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Forestry and Water Quality: Pollution Control Practices

P. E. Pope, Azsistant Professor of Foresiny

Control of water pollution resulting from forestry
activibies using the best managemen! practices
(BMP) approach will generally involve a combination
of prevention and reduction measures which are
buill into the interrelated activities of the access
system, the harvest system, the crop regeneration
methods, and the other intermediale actvilies.
These prevention and reduction practices modify
some aspect of the interactions among land
capability, sihvicullural actialy, created conditions,
natural mechanisms, and the associated pollutants

Due to the complexity of the interachion among
all the variables and among the various practices
themselves, experienced natural resource managers
should make recommendations (o develop a feasible
BMPF for the solution of a particular water quality
preblem and for the prevention and/or reduction of
pollution. Blanke! prescriptions are not safe. A
practice or mix of practices that could be a feasible
solution to a potential pollution problem n one
situation may not be feasible in another, or may even
aggravate the problem. Therefore, a feasible,
implementable BMP must be determined on a site-
by-site hasis with full consideration for owverall
managerment objectives.

Prevention Practices

Pollution prevention practices should be carefully
thought out during the planning stage rather than
relying on adaptive techniques developed during the
actual silvicultural operation. These practices can be
apphed under a wide varetv of management
alternatives to meet a number of objectives.

The follwang 15 & hst of the general type of
prevention practices. (No priority should be
attached to the order of the hsting) Particular

attention 15 pad fo how these practices relate (o
waler guality or water pollution control.

1. Correlate road and harvest plans to obtain
the combination that will minimize the potential for
non-point source pollution.

2. Locate access routes to avoid, to the extent
possible, high hazard areas such as those known to
contam a potential for landslides, highly erodible
soils, and unstable stream channels. This 15 the most
effective of all practices since the elfects of poor
location often cannot be overcome through project
design or use of reduction practices.

3. Time the construction of stream crossings to
minimize direct impact on the stream.

4, Design roads to minimize large cuts and fills
mmediately adjacent 1o stream channels. That is,
make the roads fit the topography.

5, Prownde for adegquate surface and subsurlace
waler control.

A, Prowide for adequate reduchion measures
where high hazard areas cannot be avoided.

7. Select the proper operational methods and
equipment for the specific site conditions.

#. Locate and lay out timber harves! areas (o
minimize the intensity of activities and the use of high
hazard areas, particularly those mmediately
adjpcent 1o stream chanmels.

9. Schedule activities in both time and space to
control the amount of disturbance m any gen
watershed at any one timie.

10. Minimize use of pesticides and other
chemicals, and carefully analvze their need before
application.

11. Minimize the use of practices which increase
infiltration or the concentration of water in arcas
where mass soil movement (landshdes) is a hazard.
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The preplanning process indicated in the
preceding list can be exemplified by considering a
streamn side management situation. Preplanning
would include management direction and
operational stipulations regarding the type and
method of operation within this area. Some
examples might be: a) maintain sufficient amount of
natural ground cover and density of trees and other
vegetation along streams to protect against some
thermal pollution, stream bank erosion, and the
direct movement of potential pollutants into the
stream channel; b) locate landings, skid trails, and
tractor roads to awoid paralleling the stream
channels for long distances, to minimize the number
of channel crossings, and to avoid dragging logs
down existing drainage channels or creating artificial
drainage patterns; c) use culverts of sufficient size to
accommeodate high flow conditions; d) fell trees away
from drainage along perennial or intermittent water
courses; and e) mspect periodically the stream
crossings and drainage systems to insure the clearing
of channels and culverts for maximum discharge

capacity.

Reduction Practices
1. Practices [o reduce the erosion pofential.
Sediment produced by erosion is generally
recognized as the greatest pollutant from a non-point
source. Erosion of soil by water can take a variety of
forms. On the land, surface erosion may consist of
sheet erosion, rill erosion, and/or gully erosion. In the
stream channel, erosion may consist of stream bank
erosion and/or channel down cutting Mass soil
movements may also occur in various forms such as
landslides, mud flows, or downward creep of entire
hillsides. Table 1 lists the principal types of erosion
control practices applicable to silvicultural activities,
their general types of application, and some of their
favorable and unfavorable features.

2. Muirient moanoagemenl praclices.

Nitrogen and phosphorous are the prmary
nutrients that may be affected by silvicultural
activities. If not carefully controlled, additions of
plant residues and fertilizers by man may increase
the level of these constituents above their natural
levels in streams within or below forest areas.

Mutrient cychng is an important component of
the soil-plant complex and interrelated processes
which are going on continuoushy within the forest
ecosystern. MNutrients are directly related to soil
formation processes and soil productiity. During
this cycling process, excess amounts of organics and
inorganics may be removed from the land by direct
runoff, by leaching and discharge via ground water,
and by association with sediment from eroson
Practices which reduce direct runoff and/or erosion

also are effective in reducing the transport of
excessive amounts of nuinents to receiving waters.
However, in cases where the most important
transport mechanism is leaching and discharge via
ground water, such as in highly porous geologic
materials or areas with high water tables, additional
or alternative practices may have to be used to
achigve the desired level of control. These alternative
practices mvolve modified use of fertilizers and
methods to dispose of forest residues (slash).

3. Control of nutrien! pollution from forest
ferblizalion.

While still a relatively mimor operation, the
application of chemical fertilizers to sizable areas of
commercial forests as a means of stimulating growth
of new plantations or established stands of trees has,
in some areas, expanded rapidiy over the last few
years. Fertilizers are also applied to forest lands for a
number of ather silvicultural purposes such as 1) to
increase the production of seed from selected trees
within a forest stand or from genetically selected
groups of plants within a seed tree orchard, 2) to
improve the color and the needle retention in
Christmas tree plantations, 3) to aid survival and
initial growth of individual tree plantings, and 4) to aid
establishment and growth of vegetation on road cuts
and fills.

Mutrient pollution from ferthzation on forest
lands is controlled by using technigues which avoid
direct application to surface waters. Also involved
are the elimination of excessive applications, the
selection of the proper fertilizer formulation, and the
proper timing and method of apphcation. The key
factors in the selection of the type of fertilizer and the
method of application which are most appropriate
for pollution control are local soil nutrient
deficiencies, the physical condition of the soil, the
plant species requirements, cost factors, weather
conditions, access, and topography.

Control of Nutrient Pollution Through
Treatment of Forest Residues

Forest residues accumulate as a result of natural
mortality of forest wvegetation and from land
management activilies, including silviculture. These
residues represent both negative and positive
environmental values and may be both an
impediment and an environmental vanable that can
be manipulated to advantage. The forest residues
play a complex role in the forest system. They may
act as a source of nutrients, a fire hazard, an eve-
sore,a protective cover to the soil, an obstruction to
the movements of man and animals and as a source
of food, shade, and shelter for some wildlife species.
Forest residues may also be potential sources for
insects, diseases, and water pollution.



Many methods of treating forest residues,
particularly residues resulting from timber
harvesting, have been used in various parts of the
country. Generally these methods are designed to
increase utilization, to lessen fire hazard, to prepare
seedbeds, to remove obstacles to planting, to
improve the scenic quality of the area, and to
rehahilitate siream channels.

The major treatment has been burning either
over the entire harvested area or in selected
locations. Large residue material, such as portions of
cut trees which are unsuitable for timber and poor
quality unmerchantable stems, may be turned into
other marketable products such as wood chips for
paper or fuel. Residue may also be disposed of or
changed in physical form by some mechanical
means, or it may be lelt without treatment subjpect
only to the natural decomposilion processes.
Varying environmental conditions and management
objectives indicate different treatments for forest
residues.

Burning—The prescribed use of fire to modify a
forest stand or to reduce the volume of forest residue
to some desirable level involves careful planning
Practices to control water pollution potentials
generated by prescribed burning include: 1)
construction of water diversions on fire lines in hilly
ar steep lerrain to drain the water into areas outside
the burn, 2) removal of residue [rom natural water
concentration areas prior to burning (dips n the
terrain not normally considered water courses), 3)
provision for an adequate strip of undistrubed
surface between the prescribed burn area and water
courses, 4) avoidance, to the extent possible, of
intense fires on soils thai are immature, highly
erodible, and/or subject to the development of a
nonwellable condition.

Piling residues by hand or machine for burning
has long been the practice in some areas. In some
cases, the residue is bunched into piles; in others, itis
windrowed by a bulldozer inlo more or less regularly
arranged patterns or rows,

Pollution control practices where residue is piled
and burned may include: 1) avoiding use of
equipment exerting heavy ground pressure where
the soils are wet and subject to compaction, 2)
avoiding location of piles within the normal high
water flowage areas of natural drainage ways and
water courses, 3) placing piled material in rows as
nearly as possible on the contour, 4) keeping the
rows fairly short and staggering them so that there is
no continuous opening up or down the slope, 5)
minimizing the amount of soil in the rows or piles by

using tractors that have special “brush” blades with
teeth, 6) avoiding the gilling of water concentration
areas, and T) back-blading on the contour and hally or
steep terrain to remove all uphill and downhill tractor
ruts developed during the pilng or windrowng
activity,

Rearranging Residue—If land management
objectives can be met, and if the volume and size are
suitable, residue may be rearranged or mechanically
treated and left. Such procedures might be
appropriate when fire is a problem and when the
maximum amount of organic material for soil
protection and nutrient source outweighs other
considerations. Rearranging residue includes
treatment such as chipping, crushing, lopping and
sealbering.

Pollution control practices include: 1) disposal of
material well away from stream courses, 2)
resiriction of use, to the extent feasible, of equipment
exerting heavy ground pressure on wet or very moist
soils, 3) dispersion of the material over as wide an
area as practical, and 4) removal of undesirable
material from stream channels and dispersion of that
material over the area.

Pesiicide Practices

At present, the use of pesticides in forest
management lor the state of Indiana s confined
primarily to individual stem mjection in TSI (Timber
Stand Improvement) or to ground applications in
plantation establishment. Under these conditions,
the probability of direct pollution into stream water
courses 15 minimal. In most instances, these
pesticides are used only when they are cost effectve,
and their benefits often outweigh emwironmental
impacts. Pesticides are usually applied on a periodic
basis, generally at intervals of several years. Ground,
and 1o a limited extent, aeral applications of
pesticides may be used to control insects, rodents,
diseases, and weeds and other undesirable
vegelathon.

The most important redistibution  process
associaled with pesticide pollution is direct transport
tw runoff. However, the mechanisms of leaching or
subsurface flows may be important in areas of highly
porous geologic materials, permeable soils, or high
water tables.

Practices that control erosion and runci also
reduce loss of applied pesticides. In addition to these
practices, a number of other often used options
exist. These options imvolve manipulation of the
pesticide itself such as form, timing ol application,
ete. These can be used alone or in conjunction with
the erosion and runoff control measures.



Table 1. Principal types of reduction practices for erosion conirol applicable to silvicultural
activities with some favorable and unfavorable features in terms of water pollution control (after

EPA Tech. Repori 37, 1977).

Erosion Control
Practice

Seeding or planting of grasses or
other herbaceous vegetaton

Seeding or planting of trees or
other woody vegetation

Dispersal of runoff concentrated
bw man's activibies

FPhysical treatment of the land or
soil to improve infiltration or de
tain runoff (contour trenching,
furrowing, efc.)

General Types

of Application

Bare soils or soils with inade-
quate cover where tree repro-
duction s not desired (short-lived
forbs, grasses, or lequmes where
tree establishment is desired).
Mot an effective technigue lor
controlling pollution caused by
landshdes or other forms of mass
soil movement.

Bara sol or soils with inadequale
COVET

Tractor roads, skid trails, and
logging roads

Areas where soil mosture or
rapid surface runoll inhibit ade
guate plant establishment and
growth

Some Favorable and

Unfavorable Features

Provides a relatively quick cover
which decreases soil erosion; 1m-
prowes nlillrabion capacily of the
soil, and may reduce overland
flow of water, Relatvely inexpen-
sive. May require lerbbzation lor
establishment and growth.
Caransses and olher lomg-ved vey-
etation usually add to réforesta-
teon chaffeculty.

lrproves infiltration capacity of
the soil and aids i reducimg owver-
land flow of water aiter litter layer
of natural matenals develops. Of-
ten lakes 5 years or more Lo be-
come effective. Can result in de
crease of water vields under
some circumstances. Moderate
initial cost. May require fertihza-
tion for proper growth and wvigor.

Retards surface runaff by re-
ducimg slope lenglh and area ol
concentration. Permits infiltra-
tion of water as b s spread onibo
stable surfaces. Can increase soil
erosion if water 15 directed to un-
stahble areas where it cannot
spread and infiltrate. May require
mstallahon of energy dissipalors.
Moderate intial cost and some
marntenance costs,

Retards surface runoff by re
ducing slope length and area of
concentration. Increases infiltra-
tion and improves soil moisture
on freated areas, thereby aiding
plant establishment and growth.
Loses effectiveness and can re-
sult in greater soil loss if these
practices fail. Substantial initial
cosl and some mainlenance
costs.



Erosion Control

Practice

General Types
of Application

Debris Removal or Dhspersal

Moulching

Structural measures such as de-
bris basins, sediment ponds, re-
taining walls, water flow retarding
structures, etc.

Chemical treatment of soil (floc-
culents or surficants)

Stream channels

Bare soils or soils with inade-
guate cover where steepness of
slope or soil moisture conditions
are crfical

Stream channels, areas of mass

earth movement

Certain fine textured soils and/or
soils which are difficult to wet

Some Favorable and
Unfavorable Features
Reduces concentration of organ-
ic matetials. Removal from
stream channels lessens chance
of debris dams and sediment de-
posits forming and subsequent
stream bank erosion. May result
in damage to stream banks and
stream bottoms if not carefully
done. Must be coordinated with
fisheries’ habitat and other land
management objectives. Moder-
ate to substantial cost.

Adds m roaimtaining soil moslure
and reduces the rate of overland
flowwr, therebw allowing more
water to infiltrate within the soil
capacity, May have a positive or
negative mifluence on nuinent
addition depending on physio-
chemical environment. May also
result ina higher BOD (Biolomcal
Oxygen Demand) load if washed
nto recewing waters, On some
soils, mereases need for nitrogen
fertilizers. Moderate cost.

EBetards the movement of water
and associated pollutants from
the land to recewimg waters and/
or within strearm channels. Possi-
bility of some additional pollution
durnng construction. Moderate to
substantial installation and main-
tenance cost.

Application of flucculents on cer-
tain fine textured soils causes ag
gregation of soil particles which
improves infiltration capacity and
aids in reducing overland flow of
water, Pollution potential of
chemicals varies and in many
cases is unknown. The effective-
ness of some flocculents s in-
versely related to clay content.

Application of surficants, which
reduce the surface tension at the
water/sol interface, has been
used with varying degrees of
effectiveness for improving inotial
infiltration rates of some soils.
The pollution potential of many
surficants is unknown.




Control of Thermal Pollution

The most important factor influencing changes n
streamn waler temperature is shade. In addition fo
shade provided by vegetation, water temperatures
are also influenced by topography, surlace area and
volume of the stream, allitude, stream gradient,
underground water inflow, and type of stream or
channel. Howewver, by maintaming adeguate
vagetation cover of such heghl and densily as 1o
adequalely shade the stream during periods of
maximum solar radiation, abnormal water
temperature INcCreases Can often be |'|T|:‘-'\-'H|'I1Pf! [r
rinimized. The intentional reduction of shade
provided by vegetation can also be used to increase
water temperature o favor certan F'.I'.|l].=!|[il2' HFJEl:iE‘-‘i
whiete desirable.

If the residual vegetation is not of the proper
density, the siream may not be effectively shaded,
even though the vegetation is of sufficient height. In
general, the most efficien! shade producers are
young, brushy, wide crowned trees, but understory
vegetation including many species of brush generally
provide very adequate shade for small streams, The
state of the art has nof advanced fo the poinl where
the amount, type, location, and width of vegetation
that must be left to prevent or mimmize abrormal

INCreases in water temperature ina particular siream
can be prescribed wilh any deoree of certainty. This
will vary from site to site depending upon the mamy
factors previously described. Stream characteristics
such as width, volume of flow, gradient, and
streambed collectively nfluence the ellect onowater
temperatures of any given amount of exposure (o
sedar rachinlion.,

Although there has been significant progress in
the development of techniques for predicting water
temperature increases, lhese techniques have not
been lested sufficiently for general apphcation, and
except for those arens where [ully tested prediction
techmigques  are  available, local experence and
prolessional judgment must be applied on a case by
case basis.

Summary

Pollubon potentials olten differ widely within a
relatively small geographic area. Therefore, contral
practices can be most accurately prescribed on a
site-bwr-site basis. However, plans can be developed
lor a larger area if they allow flexibility m practice
solection, Such BMP selection must correspond (o
detalled dillerences in soil and vegetation types,
slope characteristics, and other natural conditions.
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