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Forestry activities, potential pollutants, and
praclices to prevent and reduce pollution are
interrelated. The interrelationship and  Hexibility
belween these factors allow foresl managers to
successfully integrale water guality goals wilh other
management objectives, and {herefore contribute
substantially to o water gualily management syslem
on the landscape.

Although any one siviculteral activity affects only
a portion of a general forest area al any green time, 1t
is usually a part of a cyclical process designated 1o
vield a continuous supply of wood fiber. Certain
activities, such as those associated with
establishment and removal of the crop, occur only
once during the crop rotation. Depending on the tree
species and the area of the countyy, a crop oycle may
span 10to [0 years or more, However, the impact of
cerlain  sibvicultural  activilies on the  polluton
potential may be heavy during forestry operations
and may linger until the forest has sufficently
regenerated to restore the water handling capability
of the aren to preactivity levels. {This recovery period
is usually two to four years_) Other activities, such as
those associated with protection from [lire, disease,
and ingects, and those associated with crop
improvement, may occur several times during the
crop rotation. Thus, the period of sibvicultural
activities on a given forest site can span the length of
the crop rolation.

Potential Pollutants from Activities

The most important pollutants which may be
generated by silvicultural actwities are sediment and
debris, chemicals (including those from nutrients and
pesticides), and thermal effects. The onigin of the
pollutants is generally related o more than one of the
activittes of the total silvicultural operation

1. Sediment

A increase in sediment is the most mportant
common form of polluton resulting  from
silvicultural actnities. The additional sediments
usually result from accelerated erosion of soils,
but may also result from debris and other organic
and inorganic waste. Fxcessive amounts of
sedment affect stream ecology by smothenng
bottorn orgamsms through the formation of
“hottom blankets.” They also carry nutrients and
pesticides, clog  streams and  downstream
reservoirs, inhibit the reproduction of many
impartant fish species, and alter stream flow and
speed.  Suspended sediments  interfere wath
photosynthetic  processes by reducing  light
penelralbon.

2. Mulrienis

Nutrnent loss, abowve the natural level, may
nccur when fertilizers are carelessly applied
during the course of a silvicultural operation.
Soluble nuirients may reach surface or ground
water through runoli, seepage, and/or
percolation. Inseluble forms may be absorbed on
soil particles and reach surface water through
grosion  processes, Nufrients may also reach
surface water by direct washoff of slash, debrnis,
and recently applied fertihzer. Excessive nutrients
can lead to mbalance in the natural life cycles of
water bodies

3. Pesticides
Pesticides, when applied during forest
management operalions, may be nsoluble or
soluble. Pesticides when applied aerially and in a
broadcast manner may directly enter the surface
walers. These chemicals then follow
approximately the same pattern as nutrients.
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Pesticides, appled carelessly in the manner
mentioned above, may result m acule toxicity
problems in the water bodies, but these high
levels usually occur for only a short duration.
Insidious toxicity problems throughout the entire
fond chain could possibly resull, but little or no
information is available on this. In Indiana, the
mast commaon methods of pesticide application
include individual stem mpection or apphcation
directly to the ground cover; both methods offer
only remote possibilibies lor surface or ground
water contamination.

4. Organic Pollutants

Debris, and other non merchantable wood
materials generated by sithacultural activities, may
result in organic pollution if an inordinate amount
is placed or washed in the strearmns. This organic
material may reach surface water through direct
dumping, washeoff, or leachate from log storage.
The organic matenal places an oxygen demand
on the receiving waters during decomposition. In
addition, these malerials may lead to other
problems, such as changes in taste, cdors, colors,
and excesswe nuirnents.

5. Thermal Pollutants

Thermal pollubion may result from sivicultural
activities where the removal of the canopy cover
irom stream bodies causes the waler lemperature
to nse, Temperature & a significant aspect ol
water guality. In some cases, it may strongly
influence dmssolved oxygen concentrations and
hacterial populations in streams. The saturated,
dissohred oxyoen concenlrations in streams are
inversely related to femperature.

Description of Activities

Though all silvicultural activities are interrelared,
aclivities nroducing pollutants are associated with 1)
access and transport systems (log roads, etc.), 2}
harvesting, 3) crop regeneration, and 4} intermediate
actrities (thinming or fire, insect and disease
control). The type and amount of pollutants
generated from  these activities are  sirongly
mfluenced by the characteristics of the climatic
events, the physical characteristics of the area (soil,
topography, etc.), and the characterstics of the
indnidual operations as they are practiced n a
spacific ares.

1. Access Systems
Access o forest areas for the purpose of
conducting silvicultural operations usually s
provided through a combination of roads and
trails. The roads, which generally ruake up a part

of a broader interconnected fransportation
system, serve many forest uses, including
recreation and lire protection. They range from
very narrow unsurfaced ftrails to high-speed
paved roads. The intensity with which these
access systerns are used for silvicultural purposes
varies from frequent to only occassional use over
a number of years.

The lorest access road system is often a major
contributor of sediment to the streams in lorested
areas. These sediment loads may oniginate as a
result of road construction (including stream
crossings), associated mass soil movement,
direct erosion from the rosds, and indirect
erosion caused by changes in drainage patterns
and systems. In addition to sedimentation
problems, other pollution problems may be
created due to organic debris resulting from road
construction and log fransport, and from
herbicides used to control the growth of
undesirable vegetation on the nght-ol-way.

. Harvesling

Harvesting includes the process of feling the
tree, preparing it by limbing, cutting it into desired
lengths, and moving it to a central, accessible
location for transport out of the forested area.
The usable material is removed (skidded or
yarded) to a ternporary storage site or landing by
one ol three basic methods: tractor (on skid
trails), groundlead or highlead cable, or vanous
skyline cable methods. Balloons and helicopters
are also being used to a hmited extent i some
areas. In Indiana, rubber-tired skidders are maost
irequently used. Therefore, at least a part of the
lgged material is dragged over Llhe ground
surface.

The harvesting of timber results in a partial to
complete removal of forest cover and may
compact the soil and disturb the proteclive cover
of the soil surface. Thus, harvesting methods may
affect the erosion process and consequently, the
potential for sediment pollution. In addibon fo
sediment production, harvesting can create an
accumulation ol organic debris and slash which
may be washed into streams from the forest floor,
Harvesting can also result in thermal polhation
due to the removal of the canopy over sireams.

There are twn basic systemns of harvesling
used in the United States. These are 1) uneven-
aged (selection), and 2) even-aged shelterwood,
iseed tree and clearculling). Each of these
systems resulls in a different type and degree of
pollution-generating  potential  because of the
differences in assocated site disturbance.



3. Forest Regeneration

Fores!  regeneration  refers to the e
ectablishiment of a forest cover on areas [rom
which trees have been removed by some past
ocoumence, such as wildfire timber harvesting, or
temporary conversion to some other use than the
growing of trees. When frees have been absent
from a site lor o number of vears, regeneration
must generally be achieved through seeding and
planting. Regeneration ol « harvested area
inchides both the natural regenerative process
and man's activities in preparimg the site and
subsequent planting or seeding. The method of
regeneration is determined largely by the silvical
characteristics of the tree species involved, ste
hrmifations, economic considerabions, and the
land manager's desire lor [orest composition. In
some plant communities, narural Tegeneration
under any of the harvesting syslems may also
ccour by regrowth rom roots or stumps.,

Preparation, as well as protection of an area, is
sometimes needed [or regrowth of a stand.
Where site prepararion for regrowth is needed,
major actiities may include 1) debris removal to
reduce fire hazard and allow use of egquipment jor
subsequent operations, 2) reduction or removal
of brush or shrub cover and undersirable tree
species, and 3) cultivation of the soils.

When used indiscriminately for site
preparation, fire, chemicals, and soil-disturhing
machinery increase the potential lor sediment
and other pollution 1o occur. The time required
before such pollubon  occurs  is  variable
depending upon climatic lactors, soil productity
and its miluenee on the rate of plant growth, the
species planted or seeded, and the operational
schedule. In some areas, the time span may be a
single growmg season, while in others, it may
Cover several years,
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Intermediate Practices

Other sihvicultural praclices relatng to
thinning of an  immature forest, fertilzer
application, and pestcide treatments may be
undertaken during the crop rofation, The
thinning process involves removal of selected
trees from both mature and immature forest. In
essence, this s a type of harvesting which would
tend Lo create potential sediment-generating
conditions il carelessly carried out. Chemical
application of fertilizers and pesticides during
intermediate practices can result o waler
pollution, f mproperly applied or adversely
alfected by an extreme and unexpected natural
cuent,

Disturbances Associated with
Silvicultural Activities

Non-chemical forms of pollution that result from
silvicultural actiahies generally relale Lo dislurbances
of the sml and vegetabon. The kind and amount of
disturbance 15 largely dependent on five mam factors:
1} characteristics of the area on which the
silvicultural actrities arve carried oul, Le., nalure of
the snils, vegetation, climate, and topography; 2) the
type and character of the activity, e.q., the specific
regeneration system used in carrying out timber
harvesting (selection, shelterwood, seed tree, or
clearcutting); 3) the method or technigue used (o
carry out the activity, such as in timber harvesting
{tractor, highlead cable, skyline cable); 4) he specific
features of the activily, that is, intensity, and size and
shape of the area on which it 15 applied; 5) the
lncation of the activily, that s, s proximty to
streams and lake shores.

Timing of the activily is another factor which may
be imporlant in some situations. Where appheable
and feasible, the amounl of soil disturbance may be
reduced bw loguing when the ground s frozen, when
it is covered with snow, or when the soil moistare is
relatively lon.

Although generalities may be msleading and
must be carefully  examined by approphate
professionals [or application 1o local situations, they
are useful in establishing a common framework for
examining allernale solutions to water polhihon
problems. To illustrate, the relalive npacts of the
different categories of harvesting svstems on
potential water polunion are generalized in the
following discussion.

Soil and Vegetation Disturbance
[t may be necessary to construct additional roads
and trals when the acoess system s madequale Lo
serve  Lhe parlicular  harvesting sustem, This
construction activity can result m severe Lo cornplele
disturbance of soil and vegetation. The extent of
such disturbance can be minioized by fitting the
access roads 1o the ferram, by minimicang strearm
crossings, by using appropriate design criteria, and
by using the least soil disturbing and sol impacting
equipment and techmques.
1. Selection Cutting Svstems
Diue to the scattered nature of cuitng, the
selection systems Teguire an exfensive system of
roads and skid trails and usualiy enploy crawler
fraciors or rubber-tired skidders to move te logs
from the stump Lo acentral landing, Dhisturbances
of the general forest area are usually limited to soil
and undergrowth in the area mmediately around
the indnadual trees or groups of trees harvested,
with little deterioration of the soil-holding network



of plant roots. The selection method of
reproduction inwvolves the removal of only the
miature, over-tmature, or dead Irees. Inlermediate
cullinoes may be made among the younger trees at
the same time that the older trees are removed.
Maintenance of o healthy stand of trees often
reqjuires toore fregquent enlry inlo the harvest
area than other regeneration methods. Further,
disturbance of the soil, although relatively small,
can oceur al larly shorl re-entry inlervals,

. Shelterwoond Cutiing Sysiems

Thie shelterwood method involves the gradual
removal of the entire stand in a series of partial
cutbings which extend owver a frachon of the
rotation. The method may also be applied 1o
cutting in strips or in groups. Tractor logging is
generally adapted to this system, but where strip
or group shelterwood modifications are used, or
where the wood volumes and terrain are
favorable, other logainm methods, such as
highlead cable or skyline cable. may be employed.
An extensive system of roads and skod trals s
generally needed where fraclor logwng s used.
Fewer, more widely spaced roads may be
adequate with the cable systems. Since the most
important function of the seres of parbial culbings
15 Lo create ideal conditions for the germination of
natural seedfall, a certam degree of disturbance to
s0il and ground cover throushout the cut area is
necessary. Where imafial cutfing Lals o creale (he
proper seedbed conditions, artificial methods to
prepare small seed spots at close ntervals are
eften used. A mimirmomoof o cufbings s reguired
in the simplest application of shelterwood cutting.
Under mtensive management, more than five
cultings often are made in the gradual process of
simultaneoushy  frecng the reproduchon and
removing  the malure siand. (Mlen, the
regeneration period ranges from ten to twenty
vears, but may extend to sixty vears. Therefore,
sovmie degree of redsturbance to soil and
vegetation does occur.

. Seed Tree Systems

In some classlicalions, the seed Iree syslem
has been included under clearcutting systems,
smce the area is clearcut except for certam seed
Irees which ordmarly make up less than ten
percent of the total number of trees on the area.
Like clearcutting, any one or a combination of the
loggmg methods may be appropriate, depending
on the site conditions, economics, volume of
timber, and many other factors. In companson to
selection cutting, fewer roads and skid trails are
needed in seed tree systems, Severe disturbance

of soil and vegetation may occur over maost of the
cutover aren. The amount and degree of
disturbance are usually less with highlead systems
than with tractor logging.

After the crop is established, the seed trees
can be removed in a second cutting or deadened.
If the seed trees are remowved, some
redisturbance of soil and vesatation occurs. Both
the seed tree and clearcutting systems can result
im at least o temporarny detenoration of the smil
holding netwoark of tree roots over a relatively
large area. This can be a parbcularly /mportant
considerafion n sleep letram and o areas
immadiately adjacent to stream channels,

4. Clearculting Sustems

The disturbance of sml and vegetation by
clearculting syslems is similar 1o that of seed (ree
systemns. The most important difference is that all
commercial size materal s ool In many of the
larger clearcuts, reforestation involves site
preparation  for  arbficial  reproduction. This
irnvalves removing much of the remaining ground
cover and adding further to the disturbance of soil
aried vegetation. Un those clearculs where loogng
is done by methods which lift the harvested
material clear of the ground or where
revegetation oocurs naturally withowut further site
preparation, the overall amount of soil and
vegetation disturbance between crop removal
operalions can be less than with systems that
require more frequent entry. Redisturbance does
nof occur unhl the reproduction s ready for
thinning.

MNatural Drainage Way and Stream

Channel Disturbance

1. Seleciion Cutiing

Except for disturbances associated with roads

and other means of access, natural drainage ways
anid stream channels are not normally affected by
selection cutling unless the logs are dragged
across the drainage way or channel, or unless
hmbs or other unmerchantable portons of the
tree are alowed Lo accumulate in the channels.

2. Shelterwood Cutting

The degree of disturbance 1o natural drainage

ways by shelterwood cutting depends on how the
systern s appled. Where the system mvolees
general progressive cutting, the impact is similar
to that of selection cuthing. Sinp or group
shelterwood cutting methods, which nwalve
concentrated cullings in small areas, may also
result in disturbance by loggng equipment of
rminesr Eribulary dramaoe ways.
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3. Seed Tree Cutting
In addition to disturbances associaled with
road and trail crossings, disturbance of natural
drainage ways and stream channels may occur
whenever logs are dragged across the land
surface. Such disturbance can be minimized with
a properly designed network of skid trails and the
proper location of landing and lpading sites. In
seed lree cutting, the danger of woody debris
entering drainage ways and streamn channels
within the cut area is relatively high.
4. Clearcutting
Disturbances of natural drainage ways and
stream channels are similar to those associated
with the seed tree cutting method. As with Lhe
seed tree system, the degree of disturbance is
proportional to the amount of matenal that s
dragged across or through the drainage ways and
channels.

Best Management Practices

“The term “best management practices (BMP)
means a practice, or combination of praclices, that is
determined by a state (or designated area-wide
planning agency] after problem assessment,
examination of alternative practices, and
appropriate public participation to be the most
effective and practicable (including technological,
economic, and instilutional considerations) means of
preventing or reducing the amount of pollubion
generated by nonpoint sources of pollution at a level
compatible with water quality goals.™

Among the various technical aspects to be
considerad i BMP design and selecton are:

# The variability and charactenstics on individual
source areas in terms of topography, soils,
geology, etc., and their effect on natural pallution
hazards of the area.

* The variability in chimabic lactors which influence
both the defachment and the transport processes,

* The variability in recovery time of a site as it is
mfluenced by foclors, such as climate, sml
productivity, and plant species.

® The wvariabiity in the transport behavior of
different pollutants and the reaction of the
receiving waters to these pollutants.

In most cases, this variability will prevent a single
BMFP from covering all activities and situations. BMP
must be structured with these vanations clearly in
mind and with full consideration of the particular
water quality problem 1o be solved. Further
considerations include the practicality of secunng
early implementation of appropriate besl
managernent practices, lhe socal and economc
costs of implementation, and the benefits (water
guality and/or otherwize) to society that wiall result.

‘Code of f'rrir:'r:'llnl'-".?!;r.l lations, Federal Remister, Yolurme 40,
Mumber Z30. Part 1322, paragragh O, Movember 25 1975 n.
Sh338.

The control measures that are used should be
fully integrated into the total management system for
a parlicular lorest area and should be feasible not
onhy from the technical standpoint, but also from the
fimancial, legal, and institutional standpoint. To the
extent feasible, soils, nutrients, pesticides, and other
chemicals must be kept on the land area where they
perform their intended function of assisting tree
growth and health.

Best management practices applied to
sibvicultural operations can be classified as two mayor
types. These are 1) prevention measures as parl o
planning, policy and managment; 2} reduction
measures apphed to the land as an integral part of the
silvicultural activity. The reduction and prevention
measures are generally descnbed in "Processess,
Procedures, and Methods to Control Pollution
Resulting from Sihvicultural Activities,” EPA 420/5.
73000,

1. Prevention
Prevention through manacermnent  decision
imvolves  the incorporation of water quality
protection into orgamzational policy and in the
planming desion and scheduling of sibvculioral
achivilies. Al this stage, location and design of

Ingoing access roads, intermediate activities,

harvesting methods, and reforestation decisions

should be made to prevent or mimmize the
aonyravation ol inherent pollution hazards.
2. Reduction

The reduction measures to control erosion
and  sediment runedl generally ubbze some
physical, biclogical, or chemical method or
lechowue.,  They modily  and  reduce  the
unavoidable disturbances caused by an aclnaty,
for example, revegetation of cleared areas,
mulching ol roadeuls and [ills, and removal of
debris from water courses, the construction of
bermns, rip-rapping, baffles, drop structures, catech
basins, and slope stabilization on road sites.

Because of the widespread nature of sediment

rurcf, erosion control measures must be a
principle thrust of the water guality management
program on each management unit. [n the areas
where nutrients, pesticoides, and other chemicals
cause pariicular protlerms on surface or ground
waters, further control measures may be
necessary. These messures could relate fo the
application {timing methods ‘and amount),
ulilization, and management of the fertilizers,
peslicides, and fire retardant chemicals.
Particular attention should be taken to keep
chemicals away from streams. Care must be
axercised to insure that thermal problerns are not
created m streams by excessive removal of shade
canopy. Attention to proper loresti
management, enygineering, and harvesting
principles can substantially reduce pollution
attributed Lo silviculiure.
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