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INTRODUCTION

This chapter lists demonstrated, effective con-
trol practices and suggests ways to choose mixtures
of these and similar controls for the prevention and
mitigation of resource impacts. Because economic
and social analyses are not discussed in this hand-
book, the mixtures of controls presented in this
chapter do not represent a “Best Management
Practice’’” (BMP). These control mixtures form
only the technical base for the BMP.

1.1

Control measures can be prescribed for various
reasons, including: (1) protection of site produc-
tivity, (2) protection of capital investments, such
as roads and buildings, and (3) protection of water
quality. Many of the control practices can be used
for all three reasons. For this reason, it may not be
necessary to specifically formulate controls for
water quality if controls imposed for site protection
are adequate to meet water quality objectives.



DISCUSSION

CONTROLS TERMINOLOGY

Distinction is made between three classes of con-
trols — procedural, preventive, and mitigative —
according to the method of operation. These terms
are further defined as:

Procedural controls. — Procedural controls are
administrative actions or sanctions that result in
reduced generation of transport of pollutants, Ex-
amples: enforcement of standards, bonding of
operators.

Preventive controls. — Preventive controls ap-
ply to the pre-implementation phase of an opera-
tion. These controls are planning oriented and in-
volve stopping or changing a planned activity
before a pollution-causing disturbance is allowed to
occur. Example: the location of roads and landings
away from the stream.

Mitigative controls. — Mitigative controls in-
clude vegetative, chemical or physical measures
which alter the response of the water-disturbing ac-
tivity after it has occurred. Example: the revegeta-
tion of disturbed areas.

POTENTIAL RESOURCE IMPACTS

A resource may be damaged by impacts upon it if
natural processes are altered. Potential resource
impacts are defined and the related processes are
discussed in the following paragraphs. These 11 im-
pacts are considered to be those most important in
terms of non-point source water pollution and
silvicultural activities. They are listed
alphabetically and not necessarily by order of im-
portance,

Aerial drift and application of chemicals. —
Any chemical pesticides, herbicides, or fertilizers
allowed to fall or wash into a stream can affect dis-
solved oxygen, nutrient levels, and other
characteristics of that stream.

Bare soil. — Bare soil is a result of reduction in
vegetative ground cover, rock, and litter. Some
bare soil is unavoidable as a result of silvicultural
activities,
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Bare soil can lead to reduced infil:ration of water
into the soil profile caused by surface crusting and
the attendant soil compaction. This, in turn, can
cause surface runoff and water concentration and
finally lead to rill or gully erosion. In addition,
some changes in the onsite chemical balance may
occur as a result of increased nutrient leaching and
a reduction in organic matter.

Channel gradient change. — A change in chan-
nel slope can alter energy relationships which, in
turn, ¢an cause channel scour deposition. Debris
dams or improperly placed culverts in streams can
cause changes in channel gradient.

Compaction. — "“Soil compaction is the packing
together of soil particles by instantaneous forces
exerted at the soil surface resulting in an increase
in soil density through a decrease in pore space.
This loss of pore space reduces infiltration
capacity, and water movement through the soil is
slowed, Then surface runoff may occur more fre-
quently and may increase in volume. Erosion
begins; and, once begun, may be difficult to stop.
In a logging operation, the extent of compaction de-
pends on the type of equipment, the terrain over
which the logs are skidded or hauled. the frequency
of travel, and the type of soil and its moisture con-
tent.” (Lull 1959).

Debris in channel. — Debris in the channel
refers to those obstructions in a stream channel
caused by silvicultural activities. Such obstruc-
tions include debris dams (logs, slash, rock, etc.),
fill slope encroachment from roads, or any material
deposited in the channel due to silvicultural ac-
tivities.

Such obstructions can deflect flow which can
erode streambanks. Debris can form dams and the
attendant water impoundment can cause local
flooding. In addition, during high flow, debris can
float downstream, accumulate against bridges, and
become a threat to bridge safety. Introduction of
vegetative debris, in particular needles or leaves,
can increase Biochemical Oxygen Demand (BOD)
(Currier 1974, Ponce 1974). Encroachments and
debris dams can alter velocity, thereby influencing
exposure time to solar radiation with a resultant
water temperature increase.

Excess water. — Excess water is the increase in
channel flow resulting from evapotranspiration



reduction due to canopy removal. Excess water can
also be caused by reduced infiltration rates into
bare or compacted soil. This water results in in-
creased energy and consequent bank and channel
erosion.

Onsite chemical balance changes. —
Silvicultural activity can result in release of
chemicals which, in turn, may leach or wash into
streams, thereby affecting nutrient and
Biochemical Oxygen Demand (BOD) levels in the
water. For example, chemical balance changes may
result from burning, excessive amounts of woody
material, or crankcase oil spills.

Slope configuration changes. — Slope con-
figuration changes refer to an alteration of the land
slope. This may occur in roadbuilding when cuts
and fills are constructed for the road base, contour
terracing, etc. Slope configuration changes can
weaken slopes, lead to mass failure, and intercept
subsurface flow.

Stream shading changes. — Stream shading
changes occur when trees and/or understory
vegetation that contribute to the shading of water
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in streams are removed. Exposing streams to direct
solar radiation increases water temperature.

Vegetative change. — Vegetative change in-
cludes the removal of vegetative ground cover,
canopy cover, or a change in vegetative type.

Vegetative change has numerous potential ef-
fects, including changes in evapotranspiration, soil
protection, soil mass movement, stream shading,
and water velocity of over-the-ground flow on dis-
turbed sites. These changes affect the hydrologic
processes, surface erosion, soil mass movement,
stream temperature, and ditch and stream
velocity. Vegetative manipulation may also affect
stream nutrients,

- Water concentration. — Water concentration

occurs when water is intercepted and allowed to
converge instead of infiltrating into the soil or
spreading naturally. Water concentration, as a
resource impact, is closely related to bare soil, com-
paction, and excess water. Concentrated water
moves with greater force than does the same
amount of water in sheet flow. Concentrated flow
may cause rill erosion, thus increasing the
probability of gully erosion.
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THE PROCEDURE

To meet established water quality objectives, ex-
isting water quality must be known. Then, the
proposed silvicultural activity must be evaluated
and the water guality that would result from it es-
timated. By comparing the water quality objectives
with the existing and estimated water resource con-
ditions, the degree and type of control necessary to
meet the objectives can be determined.

The overall strategy for assessing and evaluating
alternative control opportunities is described using
a procedural flow diagram (fig. I1.1), with a verbal
description of the procedure. The controls
procedure explains how to use the four major por-
tions of the control information in the handbook’s
simulation procedure. Section A relates various
silvicultural activities to the potential adverse
resource impacts that may be associated with each
activity. Section B suggests control opportunities
for each potential resource impact. Section C in-
dicates the relationship between resource impacts
and simulation variables, and between control op-
portunities and the simulation variables. Section D
describes all control opportunities in more detail.
Appendix II.A presents three cases illustrating how
to use the control information in relation to the
overall use of this handbook.

PROCEDURAL DESCRIPTION

The following paragraphs describe the
procedural flow chart in more detail. The indicated
numbers do not represent sequential steps, but act
as points of reference back to the flow chart, figure
II.1.

DEFINED WATER
QUALITY OBJECTIVES
1

Prior to any evaluation of the potential change in
the water resource due to a proposed silvicultural
activity, water quality objectives must be
specified. These objectives are generally es-
tablished by legislative or regulatory authority. To
ascertain if a potential change caused by a
proposed silvicultural activity is acceptable, the

0.5

change must be compared with water quality ob-
jectives.

EXISTING
SITE
CONDITIONS
2

At this point, a decision must be made as to
whether any disturbance in a watershed is natural
or man-caused.

The existing condition of the water resource
before any proposed silvicultural activity takes
place must be determined through the use of aerial
photos, historical records, or on-the-ground obser-
vations,

UNDISTURBED AREA,

AREA DISTURBED BY
NATURAL OCCURRENCES
PRESENTLY CONTRIBUTING NON-POINT
SOURCES OF POLLUTION, OR
PREVIOUSLY DISTURBED AREA
THAT NO LONGER HAS CONTRIBUTING
NON-POINT SOURCES OF POLLUTION
3

The water resource condition in areas that have
never been subjected to man-induced disturbances
and in areas that have at nne time been disturbed
but have recovered sufficiently and no longer have
contributing non-point sources of pollution is
determined by the existing vegetation, soil, and
geology. This represents the natural base condition
of the water resource.

MEASURE OR SIMULATE
EXISTING WATER QUALITY
4

Existing water quality should be measured using
a sampling scheme that enables the water quality



parameters of interest to be evaluated. If measured
data are not available and cannot be feasibly col-
lected, the existing condition can be estimated us-
ing analysis procedures presented in subsequent
chapters or locally derived methods.

WATER QUALITY
OBJECTIVES
NOT MET
5

The existing water quality is compared with the
water quality objectives, If the existing condition
exceeds the objectives, further evaluation is re-
quired.

REVIEW WATER
QUALITY OBJECTIVES
6

First of two possible actions,

If the existing condition of the water resource
does not meet the objectives, the objectives should
be reviewed and possibly revised by the ap-
propriate authority.

WATER QUALITY OBJECTIVES
PRECLUDE FURTHER DEGRADATION
7

Second action.

Because the objectives are presently exceeded by
the existing water resource condition, no
silvicultural activity should be considered that
would result in any further degradation. Alter-
native land use management of the watershed may
be necessary.

11.6

WATER
QUALITY
OBJECTIVES
MET
8

If the existing water resource condition meets
water quality objectives, a proposed silvicultural
activity plan can be formulated.

AREA DISTURBED BY MAN-CAUSED
OCCURRENCES PRESENTLY CONTRIBUTING
NON-POINT SOURCES OF POLLUTION
9

The water quality in areas that have been sub-
jected to man-induced disturbances may be deter-
mined in great part by the non-point source pollu-
tion coming from the disturbed sites. It is,
therefore, necessarv to evaluate the impact of these
contributing non-point sources to ascertain
whether the existing water quality objective is be-
ing met.

MEASURE OR SIMULATE EXISTING
WATER QUALITY
10

Existing water quality should be measured using
a sampling scheme that enables the water quality
parameters of interest to be evaluated. If measured
data are not available and cannot be feasibly col-
lected, the existing condition of the water resource
can be estimated by using analysis procedures
presented in subsequent chapters or locally derived
methods.



WATER
QUALITY OBJECTIVES
NOT MET
11

The existing water quality is compared with the
given water quality objectives. If the existing
quality exceeds the objective, further evaluation is
required.

IDENTIFY
RESOURCE
IMPACTS
12

First of three possible actions,

If a previous disturbance is impacting water
quality so that objectives are not met, the simula-
tion or measurement will show where the pollution
is originating, how much pollution is present, and
what kind of pollution is being produced. Using
this information, determine which variables within
the simulation procedure are causing the pollution.
Then refer to section C, table I1.2 of this chapter
and relate the involved variables to the cor-
responding resource impacts. (To relate resource
impacts to the involved processes, refer to the
definitions of the resource impacts in the “Discus-
sion” section of this chapter.)

For an example illustrating this use of the con-
trols procedure, refer to example one in appendix
ILA.

CHOOSE AND APPLY
MITIGATIVE CONTROL
MIXTURE
13

Using the list of affected variables involved, refer
to section B or section C (tables II.3 to II.14) in
order to choose controls potentially able to mitigate
the impact. The controls procedure is used to
prescribe mitigative controls for a previously dis-
turbed site so the proposed silvicultural activity
may be accomplished without exceeding the water
quality objectives. This procedure should be run
several times, thereby arriving at several choices
for the manager. For an example illustrating this

IL7

use of the controls procedure, refer to example one
in appendix ILA.

REVIEW WATER
QUALITY OBJECTIVES
14

Second of three possible actions.

If existing water quality does not meet the objec-
tives after all feasible mitigative controls have been
selected, these objectives should be reviewed and
possibly changed by the appropriate authority.

WATER QUALITY OBJECTIVES
PRECLUDE FURTHER DEGRADATION
15

Third of three possible actions.

Because the water resource goals or standards
are presently being exceeded and the application of
mitigative controls cannot correct the problem and
objective revision is unacceptable, no silvicultural
activity should be considered that would result in
any further degradation of the water resource.
Alternative land use management of the watershed
may be necessary.

WATER
QUALITY
OBJECTIVES MET
16

If the existing water quality meets the objectives,
a silvicultural activity plan can be formulated.

DEFINE
PROPOSED SILVICULTURAL
ACTIVITY
17

Define the silvicultural activity and, depending
upon the size and complexity of the activity, such



things as a cutting plan, logging plan, transporta-
tion plan, fuel management plan, and site prepara-
tion may be included in the operational plan.
The control procedure can be used as a reference
in the formulation of the initial silvicultural plan.
Refer to table I1.1 for a list of silvicultural activities
and related potential resource impacts. For an ex-
ample illustrating this use of the controls
procedure, refer to example two in appendix ILA.
Preventing pollution is vastly more effective
than mitigating problems after they are created.
Proper planning and a thorough analysis of the
available options will allow the manager to choose
the alternatives which best fit the management ob-
jectives, while minimizing non-point source pollu-
tion potentials and the need for mitigative control.

SIMULATION OF POTENTIAL WATER
QUALITY USING
ANALYSIS PROCEDURES
18

The potential condition of the water resource, as-
suming implementation of the proposed
silvicultural operation, may bhe simulated using
analysis procedures. Such analysis estimates the
potential impacts of the silvicultural operation
upon the water resource.

The control procedure can be used in the process
of determining what variables are affected by what
controls in the simulation process,

WATER
QUALITY
OBJECTIVES
NOT MET
19

The potential water quality following the
proposed silvicultural activity is compared with
the given water quality objectives. If these objec-
tives are exceeded, the proposed silvicultural ac-
tivity should be reconsidered.

IDENTIFY
RESOURCE
IMPACTS
20

First of three possible actions.

If the proposed silvicultural plan is impacting
water quality so that objectives are not met, the
simulation will show where the pollution is
originating, how much pollution is present, and
what kind of pollution is being produced. Using
this information, determine which variables within
the simulation procedure are causing the pollution.
Then refer to section C, table I1.2 and relate the in-
volved variables to the corresponding resource im-
pacts. (To relate resource impacts to the involved
processes, refer to the definitions of the resource
impacts in the “Discussion” section of this
chapter.)

For an example illustrating this use of the con-
trols procedure, see example three, appendix IL.A.

CHOOSE AND APPLY
PREVENTIVE CONTROLS
21

The controls procedure can be used to add new
control opportunities to the silvicultural plan if the
plan has been shown through simulation to fall
short of the objective. Refer to section C (tables I1.3
to I1.14) and relate the affected variables to poten-
tial preventive controls. Preventive controls are
preferable over mitigative controls, thus the
procedure indicates further simulation with
preventive controls before trying mitigative con-
trols.

For an example illustrating this use of the con-
trols procedure, see example three in appendix
ILA.

CHOOSE AND APPLY
MITIGATIVE CONTROLS
22

If, after incorporating all feasible preventive con-
trols, the water quality objectives are still ex-
ceeded, mitigative controls should be evaluated.



For an example illustrating this use of the con-
trols procedure, refer to example three, appendix
I.A.

REVIEW WATER
QUALITY OBJECTIVES
23

Second of three possible actions.

If, after all feasible preventive and mitigative
controls have been applied, the potential water
quality resulting from the proposed silvicultural
operation exceeds the water quality obejctives,
these objectives should be reviewed and possibly
changed by the appropriate authority.

WATER QUALITY OBJECTIVES
PRECLUDE FURTHER DEGRADATION
OF THE WATER RESQURCE
24

Third of three possible actions.

Because the potential water quality resulting
from the implementation of the proposed
silvicultural activity might exceed the water
resource objectives even after all feasible preven-
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tive and mitigative controls have been applied, no
silvicultural activity should be considered for the
area at present. Alternative land use management
of the watershed may be necessary,

WATER
QUALITY
OBJECTIVES
MET
25

The existing water quality is compared with the
given water quality objectives. If the existing
quality exceeds these objectives, further evaluation
is required.

SILVICULTURAL ACTIVITY IS
COMPATIBLE WITH WATER
QUALITY OBJECTIVES
26

The proposed silvicultural activity is compatible
with the water quality objectives and may be
implemented insofar as the water resource is con-
cerned.



SECTION A: SILVICULTURAL ACTIVITIES
AND POTENTIAL RESOURCE IMPACTS

This section provides a simple table with
silvicultural activities listed in one column and the
potentially adverse resource impacts resulting from
each silvicultural activity listed in the second
column (table II1.1.). The list of potential impacts
associated with particular silvicultural activities is
suggested for initial consideration but may need to
be revised according to local conditions.

Silvicultural activities listed are:

1. Methods of cutting
Felling
Yarding methods
Road and access system
Fuel management methods
. Site preparation
7. Other activities

L e LD D
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Adverse resource impacts include:

1. Aerial drift and application of chemicals
Bare soil
(Channel gradient changes
Compaction
Debris in channel
Excess water
. Onsite chemical balance changes
8. Slope configuration changes

9. Streamside shading changes
10. Vegetative change
11. Water concentration

P L A
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i

Table I1.1 can be used in two wavs —

1. In the formulation of the silvicultural ac-
tivity plan.

<

In the process of determining what variables
are affected by what controls when running
the handbook simulations.

Table 1I.1.—Silvicultural and related activities and associated potential
adverse resource impacts

Activities

Potential adverse resource impacts

Methods of cutting:
Clearcutting
Seed tree cutting
Selection cutting
Shelterwood cutting

.....................
................
.................

Felling

Yarding methods:
Hand pulpwooding

Animal skidding
Tractor skidding

Cable yarding—high lead

Cable yarding—skyline

Cable yarding—balloon

Aerial skidding

Mechanized logging
(feller, buncher, etc.)

|
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Excess water
Streamside shading changes
Vegetative change

Debris in channel
Vegetative change

Compaction

Bare soil
Compaction
Water concentration

Bare soil
Water concentration

Bare soil
Slope configuration changes

Bare soil
Onsite chemical balance changes
Bare soil

Compaction
Water concentration



Table Il.1—continued

Activities Potential adverse resource impacts
Road and access system: Aerial drift and application of
chemicals (dust)
Bare soil
Construction and maintenance . ... Channel gradient changes
Compaction

Debris in channel
Siope configuration changes

Vegetative change
Fuel management methods:
Bare soil
Buryingslash .................... Compaction

Slope configuration changes

Bare soll

Firelines and fuel breaks .......... Compaction
Slope configuration changes
Water concentration

Aerial drift and application o?
chemicals (ash)

Broadcastburning ............... Bare soil

Hand piling and burning .......... Compaction

Machine piling and burning ....... Debris In channel

Prescribed underburning ......... Excess water

Jackpotor spotburning .......... Onsite chemical balance changes
Vegetative change

Water concentration

Yarding unmerchantable Bare soil
material .......... ... Compaction
Debris in channel
Lopandscatter ....... e Debris in channel

Rolling chopper...........oveuus Onsite chemical balance changes

Compaction
Vegetative change

Masticat® .............ooveeenn.n. Debris in channel

Chipandspread ................. \ Compaction
Onsite chemical balance changes

Site preparation:

Bare soil
Compaction
Dozer stripping . .ovvvrvnrrernenn, Excess water
Slope configuration changes
Vegetative change
Water concentration

Bare soil
TR oo msmamsmmsy ansasas g&g:iﬁa‘::r
Slope configuration changes
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Table Il.1.—Continued

Activities

Potential adverse resource impacis

Machine scalping

Bedding

Plowing
Disking

Chemical treatment

Other Activities:
Mechanized planting

Release from plant competition—
Fire

Chemical

Mechanical

Thinning and cleaning—

{

B
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Bare soil
Compaction

Bare soil
Water concentration

Bare soil

Debrisin channel

Slope configuration changes
Vegetative change

Water concentration

Bare soil
Compaction
Vegetative change
Water concentration

Bare soil
Water concentration

Aerial drift and application of
chemicals

Debris in channel

Vegetative change

Compaction
Water concentration

See broadcast burning

Aerial drift and application of
chemicals

Compaction
Water concentration

Debris in channel
Vegetative change

Compaction
Debris in channel
Vegetative change

Aerial drift and application of
chemicals

Onsite chemical balance changes
Vegetative change



SECTION B: POTENTIAL RESOURCE
IMPACTS AND
CONTROL OPPORTUNITIES

This section provides a list of potential adverse
resource impacts in alphabetical order followed by
a list of suggested controls that may alleviate each
particular impact. Control opportunities ap-
plicable to all listed resource impacts are presented
first. For a description of each control measure,
refer to “Section D: Control Opportunity Descrip-
tions” in this chapter.

This section can be used in three ways.

1. In the prescription of mitigative controls for a
previously disturbed site. (See example one,
appendix I1.A).

2. In the formulation of the silvicultural activity
plan. (See example two, appendix II.A.).

3. In the prescription of a mixture of preventive
and mitigative controls for the alteration of
the silvicultural activity plan so it will meet
established goals. (See example three, appen-
dix IL.A).

Control Opportunities For
All Listed Resource Impacts

Conformance to regulations (Procedural)

Enforcement of standards and bonding of operators
(Procedural)

Limit disturbed area (Procedural)
Monitoring (Procedural)

Road drainage maintenance during storms
(Procedural)

Select low impact equipment (Preventive)
Specify timing (Procedural)

Timely drainage maintenance (Preventive)

Control Opportunities For Aerial Drift And
Application Of Chemicals

Chemical application (Preventive)

Control ash or dust buildup (Preventive/
mitigative)
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Keep pesticides and rodenticides well away from
surface runoff (Preventive)

Revegetate treatment areas promptly as local
conditions dictate (Mitigative)

Timing of chemical applications (Preventive)

Waterside area (Preventive)

Control Opportunities For Bare Soil

Administrative closure of roads

(Procedural/preventive/mitigative)
Appropriate cross-section in roads (Preventive)
Armoring (Preventive/mitigative)

Avoid roading steep slopes (Preventive)

Brush barrier filter at the toe of fill (Preventive/
mitigative)

Close roads after use (Procedural/mitigative)
Cut-and-fill slope configuration (Mitigative)
Directional felling (Preventive)

Drainage above cut slope (Preventive/mitigative)

Endline or fly material from waterside areas
(Preventive/mitigative)

Fill slope design and locations (Procedural/preven-
tive)

Hold water onsite (Preventive/mitigative)

Identify soil and geologic characteristics and map
sensitive areas (Procedural/preventive)

Leave vegetation between strips (Preventive)
Limit equipment operation (Preventive)
Machine or hand plant (Preventive)

Prescribe and execute burns under conditions that
will not result in total cleanup (Preventive)

Prescribe limits for the amount of area disturbed
by equipment (Preventive)

Prescribe yarding and skidding layout (Preventive)

Prevent fire spread outside treatment areas
(Preventive)



Protect road bare surface areas with nonliving
material (Mitigative)

Reduce log length (Preventive)
Reduce logging road density (Preventive)

Revegetate treated areas promptly as local condi-
tions dictate (Mitigative)

Slope length (Preventive)

Species selection (Preventive)

Stabilizing structures or cut slopes (Mitigative)
Type of site preparation treatment (Preventive)

Use maximum spacing and minimum strip width
in site preparation (Preventive)

Waterside area (Preventive)

Windbreaks or uncut timber to prevent wind ero-
sion (Preventive)

Control Opportunities For
Channel Gradient Changes

Armoring (Preventive/mitigative)

Bridges (Preventive)

Ditch checks (Mitigative)

Ditch maintenance (Procedural/mitigative)
Maintain natural water courses (Preventive)
Oversize ditch drain (Preventive)

Reduction of impounded water (Mitigative)
Repair and stabilize damaged areas (Mitigative)
Space culverts to control velocity (Preventive)

Control Opportunities For Compaction

Administrative closure of roads (Proce-
dural/preventive/mitigative)

Close roads after use (Procedural/mitigative)

Directional felling (Preventive)
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Endline or fly material from waterside areas
(Preventive/mitigative)

Identify soil and geologic characteristics and map
sensitive areas (Procedural/preventive)

Leave vegetation between strips (Preventive)
Limit equipment operation (Preventive)
Machine or hand plant (Preventive)

Prescribe limits for the amount of area disturbed
by equipment (Preventive)

Prescribe yarding and skidding layou: (Preventive)
Reduce logging road density (Preventive)
Reduce vehicle travel (Preventive)

Revegetate treated areas promptly as local condi-
tions dictate (Mitigative)

Rip or scarify compacted surfaces (Mitigative)
Road and landing location (Preventive)
Species selection (Preventive)

Timing of use of off-road, heavy equipment
(Preventive)

Type of site preparation treatment (Preventive)

Control Opportunities For Debris In Channel

Bench cut and compact fill (Preventive/mitigative)
Bridges (Preventive)

Brush barrier filter at the toe of fill {Preventive/
mitigative)

Directional felling (Preventive)
Eliminate source of debris (Mitigative)

Endline or fly material from waterside areas
(Preventive/mitigative)

Fill slope design and location (Procedural/

mitigative)
Full bench section (Preventive)
Haul woody material offsite (Mitigative)

Limit equipment operation (Preventive)



Locate activities producing small, woody fragment
away from water (Preventive)

Locate corrals away from streams (Animal skid-
ding) (Preventive)

Maintain ground cover (Preventive)

Protect road bare surface areas with nonliving
material (Mitigative)

Remove debris from stream (Mitigative)
Repair and stabilize damaged areas (Mitigative)

Revegetate treated areas promptly as local condi-
tions dictate (Mitigative)

Road and landing location (Preventive)
Waterside area (Preventive)

Woody debris disposal sites (Preventive)

Control Opportunities For Excess Water

Cutting block design (Preventive)

Identify soil and geologic characteristics and map
sensitive areas (Procedural/preventive)

Machine or hand plant (Preventive)
Maintain ground cover (Preventive)
Qutslope firebreak lines and terraces (Preventive)

Prescribe and execute burns under conditions that
will not result in total cleanup (Preventive)

Revegetate treated areas promptly as local condi-
tions dictate (Mitigative)

Species selection (Preventive)
Type of site preparation treatment (Preventive)

Use maximum spacing and minimum strip width
in site preparation (Preventive)

Waterside area (Preventive)

Control Opportunities For
Onsite Chemical Balance Changes

Chemical application (Preventive)

Control ash or dust buildup (Preventive/
mitigative)

Haul woody material offsite (Mitigative)

Identify soil and geologic characteristics and map
sensitive areas (Procedural/preventive)

Keep pesticides and rodenticides well away from ‘
surface runoff (Preventive)

Locate corrals away from streams (Animal skid-
ding) (Preventive)

Machine or hand plant (Preventive)
Pile material in patterns (Preventive)
Protect fuel storage areas (Preventive)

Revegetate treated areas promptly as local condi-
tions dictate (Mitigative)

Species selection (Preventive)
Type of site preparation treatment (Preventive)

Woody debris dispos;al sites (Preventive)

Control Opportunities For
Slope Configuration Changes

Appropriate cross-section for roads (Preventive)
Avoid roading of steep slopes (Preventive)

Bench cut and compact fill (Preventive/mitigative)
Break gradient of firelines (Preventive/mitigative)
Divert water onto stable areas (Preventive)
Drainage above cut slope (Preventive/mitigative)
Full bench section (Preventive)

Identify soil and geologic characteristics and map
sensitive areas (Procedural/preventive)

Limit equipment operation (Preventive)

Machine or hand plant (Preventive)

Maintain ground cover (Preventive)

Prescribe yarding and skidding layout (Preventive)
Reduce logging road density (Preventive)
Reduction of impounded water (Mitigative)



Revegetate treated areas promptly as local condi-
tions dictate (Mitigative)

Road and landing location (Preventive)
Species selection (Preventive)
Stabilizing structures on cut slopes (Mitigative)

Type site preparation treatment (Preventive)

Control Opportunities For
Streamside Shading Changes

Cutting block design (Preventive)
Directional felling (Preventive)

Revegetate treated areas promptly as local condi-
tions dictate (Mitigative)

Waterside area (Preventive)

Control Opportunities For Vegetative Change

Cutting block design (Preventive)
Directional felling (Preventive)

Leave vegetation between strips (Preventive)
Machine or hand plant (Preventive)
Maintain ground cover (Preventive)

Prescribe limits for the amount of area disturbed
by equipment (Preventive)

Revegetate treated areas promptly as local condi-
tions dictate (Mitigative)

Species selection (Preventive)
Timing of chemical application (Preventive)

Type of site preparation treatment (Preventive)

Control Opportunities For Water Concentration

Administrative closure of roads (Proce-
dural/preventive/mitigative)

Armoring (Preventive/mitigative)

Avoid roading of steep slopes (Preventive)

Break gradient of firelines (Preventive/mitigative)
Close roads after use (Procedural/mitigative)
Curbs and berms (Preventive/mitigative)
Cut-and-fill slope configuration (Mitigative)
Cutting block design (Preventive)

Ditch checks (Mitigative)

Ditch maintenance (Procedural/mitigative)
Divert water onto stable areas (Preventive)
Drainage above cut slopes (Preventive/mitigative)
Hold water onsite (Preventive/mitigative)

Identify soil and geologic characteristics and map
sensitive areas (Procedural/preventive)

Leave vegetation between strips (Preventive)
Limit equipment operation (Preventive)

Machine or hand plant (Preventive)

Maintain natural water courses (Preventive)
Minimize convergence of firelines {Preventive)
Qutslope firebreak lines and terraces (Preventive)
Oversize ditch drain (Preventive)

Pile material in patterns (Preventive)

Prescribe limits for the amount of area disturbed
by equipment (Preventive)

Prescribe yarding and skidding layout (Preventive)
Reduce road grades (Preventive)

Reduce vehicle travel (Preventive)

Reduction of impounded water (Mitigative)
Remove debris from stream (Mitigative)

Repair and stabilize damaged areas (Mitigative)

Revegetate treated areas promptly as local condi-
tions dictate (Mitigative)

Rip or scarify compacted surfaces (Mitigative)
Road and landing location (Preventive)

Road ditch (Preventive/mitigative)
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Sediment trap (Mitigative)
Slope length (Preventive)

Space culverts to control road ditch erosion
(Preventive)

Species selection (Preventive)

Timing of use of off-road, heavy equipment
(Preventive)

Trash racks (Preventive)
Type of site preparation treatment (Preventive)

Use maximum spacing and minimum strip width
in site preparation (Preventive)

Waterside area (Preventive)

SECTION C: CONTROL OPPORTUNITIES
AND SIMULATION VARIABLES

The matrices (tables I1.2 to I1.14) in this section
are the cross-reference system between the “control
opportunities” and the handbook simulation
procedure (chapters III through XI).

This section lists all variables used in the hand-
book simulation procedure along the horizontal
axis of the matrices. Some of these variables
change only with a change in location or area, for
example, the R or rainfall factor in the Modified
Soil Loss Equation. Other variables are measured
values like bedload sediment in the total sediment
procedure. The remaining variables (the ones of
concern in this chapter) can be affected, either
positively or negatively, by certain controls.

.17

All controls, therefore, are listed along the ver-
tical axis of the matrices (tables I1.3 to I1.14). The
controls are listed under each resource impact they
are associated with. The “X"” symbols on the tables
indicate which controls affect which variables.
These “X’s” are placed with reference to the way
the variable is being used in the simulation
procedures, For example, the variable “Type and
location of the cut” has a specific definition. The
use of this variable is to identify the hydrologic
processes (i.e., evapotransporation and snowpack
changes) as they affect streamflow and not the
related effects on silvicultural activity such as site
preparation.

The names of the controls and the ““X’s” on the
tables are designed to represent most major
relationships and, therefore, some specific controls
and their relationships to variables may not be
covered.

Table I1.2 is a summary showing which simula-
tion variables are affected by which resource im-
pacts. The other 12 tables show which simulation
variables are affected by which controls. Table I1.3
shows control opportunities for all resource im-
pacts. These controls should be considered in any
silvicultural activity plan.

NOTE: In the process of selecting a mixture of con-
trols to mitigate or prevent a specific resource
impact, the effects of the selected controls on
other areas of concern must be realized. For ex-
ample, if, through simulation, a problem is noted
with surface erosion related to road surfaces, the
control lists under ‘‘Bare Soil,"” “Compaction,”
and “Water Concentration” would be referred to.
A control frequently used to prevent water flow
across road surfaces is ‘‘Drainage Above Cut
Slope.” But, in addition to preventing surface
flow, it also affects slope configuration which in-
dicates that drainage ditches above the cut slope
could cause soil mass movement problems.



Table |l.2—Potential resource impacts and the variables within the
simulation procedure affected by those impacts

Chapter references to the simulation procedure and affected variables

Ditch
erosion Soll mass
Hydrology Surface erosion (ch. IV) movement
variables variables {app. variables
(ch. 111) (ch.1V) Iv-C) (zh. V)
g L
sl el 1] I: : o || [5
R P c o £ 8 =
esource impacts :._» E 5 s > - o = _ls
o — [~ C = | Ay (= =
| 18] 1Elwl8| |slsl2E] |5| (8] | [2IE]<] | [BIE].|Sl=] [2
2| 12| 12(815] [BEIzfe| E||8| | |BI2[8] |- [5[E|8[E]5lz]2
ale|lo| [OlE|>] |2|5]|5]c v E(E (518 (El5|2|3|B ||
glalgl |e|g(= . @il [e[s|2| |e|ol|l|8 2;383200
m|=|@|S al g =20532gﬁ3 ﬂgE:;gu%QEoE=
QEQH“E‘-EE‘@E"”E E"ogu S|g[E|e|c|z|alE|E|®
dHERHHEHEEENHERRBEREE SRR EEEE
7le(2[212[2[£]E |1 2|2|8[21512| & 8le|s| &I ZlBIEl2| &S| &) 2| E| 8|5
2(2(813(5(8(2(3 |Eal2=(2l3]5|215/|2| 8| =(2=(3| 8|8l | B1E| 8| 5|5
Dp-|ED|a|w|2|Z |c|a|x|>|0|n|a|n|®|D|rn|c|n|Zz|n|®|a|n|>|<|n|a |2
Aerlal drift and applica-
tion of chemicals x|x
Bare soil x x X X
Channel gradient
change X
Compaction %)% X
Debris in channel X
Excess water X X
Onsite chemical balance
changes
Slope configuration
change X X X X x| X[ x
Stream shading change X
Vegetative change X x| x X b
Water concentration X

'Measured value.

2Changes only with location.
3See “Surface Erosion,” chapter IV
“See "“Hydrology," chapter llI
5See “Soil Mass Movement,” chapter V
¢Can be taken from chapter |ll or measured directly.

’Calculated value.
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Table Il.2—continued

Resource impacts

Chapter references to the simulation procedure and affected variables

Dissolvad
Stream oxygen &
Total sediment temperature organic introduced
variables variables matter | Nutrients| chemicals
(ch. Vi) (ch. ViI) (ch.1X) | (ch.X) | (ch.X)
%
[
" = |E
5 £l
|- E|E
3 | [5[3
5 sl |E g No specific variables,
=| |E|E|alZ] |G consider effects upon
s |g| 8. |5 [B]8] 2|8 ol § 5 sach total subject
%gggé‘ggwﬁ.sgugi 8
] e [}
HEEHEEEEEEERE P 9
A EEMEEREREEEHEE o
EtEagmagE-ggxg.E'_ £
213 EJ?E-E ol ol El 2| = |£] 2| 5] & E'x z|=
HEEEREEREEEEENEHEER
HHHEEEEEEHEEEERERER
2 216]|alal 8| | 2| S| 2|3 2|3 =&l B || <2

Aerlal drift and applica-
tion of chemicals

Bare soil

Channel gradient
change

Compaction

Debris in channel

Excess water

Onsite chemical balance
changes

Slope configuration
change

Stream shading change

Vegetative change

Water concentration




Table I.3—Control opportunities for all resource impacts and the variables within the simulation
procedure affected by those controls

Chapter references to the simulation procedure and affected variables
Ditch
osion Soll mass
Hydrology Surface erosion {ch. V) movement
variables variables (app. variables
{ch. II1) {ch.1V) 1v-C) (ch. V)
=y
H -
E c
S = - @ 0 2
Control opportunities a c - = o o =
@ = [=% @ =~ fro
for E © © 2l i B =I5
o £ [ & la | T | Slo
all resource impacts el 18] 12112 |=l=lElel |x]| |2 3|c |~ glo| (2 W
S 31 (gl2ls] (RIZIZ18] 121 (8] | 15]5]E HEEE N
HANEBSEAEEEAEMNENEE Els(g| [2[E|5(zlEl2(El5
S[BIB| 2815|2155 (8]sI2 (213] |alelai®] BE|2(3]5| 2|2 (2
a|—|@|s QOEEEOEOENUO ﬂ"sOc_:UU'E@Ema:
®lolol= < | |5 o|5|3|=|= ols |® > alE|g|=
Ecm’*l._ggs‘g‘c' 21%12ls|%| 2 |5|a|8|5|E[8I2 15 [5|S|8|E{2(E|E (S
~|®IE|® 0:“'60%7:”8 u:,,go?_% M EEREHE
mo.—:’muﬁmdm*‘:"’“aww Tlo I S.EQ_W:‘h 5
mnszﬁg‘ohu @ ol=|t t‘ao_?l,_,v_—:og U)COE-.-
o |=|0|D|a =|© w|=lZ|= |53 (2|52 cle|f|o]|e|c|la|m
alPlElela|w|Z|Z|le D5 lolelo lalaldlnlc|lnlzin Mlalb|>|<|o|a |2
Conformance to
regulations x| x| x]x X)X x| x |x[x|x|x]x|x|x|x]|x]|x]|x|x
Enforcement of stand-
ards and bonding
of operators x| x| x| x Xk x| xIx[x]x{x]x|x{x|x|x|x]x
Limit disturbed area x| x| x| x xix!x IxixIxIx!xxtx xIxixix{xix|<}x
Monitoring x| x| xfx Xl I lxix Ixixx}x] xixixixix|xjx
Road drainage mainten-
ance during storms X % [x[x|x X x| x|x x [x X
Select low Impact
equipment x| x| x Xl x [xx|x {x]x|x{x]x|x|x]|x|x]|x
Specify timing x| x| x| x X P x foc [ x [ x ] x| x| x [ x]|x%
Timely drainage
maintenance x X X|x|x%

'Measured value.

2Changes only with location.

3See "Surtace Erosion,” chapter IV

*See "Hydrology,” chapter ||

fSee "Soil Mass Movement,” chapter V

%Can be taken from chapter Ill or measured directly.
"Calculated value.
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Table I1.3—continued

Control opportunities
for
all resource Impacts

Chapter references to the simulation procedure and affected variables

Total sediment
variables
{ch. Vi)

Stream
temperature
variables
{ch. ¥i1)

Dissolved
oxygen &
organic
matter
{ch. IX)

Nutrients
(ch. X)

introduced
chemicals
(ch. X1)

Bankful width-depth
Water surface slope

Change in discharge or duration*

Bankful discharge’
Surface erosion sediment?

Fines-mass movement®
Coarse material-mass movementt

Suspended sediment!
Bedload sadiment’

Medlan size material-mass movement® |

Vegetative shading

Length-exposed reach

Location-latitude’
Year-day-month’

Stream width’
Discharge®
Bedrock?’

Azimuth?'

Topographic slope!

No specific variables
consider effects upon
each total subject

Conformance to
regulations

x

>
>

Enforcement of stand-
ards and bonding
of operators

Limit disturbed area

Monitoring

Road drainage mainten-
ance during storms

Select low impact
equipment

Specify timing

Timely drainage
mantenance
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Table I.4—Control opportunities for aerial drift and application of chemicals and the varables
within the simulation procedure affected by those controls

Chapter references to the simulation procedure and aflected variables
Ditch
erosion Soil mass
Hydrology Surface erosion {ch. V) movement
variables variables (app. variables
(ch. 1)) (ch. IV) IV-C) (ch. V)
=
2 IS
Control rtuniti 3 E = & a 2
opportunities o 3 = o g ._gi ©
for s| |E] |8] [& 2|z =5 © e
aerial drift and cl 19 [8l.18] |-l 8l (x| |8 i (81 lel®] |-
3 . 5 =] Elo| © o> Ele 3 ] slE|= Ol= | |5 | &
application of chemicals A4 2 |alels al=lt o] |= c Bl=|e olm|® |8 —|x
Y F=) olc|> [2|5|0]|= E | Slelol [El5]512 al2)=|=
Qe 4] f = wl=l=|o Qoo Olm o| ® Ol=1mls @
o(ald =18 slil@lelzlolgls]2 - ] el g 2lc|2|o0(6|2|e|T
c|= 2|3 alo|BI=z|e|d|=|a|2|Z|B|a 2i=1% T olE elg|s|c
ol|=|_|= olFl=l=|o|o z|m|2 o3 e cl2(c|8]9 g
22 o35 8L8|2e| 22125 Cle [cl@e|8la]l 5l e|clz|a|E|E|=
s| 5o 28|c|o|zlE]|S|=|elelX|e|o(e|e (a5 alE| 8o 205 =]=|2|=
e HEEIFMNESEEEEEE ofe 2lole|3 @ 18|z I
slolE(=(2|e|E|EIRIZIEI=31Z8 8188 [&FlE1E1°|8ls(g8lz(2|E|S| 5
alalgl5|E|]|B|5|E 2] ol=|t|&lt (% Eey—'—:o'aoa’:‘é‘-“
| > 0@8--0 ) Z|lc|ol3|e|3]|2|e a|le|&|o Cl8|m| ™
o|F|E|lo|dfa|Z(Z(c|d|x|>|olv|la|d|e|d |vc|n|lz|v|a|alnls |<|b|la]z
Chemical application x| x X x
Control ash or dust
buildup
Keep pesticides and
rodenticides away from
surface runoff
Revegetate treatment
areas promptly x|x X X
Timing of chemical
application x| x b b
Waterside area X X(xX]x|x X x| x X

'Measured value.

2Changes only with location.

3See "'Surface Erosion," chapter |V

‘See "Hydrology," chapter ||

3See "Soil Mass Movement,” chapter V

®Can be taken from chapter Il or measured directly.
"Calculated value.
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Table Il.4— continued

Chapter references to the simulation procedure and affected variables

Dissolved
Stream oxygen &
Total sediment temperature organic Introduced
variables variables matter |Nutrients| chemicals
{ch. V1) {ch. VII) {ch. IX} {ch. X) {ch. XI)
'
:
S HE
3 E(E
3 e § a
Control opportunities s| || |El® 2|E| Is
for A NEREEHE § » No specific variables
aetial drift and HHE '%E =[2]5 E(8]|2[%]- | 2 consider effects upon
application of chemicals | ©|%| 5| 515| 2| < HlElE § ol5 $ each total subject
slo|2|2|8|E|S|E[S|E[218] 2|El=
518|783 8 gwwg'ﬁgg_ Q
EEEEE“SEE‘—:ggT;\E&_ - |8
312|al3| 58| 8|E| el s B[] §18] ] 5| Bl |2
EBEFEQ.QN“EEQ“E.LNEE:’g
£15|5|5( 213(5 2 (2 12 (8151 8|8 (2| 885 |8
a|2|5|o|a|a || |c|= |7 13| S|S|a|a|8| < R
Chemical application X X X X
Control ash or dust
buildup b X
Keep pesticides and
rodenticides away fromi
surface runoff X X X
Revegetate treatment
areas promptly X
Timing of chamical
application X
Waterside area x|x
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Table 1.5—Control opportunities for bare soil and the variables within the simulation
procedure affected by those controls

Chapter references to the simulation procedure and atfected variables

Control opportunities
for
bare soll

Hydrology
variables
(ch. 1)

Surface erosion

Ditch
erosion

variables
{ch. V)

(ch. V)
(app.
IV-C)

Soil mass

rnovement

variables

{ch. ¥)

Basal area

Type and location of cut

Rooting depth

Delivery (user judgment)

Latitude!
Seasonal precipitation®

Width of opening'

Normalized hydrograph’

R (Rainfall)?

LS (Length-slope)

K (Soil erodibility)

VM (Vegetation-management)

Ground cover density

Soil texture
R (Hydraulic radius)

Surface water flux
Slope gradient
Surface roughness
Distance

Slope shape

S (Slope of channel)
N (Friction factor)

Soil depth

Slope gradient

Drainage characteristics
Slope configuration
Vegetative cover

Annual precipitation’

Storm intensity & duration’

Parent material’

Natural landslides!

Administrative closure
of roads

>

>

Appropriate cross-
section for roads

Armoring

Avoid roading steep
slopes

Brush barrier filter at
the toe of fill

Close roads after use

Cut and fill slope
configuration

Directional felling

Drainage above cut slope

Endline of fly material
from waterside area
to upslope landing

Fill siope design and
location

Hold water onsite

Identify soil and geologic
characteristics and
map sensitive areas

Leave vegetation
between site
preparation strips

Limit equipment
operation

XX

Machine or hand plant

XX

Measured value.
!Changes only with location.

3See “Surface Erosion,” chapter IV

‘See “Hydrology." chapter il
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Table II.5— continued

Chapter references to the simulation procedure and sffected variables

Total sediment

variables
{ch. VI)

Stream
temperature
variables
{ch. Vi)

Dissolved
oxygen &
organic
matter
(ch. 1Y)

Nutrients
{ch. X)

Introduced
chemicals
{ch. XI)

Control opportunities
for
bare solil

Bankful width-depth
Water surface slope

Change in discharge or duration®

Bankful discharge’
Suspended sediment’
Bedioad sediment’
Surface erosion sediment®
Fines-mass movement®

Coarse material-mass movements

Median size material-mass movement?

Vegetative shading
Length-exposed reach

Location-latitude®
Year-day-month'
Stream width'
Discharge*

Bedrock!

Azimuth'

Topographic slope’

No specific variables
consider effects upon
each total subject

Administrative closure
of roads

Appropriate cross-
section for roads

Armoring

Avoid roading steep
slopes

Brush barrier filter at
the toe of fill

Close roads after use

Cut and fill siope
configuration

Directional felling

Drainage above cut slope|

Endline of fly material
from waterside area
to upslope landing

Fill slope design and
location

Hold water onsite

Identify soll and geologic
characteristics and
map sensitive areas

Leave vegetation
between site
preparation strips

Limit equipment
operation

Machine or hand plant

*Spa “Soll Mass Movement,” chapter V
‘Can be taken from chapter Ill or measured directly.

TCalculated value.
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Table 11.5— continued

Control opportunities
for
bare soil

Chapter references to the simulation procedure and affected variables

Hydrology
variables
{ch. 111)

Surface arosion

variables

{ch. V)

Ditch

erosion

{ch.1V)
(app.
I¥-C)

Soil mass
movement

variables

(ch. V)

Type and location of cut

Rooting depth

Delivery (user judgment)

Latitude'
Seasonal precipitation'

Width of opening’

Normalized hydrograph’

R (Rainfall)?

LS (Length-slope}

VM (Vegetation-management)
Ground cover density

K (Soil erodibility)
Soil texture

Surface water flux
Slope gradient

Surtace roughness

Distance

Slope shape

R (Hydraulic radius)

S (Slope of channel)
N (Friction factor)

Soil depth

Slope gradient

Drainage characteristics
Siope configuration
Vegetative cover

Annual precipitation’

Storm intensity & duration’

Parent material'

Natural landslides!

Prescribe and execute
burns under condi-
ions that will not
result in total
cleanup

J"B'Esal area

Prescribe limits for the
amount of area dis-
turbed by equipment

Prescribe yarding and
skidding layout

Prevent fire spread out-
side treatment areas

Protect bare surface areas
with non-living material

Reduce log length

Reduce logging road
density

Revegetate treated areas
promptly as local
conditions dictate

Slope length

Species selection

Stabilizing structures
or cut slopes

Type of site preparation
treatment

Use maximum spacing
and minimum strip
width in site
preparation

Waterside area

Wind breaks or uncut
timber to prevent wind
erosion
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Table 11.5— continued

Chapter references to the simulation procedure and affected varisbles

Stream

Total sediment temperature
variabies variables

{ch. V1) {ch. Vi)

Dissolved
oxygen &
organic
matter
{ch. IX)

Nutrients
{ch. X)

Introduced
chemicals
(ch. XI1)

Control opportunities
for
bare soll

Bankful width-depth
Water surface slope

"

Bedrock!

ength-exposed reach
Azimuth!

Location-latitude’
Year-day-month'
Stream width'

Discharge*®

Median size material-mass movement®

Change In discharge or duration*
Vegetative shading

Bankful discharge’
Coarse material-mass movement®

Suspended sediment'
Bedload sedim

Surface erosion sediment?
Fines-mass movement®

Topographlic siope’

No specific variables
consider effects upon
sach total subject

Prescribe and execute
burns under condi-
tions that will not
result in total
cleanup

Prescribe limits for the
amount of area dis-
turbed by equipment

Prescribe yarding and
skidding layout

Prevent fire spread out-
side treatment areas

Protect bare surface areas
with non-living material

Reduce log length

Reduce logging road
density

Revegetate treated areas
promptly as local
conditions dictate

Slope length

Species selection

Stabilizing structures
or cut slopes

Type of site preparation
treatment

Use maximum spacing
and minimum strip
width In site
preparation

Waterside area

Wind breaks or uncut
timber to prevent wind
erosion
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Table |l.6—Control opportunities for channel gradient changes and the variables within the simulation
procedure affected by those controls

Chapter references to the simulation procedure and affected variables
Ditch
erosion Soll mass
Hydrology Surface erosion {ch.1V) movement
variables variables (app. variables
{ch. Il {ch. IV) iV-C) {ch.V
)
z
o -
Control opportunities - - E 5
for 3 €l |- = a =
o @ S a 2 = e
channel gradient s |g] |e| |® 2 ~l= ] =l3
changes c| [ E—égﬂ ._..-.E_g =| |2 512|~ 8|6 217 [
2l 13 1885 |BIE1L18] |8 18 HE R EEE R
HERAEEREEEE ~=§,J HEHEARHHBHEEHEE
2lal 8 ole L?Eﬁ" 2le glol = !:uug‘”ov
H A E 3%8§£Ec§§§3§ w3°g£'8‘-’"ég..§ﬁg
125 225|221 B 5| 8lal 2| =| 5| 85| E| &l S [B|5 8|8 2| 2(5|El2
sl 5|2 el8|e @Sl =22 3 3 5|28 « @ «l'n
3|2 [5(2|2|8 | 5| ElEI2 o 2] 512 €l 2| 5 |RIZIBIE S | &l 5| & 8| 2| €| §| 5
] =5 25wzl 815l 52512 | ol==1=|3 (2] &l e 2|sls
8l212(2(313 [212]z]2l«315(3] 215 B3 ol = |= |3 3] 5[5 [£| £ [a|€| 2
Armoring XX X
Bridges X X
Ditch checks X
Ditch maintenance x| x| x
Maintain natural water
courses
Oversize ditch drain X
Reduction of impounded
water X X X X
Repair and stabilize
damaged areas x| x| x
Space culverts to control
velocity x| x

'Measured value.

2Changes only with location.

3See "Surface Erosion,” chapter IV

‘See "Hydrology,” chapter il

8See "Soil Mass Movement,” chapter V

%Can be taken from chapter Il or measured directly.
’Calculated value.
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Table 11.6— continued

Chapter references to the simulation procedure and affected variables

Dissolved
Stream oxygen &
Total sediment temperature organic Introduced
variables variables matier | Nutrients | chemicals
{ch. VI) {ch. Vi) {ch. IX) (ch. X) {ch. XI)
%
o
3
5 sg
5 £
3 2 [
Control opportunities N sl E é No specific variables
for ol 11 IElElalSl (5 consider effects upon
channel gradient  |= (2| &/ ELI® E gg Oﬂg 'm each total subject
changes HaHEHEHEEHEEAE &
o mcmEEEhEggzg- @
s §% 8o B 8|n|2le|®| 8| £ L
Etz_'ﬂm._”un ala| E|D|e =
3515151817188/ €152 5|7 35| Bs |- |8
3128258815 852 || 8| 3| €| 5[3[5| &
215|122 18 |5l 2 (2|2l 5l%| 3| 5| £|2[2|8
£ 1515 (5(8 (35| 8|5 (3|3 2|2l 5| & 23|58
e B A S G 1 B N S B L L e
Armoring X
Bridges X X X X
Ditch checks x
Ditch maintenance
Maintain natural water
courses X |x

Qversize ditch drain

Reduction or impounded
water

Repair and stabilize
damaged areas

Space culverts to control
velocity

I1.29



Table 1l.7—Control opportunities for compaction and the variables within the simulation
procedure affected by those controls

Control opportunities
for
compaction

Chapter references to the simulation procedure and affected variables

Hydrology
variables
{ch. )

Surface erosion
variables

(ch. V)

Ditch

erosion
(ch. V)

(app.
IV-C)

Scil mass

movement

variables
{ch. V)

Basal area

Type and location of cut

Rooting depth

Delivery (user judgment)

Latitude’'
Seasonal precipitation’

Width of opening'

Normalized hydrograph!

R (Rainfally?

LS (Length-slope)

K (Soil erodibility)

VM (Vegetation-management)
Ground cover density

Soil texture

Surface water flux
Slope gradient

Surface roughness

Distance

Slope shape

R {Hydraulic radius)

S (Slope of channel)
N (Friction factor)

Soil depth

Siope gradient

Drainage characteristics
Slope configuration
Vegetative cover

Annual precipitation’

Storm intensity & duration’

Parent material’

Administrative
closure of roads

o

Natural landslides’

Close roads after use

>

k.3

Directional felling

Endline or fly
material from water-
side areasto
upslope landings

Identity soil and
geology character-
istics and map
sensitive areas

Leave vegetation
between site-
preparation strips

| x

Limit equipment
operation

Machine or hand plant

Prescribe limits for
the amount of
area disturbed by
equipment

Prescribe yarding and
skidding layout

Reduce logging road
density

'"Measured value.

2Changes only with location.
3See "Surface Erosion,” chapter |V
*See "Hydrology,” chapter Il
3See "Soil Mass Movement," chapter V
*Can be taken from chapter il or measured directly.

'Calculated value.
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Table I1.7— continued

Control opportunities
for

compaction

Chapter references to the simulation procedure and atfected varigbles

Dissolved
Stream oxygen &
Total sediment temperature organic ntroduced
variables matter |Nutrients |chemicals
{ch. VII) (ch. IX) {ch. X) {ch. XI)
5 2
gL [E
5| L E " No specific varlables
3 el E § 8 | consider effects upon
S s (o l€ [ ® o s 212 L §_ ‘sach total subject
clGlERIEIS IRRE
B8 A ERh
sl CBRlEEl[ZIEE]E &L*.-%
sER[EE G lels[EELEBEERELR
SEERRElE seEEEEEER
E 5 b =E 73 r§ sEEEbERIRRE

Administrative
closure of roads

Close roads after use

Directional felling

Endiine or fly
material from water-
side areas to
upslope landings

Identify soll and
geology character-
Istics and map
sensitive areas

Leave vegetation
between slite-
preparation strips

Limit equipment
operation

Machine or hand plant

Prescribe limits for
the amount of area
disturbed by
equipment

Prescribe yarding and
skidding layout

Reduce logging road
density
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Table 1I.7— continued

Chapter references to the simulation procedure and afiected variables

\SOPYISPUE) [BIMEN

J|B118)BW JuaiBd

[uoneInp g Aljsusiul wiolg

Soll mass
movement
varlables
(ch. V)

\uoneudiosid jenuuy

JOA0D BAjelebeA

uogenSyuoo edolg

x

solsueeIeyd abeurig

ue|pe.b adojg

XX X |x

widep jlog

(40108} uopoLd) N

Ditch
erosion
(ch. IV)

(app-

Iv-C)

(jeuueyo jo edoig) §

(snipeJ oj|nepAH) Y

adeys edo|g

souB}SIg

X| x| x| X [X

sseuybnoJ eoeung

weipesb edolg

X

XNjj JOJBM BOBLNG

X

X|x] x| x| X

eJnixe} |10S

variables
(ch. 1V)

Aysuep JaA0d punois

Surface erosion

(wewebBvusw-uopeiebep) WA

X

x

(Aungipose 1108) M

(edojs-yibuen)

X|X|X|x

XX |X|X

z(liBjurey) o

ydeiBoipAy pezijewionN

1Buuado jo yipIm

juojendioe.d [guosees

variables

(ch. )

Hydrology

,epmge

(ijuewbBpn[ Jesn) Asealeg

yidep Bupooy

IND JO UODIBD0| pue 8dA}

BOJE [BSRY

Control opportunities
for
compaction

Reduce vehicle travel
Revegetate treated

areas promptly as
local conditions

dictate
Rip or scarity com-

pacted areas
Road and landing

location
Specles selection

Timing of use of

off-road heavy

equipment
Type of site prepa-

ration treatment
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Table 11.7— continued

Chapter references to the simulation procedure and alfected variables
Dissolived
Btream oxygen &
Total sediment temperature organic Introdue:l
variables varisbles matter | Nutrients| chemica
{ch. Vi) (ch. Vil) {ch. IX) (ch. X) (ch. X1)
:
t tle
L @
s 5|
MERREAEL
Control orop:orlmltlu E % %"g 5 _E ﬁ No lmlf.lc" :::.uhp'::
£ L] - cons
compaction gx_%g'gggsgg;gea_ § each total subject
[} - | =
?ei8i2(BlEISIRIBIEIZ[R(3IEL ®
M ERE R EHEE e
HESHHREEHEE B EEREE s
2l IRl ol BE[2 1232133 Blx |2 | 8
2|5|212|2|8|8|5|815 (5 (6 15]3 (5|2 8|2
HHHHEEHEREEEEHHEHER
63 31 G Y G o 5 B B A B A e e Y
Reduce vehicle travel
Revegetate treated
areas promptly as
local conditions
dictate X X % X
Rip or scarify com-
pacted areas
Road and landing
location x|x X x X
Species selection X
Timing of use of
off-road heavy
equipment
Type of site prepa-
ration treatment X x X
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Table 1l.8—Control opportunities for debris in channel and the variables within the simulation
procedure affected by those controls

Control opportunities
for
debris in channel

Chapter references to the simulation procedure and atfected variables

Hydrology
variables
{ch. 11}

Surface erosion
variables

{ch.1V)

Ditch
erosion
(ch.1V)

(app.

1¥V-C)

Soil mass
movement
variables
{ch. V)

Basal area

Type and location of cut

Rooting depth

Delivery (user judgment)

Latitude’
Seasonal precipitation’

Width of opening’

Normalized hydrograph'

R (Rainfall)?

LS (Length-slope)

K (Soil erodibility)

VM (Vegetation-management)

Ground cover density

Soil texture

Surface water flux
Slope gradient

Surface roughness

Distance

Slope shape

R {Hydraulic radius)

S (Slope of channel)
N (Friction factor)

Soil depth

Slope gradient

Drainage characteristics
Slope configuration

Storm intensity & duration’
Parent material

Vegetative cover
Annual precipitation’

Natural landslides'

Bench cutand
compact fill

>

>

b4

>

>

ks

Bridges

»

>

Brush barrier filter at
toe of slope

Directional felling

Eliminate source of
debris

Endline or fly material
from waterside areas
to upslope landings

Fill siope design and
location

Full bench section

Haul woody material
offsite

Limit equipment
operation

Locate activities produc-
ing small woody
fragments away
from water

Maintain ground cover

Protect road bare surface
area with nonliving
material

Remove debris from
stream

'"Measured value,

2Changes only with location.
3See "Surface Erosion," chapter IV
*See "Hydrology," chapter |l

11.34

3See "Soil Mass Movement.” chapter V
8Can be taken from chapter Il or measured directly.
"Calculated value.



Table 1.8—continued

Chapter references to the simulation procedure and atiected variables

Dissolvad
Stream oxygen &
Total sediment temperature organic Introduced
variables variables matter |Nutrients | chemicals
{ch. V1) {ch. VII) (ch. IX) {ch. X) {ch. XI)
g
- : 3
; 1
s H
B 5 ég
Control opportunities 8l | £ 2l . [E 5 No specific variables,
for LE olel |E| |58 &|s| |8 N consider effects upon
debris in channel - 25 'g R Elels|2|® % 2 nach total subject
AN EEREEE L s ]
HEEEEEHBEHEER X
$I°|8l o B &l ol z|2[2| (5| E|B]s £
SIE(D| 8 ol © 8 Ef= (252 5F| &z |S
HMEEEEEERIREMEERHEEE
AR EEEHE RE R ME R
c mgwbtﬂmgm ol®|2lolE
g |2 |(c :3:50 o5 |8 2|52 o|wN|o
BRI B R e s - o el ] e P P e Y
Bench cut and
compact fill X X
Bridges X |x X X X
Brush barrier filter at
toe of slope X X X
Directional felling X |x X X X
Eliminate source of
debris xXix X b ¢ X
Endline or fly material
fromWwaterside areas
to upsiope landings X x X X
Fill slope design and
location X
Full bench section x|x
Haul woody material
offsite x|x X X x
Limit equipment
operation X|x X X X
Locate activities produc-
ing small woody
fragments away
from water x| x X X . b 4
Maintain ground cover
Protect road bare surface
area with nonliving
material X X X
Remove debris from
stream x| x X X X
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mov ament
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eipeib edojg

uidep jlog

(103084 UONOLIY) N

Ditch
{app.

IV-C)

{(leuueyd jo edo|g) S

erosion
(ch. V)
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Table 11.8— continued

variables
{ch. IV)

AJiSUBep 18A02 punoin)

(wewebeusw-uoneieboa) WA

Surface erosion

(Ayngipoie 108) M

(edojs-yibue) S

sieyuiey) Y

\udeiBoipAy peziewioN

1:Buiuedo jo uipim

wopeldipeld jeuosees

1 9pniiieT

Chapter references to the simulation procedure and affected variebles

(iuewbBpnl Jesn) Aieaeq

Hydrology
variables
(ch. 1)

yidep Bunooy

N2 JO uo|B20| pue edA)

go.B |eseq

Control opportunities
for
debris in channel

X

XIX|X|X]|X XXX

X
X

X |x [x[x
11.36

areas promptly as
local conditions

dictate
Road and landing

damaged areas
Revegetate treated
location
Waterside area
sites

Repair or stabilize
Woody debris disposal




Table 11.8— continued

Chapter references to the simulation procedure and affacted varlables

Dissolved
Stream oxygen &
Total sediment temperature organic Introduced
varisbles variables matter | Nutrients] chemicals
{ch. ¥1) {ch. VIl) {ch. IX) {ch. X) (ch. XI)
::.:.
L)
- LA E
c
s 8| 3
g § E
N |28
Control oroportunlﬁu E 3 _E % 9 ;f'u 5 No ﬂTdocllicﬂ ::2Ib|“,
r -::_00'_0__'0 g,: o £ consider upon
debris in channel FEHEEBR g El 5| & 2| |. 2 sxch total subject
elelc| 5| @ =l %o o= 9]
HEAEHEEHEHEEE ®
HHEHMEERERGHERE o
HEEEEEEEEEEHEEE A
- o = i - L
HNE R RERE HEEEEEEE
HEHEEREEEE ?°§93§5§
m?ommmwtoi:-ﬂg-a-ﬁﬁ 2|2
Repair or stabilize
damaged areas x|x X X
Revegetate treated
areas promptly as
local conditions
dictate X X x
Road and landing
location XX x
Waterside area x| x X
Woody debris disposal
sites X |x X X
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Table 11.9—Control opportunities for excess water and the variables within the simulstion
procedure affected by those controls

Chapter references to the simulation procedure and affected veriables
Ditch
erosio £oll mass
Hydrology Surface erosion {ch. IV mavement
variables variables (app. variables
{ch. Ill) {ch.1V) Iv-C) ‘ch. V)
| |- £ S
HEEHRAREG & 3 z
Control opportunities | [° sl |2 8| > - = I -
for ° El |12 b Gla @ § 5l s 3l |-
excess water S B |12l NEEHEHBERE: ZlEls 8. l1Elal |8
ol 12] 12| 815 |Bl& c|8] |B[_]2 Bl s|8 Ecs?ﬁ =|g
@ le|w slel2] (8|5l elx —|E|£ Slslel (gl5ls alelelz
18] 18] 815115218 121282 |=|ell|8| |8|8|58|5|2|s|8
= O E R e R M EHREEREREREETHEEE
uu‘-'i‘—"l“ aguagﬂhozﬂoo"swr:anEE
< ‘b°:°=Et_mnxom omhn_:t-—n'm Ul=l= —_
|2 Elo Q== oo 3 g ° ole © Tlw = ®©
wo:gzsa_:oa‘:-mg.m elN2I<|Clelc|e| 8| 3| E[S|5
8803":&6\-0:“'“’ 3:".: 'L'SQIU)U.:QE(}QQ‘-EB
aogfim =l s|=lnl=Z|2lal5|el 3|2l 2lHA= =gl el Sl ol c{lalw
—|C|ald|w|Z|Z|cla|x|> 0@ |0|n|n|o|o|lc|u|z|b|®é|ale] > |<|v|a]|Z
Cutting block design X |x X xlx % x b X
Identify soil and geology
characteristics and
map sensitive
areas X b X
Machine or hand plant x| x|x X
Maintain ground cover X x| x| X X X
Out slope fire break lines
or terraces x| x X X|» %
Prescribe and execute [
burn under condi-
tions that will not
result in total clearing x| x X
Revegetate treated areas
promptly as local condi-|
tions dictate X X[ x X
Species selaction x[{x}xix x
Type of site preparation
treatment X|X] XX XX %] x| x AR
Use maximum spacing
and minimum strip
width in site
preparation X |X x| X X X X
Waterside area X X[x[x]|x X x| x

'Measured value.

2Changes only with location.

3See "'Surtace Erosion," chapter |V

“See "Hydrology." chapter Il

5See "Soil Mass Movement,” chapter V

*Can be taken from chapter Il or measured directly.
'Calculated value.
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Table 11.8—continued

Chapter references to the simulation procedure and nffected variables

Dissolved
Stream oxygen &
Total sediment temperature organic (Introduced
variables variables matter | Nutrients | chemicals
{ch. V1) (ch. YII) {ch. I}{) {ch. X) {ch. Xi)
£
E
5 HE
8 £|8
3 95 § 8
Control opportunities g = E 5 E § o specific variables
for £18|2 |e ., 'E e - consider effects upon
excess water gl S|8IE(F E|s|c ks a each total subject
MEEBRAEBEEHEEE 3
HEEHEHHEE R AR
— N @ |2 e
HHESESEEERRHEEHE RN
HNEHEBEREEEEEIEREEEE
$|5[2|2(3/<| 8 2/2(5(2 3 (8|2 (385 |
E?omwmmtoi>3.;§ﬁﬁhm2-ﬁ
Cutting block design x|x

Identify soll and geology
characterlstics and
map sensitive
areas

Machine or hand plant

Maintain ground cover

Out slope fire break lines
or terraces

Prescribe and execute
burn under condi-
tions that will not
result in total clearing

Revegetate treated areas
promptly as local condl-
tions dictate

Species selection

Type of site preparation
freatment

Use maximum spacing
and minimum strip
width in site
preparation

Waterside area




Table 11,10—Control opportunities for onsite chemical balance changes and the variznles
within the simulation procedure affected by those controls

Control opportunities
for
onsite chemical
balance changes

Chapter references to the simulation procedure and affected var ables

Hydrology
variables

(ch. Ill)

Surface erosion
variables
(ch.1v)

Ditch
erosion
{ch. IV)

(app.

IV-C)

Scil mass
movement
vuriables

ch. V)

Basal area

Type and location of cut

Rooting depth

Delivery (user judgment)

Latitude’
Seasonal precipitation’

Width of opening’

Normalized hydrograph®

R (Rainfall)?

VM (Vegetation-management)
Ground cover density

K (Soil erodibility)
Soil texture

Surface roughness

Surface water flux
Distance

LS (Length-slope)
Slope gradient

Slope shape

R (Hydraulic radius)

S (Slope of channel)
N (Friction factor)

Soil depth

Slope gradient

Vegetative cover
Storm intensity & duration’

Drainage characteristics
Parent material®

| Slone confiauration
Annual precipitation’

Natural landslides!

Chemical application

>
b3
>

>

Control ash or dust
build-up

Haul woody material
offsite

Identify soil and
geology character-
istics and map
sensitive areas

Keep pesticides and
rodenticides well
away from surface
runoft

Locate corrals away
from streams (animal
skidding)

Machine or hand plant

Pile material in patterns

Protect fuel storage
areas

Revegetate treated
areas promptly as
local conditions
dictate

Species selection

Type of site prepara-
tion treatment

Woody debris disposal
sites

X|xX| X

'Measured value.

#Changes only with location.
3See "Surtace Erosion,” chapter IV
*See "Hydrology,” chapter Il|

%See "Soil Mass Movement,” chapter V
%Can be taken from chapter Il or measur=d directly.

"Calculated value.
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Table I.10— continued

Chapter references to the simulation procedure anc affected variables
Disscived
Stream oxygeon &
Total sediment temperature orgahic introduced
variables variables matisr | Nutrlents| chemicals
{ch. vi) (ch. Vi) {ch. IX) {ch. X) {ch. XU)
)
c
@
- < §
5 s
g E|E
5 .| |8
° - o
Control opportunities sl |_ E-.'.. E § e
for ARERE E 2w g . No specific variables
onslte chemical £ §- g':, 2% § HEEEER (3 ionslider effects upon
balance changea gaﬁ 53 uE> g ST;E-E-§§'£ g sach total subject
gl el 2|l JIEI2| ElT 3| El:
CEEEREEEEEREEEEMRE
_3;Egugg°2-zg,553§§
E...ga...ogwé.n_u £i=|9 Eg:g
FEHEEEEHEEEEEEEE R
miomlw alz|31=|3| 8 8| 8 &l 5|8l <
Chemical application X X X X
Control ash or dust
build-up X X X
Haul woody material
offslie X X b
Identify soll
and geology character-
istics and map
sensitive areas
Keep pesticides and
rodenticldes well
away from surface
runoft X X X
Locate corrals away
from streams (animal
skidding)
Machine or hand plant
Plle material in patterns X
Protect fuel storage
areas X X X
Revegetate treated
areas promptly as
local conditions
dictate
Specles selection X X X
Type of site prepara-
tion treatment X X X
Woody debris disposal
sites X X X
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Table Il.11—Control opportunities for slope configuration changes and the variables within the simulation procedure
affected by those controls

Chapter references to the simulation procedure and affected variables
Ditch
grosion Sclmasse
Hydrology Surface erosion (ch.1V) movement
variables variables {app. vaiables
{ch. ill) {ch.1V) IV-C) (“h. V)
<
£ g
Control opportunities 2 ‘g = |5 o 8 =
for sl El |18 |8 g1z —_l= 7 =3
M - @|» W) o | E he] 2
slope configuration c| & Slo 2 zl=|Els x @ 38|~ 8|6 o b “
changes 2| 12| |glels] |alE|Z|a] |82 FIEE S|% &8l2|%l=8
glclol 18le(xl (213 [sfe] |s|E|S Slels| |EISl5 2G| 2182
SlIEIB| 18I18I1F| 215 |212].| 8|83 |e|c|l|8]| |2|8|5'8|5|2| |0
g|2[8(2] (215|3El2]e [2/3]813IR|2] |815]3]c |<|B]S|E «|2|8|"|5
e TleislslR2IP|e (202 2| Sl |al2| 2| els |BlEl0|s 2|5 E|ElS
alG| o c|C|5IEIS|= |o|e|X| 2o e|o|d]|5|alE |e]? 2 ° Bl=|"|-ls
B clo|%o ol=l2)F [>|c|®| @ Ol c oll|g « Slw el ®
slolES(2(2]|o|E(EIEI2I3 =53] 8| 8l 8| & FlalE AHER I HEEBE
212(8(3(%|8|2(5[5 = (212135 ol5]2| o= 2= 5| 218l BIE|S|5|E
o= |o|d|e|Z|Z|c|a|x |Slole|a|n|e|d|n|c|n|z |[d|e|o|ln > |<|h|a|Z
Appropriate cross section
for roads X X X x| x| x| x X [ x| x
.
Avoid roading of steep
slopes X X x| X X|[X]|x
Bench cut and compact
fill X x| x X x| x| x| x| x XXX X
Break gradient of fire
lines X X b4 X[x|x
Divert water onto stable
areas X X
Drainage above cut
slope x| X x| X X X x| x| x x| x
Full bench section X x| x|x X x| x| x X[x|[x x
Identify soil and geology
characteristics and
map sensitive areas X X X x| X
Limit equipment
aperation X |xXix X | X
Machine or hand plant X |x|x X
Maintain ground cover X X|X|x X
Prescribe yarding and
skidding layout X| xX|xX|x x| x x| x X
Reduce logging road
density x| % |x |x X %) % X x|x
Reduction of impounded
water b 4 X % X
Revegetate treated areas
promptly as local
conditions dictate X X |x X '
Road and landing
location X x| x X x| x| x| x| x X x]x|«
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Table Il.11—continued

Chapter references to the simulation procedure an affected variables

Dissolved
Stream oxypen &
Total sediment temperature organle Introduced
variables variables meaiter | Nutrients| chemicals
{ch. V1) (ch. Vi) (ch. IX) {ch. X) {ch. XI)

Control opportunities
for
slope configuration
changes

No specific variables
consider effects upon
each total subject

Change In discharge or duration*
Coarse material-mass movement®
Median size material-mass movement®
Vegetative shading

Bankful discharge’

Bankful width-depth
Surface erosion sediment?
Fines-mass movement®

Water surface slope
Suspended sediment’
Bedload sediment!
Length-exposed reach
Location-latitude’
Year-day-month’
Stream width!
Discharge®

Bedrock!'

Azimuth!
Topographic slope’

Approprlate cross section
for roads

Avold roading of steep
slopes

Bench cut and compact
fill x|x ¥ X X

Break gradient of fire
lines

Divert water onto stable
areas

Drainage above cut
slope

Full bench section xXIx ¥ x x

Identify soll and geclogy
characteristics and
map sensitive areas

Limit equipment
operation X |x . X X

Machine or hand plant X
Maintain ground cover ] X b

Prescribe yarding and
skidding layout

Reduce logging road
density

Reduction of impounded
water

Revegetate treated areas
promptly as local
conditions dictate x| x

Road and landing
location Xx|x X X
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Table 11.11— continued

Chapter references to the simulation procedure and affected varizbles
Ditch
erosion Soll mass
Hydrology Surface erosion {(ch. IV) movement
variables variables (app. varinbles
{ch. llI) {ch. IV) IV-C) (ch. V)
=
=
o T
Y i E - =]
Control opportunities 3 |E| |- = 3 ° s
for -6 E _E E g é’ = ® = 5
slope configuration o |5 q e ® g% HEREMEE
h HEEIREEHEGEEEARERE = HEIME CIRE
changes s 3 [1218] |&12]2[8] |2[.(8 | IBlE(B] |«|8IF|2|E|2lz]2
slclel [8l512] (813|185 |5lElS Slslt| [El5]5]38E]128]5
8|gl8 Y S M E R E M E ] E IR ME: 2| 3(T|2|6(o
S EE R R G BRI EEH ARG E R BEE R EEEEEE
olo|®|=. |5 AEHEEIERIRE c|l=lB ol el g8
b - | ® NS Do - c|® __n..og__ c| E
LHEREHREEEEEEEEREHREEHERENE EREE
- Ele = ‘© I=) - ~Nelc|o 3 cl=
SHE EIE|2{ 3|33 €| &1(5| & o)k | =| & 5| &l 5 2| E| 8|2
§§8g=%ﬁaﬂmHEEsseaﬂgvvv‘agEg; clo|&|&
a| 22| 8| 8|32 2| x| 8] x| 5|0 |a| bl b |o|a|6|c|n|z |w|b|S|®| »|<|6|a|z
Slope rounding or re-
duction in slope cut X X x X x| x| x
Species selection x| x|x X
Stabilize structures or
cut slopes X|x|x
Type of site preparation
treatment x| x| x| x x| x| x| x| x x| x| %

'Measured value.

?Changes only with location.

35ee "Surface Erosion,” chapter IV

‘See "Hydrology.” chapter Il

5See "Soil Mass Movement,” chapter V

sCan be taken from chapter lll or measured directly.
"Calculated value.
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Table Il.11— continued

Control opportunities
for
slope configuration
changes

Chapter references to the simulation procedure and a'lected variables

Slope rounding or re-
duction in slope cut

Species selection

Stabillize structures or
cutslopes

Type of site preparation
treatment

Dissolv:d
Stream oxygen &
Total sediment temperature organic Introduced
variables variables matte Nutrients | chemicals
(ch. V1) {ch. Vi) (ch.1X) | (ch.X) | (ch.Xn)
E
=
@
2 +(§
) 8|3
8 HE
2 ARHE
o E. E|S
o —
- ol 12| IE|5 § - S _ N specific variables
N E R El=|o 3 ° consider effects upon
Slo|la|B|E|E|n|e|E|8|S|~]|= a
=2l D=l 2Ll ]l5u]®]|E o sach total subject
MEEHEEEEEEEEER @
%§E‘§"’§'§E§o%§£gg Q
2(S|=(5 (315 15(8 815 2(X12 338 | (8
EN B E RO E RS R E R EE
HBEE R E AR A ERBEE MR E R E o
HHEEHEHEEHEEEEEEEREE
alzlo|o|ale|a|co|Z3(3|22|H|E8]a|<|R
X
X X X
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Table Il.12—Control opportunities for stream shading and the variables within the simulation
procedure affected by those controls

Chapter references to the simulation procedure and affected varinbles
Ditch
lerosion So | mass
Hydrology Surtace erosion (ch. 1V) mo rement
variables variables {app. vaiables
(ch. 1) {ch. 1V) IV-C) (ch. V)
[
5
sl e : £ H
. =3 = =
Control opportunities ol |IS| |=| |& o 8 @
-— (=) ] c & ey ‘6 — |13
for sl |§ 2] |5 G |® - %8 e |§|o
streamside sh c 2z =l=z=|elE| |x 3| sle| |8 ';,
dig 18l 3] (EIRIE] (RIZIELR] 12 18] | |BI5(B] | IBIE slE|t)= |8
= HEEREEREMENEE Eg‘s HEIBHEREER
glal8 (28|15l |?B|%|8], 12212 [o|el2]8] |2|8|o 0|52 |8|a
3<(812 noggggsoeggo %50:530‘599055
2RI olBls N2 822|225 e 2| 2le (S|l &l el 2[a|E|€|2
s|5|213 8l5 (55| 5= |8 2|5 8 @[] |75 |85| 8l %2 B ls|t| =7
5lol|=|2| 2| B|E|EIEIRIGIZI5[2 ]| gl (8l 2121512 8| & B[S |E|S|5
WQ0==3‘UL_. v °="ot'ﬁo-—-—--—-=o“’c“:0‘-“'
ool ® =|0 ) Z|=|e|5|e|5|e |2 slelc|€ o|c|8|a|lm
oi-|ElQ|d|u(F|Z|cbix (> |0|o|d|n|?|d [B|c|v|z|o|n|o|e > |<|db|a|Z
Cutting block design X [ x x % X [x X X
Directional felling x |x X
Revegetate treated
areas promptly as
local conditions
dictate X |x X
Waterside area ) ¢ X |x|x X x| x X

"Measured value.

2Changes only with location.

3See "Surface Erosion,” chapter |V

“See "Hydrology," chapter III

5See "Soil Mass Movement,” chapter V

8Can be taken from chapter Il or measured directly.
’Calculated value.
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Table 11.12 — continued

Chapter references to the simulation procedure and affected variables

Disscived
Stream oxygen &
Total sediment temperature orgenic introduced
variables variables matter | Nutrients| chemicals
{ch. Vi) (ch. Vi) (ch. IX) {ch. X) (ch. XI)
'
@
- ':s §
é ElE
31|l I5l8
Control opportunities & - E ¥le E T No specific variables
for %g&h .13 28|18 |8 » consider effects upon
streamaide shading | 51 9| S| 8 E|El | o E A g each total subject
-] = c et
2882 BIEISEITE2 g2 I5e] | | 2
"’““ﬁuoggﬁﬁﬂ HEHER £
3(5\=(5| 81 %) 5| 81215 2 3|3 5| 35[0 | [B
3| %l el5|5 (8| 8l E| o] 5| |2 || 8| €| 5| B[ 5[ B
EHEEREEHEE EEEHEEEE
8|2|5|8|3| 8|3l £| 32| €| 8| 8] 2| 5| 8|3 2|
Cutting block design x| x
Directional felling x| x X X X X
Revegetate treated
areas promptly as
local conditions
dictate X X X X
Waterside area x| x X X
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Table Il.13—Control opportunities for vegetation changes and the variables within the simulation prccedure affected
by those controls

Chapter references to the simulation procedure and affected variables
Ditch
erosion Scil mass
Hydrology Surface erosion {ch.1V) movement
varlables variables (app. viriables
{ch. Ill) {ch. IV) 1I¥-C) (ch. V)
i
§ T
Control opportuniti 3 Bl | |5 5 8 2
ontrol opportunities o 5 o o ? e 2 @
for 5| [E| 8] |2 5 sl | | [2le| [5]2
vegetation changes c| [ 18]S |=l<{EIE x| |2 alel alel |2 —&?
sl 3| (&l218| (&ZZ18] 121U | |2I5(8] | |35 s (8|2
B = £lg =le ~|. @ - @] ® = »FI2
@l c Ble O|5|6 v |E| £ <0 :-—;.[’a:ﬂ--
ol=s|s = HEIEAH] ole ™ Ols QQUS-— = |»
olQlm La sl R|miz lolEi=]D gg..- =& 8823
s=13I3| [2o]lBI=IEI8a|3]5]8(5|2| |S13]% ]l °E oB|el=|5
Eou“va_ugmo o3 o e alole|=|8elalzlx|E|lE|R
MR EEHEE RN A E RN EEEG 38-...__._ =
ug’c'oo gl=le|==m|c|o|o Ole Uogv O |'w |®
B e|E|212[ € |2 3[=I3 | 28|18l IFGIE 12| &SR 82| €[ 6|5
Q.0=‘agr:\-._, bl ol=|%|o1 |8l ol=|LIE[=|ol®|o D|E|c| =5
g|>]lo|o|® =| 0 7)) Z|=|B|3|2|3]2|L oll|El2 d|E|l8|m|®
—l|ald|w |2 Z|e|d|x|> |0 | |o|n|o|Gle|c|e|z|a|elalh > |«<|v|a |z
Cutting block design x| x X X X x X
Directional felling x| x
Leave vegetation
between site prepara-
lionsitrips b S x| x x| x X X X
Machine or han_d plant x| x| x X
Maintain ground cover X x| x| x X %
Prescribe limits for
the amount of area
disturbed by
equipment x| x| x( x X x| x| x x
= _ = B
Species selection x| x| x| x X X
Timing of chemical
_applications | g x| x X X
Type of site prepara-
tion treatment _ x| x| x| x X x| x|x]x x| x| x
Revegetate treated
areas promptly as
local conditions
dictate ; X x| X ! L X

'Measured value.

*Changes only with location.

3See "Surface Erosion,” chapter IV

‘See "Hydrology,” chapter Il

%See "Soil Mass Movement," chapter V

8Can be taken from chapter Ill or measured directly,
"Calculated value
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Table 11.13 — continued

Control opportunities
for
vegetation changes

Chapter relerences to the simulation procedure and affected variables

Total sediment
variables
(ch. VI)

temperature
variables

Dissolved
Stream oxypen &
organic introduced
matter | Nutrients| chemicals

(ch. Vi) (ch 1X) | (eh.X) | (ch.X1)

Bankful width-depth
Water surface slope

Change In discharge or duration*

Bankful discharge’
Suspended sediment'
Bedload sediment’
Surface erosion sediment?
Fines-mass movement®

Median size material-mass movement®

Coarse material-mass movement®
Vegetative shading

Length-exposed reach

=

Year-day-month'
Stream width!
Discharge®
Bedrock!'
Azimuth!

Location-latitude!
Topographic slope’

No specific variables
consider effects upon

each total subject

Cutting block design

>
b3

Directional felling

»

b3

Leave vegetation
between site prepara-
tion strips

Machine or hand plant

Maintain ground cover

Prescribe limits for
the amount of area
disturbed by
equipment

Species selection

Timing of chemical
applications

Type of site prepara-
tion treatment

Revegetate treated
areas promptly as
local conditions
dictate




Table Il. 14—Control opportunities for water concentration and the variables within the simulation pracedure affected
by those controls

Chapter references to the simulation procedure and affected viriables
Ditch
erosion £.0il mass
Hydrology Surface erosion {ch. V) movement
variables variables (app. variables
{ch. 111) (ch.1V) 1v-C) {ch. V)
E -
8 c
- = . @ 9
Control opportunities 3| |5l 1=| 5 S 8 =
for s ||l || |g 2|z =I5 ® 215
water concentration |l 1B 1BlL18] l=llElE] |x| |2 S|~ alsl 1815 |-
sl 13! IZ1=218] I?1ZI512] |3) |8 5lels sl |15 1=] |8
= 2 al cl|a al= o = 2ls|e alel8 —lo
- =1 = =|c - |E [+ —|m] = .
HEAREEEREHEN el bl P k5 glsl5zlalgl|e =
gla|2| (B85 2BI5I2]o[21213] [elelol®] [218]2]85 2|8 e
al=|2]|3] [ olB|=lslels|e|e(el2|al [215|°]c|clB]|Cl8 |o|®]|a]||S
elelelo] Isl< |ElE |l s &0 121218l 5o |2l sl fs |B| ol G izla 2|l
S R B E S EH B M R B G R HE E B R EH G G R E - e
(i C@Uo W'—m'—}c |0 Qlc "UQQ [1+] E@ = lm
=22 :EM'JO‘—'J"‘UQGWO}‘—""DSC‘EBEE"'
AR R E P R RS [ g (] ol=ltiglsinISEILIL =& &] ol El5|E 12
agl=[o]|o|wlels el =lnl—lZ|= B3 |2|3|2|e|—|—|—1o|8| S| |elc|8|a|m
(ool o g [ BB 171 B 4 [ ol pil 90 5 (G (70 (70 (70 17 (= (7] [ 4 17 =4 A 2 D= Gl B A (A - 4
Administrative closure
of roads x| x| x
Armoring X X
Avoid roading of steep
slopes X X b 4 x| x x| x|»
Break gradient of fire-
lines X X X x| x|»
Close roads after use x| x| x Lx
Curbs and berms X X x| x]x
Cutand fill slope con-
figuration X X x x| x| x x| >
Cutting block design x| x b x X X x %
Ditch checks x| x
Ditch maintenance x| x| x
Divert water onto stable
areas X X
Drainage above cut slope X |x X X X x| x| x x| x
Hold water onsite X X x X X X
Identify soil and geology
characteristics and
map sensitive areas X X b 3 x| x
Leave vegetation between
strips _ X x| x x| x X X x
Limitequipment
operation x| x| x X x| x
Machine or hand plant x| x| x b
Maintain natural water
courses X

11.50



Table Il.14—continued

Chapter references to the simulation procedure and affected variables

Dissoived
Stream oxypen &
Total sediment temperature organic introduced
variables matter |Nutrients | chemicals
(ch. ViI) (ch 1X) | (ch.X) | (ch.X)
[
; HE
3 HE:
3 (1] |52
Control opportunities sl | E = g E £ No specific variables
for clolel IE] 15|28z . consider effects upon
water concentration | &8 ??& 2l=|8 § £ 5 JE » 2 each total subject
el 2= s = -
28|82 (31E\5 23 E (2182 Elcl | | [2
“gu.ggggw‘iﬁ“nﬁ'éﬂ- =
215151212 e B 815|212 (3] £ 31 % 8|z 8
= =11 c L= -
SHEEESHBHEEEHEEHERT
[= ] -] =g = %
£1215|2|318|31 5151218151818 51212 3]

Administrative closure
of roads

Armoring

Avoid roading of steep
slopes

Break gradient of fire-
lines

Close roads after use

Curbs and berms

Cut and fill siope con-
figuration

Cutting block design

Ditch checks

Ditch maintenance

Divert water onto stable
areas

Drainage above cut slope

Hold water onsite

Identify soil and geology
characteristics and
map sensitive areas

Leave vegetation between
strips

Limit equipment

operation X

Machine or hand plant

Maintain natural water

courses x
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Table 11.14—Control opportunities for water concentration and the variables within the simulation pri.cedure affected
by those controls

Chapter references to the simulation procedure and affected va iables

Ditch
erosion Soil mass
Hydrology Surface erosion (ch.1V) movement
variables variables {app. vaoriables

{ch. 1) (ch.1V) IvV-C) ch. ¥)

Control opportunities
for
water concentration

VM (Vegetation-management)

Ground cover density

Soil texture
Storm intensity & duration®

Delivery (user judgment)

Latitude’®
Normalized hydrograph’

R (Rainfall)?
Drainage characteristics

Type and location of cut
| @lAana .-.ﬁ..-..s:.,....,..:f\_

Rooting depth
Seasonal precipitation’

Width of opening’
S (Slope of channel)
N (Friction factor)
Annual precipitation’

K (Soil erodibility)
Soil depth

LS (Length-slope)
Surface water flux
Slope gradient
Surface roughness
Distance

R (Hydraulic radius)
Slope gradient
Vegetative cover
Parent material'
Natural landslides’

Slope shape

Basal area

Minimize convergence of
firelines

Outslope firebreak lines
and terraces x| x X x| x

Oversize ditch drain X
Pile material in patterns J X|[x|x

>

Prescribed limits r
for the amount of |
area disturbed
by equipment X|X|X|x% x x| x| x| x

Prescribe yarding
and skidding
layout X{x|x|x x| x x| x | x

Reduce road grades X X x| x X

Reduce vehicle
travel x| x([x X

Reduction of
impounded water X X X

Remove debris from
stream

Repair and stabilize
damaged areas X x| x| x

Revegetate treated
areas promptly
as local condi-
tions dictate X x| % X

Rip or scarify com-
pacted surface X x|% X x X

Road and landing
location b 4 x| x X x| x| x| x| x x| x| x x

Road ditch X X X
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Table Il.14—Control opportunities for water concentration and the variables within the simulation
procedure affected by those controls — continued

Control opportunities
for
water concentration

Chapter references to the simulation procedure anc affected variables

Total sediment

variables
{ch. Vi)

Stream
temperature
variables
{ch. VII)

|Dissolved
| oxygen &
organic
matier
{ch. IX)

Nutrients
(ch. X)

Introduced
chemicals
{ch. XI)

Bankful width-depth
Water surface slope

Change in discharge or duration*

Surface erosion sediment?
Fines-mass movement®

Bankful discharge’
Suspended sediment’

Bedload sediment’

Coarse material-mass movement®

Median size material-mass movement®

Vegetative shading

Length-exposed reach

Location-latitude’

Year-day-month!
Stream width’
Discharge®

Bedrock!

Azimuth?

Topographic slope’

No specific variables
consider effects upon
each total subject

Minimize convergence of
firelines

Outslope firebreak lines
and terraces

Oversize ditch drain

Pile material in patterns

Prescribed limits
for the amount of
area disturbed
by equipment

Prescribe yarding
and skidding
layout

Reduce road grades

Reduce vehicle
travel

Reduction of
Impounded water

Remove debris from
stream

Repair and stabilize
damaged areas

Revegetate treated
areas promptly
as local condi-
tions dictate

Rip or scarify com-
pacted surfaces

Road and landing
location

Road ditch
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Table 11.14 — continued

Chapter references to the simulation procedure and affected variables

Ditch
erosion S0il mass
Hydrology Surface erosion {ch. IV) movement
variables variables (app. variables
{ch. lil) (ch. V) 1v-C) ch. V)
C
5 -
Control opportunities s| [E| 18] |® g% e @ =I5
o el 18] |1B]=l2 sl=lEls| 1z] 18] | (B12l<] | |8lE] |2I2] |2
water concentration gl 3] 1525 |&IEIZ8] |2] |2 3|55 G135 528%=) 8
‘E;.:;_ B|IE| > EEOL :..E.C el ‘:‘h—ﬁ"'ﬁ.;ﬁ'ﬂ':
8(3(8| |5(Blc|=|23|5I2|o(212(3] |glelal®| |8|E|2 8|52zl
si= 1813 1%o|B|Z|ElS|5I8|5|5(R|e &13|%|<|<|B|°|E| 0| 88| ®| S
ele o Bl5|N[E28(aC 2718l -lolcilelo(F(Sals 2|a|E| €2
EEEEEHREE RS AHAREEREEEGRE R EEEE
ﬁmgg:gggudoazawmmumh.g':tla:gs;scg
QO:-:mus.I“"W o::nt“nzmu-z T cl=|2 2
ghoo‘am-—o“‘m“:ﬁ o|3|12131218 ||~ 1o|8|E|E olc|8|ml®
o|~c|o|ld|n(s|Z|lc|dx(> wnondnlcon|lz|ln|lnldod ><oalalZ
Sediment traps X X X
Slope length X X X
Space culverts to
control velocity x| x
Species selection x| x{x|x X X
Timing of use of
off-road heavy
equipment X X
Trash racks x| %
Type of site
preparation
treatment x| x| x| x %X} X} X} x x| x| X
Use maximum spacing
and minimum
strip width in
site preparation X x| xd
Waterside area X x| x| x| x X

‘Measured value,

2Changes only with location.
3See "Surface Erosion,” chapter |V
‘See "Hydrology,” chapter lll
5See "Soil Mass Movement," chapter V
%Can be taken from chapter Il or measured directly.

"Calculated value.
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Table ll.14 — continued

Control opportunities

for

water concentration

Chapter references to the simulation procedure and affected varlables

Total sediment
variables
(ch. V1)

Stream
temperature
variables
(ch. Vil)

Disso/ved
oxygon &
organic
matier
{ch. |X)

Nutrients

(ch. X)

Introduced
chemicals
{ch. XI)

Bankful width-depth
Water surface slope

Change in discharge or duration*

Bankful discharge’
Surface erosion sediment?

Suspended sediment!
Bedload sediment’
Fines-mass movement?

Coarse material-mass movement®

Median size material-mass movement®

Vegetative shading

Length-exposed reach
Location-latitude’
Year-day-month’
Stream width'
Discharge®

Bedrock!

Azimuth'

Topographic slope!

No specific variables
consider effects upon
each total subject

Sediment traps

Slope length

Space culverts to
control velocity

Spacies selection

Timing of use of
ofi-road heavy
equipment

Trash racks

Type of site
preparation
treatment

Use maximum spacing

and minimum
strip width in
site preparation

Waterside area

I1.55



SECTION D: CONTROL OPPORTUNITY
DESCRIPTIONS

All controls are listed in alphabetical order with
a brief description of each control. Some reference
sources are listed, but, in general, the following can
be contacted for further information regarding the
controls,

Engineering Controls
Engineering, Forest Service
Soil Conservation Service
Soil Conservation Districts
State and county highway departments

Silvicultural Controls
State and Private Forestry Offices, Forest Ser-
vice
Timber Management, Forest Service
Watershed Management, Forest Service
Soil Conservation Service
Soil Conservation Districts

This section can be used in any phase in the
process of choosing mixtures of controls.

Administrative Closure of Roads
Procedural/Preventive/Mitigative — Bare Soil,
Compaction, Water Concentration

Closing roads to all traffic during wet periods of
the vear prevents rutting and related concentrated
flow in ruts. It also reduces compaction and sedi-
ment production on road surfaces,

Appropriate Cross-Section for Roads
Preventive — Bare Soil, Slope Configuration
Changes

Consider the erosion potenuals from various
cross-sections of the road. Choose cross-sections
that offer the least impact on the resource.

Design combinations can be chosen from existing
typical cross-sections. See State or local highway
departments for information. The least erodible
section will vary with condition of soils, cross
slopes, precipitation, and road locations. Some ex-
amples are:

Crown with ditch and culverts
Crown with ditch and water bars
Dips

. Inslope with culverts

Inslope with water bars
Qutslope

Tumpike

R
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Armoring
Preventive/Mitigative — Bar Soil,
Channel Gradient Changes, Water ( ‘oncentration

Armoring protects ditches, chaniels, and low
water crossings or outfalls. In additicn, it stabilizes
the channel, prevents damage from e ldies, reduces
erodible material, and reduces mair tenance.

Some examples of armoring are; i rmor ditches,
armor cut banks for concentrated flow, armor fill
slopes below vertical curve sags, arn or culvert in-
lets, armor tops of cut ditches, armor at cross
drainage pipes and ground or chann:l culvert dis-
charges.

Avoid Roading of Steep Slopes
Preventive — Bare Soil, Slope Configuration
Changes, Water Concentre tion

If alternatives are available, locate roads on flat-
ter slopes. Vary both the grade anc alignment to
minimize mileage on steeper slopes. Roads should
be built to grade on slopes. Such oad planning
reduces bare soil per mile of road, reluces slope of
cut-and-fill slopes, and reduces leng h of cut-and-
fill slopes.

However, it should be noted that i: creasing road
mileage can also increase total sed: nent produc-
tion.

Bench Cut and Compact Till
Preventive/Mitigative — Debris in Channel,
Slope Configuration Char zes

Cut benches into natural slope and compact fills
to reduce mass failure. This method i- usually used
on cross slopes greater than 30 percert in unstable
material. Compaction increases shear strength
within fills, reduces length and amouat of fill slope
material, and reduces the probabil ty of slumps
within the fill. Benches reduce charices for mass
failure.

Break Gradient of Firelires
Preventive/Mitigative — Slope ( onfiguration
Changes

Change gradient of fireline at int rvals by an-
gling slightly up or downslope. This v (1l reduce the
length of the distributed slope and reduce both
water velocity and concentration OQutsloping
should also be continued with gradieit breaking to
prevent water concentration, especial v in sensitive
areas.



Bridges
Preventive — Channel Gradient Changes,
Debris in Channel

Use bridges or large oval or arch over live
streams. Streamflow will be restricted less than the
flow through culverts. In addition, channel scour
will be reduced because outlet velocities from
culverts are eliminated.

Standard bridge design methods are available
through State highway offices.

Brush Barrier Filter at the Toe of Fill
Preventive/Mitigative — Bare Soil,
Debris in Channel

Build a debris barrier of slash at the toe of the fill
to trap sediment from roads or landings. Barriers
may be covered with filter cloth. Brush barriers are
often considered a temporary measure effective
only until vegetative cover is established.

Chemical Application
Preventive — Aerial Drift of Chemicals
Select chemicals on the basis of particle size and
volatility. Heavier and larger particles drift less.
Choose the most accurate application method for
the job within economic reason (e.g., helicopter,
fixed wing aircraft, or low elevation spraying). Ac-
curate placement of the chemical cuts down on
aerial drift of chemicals. Choose the proper size
nozzle, correct formulations, and carriers for site
specific conditions. Use properly trained and
licensed application personnel to reduce the
likelihood of accidental spills and increase the
probability that chemicals will be mixed and ap-
plied properly. Use only EPA-approved chemicals
and follow the label instructions.
See also “Conformance to Regulations’ and
“Timing of Chemical Application.”

Close Roads After Uses
Procedural/Mitigative — Bare Soil,
Compaction, Water Concentration

Close temporary timber access roads to all traffic
when not used for timber needs. This allows the
road’s surface to stabilize and vegetative cover to

become established. Rutting is substantially
reduced.

Drainage facilities need to be oversize or
removed to prevent destruction during periods of
nonuse and reduced maintenance. Drainage
maintenance must be kept current. The road sur-
face may be scarified and seeded upon closure.
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Conformance to Regulations
Procedural — A | Resource Impacts
Follow EPA regulaions regarding chemical
handling and application. Regulations are designed
to reduce application e ror.

Refer to various EPA handbooks for the most up-
to-date regulations.

Control Ash r Dust Buildup
Preventive/Mitigative - Aerial Drift of Chemicals,
Onsite Chemice Balance Changes

Avoid ash or dust co icentration in areas where
wind or chemical seep c¢uld deposit materials into
waterways,

Slash burning can be done on a dispersed rather
than on a concentrated hasis. In addition, cuts and
fills from roadbuilding ¢r landing construction can
be located away from streams and/or stabilized
quickly.

Curbs #nd Berms
Preventive/Mitigative — Water Concentration
Construct asphalt or concrete curbs or earthen

berms on roadway abov= tops of fill slopes to pre-
vent water on road sur ace from running over fill
slope.

See local Forest Service or State or county
highway departments fc - standard drawings. Some
examples are: asphalt ¢r concrete curbs on paved
roadway and earth dikes on roadway.

Cut-and-Fill Slhpe Configuration
Mitigative — Bare Scil, Water Concentration
Leave bank surfaces »ough or bench them. Such

treatment may reduce flow velocity and aid in
revegetation.

Information can be obained from the Forest Ser-
vice, Soil Conservation Service, or State highway
departments. Some exa nples are: rough cut banks
and bench fill or cut bsnks.

Cutting F lock Design
Preventive — Excess Water,
Streamside Shading Change,
Vegetation Change, Water Concentration
Limit the size of cu ting blocks and disperse
them to prevent exces: water in subsoil and to
maintain root strength. This will allow soils under
fully vegetated unit- to be dried through
evapotranspiration duri: g growing seasons and the
distances from top to bo' tom of cutting blocks to be
reduced.



This application is most effective on areas with
fine-textured subsoils (clays) and erodible surface
soils (like those derived from decomposed granite);
on steep slopes; on clearcut and seed tree cut areas;
and on areas with heavy precipitation falling as
rain, Specific treatment methods include:

1. Orient cutting blocks with adequate buffer
strips.

2. Orient cutting blocks at right angles to slopes.
3. Disperse cutting blocks.
4, Design more but smaller cutting blocks.

Directional Felling
Preventive — Bare Soil, Compaction,
Debris in Channel, Streamside Shading Changes,
Vegetation Changes, Water Concentration

Use directional felling as a way of concentrating
felled trees to increase logging efficiency and to
lessen site disturbance. Use direct felling to pre-
vent trees from falling into the water, especially in
waterside areas. Also, fell trees that are close to
roads or streambanks and that would naturally up-
root before the next silvicultural activity; this will
reduce potential bank erosion.

Ditch Checks
Mitigative — Channel Gradient Changes,
Water Concentration
Construct a series of armored check dams in the
road side ditch. This reduces velocity in ditch by
reducing effective grade, mitigates cut bank under-
cutting, and controls grade.

Ditch Maintenance
Procedural/Mitigative — Channel Gradient
Changes,

Water Concentration

Clean ditch to original cross-sections and leave
grass lining and vegetative cover. This prevents un-
dercutting and degradation of ditch edges and
reduces sediment leaving ditch.

Divert Water Onto Stable Areas
Preventive — Slope Configuration Changes,
Water Concentration

Avoid diversion of water onto erosive or mass
failure-sensitive areas. Water on such areas can in-
crease erosion. Damage can be avoided by locating
sensitive areas before an activity is started. Consult
soil, hydrologic, and geologic maps to locate sen-
sitive areas.
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Drainage Above Cut S ope
Preventive/Mitigative — B re Soil,
Slope Configuration Changes, W ter ("oncentra-
tion

Place drainage above cut slcoye parallel to
roadway to intercept overland anc some shallow,
subsurface flow before it can run ov rand down the
cut slope.

Use engineering design obtainal le from Forest
Service or State or local highwa departments.
Design examples are: use of a perfor ited pipe at top
of cut bank and ditch above cut.

Eliminate Source of Deoris

Mitigative — Debris in C annel
Seek out and eliminate sources o organic debris
pollutant to prevent their contin ied entry into
water. Specific treatments are: | urning woody
debris, burying woody debris, const ucting barriers
to keep debris out of channels, hat ing debris off-

site, rearranging debris, and revegt tating.

Endline or Fly Material from Wz erside Areas
to Upslope Landings
Preventive/Mitigative — Be e Soil,
Compaction, Debris in CF innel

Remove organic material, resulting from
silvicultural activity, from waierside areas.
Facilitate harvest of merchantable material and
removal of unused material and sl sh, within en-
vironmental constraints of the area. Equipment
used must be capable of pulling or I ting logs from
beds to landings. Lifting the leading end of the log
or the entire log is desirable. Mater al that might
enter water must be removed.

This method applies in areas wlere tractor or
other ground-lead methods would « ause compac-
tion or channelization of riparian oils, or cause
pollution of water. Soil conditions nay influence
the need for this control, which is n ore critical as
slopes steepen.

Enforcement of Standards and Bonding of
Operators
Procedural — All Resource I apacts

Consider contracts with spec fications for
bonding all contractors and permitt es using per-
formance criteria. Insure that planne 1 erosion con-
trol measures and all other planned ¢ introls are ac-
tually carried out on the ground.

Enforcement controls, combined vith monitor-
ing, can insure protection of wate - quality ac-
cording to project plans. Sample ‘:ontracts are



available from State foresters or Forest Service
State and Private Forestry offices.

Fill Slope Design and Location
Procedural/Preventive, Mitigative — Bare Soil,
Debris in Channel

When constructing roads, do not allow debris to
reach stream. Prevent fill slope material from
reaching stream by following design, controlling
blasting, and controlling length of fill slope during
construction. Reduce fill slope length to prevent
stream encroachment by toes of fill slopes.

Designs can be obtained from highway depart-
ments. Specific treatments include: gabion place-
ment at the fill slope edge and retaining structures
at the toe of fill slope.

Full Bench Section
Preventive — Debris in Channel
Slope Configuration Changes

Build roadbed entirely on natural ground in
steep areas. Side casts and fill slopes are
eliminated.

Dispose of excess material in stable areas. See
Forest Service or local highway department for
design specifications.

Haul Woody Material Offsite
Mitigative — Debris in Channel,
Onsite Chemical Balance Changes

Haul chips and other small woody material that
result from silvicultural activity and that could
add chemicals or result in debris in the stream, to
offsite disposal areas,

Hold Water Onsite
Preventive/Mitigative — Bare Soil,
Water Concentration

Retaining water in place through restriction of
water movement is one key to minimizing pollu-
tion. Use control measures that will disperse water
and not allow water to concentrate to prevent sedi-
ment movement and establishment of bare soil.
Keep unnecessary site disturbance at a minimum
for all silvicultural activities and use site stabiliza-
tion techniques before, during, and after com-
pleting these activities. Check local sources for ac-
ceptable measures to prevent or remedy the un-
necessary movement of water.
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Identify Soil and (eologic Characteristics
and Map Sensitive Areas
Procedural/Preventive — Bare Soil, Compaction,
Excess Water, On:ite Chemical Changes,
Slope Configuration ( hanges, Water Concentra-
tion

Using soil analysis techniques, determine the
soil/moisture relations ip of sites where degrada-
tion is likely to occur 'with normal use. Define the
limiting percentage o compaction that will be
tolerated on a given percentage of the site area.
Also, define what perce nt of the area may be com-
pacted. Before beginni ig the operation, study sur-
veys of the area to lo-ate sensitive areas. Avoid
these sensitive areas (uring the operation. Such
determinations aid ir identifying the types of
systems that could le used to carry out the
silvicultural prescripti m, aid in selecting proper
equipment, and also n/ay reduce the number and
cost of mitigative mea-ures.

Useful information riay be obtained from com-
partment examinatiors, soil surveys, hydrologic
surveys, and geologic s rveys. This technique is es-
pecially effective in are s prone to mass movement.

Keep Pesticides : nd Rodenticides Well
Away From Surface Runoff
Preventive — Aer al Drift of Chemicals,
Onsite Chemic | Balance Changes

Exposing chemicals o surface runoff areas can
seriously influence bo'h plant and animal com-
munities. Identify pot ntial surface runoff areas
and restrict chemic:| use near these areas.
Pesticides are commor ly applied in aerial opera-
tions and chemical dr fting is a major problem.
Regulations concerning chemical use, application
procedures, and critical on-the-ground problem
areas must be unders nod by licensed personnel
before chemical applic tion.

Refer to controls o1 **Chemical Application,”
“Conformance to Reg lations,” and “Timing of
Chemical Application.

Leave Vegetat on Between Strips
Preventive — Bare Soil, Compaction,
Vegetation Change , Water Concentration

When using strip;ing techniques for site
preparation, leave som. unstripped ground at in-
tervals; this forms sm: 1l filter strips around and
within the stripped are as.

Refer to Forest Serv ce Region 4 handbooks for
more information on st ripping techniques.



Limit Disturbed Area
Procedural — All Resource Impacts

Limit areas where work activity takes place at
any given time. Require that one operational area
he stabilized before beginning work on another

area. An operational area can be defined in terms of

the maximum number of active cut blocks, max-
imum number of acres without seeding, or max-
imum miles of road without installation of perma-
nent erosion controls. Active areas should be only
large enough to allow most equipment to work con-
currently.

This control is especially useful on large projects.

Limit Equipment Operation
Preventive—Bare Soil, Compaction,
Debris in Channel, Slope Configuration Changes,
Water Concentration

Limit or eliminate operation of heavy equipment
on unstable or highly erodible soils. In addition,
egquipment operation in streams should be
minimized. Limit equipment operation by cable
methods of logging and by winching (endlining)
logs in unstable areas,

This application is most effective on steep
grounds where soil masses are unstable and/or
where soils are erodible.

T.ocate Activities Producing Small,
Woody Fragments Away From Water
Preventive — Debris in Channel

Keep chipping and mastication operations well
away from streams and water courses.

Locate Corrals Away From Streams
(Animal Skidding)
Preventive — Debris in Channel,
Onsite Chemical Balance Changes
When using animals in logging operations, place
corrals well away from stream courses. Animal
waste should be kept out of the water. Water may
have to be hauled for the animals.

Machine or Hand Plant
Preventive—Bare Soil, Compaction, Excess
Water, Onsite Chemical Balance Changes,

Slope Configuration Changes, Vegetation Changes,
Water Concentration

The method of tree planting, either by machine
or hand, often governs the intensity of site prepara-
tion treatments. Machine planting usually requires
that the site be cleared of logs, limbs, and other
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larger debris. Debris is not a proilem for hand
planting as long as crews can walk through it and
trees can be planted at the prescri red spacing, If
debris is too heavy for hand plantin , the situation
is often rectified by a light burn waich consumes
the small material and often does nc © expose exces-
sive amounts of soil. In some areas, ire will expose
unacceptable amounts of bare soil e1d mechanical
removal of debris is the only alt rnative. Also,
mechanical debris removal is neede | to reduce fire
hazard and for other resource purjoses. In many
situations machine planting and issociated site
preparation can he fully acceptable

Maintain Ground Cov -r
Preventive — Debris in Channel, “xcess Water,
Slope Configuration Cha'iges,
Vegetation Changes

Maintain as much vegetation, ' hich may in-
clude trees, understory, and litter, s is consistent
with management objectives; or establish tree
regeneration and desirable species of understory
vegetation. Evapotranspiration redu ces amounts of
water in the soil. Mechanice! protection
strengthens slopes against mass fai ure.

Vegetation, through physiologic il use of soil
moisture, will dry soil masses and | revent satura-
tion of subsoils. Ground covered by -egetation will
be protected from the impact of ra ndrops during
heavy precipitation, thus preventir 7 detachment
and downhill transport of soil partic 2s. Vegetation
will produce a protective layer of di ff. Infiltration
will be enhanced and ground surface water flow will
be reduced or eliminated. Tree roo's and roots of
other species reinforce the soil mas .

Maintain Natural Water C jurses
Preventive — Channel Gradien Changes,
Water Concentration

Keep stream channels free of debr s which might
deflect or constrict water flow and w hich could ac-
celerate hank or channel erosion. Keaping stream-
banks and channels stable in thic manner will
reduce sediment loads. Road cros:ings, bridges,
culverts, fords, and other stream e¢ncroachments
should be aligned and constructed ‘o reduce im-
pacts on flow characteristics.

Remove all introduced organic ma erial from the
stream course as soon as it is introdu -ed to prevent
damming and streambank alteratior Refer to con-
trols on “Directional Felling” an/! *“Waterside
Areas.” Both are important in maint 1ining natural
water courses,



Minimize Convergence of Firelines
Preventive — Water Concentration
When locating and constructing firelines, avoid
downhill convergence, If firelines do not converge,
water will be prevented from concentrating
severely.

Monitoring
Procedural — All Resource Impacts

Monitor silvicultural and related activities with
periodic inspections. Schedule inspections to allow
for maintenance prior to periods of heavy runoff.
Pay particular attention to drainage facilities.
Monitoring by itself is not a control; however, itis a
way to make sure other controls are carried out
properly. See ‘Enforcement of Standards and
Bonding of Operators.”

Outslope Firebreak Lines and Terraces
Preventive — Excess Water, Water Concentration

When constructing firebreak lines or terraces,
make certain they are outsloped so water is not
concentrated by insloping. Gully erosion can be
controlled by outsloping.

Information regarding laying of grade and other
design criteria can be obtained from local highway
departments or Forest Service Engineering person-
nel.

Oversize Ditch Drain
Preventive — Channel Gradient Changes,
Water Concentration

Install culverts that are larger than necessary for
anticipated runoff, thus allowing some debris plug-
ging before water will flow over road.

See Forest Service or State and county highway
departments for culvert size requirements. This is
particularly effective when roads are closed to users
and when maintenance inspections are infrequent,

Pile Material in Patterns
Preventive — Onsite Chemical Balance Changes,
Water Concentration

Pile debris from cutting, site preparation, or fuel
management in patterns which prevent concentra-
tion of water. Gullying can be prevented by
avoiding water concentration around piles of
material. Avoid diverting water onto sensitive
areas.

Prescribe and Execute Burns Under Conditions
That Will Not Result in Total Cleanup
Preventive — Bare Soil, Excess Water

Fuel treatment burns should be cool enough to
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leave unburned and par'ially burned material on
the site. This offers som= ground cover protection
for the soil. Alter firing »atterns to reduce overall
burn intensity so less soi) is bared. Some fuel treat-
ment goals may have to be revised as a result of this
control. Consider specia/ burning techniques such
as the jackpot or spot bum.

The Forest Service and its State and Private
Forestry offices will have fuel treatment guidelines
that describe fire manip ilation in detail.

Prescribe Limits for Amount of Area
Disturbed by Equipment
Preventive — Bar: Soil, Compaction,
Vegetation Changes, Water Concentration
Minimize bare soil srea necessary to satisfy
silvicultural objective. Increase the amount of
acres served by roads or landings by planning truck
roads, skid roads, and lindings at the same time
and by maintaining wicer spacing between truck
roads and skid roads.

Prescribe Yarding #nd Skidding Layout
Preventive — Slope (‘onfiguration Changes,
Water Coicentration

Design yarding and skidding patterns to radiate
downhill. Skid roads oriented this way will spread,
rather than collect, water. Thus, water will not be
concentrated and its energy for eroding material
into bodies of water will »e reduced. The water will
also have an increased «pportunity to infiltrate.

Water concentration ‘aused by skid roads and
trails becomes more seere with increased slope
and precipitation and d-creased soil particle size.
Water concentration must also be considered on
shallow slopes particularly in the Southern United
States.

Prevent Fire Spread Cutside Treatment Areas
Preventive — Bare Soil
Take steps before the { el treatment operation to
prevent fire spread ouiside treatment areas by
using firebreaks and haing equipment available.
If fires are contained, le:s bare soil is exposed and
aerial drift of ash and dust can be reduced.

Protect Fuel Storage Areas
Preventive — Onsite Clemical Balance Changes
Place fuel storage are:s in locations well away
from streams or water co.rses and take precautions
to impound or divert a possible fuel spill.
Dimensional ditches and impoundments with
straw bales to soak up e cess fuel can be effective.



Protect Road Bare-Surface Areas
With Nonliving Material
Mitigative — Bare Soil, Debris in Channel
Armor bare soil related to roads, especially in
specific locations that are not able to be
revegetated.

Use appropriate structural thickness designs and
pavement design methods. See local Forest Service
or county highway department for appropriate
design criteria. Examples are;

1. Gravel road surface: high cost although lower

than asphalt paving.

2. Asphalt road surface: high cost relative to
other treatments.

3. Spot gravel on critical areas of road surface:
used on ‘“‘soft” areas of road.

4. Dust oil applied to road surface: prevents ag-
gregate breakdown, must be used frequently
to be effective,

5. Shot crete surface of cut-and-fill slopes: used
only when all else fails; cost is high.

6. Jute mats or excelsior pads on cut-and-fill
slopes: rarely used singly, usually used in
combination with revegetation.

Prescribe limits for the amount of area disturbed
by equipment by constructing narrow truck roads
and avoiding unnecessary movement of vehicles off
established road and landing areas.

Do not make unnecessary roads. Roads should be
designed using such techniques as “rolling dips.”

Reduce Road Grades
Preventive — Water Concentration

Reducing road grades tends to reduce ditch ero-
sion and road surface erosion by reducing water
velocity. However, there is the possibility of in-
creasing road mileage, in order to use flatter
grades, to the point where total sediment yield is
increased. Refer to road design standards of local
highway departments.

Reduce Log Length
Preventive — Bare Soil

Reduce log length prior to varding, skidding, or
hauling to require less turning space in the woods
and to allow use of lower standard roads. (The use
of smaller vehicles can mean less turning space
which, in tumn, reduces the amount of disturbed
area.)

However, logging efficiency must be considered.
The additional cost of bucking tree-length logs into
one or more logs in the woods must be compared
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with the potential disturbance anl exposure of
bare soil if the logs are not bucked

Reduce Logging Road Density
Preventive — Bare Soil, Compaction,
Slope Configuration Chaiges

Hold logging road density in are s sensitive to
mass failure to a minimum. If criti al areas must
be crossed, use bridge, complete fill rechniques, or
center balance slope methods.

Note that reduction of roads could require a more
expensive logging systsem,

Reduce Vehicular Trav 1
Preventive — Compaction, Water ( oncentration
Since ruts and compacted tracks ¢ in cause water
concentration, a simple reduction of vehicular
travel to only that which is absolu ely necessary
would help alleviate water concentr: tion impacts,

Reduction of Impounded V' ater
Mitigative — Channel Gradien Changes,
Slope Configuration Changes, Wat:r Concentra-
tion
Divert water from impoundment o prevent ex-
cess water from accumulating and ncreasing the
surface erosion and mass failure ri-k. Drain im-
pounded water away and spread weler over more
absorbent surfaces. Increase the abs rption rate of
the impoundment, if possible, by rij ping, scarify-
ing, roughening the surface, or establishing
vegetative cover. In addition, durin: or after the
operation, prevent debris dam or barrier formation
that could lead to water concentraticn. Locate and
remove small dams before problems become large

and costs go up.
Specific examples include:
1. Install a ditch drain culvert that discharges

onto undisturbed natural grounc above and as
near to streams as possible.

2. Drain project prior to seasonil shutdown.
Ditch, crown, water bar, and remove tem-
porary fills and culverts,

3. Keep project drained during construction;
construct ditches, temporary cu lverts, etc.

Remove Debris From Stream
Mitigative — Debris in Channel, Wa er Concentra-
tion

Remove organic and inorganic delris which has
entered the stream from silvicultura]l and related
activities, This reduces pollution frcm debris and
prevents undercutting of slopes.



Debris removal should utilize least damaging
methods. Specific treatments include:

1. Hazard debris removal

Lining out debris

Lifting out with loader

Lifting out with helicopter

Scattered, free floating debris (chips, slack,
fragments) can be gathered by towed or
stationary booms or partially submerged
SCreens.

Otk o

Repair and Stabilize Damaged Areas
Mitigative — Channel Gradient Changes,
Debris in Channel, Water Concentration

Shape and stabilize areas damaged during the
operation with organic or inorganic material using
outsloping techniques to prevent water concentra-
tion. Restore streambanks and stream bottoms to
as near original configuration as possible. Prevent
continued deterioration of the aquatic environ-
ment. Use combinations of soil replacement, place-
ment of gabions, and riprap.

A field decision will have to be made regarding
whether or not the repair effort would cause more
damage than that existing before repairs were un-
dertaken. Forest Service, Soil Conservation Ser-
vice, or county agents can offer design advice.

Revegetate Treated Areas Promptly
As Local Conditions Dictate
Mitigative — Aerial Drift of Chemicals,
Bare Soil, Compaction, Debris in Channel,
Excess Water, Onsite Chemical Balance Changes,
Slope Configuration Changes, Streamside Shading
Changes, Water Concentration

Revegetate using artificial techniques to es-
tablish a plant cover on bare soil surfaces —
usually skid trails, ditches, and other disturbed
areas. Stabilize the soil surface. Revegetation can
also increase shading on water. Apply grass, shrub,
tree seed, or sod and/or seedlings to exposed areas;
add fertilizer, lime, mulch, or jute mats as local
conditions dictate. This will reduce soil eroding
energy from water related sources.

See Soil Conservation Service, Forest Service, or
extension agent for local grass species and require-
ments for fertilizer, lime, mulch, etc. Grass cover
can be very difficult to establish on arid or sterile
soils or on fill slopes over 1:1. Jute mats or excelsior
pads are often required to hold seed to establish
grass in critical areas.
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Rip or Scarify Compacted Surfaces

Mitigative — Compa:tion, Water Concentration

Ripping or scarifying may restore the site’s
natural water-holding capacity, restore water in-
filtration capability, ncrease root permeability,
and increase the site’s potential to reestablish a
vegetative cover. On trails compacted by off-road,
heavy equipment, thc compacted layer can be
remedied by single ripying when layer width is less
than two times the depth of compaction. On
landings and concentrated use areas where com-
paction has occurred, he site should be ripped to
the depth of compactir g. On skid trails, roads, and
landings with surface compaction of 8 inches or
less, scarification can aitigate some damage.

Need for treatment is determined by examina-
tion and testing proctor curves.

Road and Landing Location
Preventive — Compection, Debris in Channel,
Slope Configuration (hanges, Water Concentra-
tion

Avoid unstable aress and critical slope con-
figuration. Prevent vater from accumulating,
channeling, eroding, nd degrading water and
site quality. Keep logging roads and skid trails out
of stream bottomlands. Avoid sustained grades; at-
tempt to vary the grade. Whenever possible, locate
water concentrating ac ivities on high ground.

Require that hydrolojic and soils information be
put into an area loggin;; plan. Develop a transpor-
tation plan that serves 11l of the resources with the
least total impact by reducing duplication of roads.
Specific considerations are:

1. Avoid known slun p/slide areas.

2. Avoid areas with 1igh risk of mass failure,

3. Avoid concave slipes in close proximity to

streams.

4. Place roads on convex slopes above streams.

Roa/l Ditch
Preventive/Mitigative — Water Concentration
Drain inside road dit-h with pipe or water bar.
This is a positive method of controlling surface

routing across a road. /. plugged ditch may cause
mass failure and accelerated road surface erosion.
Therefore, maintenance is necessary.

Road Drainage
Preventive — Comypaction, Excess Water,
Slope Configuration Clianges, Water Concentra-
tion

Divert road runoff at frequent intervals to reduce



volume and velocity, thereby reducing erosion
potential and providing the opportunity for water
to infiltrate soil before reaching stream. Road
drainage and spreading techniques include dipping
of sustained grades, outsloping and/or insloping
and cross draining of water onto areas most capable
of spreading and infiltrating the runoff. This con-
trol could pertain to tractor trails, roads, and
landings. Additional treatments are lead off
ditches and water bars. For design specifications,
consult Forest Service regional road manuals and
related publications.

Road Drainage Maintenance During Storms
Preventive — All Resource Impacts

Patrol roads when heavy precipitation is forecast
and during precipitation. Keep drainage system
functioning during runoff (unplug culverts, remove
slides from ditches, etc.). Storm patrol organiza-
tion and procedures must be established before the
storm occurs. Labor and equipment must be
available for emergency work. Storm forecasting is
required.

Storm patrol is particularly useful in areas of fre-
quent, very heavy rainfall with steep slopes and un-
stable material.

Sediment Trap
Mitigative — Water Concentration
Excavate or dam a sediment pond below
culverts. This sediment trap provides a pond of
water below the culvert, thus allowing sediment to
settle out.

See Forest Service or State or local highway
department for design characteristics. Application
is very site specific. This is a short-term control
which is usually effective only until vegetative
cover has become established. Pond will eventually
silt full.

Select Low Impact Equipment
Preventive — All Resource Impacts

Determine what type of equipment can minimize
compaction and accomplish the required work.
Make determinations of the equipment’s pulling
capacity, pounds/square inch of float, speed, and
stability.

May require equipment other than what is
presently used in the area or a change to a different
system that meets the resource objective (i.e., trac-
tor to cable).
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Slope Length
Preventive — Bare Soil, Water C. ncentration
Avoid silvicultural treatments using long
downslope distances to prevent ligh overland
water velocities and decrease erosio.
The Forest Service has standa d placement
tables for critical distances.

Space Culverts to Control Road D tch Erosion
Preventive — Channel Gradient Changes,
Water Concentration

Space ditch drain culverts to cortrol quantity
and velocity of water flowing in roa iside ditches.
Proper drainage regulates water juantity and
velocity, soil detachment, and transoort.

See Forest Service or state highwa: departments
for standards. Additional ditch drair culverts may
help to control active ditch erosion.

Species Selection
Preventive — Bare Soil, Compa:tion, Excess
Water,
Onsite Chemical Balance Changes,
Slope Configuration Changes, Vegeta ion Changes,
Water Concentration
The tree species to be planted oft'n govern the
type and the intensity of site prepiration treat-
ments. Tree seedlings have varying tolerance to
plant competition. As a general rule, tolerant
species require less intensive treatments, while in-
tolerant species require more intensiva treatments.

Specify Timing
Procedural — All Resource Iripacts

Specify timing of control applicatio 1 and/or work
phases that are critical to quality coitrol. Timing
should be specified in terms of both calendar and
spatial relationships. Such timing specification
should be used for vegetative e:tablishment,
culvert and bridge installation, earth work, es-
tablishment of size, number, and pla ‘ement of ac-
tive areas, and the scheduling of activity on these
areas.

Stabilizing Structures on Cut 3lopes
Mitigative — Bare Soil,
Slope Configuration Chanyes
A variety of engineering structure. may be in-
stalled where the toes of unstable slojes have been
truncated by bank cutting in streams, road cuts,
skid roads, or firelines. Cut banks anc /or fill slopes
at the toes of slopes can be counterbalanced with
rock to stop mass soil wasting at toe of unstable



slopes and potential upslope mass failure. Specific
treatments include: Steel cribbing structures,
gabions, corrugated pipe, and rock.

Timely Drainage Maintenance
Preventive — All Resource Impacts

Keep maintenance current, particularly off
drainage facilities. Insure that drainage facilities
are functioning properly at all times, especially
prior to periods of heavy runoff.

Much of the drainage maintenance work can be
done by personnel other than maintenance crews.
Quite often the only “equipment” needed is a
shovel.

Timing of Chemical Application
Preventive — Aerial Drift of Chemicals,
Vegetation Changes

Apply chemicals during calm, dry weather
(mornings and evenings). Little drift is en-
countered if chemicals are applied during calm
weather. Rainstorms can wash freshly applied
chemicals into water. Avoid high runoff periods
when applying chemicals. Refer to “Chemical Ap-
plications” control for further considerations.

Timing of Use of Off-Road, Heavy Equipment
Preventive — Compaction, Water Concentration

Analyze soil to determine its characteristics and
define the soil moisture limits for using heavy
equipment. Limit use of heavy equipment when
soil moisture is high and thus reduce chances of soil
compaction. Include timing constraints in con-
tracts if applicable.

Trash Racks
Preventive — Water Concentration

Locate trash racks at, or upstream from, culvert
entrances to catch debris before it plugs culverts.
This can reduce bank cutting around culvert
entrances caused by plugging and reduces the
chance for water to overflow roads during high
water. Note, however, that with great amounts of
debris, trash racks are not effective; they may ac-
tually make the problem worse. Numerous stan-
dard drawings exist. See Forest Service or State
highway department.
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Type of Site Preparation Treatment
Preventive — Bare 3o0il, Compaction, Excess
V/ater,

Onsite Chemicasl Balance Changes,
Vegetative Changes, Slope Configuration Changes,
Water Concentration

Site preparation is used to create a favorable en-
vironment for tree esta Jlishment and to secure ac-
ceptable tree survival and stocking. There is a
broad range of site preparation treatments with a
wide range of potentisl impacts. The treatment
chosen for a given sit: is governed by the site’s
physical and residual stand characteristics, the
tree species to be plant:d, whether the trees can be
machine or hand plan'ed, and whether regenera-
tion will be by seedlings or seed. Site preparation
uses hand and mechanical methods, herbicides,
and fire, or combinaticns of these treatments.

The principle here i: that many characteristics
will govern what site oreparation treatments are
used. Several possible treatments can be applied to
a given site; the one chosen depends upon the
management goals for 'hat site.

Refer to Dissmeyer and Singer (1977) and
Balmer and others (197 5) for more complete infor-
mation.

Use Wind Breal's or Uncut Timber
to Prevent Wind Erosion
Preventivi — Bare Soil
Leave wind breaks or uncut timber around
silvicultural and relatel activities in wind erosion
areas, These can slow or disrupt wind currents
which could cause erosiin. Disrupted wind currents
will drop suspended so'l particles.

Use Maximum Spacng and Minimum Strip
Width in Site Preparation
Preventive — Bare Soil, Excess Water,
Water C ncentration

Leave undisturbed vegetation or ground cover
between site preparation strips. Leave the max-
imum width possible to meet silvicultural prescrip-
tions. Continuous blocks of bare soil will be broken
up, thus preventing weter concentration and sur-
face soil loss,

Waterside Area
Preventive — Aerial Drift of Chemicals,
Bare Soil, Debris in Channel, Excess Water,
Streamside Shading Changes, Water Concentra-
10N

Waterside areas are strips of vegetated land



where treatment is carefully controlled. Such zones
are often located between cut, site-prepared,
burned, fertilized, herbicided, and pesticided
areas, roads, and streams. Vegetation in the water-
side area reduces amounts of debris, surface runoff,
erosion, and chemicals reaching the stream while
reducing the impact of some management ac-
tivities on water temperatures. Use mapping and
on-the-ground reconnaissance to identify aquatic
areas which, because of direction of flow, shoreline
arrangement, exposure, wind patterns, and related
phenomena, are susceptible to temperature
changes. Modify silvicultural prescriptions accor-
dingly.

Provide shade on treated areas and in strategic
locations near riparian zones and water surfaces to
disrupt radiation patterns and slow air movement
into sensitive areas. Maintain temperature regimes
of the aquatic environment. Leave as much native
vegetation on treated areas as possible. Avoid
“total cleanup” of debris. Protect vegetation in
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riparian areas and leave substantia windfirm trees
in areas where they will obstruct radiation onto
riparian zones and onto water, particularly in the
shallows,

Refer to the ‘‘Directional Felling” control for
harvesting timber in waterside arias. The Forest
Service’s State and Private Forestrv group has in-
formation on proper layout and des gn of waterside
areas.

Woody Debris Disposal sites
Preventive — Debris in Clannel,
Onsite Chemical Balance ( hanges
Do not pile woody material or asl where it could
wash into streams. Chemical se'p from wood
should not be allowed to reach wa er bodies.

Downstream culverts and trash acks will need
less maintenance and organic natter will be
prevented from changing the chem cal balance in
streams. Very little is known about vater pollution
caused by chemical leaching from w~ood.
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APPENDIX II.A: EXAMPLES ILLUSTRATING
VARIOUS USES OF THE CONTROL OPPORTUNITIES

EXAMPLE ONE — MITIGATIVE CONTROLS
FOR
A PREVIOUSLY DISTURBED SITE

Example one procedure. — This example il-
lustrates the use of the controls procedure to
prescribe mitigative controls for a previously dis-
turbed site (disturbed by man) so that silvicultural
activity can be accomplished without exceeding
water quality objectives. (Fig. IL.A.1 illustrates this
application of the procedure.)

This procedure should be run several times,
thereby arriving at several choices for the manager.

1. Simulate. using handbook procedures, or
measure watershed condition before
silvieultural planning begins,

2. If a previous disturbance (a road, a landing,
etc.) is impacting water quality so that objec-
tives are not met, the simulation will show
where the pollution is originating, how much
pollution there is, and what kind of pollution
is being produced. Using this information,
determine which variables within the simula-
tion procedure are causing the pollution,
Then refer to table I1.2 and relate the involved
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variables to the corresponding resource im-
pacts (bare soil, compaction, eic.). (To relate
the resource impacts to the inve !ved processes
— increased runoff, reduced irfiltration, etc.
— refer to the definitions of th= resource im-
pacts in the “‘Discussion’’ scction of this
chapter.)

3. Once the resource impacts are ic entified, refer

to section B or section C, tables I1.3 to I1.14 of
this chapter for a list of contrls that could
mitigate the resource impacts. /.t this point, a
mix of such controls is selectec .

. Then use section D for a description of the

selected controls. Reference sources are listed
in section D for those controls 1 eeding an ex-
panded, technical definition,

. Use section C to cross-referen e the control

opportunities with the veriables and
procedures used in the handbo k simulation.

. Simulate (using handbook pricedures) the

potential outcome of using the r ew mixture of
mitigative controls to meet the water quality
objectives.

. If the water quality objectives are not met,

new mixes of mitigative contro s will have to
be chosen and simulated ag:in using the
handhook procedures,



SIMULATE OR MEASURE
EXISTING WATER QUALITY

WATER WATER
QUALITY QUALITY
OBJECTIVES MET OBJECTIVE
NOT MET

v

RECOGNIZE THE SOURCE, QU ANTITY AND TYPE
OF POLLUTION. IDENTIFY THE INVOLVED
SIMULATION VAR ABLES

v

USING TABLE 11.2, RELA" E VARIABLES
TO SPECIFIC RESOUR: E IMPACTS

v

IDENTIFY AND LIST WAT R RESOURCE
IMPACTS RESPONSIBLE FOF WATER QUALITY
OBJECTIVES NOT BI'ING MET

v

IDENTIFY THOSE CONTRQOI § THAT COULD
MITIGATE THE IMPACT ., REFER TO
SECTIONS B OR C (TABLI S 1.3 TO 11.14)
OF THE CONTROL OPPORTL NITIES CHAPTER

v

LOOK AT CONTROL D “FINITIONS
SO CONTROLS ARE FULLY UNDERSTOOD
SEE SECTION D

v

DETERMINE WHICH SIMULA TION ROUTINES
ARE AFFECTED BY NEW ( ONTROLS BY
CROSS REFERENCING CONTROL OPPORTUNITIES
WITH VARIABLES USE ) IN EACH
SIMULATION ROUTINE. St E SECTION C,
TABLES 11.3 THROU 3H 11.14

v

SIMULATE USING DIFFER :NT CONTROL
MIXTURE AND ALTEREL VARIABLES

~

WATER

S, Gt
OBJECTIVES
OBJECTIVES MET NOT MET

v _

CONTINUE OF ERATION UNTIL WATER
QUALITY CBJECTIVES ARE MET
OR UNTIL MO MORE MITIGATIVE
CONTROLS C#N FEASIBLY BE APPLIED

Figure ILLA.1—Example one procedure.
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EXAMPLE TWO — CONTROLS IN THE Once the resource impact has been deter-

FORMULATION mined, a list of controls wh ch could prevent
OF SILVICULTURAL PLANS or mitigate each impact can re made by refer-
ring to section B,
Bxamyile two prosedire. — THis: example/il: 3. T_'hen go to section D for an 2xpanded defini-
lustrates the use of the control as a reference to tion of each control.

help in the formulation of the initial silvicultural 4. Refer to section C for ross-correlation
plan. (Fig. I1.A.2 illustrates this application of the between the control and the wvariable or
procedure,) variables it affects for simu ation of possible

This procedure should be run several times, effects on the stream.

thereby arriving at several choices for the manager.

1. List the resource impacts associated with
silvicultural activity by referring to section A,

5. Narrow the control list to th se controls most
effective in preventing or m tigating resource

; impacts.
table I1.1, of this chapter. For example, bare R
soil and compaction might be associated with 6. Include the most effective controls in the
tractor skidding operations. proposed silvicultural plan.
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IDENTIFY RESOURCE IMPACTS ASSOCIATED
WITH EACH PROPOSED SILVICULTURAL
ACTIVITY BY REFERRING TO THE CONTROL
OPPORTUNITIES CHAPTER
(SECTION A, TABLE 11.1)

'

IDENTIFY CONTROLS WHICH COULD PREVENT
OR MITIGATE EACH IMPACT BY
REFERRING TO THE CONTROL

OPPORTUNITIES CHAPTER (SECTION B)

5

REFER TO SECTION D OF THE CONTROL
OPPORTUNITIES CHAPTER FOR A DEFINITION
OF EACH POTENTIAL CONTROL OPPORTUNITY

:

DETERMINE WHICH CONTROL OPPORTUNITIES
AFFECT WHICH VARIABLES IN THE
HANDBOOK SIMULATION PROCEDURE
BY USING SECTION C TABLES 11.3 TO 11.14
IN THE CONTROL OPPORTUNITIES CHAPTER

.

DETERMINE WHICH CONTROL OPPORTUNITIES
ARE THE MOST EFFECTIVE BY CALCULATING
THE MAGNITUDE OF THE CONTROL
OPPORTUNITY APPLICATION UPON THE
SIMULATION PROCEDURE CONTAINING
THE AFFECTED VARIABLE

4

INCLUDE THE EFFECTIVE CONTROL
OPPORTUNITIES IN THE PROPOSED
SILVICULTURAL ACTIVITY PLAN

Figure 11.A.2.—Example two procedure.
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EXAMPLE THREE — ADDING CONTROLS
WHEN PLANS
DO NOT MEET WATER QUALITY
OBJECTIVES

Example three procedure. — This example il-
lustrates use of the controls procedure as a way to
add new control opportunities to the silvicultural
plan if the plan has been shown, through simula-
tion, to fall short of the water quality objectives.
(Fig. TI.A.3 illustrates this application of the
procedure.)

This procedure should be run several times, ar-
riving at several control mixes that all meet the
water quality objectives, to give the manager a
choice.

1. Simulate (using the handbook simulation
procedure) the water quality based upon the
proposed silvicultural plan.

2. If the simulation procedure shows the
silvicultural plan to meet the established
water quality objectives, then no further
reference needs to he made to the controls
chapter. If the silvicultural plan is shown,
through simulation, not to meet the es-
tablished water quality objectives, then a
new mix of controls should be selected using
the controls procedure.

3. If objectives are not met, the simulation will
show where the pollution is originating, how
much pollution there is, and what kind of
pollution is being produced. Using this infor-
mation, first determine which variables
within the simulation procedure are causing
the pollution. Then, refer to table I1.2 and
relate the involved variables to the cor-
responding resource impacts (bare soil, com-
paction, etc.) (To relate the resource impacts
to the involved processes — increased runoff,
reduced infiltration, etc. — refer to the
definitions of the resource impacts in the
“Discussion’’ section of this chapter.)

4. When the water resource impacts have been
identified, refer to section B or section C,
tables II.3 to I1.14, for a list of controls that
could prevent the water resource impacts. At
this point, a mix of such controls is selected
and is added to, or used to replace, parts of
the silvicultural plan. Determine which
variables should be altered by referring to
the tables in section C. The values of the
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10.

variables should be altered to reflect the new
control mixture before the n 'xt simulation.
For example, if a simulation « hows too much
heat resulting from too much sunlight strik-
ing the water surface of a st eam, the next
step would be to check the cutting block
design in the cutting and log; ing portions of
the proposed silvicultural plin to find out
which parts of the plan are ¢ irected toward
the problem. If the plan czlls for cutting
blocks to be located too close to the stream,
then a new control relating t ' cutting block
design and location should b~ added to the
plan to prevent water temper iture increase.

Then use section D for description of the
selected controls. Reference sources are
listed in section D for those cc ntrols needing
an expanded, technical defin tion.

Use section C to cross-referer ce the control
opportunities with the vairiables and
procedures used in the handbo »k simulation.

. Simulate (using handbook p ocedures) the

potential outcome of using th: new mixture
of preventive controls to m-et the water
quality objectives.

. If the water quality objectives are met, no

further simulations using diff rent mixtures
of controls are needed (unless « conomics dic-
tate several simulations). If the water quality
objectives are not met, new m xes of controls
will have to be chosen and sinulated again
using the handbook procedur:s.

If after the addition of preveative controls
the objectives are not met, tae simulation
will show where the pollution is originating,
how much pollution there is, : nd what kind
of pollution is being produced. Using this in-
formation, determine which ve riables within
the simulation procedure arc causing the
pollution. Then refer to table [.2 and relate
the involved variables to the -orresponding
resource impacts (bare soil, compaction,
etc.). (To relate the resource i npacts to the
involved processes — increased runoff,
reduced infiltration, etc. — refer to the
definitions of the resource iripacts in the
*“Discussion.”

When the water resource impe cts have been
identified, refer to section B or section C,
tables I1.3 to II.14, for a list of controls that
could mitigate the resource impacts. At this
point, a mix of such controls i selected and



SIMULATE WATER QUALITY RESULTING FROM
PROPOSED SILVICULTURAL ACTIVITY PLAN

WATEF

QUALITY

OBJECTIVES
NOT MET

.

RECOGNIZE THE SOURCE, QUANTITY
AND TYPE OF POLLUTION. IDENTIFY
THE INVOLVED SIMULATION VARIABLES

v

USING TABLE il.2, RELATE VARIABLES
TO SPECIFIC RESOL RCE IMPACTS

v

IDENTIFY AND LIST W# TER RESOURCE
IMPACTS RESPONSIBLE FOR WATER QUALITY
OBJECTIVES NOT BEING MET

v

IDENTIFY THOSE CONTROLS THAT COULD
PREVENT THE IMPACTS. REFER TO
SECTIONS B OR C (TAELES 11.3 TO 11.14)
OF THE CONTROL OPPORTUNITIES CHAPTER

v

LOOK AT CONTROL DEFINITIONS
SO CONTROLS ARE FULIY UNDERSTOOD.
SEE SECTION D

T

DETERMINE WHICH SIMUL# TION ROUTINES ARE
AFFECTED BY NEW CONTROLS BY CROSS
REFERENCING CONTROL OPPORTUNITIES WITH
VARIABLES USED IN EACH SIMULATION
ROUTINE. SEE SECTION C,

TABLES 1.3 THRCUGH 11.14

v

SIMULATE USING DIFFERENT CONTROL
MIXTURE AND ALTERI'D VARIABLES

WATER
QUALITY
OBJECTIVES MET

WATER

QUALITY

OBJECTIVES
NOT MET

WATER
QUALITY
OBJECTIVES MET

£

Figure Il.A.3.—Example three procedure.




v

RECOGNIZE THE SOURCE QUANTITY
AND TYPE OF POLLUTION. IDENTIFY
THE INVOLVED SIMULATION VARIABLES

v

USING TABLE 1.2, RELATE VARIABLES
TO SPECIFIC RESOURCE IMPACTS

v

IDENTIFY AND LIST WATER RESOURCE
IMPACTS RESPONSIBLE FOR WATER QUALITY
OBJECTIVES NOT BEING MET

v

IDENTIFY THOSE CONTROLS THAT COULD
MITIGATE THE IMPACTS. REFER TO
SECTIONS B OR C (TABLES 11.3 TO 11.14)
OF THE CONTROL OPPORTUNITIES CHAPTER

v

LOOK AT CONTROL DEFINITIONS
SO CONTROLS ARE FULLY UNDERSTOOD.
SEE SECTION D

v

DETERMINE WHICH SIMULATION ROUTINES ARE
AFFECTED BY NEW CONTROLS BY CROSS
REFERENCING CONTROL OPPORTUNITIES WITH
VARIABLES USED IN EACH SIMULATION
ROUTINE. SEE SECTION C,

TABLES 11.3 THROUGH 11.14

v

SIMULATE USING DIFFERENT CONTROL
MIXTURE AND ALTERED VARIABLES

WATER

QUALITY

OBJECTIVES
NOT MET

¥

WATER
QUALITY
OBJECTIVES MET

CONTINUE OPERATION UNTIL
WATER QUALITY OBJECTIVES
ARE MET OR UNTIL
NO MORE MITIGATIVE CONTROLS
CAN FEASIBLY BE APPLIED

Figure 11.A.3.—Example three procedure — continued.
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11.

is added to the silvicultural plan. For exam-
ple, if a simulation shows too much sediment
resulting from road related surface erosion,
the next step would be to check the transpor-
tation portion of the silvicultural plan to find
out what controls directed toward the
problem are part of the plan. If plans call for
the road surface to be ‘‘dirt,” then a new con-
trol (Protect Road Surface Area) can be ad-
ded to the plan to mitigate the surface ero-
sion.

Then use section D for a description of the
selected controls. Reference sources are
listed in section D for those controls needing
an expanded, technical definition.
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12.

13.

14.

Use section C to «ross-reference the control
opportunities w th the wvariables and
procedures used in the handbook simulation.

Simulate (using Fandbook procedures) the
potential outcome of using the new mixture
of mitigative con rols to meet the water
quality objectives.

If the water qualily objectives are met, no
further simulations using different mixtures
of controls are neecled (unless economics dic-
tate several simulations). If the water
quality objectives are not met, new mixes of
controls will hive to be chosen and
simulated agair using the handbook
procedures.








