatments prior to
large-scale implementation. New types of treatments may need to be
demonstrated before they are accepted by those who are unfamiliar with
them. Test plots can be a cost-effective way to inform a question or
debate over a particular treatment by applying several treatments side by
side and then comparing the outcomes. This approach can resolve many
hours of debate and can save money that might be spent on a treatment
or product that is not actually effective. While many manufacturers

or consultants claim that particular treatments or products are highly
effective, implementing test plots can be an efficient and objective way to

determine how they actually perform at your site.
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Appropriate Uses and Applications

# Field testing a new idea or product at your
site

# Replicating a treatment that was successful
somewhere else to evaluate its effectiveness
at your site

# Implementing test plots the season before
a large or challenging project to determine
the most effective treatment for the site
before spending a large sum of money on
something that has not been tested

# Building credibility with regulatory
personnel who are cautious or skeptical

about a treatment approach

23 Resolving opinion-based debates and issues
about the "best” treatment approach for

a site

Scheduling Considerations

# When permits are required, consider
implementing test plots the season before
the permitting process begins. This can
help to build credibility, develop cost-
effective treatment plans, and in some cases
lead to a smoother and quicker permitting
process.

# Consider the steps required to isolate

and document the variables of interest.

This typically includes flagging or otherwise
marking off the test areas in the field,
drawing a treatment map, and reviewing
the test design and test questions on site
with the field crew before construction
begins. Also be sure to designate someone

to document test plot construction.

# Calculate the amounts of different
materials you will need for the tests (e.g.
seed, amendments, mulch) and allow
adequate lead time to source materials and

coordinate delivery.

Implementation Guidelines

Developing test plots does not have to be
difficult, but is does have to be planned,
implemented, and documented very carefully
in order to be useful. The guidelines below
provide a road map for successful test plot

development.

1. Clarify test questions.

2. Develop success criteria to define desired
outcomes in quantitative terms (see Tool 4.,
Success Criteria).

3. Design test plots and prepare treatment
map. Replications of different treatments

are helpful but not critical unless the goal

Tool 6

Test Plot Development

is to produce “defensible” results that will
be acceptable to a range of potential
skeptics.

Develop a monitoring plan that is

linked to success criteria to measure key
parameters and answer test questions (see
Tool 16, Monitoring). The more
quantitative and repeatable the
monitoring, the more defensible the

results.

117001

Test plots were integrated into this post-construction

restoration treatment following installation of a waterline
at Heavenly. The treatment area was simply divided in half

and two different soil amendments were used.
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I0.

II.

I2.

Conduct site condition assessment (pre- 13.

treatment monitoring) at treatment area
before construction of test plots (see Tool
3, Site Condition Assessment). This is very
important. If baseline site conditions

are not assessed prior to implementation,
treatment outcomes will be difficult to

interpret.

Review test plot design, treatment map
and test questions with field crew before
construction.

Designate someone to oversee and
document all elements of test plot

construction and prepare an as-built.

Measure and mark off treatment test areas.
Construct test plots.

Protect treatment areas from further
disturbance (see Tool 15, Protecting
Treatment Areas).

Complete as-built using information

and data recorded during construction. An
example as-built and template is provided
in Tool 14, Documenting Treatments.
Conduct post-construction monitoring
during the season after treatment (and over
subsequent seasons whenever possible) to
assess results and treatment effectiveness

over time.

Share information and results with

other practitioners. If multiple entities with

similar challenges all engage in testing

various treatments and sharing

information, the result is a large body of

useful knowledge.

Measuring tilling depth with a cone penetrometer immedi-

ately after test plot construction.

Case Study: Restoration Project

The removal, re-contouring, and restoration of
a diversion levee in Incline Village, Nevada, was
completed in 2007%. At just over 4 acres in total,
it was the largest contiguous upland restoration
project completed to date in the Lake Tahoe
Basin. However, the project began in 2005 with

a small 4,000-square-foot test area.

Test Plot Approach

The treatment included re-contouring of

the levee and creation of steep, decomposed
granite soil slopes. Soil testing indicated
extremely low soil organic matter and nutrient
levels. Tub grindings (shredded stumps) were
proposed to be used as the soil amendment due
to the drastic difference in cost between tub
grindings and compost. While compost would
have been preferable in this case, the project
budget did not allow for it. This was the first
project proposing to use tub grindings as a
soil amendment on large scale. However, this
treatment approach was based on measured
results from several previous test plot areas
that all indicated that tub grindings were

very promising as a soil amendment when

combined with organic fertilizer. The Tahoe

Regional Planning Agency (TRPA) agreed to
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implementation of a small test area to evaluate
how the tub grinding/organic fertilizer-based
treatment would perform. Because no similar
projects had been implemented in the area, test
plots were critical as a proof of concept before
scaling up. TRPA also agreed to waive the
vegetation-only success criteria and consider a
more systematic approach to defining project
success that included additional elements
such as soil density, infiltration, soil stability,
and direct measurements of erosion (rainfall
simulation). Year I monitoring results from
the test plot areas were extremely promising—

both from an erosion reduction and vegetation

Test area — before treatment, 2005.

standpoint—and the larger project (4+ acres)
was allowed to be constructed using the

proposed treatment approach.

Results

Monitoring results for the full project were
extremely surprising in that vegetative cover
exceeded expectations and the slopes were
exceptionally stable. This treatment was
designed with a specific vegetation trajectory
in mind. That trajectory included initial
(grass with some shrubs for stability and

soil development, I to 3 years), developing

Test area — aﬁer treatment, 2006.

Tool 6

Test Plot Development

(grasses, a wider variety of shrubs and some
tree seedlings, 3 to 5 years) and mid-seral
(greater dominance by shrubs and trees, 5+
years) stages. This project demonstrated a
cutting-edge restoration approach that saved
money, met success criteria, and exceeded
the expectations of all parties involved.

Most importantly, this unusual approach
was developed, approved by TRPA, and
implemented based on site-specific tests and
measured results rather than “best guesses”

and opinions.

Large-scale restoration — after treatment, 2008.
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Tool 7-TOPSOIL SALVAGE AND REUSE

A tale of two soils. Native topsoil on left, subsoil from ski run surface on right.

Definition

Topsoil is the uppermost and most biologically active layer of native
soil. It is typically darker in color and richer in organic matter than
the subsoil layer beneath it. Topsoil also tends to contain a large store
of native seeds, called the seed bank. This seed bank can contain over

5,000 seeds per square meter.

Topsoil salvage and reuse refers to the process of removing topsoil prior to
grading activities, then re-applying it to the finished soil surface after

grading is complete.

Manufactured or artificial topsoil refers to any material that is marketed and
sold as a topsoil replacement, but is not actually topsoil. This material
was developed as a response to the landscape industry’s requirement for

topsoil on many projects. Actual topsoil cannot be manufactured.

Purpose

Topsoil is an irreplaceable resource that is often removed and hauled
off site or simply buried during grading and excavation activities,
despite the fact that topsoil salvage is commonly noted on construction
plans. The removal of topsoil has a large negative impact on the ability
of the soil to sustain itself, to support healthy vegetation, and to resist
the erosive forces of wind and water. Of all types of soil material,
topsoil has the highest organic matter content, the most stable soil
structure, and offers the most optimal seedbed for germinating and
establishing vegetation. Removing topsoil also reduces the water-
holding capacity of the soil and eliminates the primary source of
nutrients for plants and soil microbes. In addition, topsoil salvaged
from a project site can contain native seeds and beneficial soil
microorganisms. Additional off-site inputs, such as compost and other
amendments, are often costly to import and do not contain the soil
microbes, seed bank, and stable nutrients contained in topsoil. Most
soil-disturbing projects have only one opportunity to save topsoil. If
that opportunity is missed and topsoil is buried or lost, achieving the
goal of sustainable sediment source control can be very expensive. While
it requires foresight and some additional planning, topsoil salvage

and reuse can lead to great cost savings on projects where sustainable

sediment source control is the goal.
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Appropriate Uses and Applications

Topsoil salvage and reuse can be utilized

to improve restoration project success and
reduce costs anywhere topsoil is present and
soil disturbance is planned. Common ski area
projects that tend to disturb soil include ski
runs, building development, snowmaking and
lift installation, and road construction. Topsoil
salvage can be especially useful in areas where
high-quality compost is not readily available

or in cases where transporting material to the
project location is not practical. In alpine
environments with short growing seasons and
drastic fluctuations in temperature, topsoil is
an especially important resource to conserve, as
topsoil can take several centuries or longer to

rebuild naturally.

Scheduling Considerations

The removal of topsoil must occur before

any grading or other heavy equipment work

has begun. A topsoil salvage plan should be
designed into construction project plans and
schedules whenever possible. A topsoil salvage
plan should identify the extent and depth of
the topsoil to be removed, typically 2-6 inches
depending on site and soil type. As part of the
topsoil salvage plan, appropriate on-site staging

areas should be identified for storage during

site preparation and grading. The salvage plan
should also identify measures to protect topsoil
during storage. Soil samples should be collected
to evaluate the nutrient content of the salvaged
topsoil. Soil lab analysis can take up to two
weeks and should be factored into the project
schedule. Undecomposed organic material,
such as pine needles or other woody debris,
should be completely raked off and stored

separately for reuse as surface mulch.

Implementation Guidelines

Topsoil Removal

Once a qualified individual" has identified the
extent and depth of topsoil to be salvaged (and
the surface debris/mulch has been removed),
the topsoil material should be removed using
appropriate equipment. Equipment can
include backhoe, excavator, loader, skid-steer,
or other bucket-equipped machine. A dozer-
type machine with a flat blade can remove
topsoil if operated by an experienced operator.
However, that type of removal technique tends
to mix topsoil with subsoil, compromising
topsoil quality and subsequent restoration
success. The depth of the topsoil layer can vary
greatly depending on a number of site-specific
factors, but will rarely exceed 4-6 inches in

alpine environments.

Tool 7

Topsoil Salvage and Reuse

Topsoil Storage and Protection

Once topsoil has been removed, it should be
stored on site with a minimum of handling.
Stockpiled topsoil should not be piled or
compacted in a manner that significantly
alters its inherent density, water-holding
capacity, or infiltration. For example, if a
loader is used to pile and store topsoil, that
equipment should under no circumstances
drive onto the pile, which would compact the
topsoil and compromise its quality. Topsoil
should be stockpiled in an area where it will
not be exposed to direct sunlight, as this may
reduce soil moisture and biological activity.
Topsoil piles should always be covered to
maintain adequate soil moisture and to
prevent saturation during rainstorms or from
snowmelt. Topsoil should be stockpiled for
as short a period of time as possible. Storage

periods of over three months have been

Topsoil Salvage Plan Checklist
v Soil sample collection and analysis

v/ Extent and depth of topsoil to be salvaged

v Method(s) to remove topsoil

v/ Appropriate on-site staging areas

v/ Measures to protect topsoil during storage
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