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Fuels management is an active term. It is an iiaeal, planned activity defined by
consideration of fire behavior, silvicultural priptes, ecological constraints, and the
economic and technical limitations of the toolsstdd to implement the treatment. A
forest operation is a tool used to manipulate \edg®et or site condition in order to
achieve some desired management objectives. @meawide range of forest operations
that can be employed to treat forest fuels, iinperative to employ a tool that is well-
matched to both operational needs and treatmesstraomis. Selecting a poorly-suited
tool increases costs and reduces the effectiverig¢he operation in achieving the
desired outcomes. The selection of a forest ojperatso plays a critical role in
determining the amount and type of cumulative ééfassociated with the treatment. A
tool that is not matched to the terrain or job regments will likely produce more
undesirable impacts.

The purpose of this Chapter is to give a basic\oger of forest operations for fuels
treatments along with information to guide selatid appropriate technologies.
Terminology is also important in this discussidn.the biological sciences we have
learned that it is important to use scientific naraéorganisms, rather than common
names, to avoid confusion. Unfortunately many foopgrations acquire common names
that are contradictory, regionally-limited, or nspecific. When someone speaks of a
“hydro-ax” treatment, for example, they could meavertical-shaft brushcutter, a
horizontal-shaft masticator, a shear feller-ouncben sawhead feller-buncher. These
possible meanings represent very different cosfsalailities and fuel treatment
outcomes. The reference listing at the end of@apter provides some standard
definitions.

Forest Operations for Fuel Treatment

The objective of fuels treatment is to alter fighhvior and severity by modifying
properties of various fuel strata in a stand (Gnalefal. 2004). Treating one strata may
improve fire behavior in one respect, but aggrauateanother. For example, activity
fuels resulting from a thinning may reduce crowel$ubut increase surface fuel loading.
A clear fuel treatment prescription should conskeféects on the total fire behavior
response and clearly specify acceptable treatménobmes. The primary challenge of
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selecting appropriate operations, then, is to miétehtiask requirements specified by the
fuels prescription to equipment capabilities withonstraints of terrain and cost.

Because it should deal with all fuel strata, nat jmerchantable trees, a fuel treatment
operation may involve activities such as masticatioraking that have different types of
disturbance than conventional forest harvestinige disturbance effects can be direct
(scraping soil to reduce fine surface fuels, faaraple) or indirect (dozer piling resulting
in high temperature burning with resulting hydrobieosoils and poor herbaceous
regeneration). The selection of an operation afftct the spatial pattern of disturbance
and the total extent of disturbance. The inteoaickietween the type of operation and the
sensitivity of the site affects the severity oftdibance and thus the temporal pattern of
recovery or effect.

Forest operations for fuel treatment can be brodifigled into two types—in-situ
treatment where no biomass or product removal sceund removal treatments that
extract some amount of fuel loading for utilizatimndisposal outside of the stand. In-
situ treatments are selected when there are naatoally-viable markets for biomass
material and it is technically-feasible to meetfilnel reduction goals with the material
left in place. Removal treatments are selectedwithis possible to recover additional
value from the treated material or when it is masible to treat the fuels in the stand.
Resource managers in the western U.S. have ofted falack of biomass markets
resulting in extensive in-situ piling and burnimgatments. More recently however,
growing restrictions on burning have motivated gffdo find economically-viable
removal treatments.

In-situ Treatments

Fuels treatment can be accomplished within theddtgmerforming two basic functional
tasks—(1) killing selected vegetation, and (2) edg the resulting activity fuel loading
to acceptable fire behavior conditions. The saeabf an in-situ treatment is probably
limited more by the second function than any ofhetor. Simply re-arranging high fuel
loading in the stand may not be sufficient to lowes risk. In fact, shifting fuel loading
from ladder fuels or crown strata to surface fuals significantly aggravate some
aspects of fire behavior. Thus most in-situ treathtombines an initial vegetation
cutting treatment with a follow-on burn to redube wolume of activity fuels in piles or
scattered slash under controlled burning conditions

Generally the least-expensive in-situ treatmeptéscribed fire. Cleaves et al. (2000)
found that average prescribed burning costs rafrged $22.80 to $121.00/acre (1994 $,
excluding Region 5). Slash burning was generdilyua twice as expensive as
management burning. Prescribed fire mimics marth@fcological functions of natural
wildfire. However the use of this tool has sigegiint limitations. The pattern of
vegetative mortality is difficult to control, aiuglity is adversely impacted, there is risk
of escape, and acceptable burning conditions mbyameur in limited windows of
opportunity. Perhaps the largest limitation todke of prescribed fire is fuel loading.



Many forest areas in the western U.S. have sudifaoig loading that fire is not
acceptable without some initial pre-treatment (@&én of Condition Class 3).

Chopping, or drum chopping, is a pre-treatmentitock down brush and small trees
before broadcast burning. A large steel drum wittiing knives mounted on the face of
the drum is rolled across a site. The drums cagean size from 8 to 12-ft wide and can
be loaded with water for additional weight. Themrcan be towed behind a wheeled or
tracked tractor or it can be pulled on a winch ealAs vegetation is rolled over, the
knives break limbs and stems into shorter pieGmsne trees may even be uprooted in
the process. Chopping increases surface rouglyaasorporating organic material into
the soil, however there is little soil displacemassociated with the treatment. When the
drum is towed by a winch line this treatment carubed on steep slopes with little soil
impact.

After several months of drying, the
chopped material can be burned.
Chopping lowers the fuel bed depth whig. .

[t

surface fuel density and continuity which
can make it easier to carry prescribed firg
across a site. While this treatment is mo
often used for residue treatment after &8
clearcut harvesting, it has also been use @&
effectively for fuels treatment in brush &
fields, understory control in open pine
stands, and as treatment for wildlife
habitat improvement.

Chaining is similar to chopping, although it iS&ty a clearcut or open-field brush fuel
treatment. A long heavy chain, often anchor chaispnnected between two tractors.
As the tractors drive forward the chain knocks amenproots the brush and trees
between the machines. Soil disturbance resulis trprooting and the movement of
debris with the chain. Farmer, Harper and Dave®99), however, showed that chaining
for pinyon-juniper restoration actually reducedotirand erosion compared to untreated
areas. A variation of chaining uses a single araitiwing a heavy steel ball connected to
the end of the chain. Operating cross-slope dw laihd, the heavy ball pulls the chain
downhill and serves as the second anchor. Depgmdfirthe fuel loading, chained sites
can be burned or left to decompose over time.

Grubbing also kills vegetation by uprooting andaiiag plant vegetation to reduce
growth. It is principally applied for hard-to-coat species that will resprout from cut
stumps (e.g., salt cedargmarix sp.) or alligator juniperJuniperus deppeana).

Grubbing attachments vary from subsoil cutting bkatb specially-designed grasping
attachments for excavators. Extracted plants iged for disposal or removal. A
grubbing treatment creates more severe soil dismupthere plants have been removed,



but this soil disturbance is discontinuous compaoeal chaining treatment. Grubbing is
often the alternative to herbicide treatment.

Manual lopping is another pre-treatment for in-$itel management. Chainsaws, brush
saws or manual loppers can be used to fell sneadbktand brush. Lopping can include a
slashing requirement to reduce piece sizes to fspedength or height. Depending on

fuel loading, lopping can be combined with scatigiispreading activity fuels across the
stand) or handpiling. Generally lighter fuel loadsuld be treated by scattering, while
heavier loading would necessitate concentratingldgh into piles for burning. Manual
lopping results in minimal site impact and can elgerused on steep slopes. The primary
disadvantages of this operation are safety con@sssciated with chainsaws and the
significant labor requirements to achieve modestipction rates. Manual operations are
also limited by piece size and stems per acre.

An alternative to manual lopping is to use a swimarhine with a brushcutter or sawhead
attachment. The approach is to cut small stenckiyuand leave them scattered on the
site. Feller-bunchers have been used in suchagioins, but the head is generally not
designed to cut or grasp small stems effectivégchanical lopping has very little
impact on the site. The machine cuts materighéoftont and drives on the felled mat of
slash. This treatment can be applied on a widgeran slopes depending on the
capabilities of the base machine. Self-leveliitpfdounchers, for example, are able to
operate on 50% slopes. Non-leveling swing machshesild be limited to lower slopes.
Site disturbance is further reduced because a swauine can access a 60-ft wide
swath from one position.

Lopped material can also be mechanically piledgisither a brush rake or a grapple.
Brush rakes mount on the front of a wheeled ok&danachine to facilitate pushing
debris. The rake teeth on the lower edge of thdétatch residues while minimizing the
amount of soil displacement that occurs. Howederer or tractor piling still causes
significant soil disturbance just from debris mowstn Fuel loading and pile size
constraints will determine the number of piles aare and the amount of trafficking that
is required. Grapple piling is an alternative nogtithat uses a swing machine, either a
knuckleboom log loader or a modified hydraulic esatar, to grasp and pile residues.
Because grapple piling lifts the material rathemtipushing it, soil disturbance is
negligible. The resulting piles have very litt@lsand rock and can be built higher than
tractor or hand piles.

Chopping, lopping, and piling are all pre-treatmactivities that require subsequent
burning to reduce fuel loading. If burning is paissible, however, there are still two
options for in-situ fuel treatment—chipping and teion. Both of these mechanical
treatments convert existing fuels into smaller sizsses with the objective of removing
forest fuels through decomposition. Chipped ortroated material is spread on the
forest floor and, as a result of more direct soitact, has significantly different fuel
moisture and burning characteristics than typioe¢st fuels. It may be possible to use
chipping or mastication as a tool to reduce fuatling prior to a prescribed burn, but
more commonly these techniques are used in lidwofing.



Mobile chippers can be self-propelled or towed nraehthat reduce trees into chips
through slicing. The chips are relatively unifoyrsized due to the process and are
projected into the stand through a discharge spGhippers are fed by a loader and will
be most productive if the felled material has bpexnbunched. Towed chippers are
typically limited to roadside processing, whilefg@lopelled tracked chippers can operate
in the stand. Chipping would be a good alternaiviBurning if piles had already been
constructed.

The direct impacts of chipping include traffickibg the machine and the direct impact
of spreading material on the soil surface. Tréaffig effects are limited since most of the
undercarriage systems produce a ground pressilesesothan 7 psi. The effects of the
chipped material on soils and water quality areemorcertain. Given the density of
wood chips, 20 bone dry tons spread across aniamriel be a layer about 1” deep.
Chips could exclude herbaceous regrowth, altensoisture regimes, and change
nutrient cycling processes. Chips may also redodesxposure to rainfall and thus
reduce erosion.

Mastication equipment shreds, rather than chipsidéhg trees and brush. Unlike mobile
chippers, masticators are generally able to feten. Windell and Bradshaw (2000)
provide a thorough review of the range of machthas can be used. There are two basic
types of attachments—vertical shaft and horizostalft. Either of these can be equipped
with pivoting flail-type cutters or rigidly __
mounted cutting teeth. Masticators can I
mounted on every conceivable carrier [
including tracked, wheeled, swing
machine, drive-to-tree, or even a walking
excavator. Johnson (1993) described th{g
use of a walking excavator to masticate [

with slopes exceeding 60 percent. Whil
the shredded material is highly variable
given the range of attachments, it is
generally coarser and more irregular in
shape than chips.

The principle impact of mastication will result inathe trafficking of the base machine
and the work area defined by the attachment cordtgan. Direct-mount cutters must
traverse nearly the entire stand to implementatrrent. This would approximate the
extent of trafficking by a feller-buncher in a dleat harvest. Boom-mounted cutters, on
the other hand, have limited trafficking and soipiact. The type of trafficking
disturbance is also a function of the type and sfaee or track that are used. A
wheeled machine with wide tires may actually hawedr ground pressure than a tracked
machine with standard tracks. Careful considematiwould be given to the specification
of appropriate base equipment for particular soilditions.



Removal Treatments

If the activity fuel loading from a particular tt@@ent is going to exceed acceptable
levels, or if there are marketable products thatlmrecovered, a removal fuel treatment
may be required rather than an in-situ treatméiite conventional forest harvesting, a
removal treatment will involve felling and extramii. However, the type of material
removed in a fuel treatment may make the operatidically different in terms of effects
and cost than traditional product recovery. Famegle, skidder load sizes could be
smaller and the total number of trips into the dtaray be greater when removing small-
diameter thinnings. In a fuel treatment, matemaly be brought out of the stand simply
for roadside disposal without the need for prodnetchandizing that would occur in a
sawlog harvest.

Felling for removal can use chainsaws, feller-b@mshor harvesters. Manual felling is
effective for a wide range of tree size and tetrdtowever, as the number of stems per
acre increases, mechanical options become monahblesi Mechanized felling can also
move felled material into concentrated bunchesrfore effective extraction. It is also
easier to control the direction of fall and =
minimize residual stand damage with
machines. Like other forest operations,
the primary impacts of felling will be
determined by the type of carrier (wheelg
or tracked) and the type of attachment :
mounting (drive-to-tree or swing-to-tree). S
Swing machines can operate on steeper
slopes and can access a larger area wit
minimal traffic. Drive-to-tree machines
are generally more appropriate for flatter[S==
terrain.

Felled material can be removed from the stand uskidgers, forwarders, cable systems,
or helicopters. A basic functional difference amadmese methods is how the load is
moved—skidders drag one end of the load, forwardans/ the load on a wheeled frame,
cable systems drag the load but without wheelitradihd helicopters lift the load
completely above the ground. Cost per p= - =
ton removed increases with increasing [ &
extraction distance. This cost-distance
curve is a function of load size, operatin
costs, and travel speed. Skidders will i
generally be used at distances less than [
400 ft, forwarders and cable systems caurfiig#
work effectively at distances of 800 to [
1000 ft, while helicopters can move
material several miles.




With any extraction system where repeated cyclesacessary to remove material, the
cost per acre is strongly influenced by load si€ellection and removal of slash and
brush is particularly challenging because smaltggemake it hard to get full payloads.
A forwarder load of biomass limbs and tops is aldd8tthe bulk of a load of logs. If the
fuel reduction treatment requires slash removal]é¢ast expensive approach is skidding
whole trees. By taking limbs and tops to roadsiti@ched to the main stem, activity
fuels are minimized and the number of trips in® skand to accomplish the treatment is
reduced.

Cut-to-length (CTL) systems require special consitien. In CTL, trees are felled and
processed at the stump using a harvester. Eaelstoait into log lengths which are piled
by product. The forwarding function then collettis logs and carries them to roadside.
In some CTL operations trees may be processedim &f the harvester, creating a mat
of slash for the machines to travel on. The staah coupled with forwarding,
significantly reduces soil disturbance and compactvith CTL. Harvesters also
minimize soil impacts by using a boom-mounted &itaent to cut and process the trees.
CTL is considered the lowest impact ground-baseddséing system. In small-diameter
treatments, special harvester heads may be neeadi@ttively handle material.

Material brought to roadside may be
separated into product classes in a proct
called merchandizing. Various log
categories can be bucked into specified
lengths; pulpwood logs may be debarked
and chipped; fuelwood and residues ma
be processed through a grinder. Non-
merchantable residues can be disposed |
at roadside by piling and open burning of ===
with an air curtain incinerator. Roadside-}' '
merchandizing increases the area of
landings and heavy traffic. The more
product options involved, the larger the
area required for loading, processing, S G W
stacking and transport. Processing operationscaésie additional dlsposal problems—
sawdust, bark, butt cuts and other miscellaneausd@f biomass. Depending on site
constraints and the amount of this material it m@aead on-site or collected for trucking
to off-site disposal.

Roadside processing operations can be limited bifadote area, road access, or the total
volume brought to individual landings. If this aes, trees and biomass can be directly
loaded onto a variety of truck types and haulea toncentration point or woodyard for
processing. This “two-stage” hauling can impropemtional efficiency by increasing
volume and minimizing setup times. Woodyards a¢shice in-woods impacts
associated with erosion and soil disturbancehdfgrocessed volume is high enough,
measures such as gravel surfacing and stormwatgigaenent may be warranted.



The final function in removal treatments for fuglanagement is transportation. Forest
roads are recognized as a primary contributoreéoathter quality impacts associated with
forest management. Some type of road access éss@y for all of the operations
discussed in this chapter. In-situ treatmentgassible with a minimal amount of
roading and with lower standard roads. Removaltnents impose additional
constraints on road spacing and standard. Roauhgpaffects, or is affected by, the type
of extraction system. Skidding requires closedsoahile helicopters can operate at
longer distances. The type of product and prongssperation determines requirements
for road standard. Chipping and grinding prodwse-tlensity products that necessitate
large transport containers. Tight corners or sggagdes may exclude this kind of
transportation system and thus limit treatmentansti The important point to keep in
mind is that the road system is part of the foog&ration. Transport and access have to
match the type of in-woods operation and the ingpatthe total system must be
considered.

Conclusions

There are many options for forest fuel treatme3pecifications of the prescription,
particularly slope requirements and treated mdtsiza, may easily exclude some
operations from consideration. However there gelherally be a range of feasible
alternatives for the resource manager to review.afroject develops, a manager must
know:

1) that all feasible alternatives are under considmrgre any options missing),

2) what are the performance attributes of each option,

3) what are the tradeoffs among alternatives, and

4) what is the treatment cost associated with eadbropt

In general, cost considerations dictate treatimgsfas close to the stump as possible.
Removal must be justified by fire risk considera@r product values. Forest
operations for fuel treatment must satisfy theroftenflicting demands of ecological
compatibility and economic viability. Minimal imptacan be achieved but nearly always
at higher cost. Project managers need to balamezpmated impacts of the operation
against estimated impacts of the “no treatmenéralitive as they select appropriate
tools for fuel treatment.
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Terminology

As described in ISO 6814 (ISO 1999), forest machare defined primarily by the
function performed (e.g., skidder), then by addisibadjectives defining mode of
operation (e.g., grapple skidder) and mobility roetle.g., tracked grapple skidder).
Some of the following terms are from Stokes e{E039).

Air Curtain— a machine that uses forced air to improve combasifavood in a fire pit
or fire box

Bone dry ton—a quantity of wood or biomass weighif@00 Ibs at zero percent
moisture content (also called ovendry ton). Thihestypical basis for defining forest
fuel loading

Brush rake—a blade for a skidder or crawler tractor with leextending down from the
bottom edge

Cable system—an arrangement of winches, rigging, and wire noged to pull trees or
parts of trees from the stand

Chaining—the process of knocking over brush and small tbyedragging a length of
heavy chain between two tractors or a tractor andaay weight.

Chipping—the process of reducing trees into uniformly-disiened pieces by slicing
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Chopping—the process of knocking down and rolling over hraad small trees with a
heavy towed drum that has blades mounted acrogadbef the drum

Clambunk skidder—a machine that
drags trees or parts of trees from the
woods to a landing grasping the load in ¢
large inverted grapple on the back of theft =
machine (a specialized form of a grappld
skidder)

Clean chips—chips with very low bark ;
content, generally produced by chipping|
debarked logs. Clean chips are
marketable for pulp production or high-
quality pellet fuel

Cut-to-length—a harvesting system that
fells trees, processes in the woods into
product lengths, and uses a forwarder
rather than a skidder to move wood to roadside

Dirty chips—chips produced by chipping whole trees (also daNbole-tree chips)
Dozer piling—the process of pushing residues or felled stetosarpile with a crawler
tractor. The tractor may be equipped with a shviaiidade, brush blade or a brush rake
Feller-buncher—a machine that fells trees and accumulates thedfetems into a pile
using either a shear head or a sawhead attachment

Forwarder—a machine that carries trees or parts of trees thee woods to a landing
Grapple piling—the process of placing residues or felled stertwsarpile with a
knuckleboom loader or hydraulic excavator

Green ton—a quantity of wood or biomass weighing 2000 Ib8edtl moisture content
Grinder—a machine that coarsely reduces wood or biomasagh a shredding action
Grubbing—the process of pushing or pulling to extract nodst plant’s root system
from the ground

Harvester—a forest machine that fells, delimbs, and buogsdgr

Harwarder—a machine that combines the functions of a hagvestd forwarder

Hog fuel—coarsely reduced wood material that is intendedlii@ct combustion use
Horizontal grinder —a grinder with a horizontal infeed table

Hotsaw—a high-speed continuous rotation sawhead. Hotsagvattached to feller-
bunchers.

Knuckleboom log loader—a swing machine with a hydraulically operated baord a
log grapple attachment to lift and position treeparts of trees

Lopping—felling stems to leave them
laying on the ground
Mastication—the process of reducing
standing trees and brush by shredding o} |
grinding

Merchandizing—the process of
separating trees or parts of trees into
specified product categories by sizing a
sorting
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Mobile chipper—a towed machine that reduces trees or parts e tog chipping
Processor—a machine that takes a felled tree and delimbshacks the tree
Raking—the process of pushing slash or residues ints,pgenerally windrows, with a
brush rake or a towed rake implement

Self-propelled chipper—a tracked chipping machine that can move fromeptaglace
Skidder—a machine that drags trees or parts of trees fhemvoods to a landing, using
either cables or a grapple to grasp the load

Strokeboom delimber—a machine that processes trees into delimbedhengging
delimbing knives and a sliding boom

Tub grinder—a grinder with a circular
rotating top-loaded infeed tub




