DCCUMENT "BESUKE

ED 153 784 ' SE 023 484

TITLE Processes, Procedures, and Methcds tc Ccntrol
Polluticn Resulting frcm Silvicultural 2ctivities.

INSTITUTION . Environmental Frotecticn Bgency, Washingtcn, D.C.
Office cf Water Frcgraius.

FEPORT NO E+a-430/9-73-010

PJB DATE Ooct 73

NCTE 100p.; Fhotcgraphs may not reprcéuce well

AVAILABLE FROM Superintendent of Dccuments, U.S. Gcvernment Printing
office, Washington, D.C. 20402 (31.23)
EDES PRICE MF-$0.83 HC-$%4.€7 Plus Ecstage.
DESCRIPTIORS Environment; *Forestry; #*larnd Use; Hanagement
e Systems; Natural RescirIces; EestiFides; Ecllution;
#*Post Secondary Educaticn; *Soil Ccnservaticn; *State
of the Art Feviews; #*Kater Eclluticr Ccntrcl

ABSTR2ACT .
This repcrt presents krief dccumentaticn cf
silvicultural practices, both tnose ncw in use and thcse in stages of
research and developrent. A majcrity cf the text is ccncerned with
the sfecific aspects of silvicultural activiiies which relate tc
nonpoint source polluticrn ccntrcl metkcds. 2ralyzed are existing and
near future pclliticn control methods in terms cf techunical and
eccnomic jpracticability and usefulness. It frovides infcrmaticn of a
general nature regarding prccesses, rrccedtres, and methcds for
contrclling pollution caused by sediment runcff frcsz logging roads,
skid trails, and other areas of undisturked scils in forest areas;
pesticides and fertilizers used in fcrest regeneraticn activities;
chemicals and other materials applied fcr fcrest fire preventicn; and
temperature increases in small streauzs expcsed tc sclar radiation Ly
logging cf bordering timter stands. (Ruthor/CSs)

* Reproductions supplied by ELRS are the best that car te made
* from the original dccumert.

#***$**************************##*#***###**###*##44#####**######*##****

A

ERIC

IToxt Provided by ERI

**#****************i***************###*##**########*###*#**#**##*###***




 430,/9-73-010

. PROCESSES, PROCEDURES, AND METHODS
! ‘°3 TO CONTROL POLLUTION RESULTING
A FROM SILVICULTURAL ACTIVITIES
s |
ENTOF HEALTH
g comeny § R
Lo -BermardLukes eSS Bk e
| A:nem;ﬂ Po'x‘r;r'ssé(veusesv:‘gtSP‘;E:%NES. )
o ' (ﬁ.’ﬁ;&?ﬁiﬂ‘?&i“&%’i‘ék emcr aND \ SEwroreiciaL aTioNs, ST O
USERS OF THE ERICEYSTEM™ A i
, <. olh) P e 7
Ao 5L
LA SR AR A4
: ) :r .;‘ ,. \ { . '
’ ,ﬁ“‘-;..
N
{ }4. ' A
| ¥ N\ i‘ 1:-3'0' }"
>4 R d
it 12
3
& Wz,
puy
O
* e ~-1.8. ENVIRONMENTAL PROTECTION AGENCY

o) ;

o Office of Air and Water Programs
Washington, D.C. 20480




FOREWORD

This report is issued in response to Section 304(e)(2)(A) of
Public Law 92-500, This Section providea: -

The Administrator (Environmental Protection Agency),
after consultation with appropriate Federal and State
agencies and other interested perzons, shaii issue to
appropriate Pederal sgencies; the States, water
pollution control agencies, and agencies desiznated under
Section 208 of this Act, within one year after the
effective date of this subsection (and from time to time
thereafter) information including . . « (2) processes,
procedures, and methods to control pdbllution resulting
from -~ .

“(A) « o« o silvicultural activities including runoff
from . . o forest lands,"

This report prepared under contract by the firm Midwest
Research Institute, Kansas City, Mirsouri for the
Environmental Protection Agency, provides information of

a general nature regarding processes, procedures, and methods
for controlling pollution caused by sediment runoff from
logging roads, skid trails, and other areas of disturbed soils
in forest areas; pesticides and fertilizers ured in forest
regeneration activities; chemicals and other materials applied
for forest fire prevention; and temperature increases in small
streams exposed to solar radiation by logging of bordering
timber stands., It is intended to act as & state-of-the-art
document useful for the development of effective programs to
control nonpoint sources of pollution.
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SUMMARY

The present status of "Processes, Procedures;and Methods to Control Polla-

tion Resulting from Silvicultural Activities' has been analyzed in response

to the directive given to tke Environmental Protection Agency by the Sedﬁndhy,ﬂf
Session of the 92nd Congress in Section 304(2)(e) of Report No. 92-1465

titled "Federal Water Pollution Control Act Amendments of 1972," dated
September 28, 1973.

Nearly 203 million hectares (500 million &cres) in the United States are
in forests managed primarily for the production of timber. The principal
water pollutants from this land area are eroded minerai soil sediments
transported in runoff; organic matter which is chiefly tranmsmitted to the
water by runoff; pesticides; fertilizers; fire retardant chemicals; and
thermal pollution resulting from solar radiation. Of these pollutants,
sediment, including both its organic and inorginic (mineral goil) constit-
uents, is the greatest single cause of water quality degradation. Sedi-
ment additionally acts as a carrier of such pollutants as pesticides and
phosthorus. Control of erosion due to runoff is thus the most important
aspect of control of pollution from forests.

Pollution from forests is nonpoint in origin, and defies control or treat-
ment in the conventional sense. The treatment and control methodology is,
therefore, principally the forest management system--the combination of
practices involved in harvesting trees; log transport; treforestation; pro-
tection from fire, disease, insects and weed trees; and growth promotion.
The practices in current use require adaptior to meet environmental goals
as well as to achieve other objectives which govern forest land use.

A well-managed forest with a good stand of trees is usually quite resis-
tant to erosion and also absorbs incident rainfall with little runoff.
Disturbed soil caused by tree harvesting, skidding logs to a 'anding artea,
and constructing roads to haul logs from the forest, is highly erodible

and is a principal source of sediment pollution. Control of erosion,
therefore, requires strict attention to the period between harvest and re-
establishment of the forest. Required also is good management of an estab-
lished forest during its years of growth, so that a healthy forest is
present to assure minimum erosion.

Several alternate methods to harvest and transport trees are available.
These vary in potential to cause short-term pollution, in cost, in appli-
cability to regions or topography, and in long-term impact on the forest
and its potential to produce high quality water as well as timber. Log
transport options include helicopter log transport, which at present is
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a highly specialized and costly method best suited to logging from very
steep and unstable slopes; skyline and balloon logging; tractor logging;
and rafting in special situations. Harvest methods range from the contro-
versial "clearcu*t" method to selection and harvest of individual trees,
Logging roads are required for nearly all the harvesting and log transport
systems. The roads are a prime source of erosion; and careful plamning,
engineering design, 2nd maintenance of roads are necessary to control sedi-
ment pollution. Skié trails disturb the soil cover in harvested areas,
and methods which minimize the extent of this disturbance will raduce
erosion.

Reforestation methods range from hand planting, through man assisted
natural regeneration, to unassisted regeneration. The methcd of prefer-
ence from the standpoint of pollution control is the one which most quickly
-esulte in reestablishment of a healthy forest., Unassisted regeneration

is to be avoided, as are practices which result in large acreages of mar-
ginal forest land.

-

Control of pollutiun from pesticides is a coxnplex issue, one requiring
in-depth analyses of environmental questions. The specific control op-
tions available to the silviculturist include the exercise of extrame
caution in the use and application of pesticides, including the avoidance
of streams in the application pattern; minimal or no use of prophylactic
control; avoidance of persistent or highly toxic pesticides; and use of
bpiological and cultural pest cuntrol methods.

Control of pollution from fertilizer and fire retardant chemicals consis*s
chiefly of adherence to a use plan which eliminates direct application to
surface waters, and which avoids excessive or unnecessary use.

Thermal pollution occurs when vegetation slong water bodies is removed
and solar cadiation penetrates to the water and increases its temperature.
Control consists of leaving protective stands of trees along stresm banks.

One concludes that, while certain questions such as pesticides use remain
unresolved, the basic methods, processee, and procedures needed to control
nonpoint pollution from silviculture are available. One concludes further
that the key to pollution control from a forest dedicated to timber produc-
tion is intensive, well planned management rather tnan the laissez faire,
let nature take its course, approach.

Intensive management systems emphasizing timber Pproduction and integrat-
ing the efforts of many technical and economic disciplines, are now in
limited use, The operating philospghies of such systems need to be broad-
ened to include pollution controf{pand pollution control management sSystems

iv




thereby developed and implemented. Development cf %0llution control man-
agement gystews for gpecific areas is the prerogative of local planners
and administrators, both public and private, with assistance on technical
issues and guidance on questions of policy frem the regional and national
levels. Application and administration of pollution control on some

203 million hectares (500 million acres) nar in commercial timber produc-
tion are the challenge.
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1.0 INTRODUCTION

The gross area of the 50 states is 930 million hectares (2.3 billien acres).
About one-fifth of this erea, nearly 203 million hectares {500 million
acres), is commercial forest land--the principal thrust of this report.

The potential for generation of nonpoint source polliution from commercial
forest lands is substantial--so large a land mass is, in principle, capable
of discharging large quantities of pollutants into thz nation's waterways.
The actual quantities of pollutants discharged to streams and other bodies
of water ars determined in large part by the manner in which the forests
are managed and by efforts made to control and minimize pollution. The
silvicultural practices employed in forestry therefore include, or should
include, a basic forestry management system geared to both productivity

and pollution control, using special practices and strategies that have
been devaloped to deal with specific polluticnal problems.

This report presents brief documentations of silvicultural practices, both
those now in use and those in stages of research and development well
enough advanced that they can be assessed for future use. A mejority of
the report deals with the specific aspects of silvicultural aztivities
which relate to nonpoint source pollution control methods. The objective
of the study is to analyze existing and near future pollution control
methods in terms of technical and economic practicability and usefulness.

Pollution control in forestry does not consist of rectification and treat-
ment of polluted effiuents immediately prior to discharge to an environ-
mental receptor, e.g., a& stream or lake. Pollution from forest lands is
nonpoint in origin and thus defies treatment in the conventional sense.
The treatment and control methodology, therefore, principally the forest
management System--a combination of practices and methods employed in the
harvest of trees; log transport; reforestation; forest protection (fire,
disease, insects, weed trees), and growth promotion--adaspted as necessary
to achieve environmental goals in union with realization of other goals,
which include as a minimum the production of lumber and other forest pro-
ducts achieved by harvest of trees.

The study team examined more than 900 literature references and reports
and elicited information and data, through personal contact, from authori-
ties in Washington, D.C., the South, the Northeast, the Northwest, and the
Southwest regisns of the United Statzs. The data and information which
serve as the information base for the study were derived chierfly from the
referencez cited in tais report.
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1.1 Scope

The primary concern of the study is control of pollutants which origirnate
in commercial foregt lands and degrade the quality of surface waters
(streams, ri-sers, lages, and oceans) and groundwifé;z"ize major identi-
fied sources of pollut s are mineral scediments;“Mumic matter present in
soils and in the forest cover; tree debris (leaves, twigs, slash); pesti-
cides, including insecticides, fungicides, rodenticides, and silvicides;
fertilizers (nitrogen in varioug forms and phosphoruﬁ;'and fire retardants,
which presently consist principally of the ingredients of fertilizers.
Thermal effects resulting f;om solar energy, specifically the effect of
forestry practices on stream temperatures, are also considered.

The national and state park systems managed for usr stion, wildlife

preservation, preservation of tree species) not ir ag cimber production
have not been included in the study. Similarly, the small private woodlands
have not specifically been evaluated; the pollution control methodology used

in commercial forests will, however, have general applicability to small
private-holdings. '

The study area embraces all the operations of a production cycle, from re-
generation through harvest and transport of logs and other timber raw prod-
ucts out of the forest proper to processing sites. For this report the
term silviculture is generally interpreted to include log transport pro-
cesses that occur from the stump to a hard-surfacéd permanent type road.

1.2 Water Quality in Relation to Silviculture

~,
s

*,  The U.S. Forest Service in the Department of Agriculture and thé Buresiu of
Land Management in the bepartment of the Interior were both directed by
congressional acts of 1960 and 1964, respectively, to apply multiple use
concepts to lands under their respective jurisdiction.2/ The term,
"multiple use'", in the acts is defined broadly to include timber produc-
“ion, livestock range management, watershed protection, outdocr recreation,
and fish and wildlife management.

Both ageﬁcies have been planning, classifying, and zoning lands under their
jurisdiction by "principal use' concepts under the following guidelines:

. Environmental enhancement at the local level
Public denand for local use
Economic development on a local basis

Sustained yield of timber on an area basis

2
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By contrast, the national parks have been established on a no-use (no
silvicultural use) concept, "to conserve the scenery and the natural and
historic objects and tte wildlife therein and to provide for the enjoyment
of the same in such manner and by~ such means as will leave them unimpaired
for the enjoyment of future generations.”

In regard to American land area covered with commercial forests, the timber
supply is not equally distributed across the country. 1In general, the East
has a higher, percentage of land area covered with commercial forests than
the West (Figure 1). Since rainfall is a major delineating factor in the
ecological development of forests, areas that have abundant rainfall tend
to have lush forest growth. These areas include New England, the
Appalachian Mountains, the Gulf Coast states, and the Pacific Northwest.

Because of the increasing demands for more timber products, both public and
private forests are anticipated to be managed more intensively to increase
producfion.g/ The greatest present and potential production is concentrated
in the Pacific Northwest and in’the South. The na2t result is expected to be
the use of more pesticides, fertilizers, and fire recardants, and the con-
struction of more logging roads. An increase in the potential for water
pollution from silvicultural activities is, therefore, a certainty.

Silviecultural activities may increase the probability of periodically low-
ering the quality of water from forested watersheds. On a per-acre basis,
however, forest lands are our best source of high quality water.2 On the
basis of compafisons with the output from agriculture and grazing lands,
water from forests is high in yield, of good quality, and low in sediment.
However, wuter quality can still be adversely affected by forest sediments,
egpepially those generated by the harvest of logs and in the ensuing period
of time in which the forest is (may be) deprived of protection rrom ercsive
forces. While sediment, both inorganic and organic, is conceded to be the
principal forest land pollutant (and indeed is on a mass basis), pesticides,
fertilizers, and fire retardants employed on forest lands contrib' = pollu-
ting materials to the water supply. Studies of these latter pollutants
have been largely qualitative. They have demonstrated, for example, that
pesticides or fertilizers applied to forest lands may appear in adjoining

* surface waters; how much of the app.led materiale reach the waterways is

ill-defined, though conceded to be a small percentage.
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2.0 BASIC SILVICULTURAL PRACTICES IN THE UNITED STATES

An evaluation of pollution control in silviculture must focus on the vari-
cus operations involved in the life cycle c.! a forest. These operations
are summarily discussed in this section.

2.1 Harvesting Methods

The tree harvesting operation is consummated in a period of time quite

short in relation to forest lifetimes, and it has both a high short-term
pollutional impact and a long-term impact spread out over the period of
time required for the forest to regenerate--to regain the degree of sta-
bility one considers to be normal and nominally nonpollutional. Procedures
employed at harvest time may irreversibly alter the character of the forest,
perhaps to the detriment of both the enviromment and the quality of the
forest in succeeding years. This is an important point because of the long-
term importance of our nation's forests as a natural resource.

There are four principal harvesting methodsél recognized and practiged in
the 37 major forest types in the United States. The harvesting m~thods

" are: selection (single tree and group tree), shelterwood, seed-tree, and

clearcutting.

A particular harvesting method is chosen for a designated ares based upon .
judgments of professional foresters. Factors influencing judgment deci-
sions are aesthetics, forest-tree-regeneration potential of the species

to be favored; erosion potential; fire hazards; tcpography; accessibility
and e.onomics of markets; insect and disease hazards) and requirements for
wildiife, taxes, and costs.

On the average, 25% to 35% of the area annually harvested in the U.S.
National Forests are harvested by the clearcutting method, but about 50%
of all wood removed has its origin in clearcutting (Table 1). :

On an acreage basis in 1970 of the total of 605,000 hectares (1.50 million
acres) of national forests harvested, 218,000 hectares (540,000 acres) were
clearcut, 146,000 hectares (360,000 acres) underwent intermediate cut,
142,000 hectares (350,006 acres) were harvested by the shelterwood and
gseed-tree methods, 69,000 hectares (170,000 acres) by shelterwocod and
seed-tree prepatory cutting, 47,000 hectares (70,000 acres) by the se-
lection system and 1,600 hectares (4,000 acres) from salvage operations.

17




.( » < :
Silvicultural
_ _Harvesting
- _Mathods -

-~ Intermediate Cutting

,gl}cnz;wtting

Sheltérwood/Seed-
- -Tree Cutting
@ =Preparatory \th:t:;lng

Removal Harvesting
\
Selection mci‘:i\ng

Salvage Cutting

Total

TABLE 1

HARVESTING PROCKDURES ON NATTONAL FORESTS g
EASTERK AND WESTERN U.S., 1965 AND 1970%/ "

All National Forests
Thousands of Hectares

Western Forests
+ Thousands of Hectares

{Acres) '(Acféiiﬁ (Acres) ... -
1965 1970 1965~ 1970 1965 - - 1970
7348.7 147.6 127.2 . 6L1c 0 222.0°F . 86.4
. 1724 228.0 112.8 . 1429 - 53,7 - 850 .
(426.2) (563.6) (278.7) - . (35%,3)  (147.5) (210.3 -
91.3  ..68.8° 7909 6L5S. L4 . 3
(225.6)  (170.1) - 197.6) (1520 (8.2 - (18:0)
B4.8 . 141.5 _ 72.0’ ’ ) 7;12528’2 o 12;8_ - - 7’1557 ’
(209.6)  (349.7) (178.0) .©  (31L.0y:  (3L.6) .- .>(38.7)
11.9 28.2 17 282 0 o0 " 0.0
(29.3)  (69.7) (29.0) (69.7) (0.3) (0.0)
0.0 1.4 0.0 14 0.0 0.0
(0.0 3.5) (0.0) (3,3 _(€0.0) —(0:0)
709.1 615.5 493.6 421.0 306.0 194.5 R
(1,753.9)  {1,521.3) (997.6)  (1,040.7)  (756.3)° - (480.6) © - -

2/ "An Aunslysis of Forestry Issues in the First Session

i

of the 92nd Congress,” April 1972, 64 pages, 6 31.

Eut;‘?ru Forests
Thousands of’ Hac:tares




2.1.1 Selection: The selection system of silvicultural harvest is
adapted Lo the tolerant species that will reproduce satisfactorily under
severe competition for soil moisture, soil nutrients, and light. Such
species includée redwood on the Pacific Coast in California; white fir and
incense cedar in (California; ponderosa pine on the eastern slope of the
Sierra Nevada and Cascade mountalns; Engelmann spruce, alpine fir, and
western larch in the Rocky Mountains; sugar maple and beech in the North-
ern hardwoods; and most of the white and red oaks in the central states.

The most tolerant forest tree species will reproduce satisfactorily follow-
ing tuc single tree selection method but less tolerant trees reproduce
betier after the group selection method wher2 larger openings are made.

The selection system results in an all-age stand.

2.1.2 Shelterwood: As the name implies, che shelterwood 8ystem of tree
harvest removes all mature trees in a series of several harvests and there-
by leaves aaequate overstory to shelter the site. The protective shelter
serves to improve aesthetics and to provide partial shade for reproduction
of forest species with a requirement for shade. Hea'y-seeded species such
as the oaks usually reproduce well under this system.

The shelterwood system of harvest is well adapted to the Appalachian mixed
hardwood forest type, .including species such as northern red oak, yellow
poplar, basswood, hickories, and white ash. Nearly all species reproduce
by sprouting as well as by seed. Eastern white pine is well adapted to
the shelterwood system, as is red pine in the Lake States.

A ccatinuous shelterwood system of harvest results in forest stands that
are essentially even-aged.

2.1.3 Seed-tree: The seed-tree method is a timber harvest method that
clearcuts the area and leaves only sufficient trees to bear seed for
natural regeneration. The system is applicsble to light seed that can be
bcrne by the wind. After a new forest is reseeded, the seed trees may be
harvested. The new forest is therefore even-aged.

The four southern pines (loblolly, longleaf, shortlzaf, and slash) are the
principal species that are adapted to the seed-tree method of silvicultural
harvest.

2.1.4 Clearcutting: Clearcutting is the silvicultural system that in-
cludes the cutting of all trees from the logged area, and not just the
merchantable trees. The purpose is to clear the area in order to establish
a new, even-aged stand, usually of very valuable and fast-growing species
that will not reproduce satisfactorily under competition from other trees.




The area clearcut may conaist of patches, strips, or an entire watershed.
Regeneraticn may be obtained through established repreduction, natural

seeding prior to cutting, artificisl seeding after cutting, sprouts from
stumps (coppice), or plancing.

Examples of clearcutting to achieve satisfactory reproduction of valuable

species include Douglas fir in the Pacific Northwest, western white pine
in northern Idaho, jack pine in the Lake States, lcblolly pine in the South,
lodgepole pine in the Rocky Mountains, and black cherry in the Allegheny
‘Mountains. .

Clearcutting is a standard practice used with several different logging
systems. With large volume, the practice is almost essential to permit
efficient uze of high lead, skyline, balloon or helicopter systems.

Because of the great hazard of potential erosion, the advantages and dis- |
advantages of clearcutting are given, as stated by Archie and Baumgartnerﬁy
as follows:

Advantages

Creates good growing conditions
for shade-intolerart tree species
(e.g., Douglas €ir, noble fir).

imipates danger of wind damage
or disease infection to residual
trees in the cuto er area.

‘Improves forage for many game
animals (e.g., deer, elkj and
provides habitats for many aniwmals
not present before logging.

Increases water yield during
low-flow periods.

Permits harvesting on slopes
too steep for ground equipment.

Minimizes road construction and
increases logging efficiency.

Disadvantages

Exposes seedlings to injury
from temperature extremes.

Increases risk of windthrow or
heat damage to trees bordering
the cutover area.

May increase stream temperature,
debris jams, and sedimentation
(effect on fish population) and
reduce habitat of some animals

(e.g., woodpeckers, tree squirrels).

Elevates water tabtle in swampy
areas.

May in some instances reduce pro-
tection against erosion and
landslides.

Is censpicuous and unattractive
during the harvest stage.




Advantsges Disadvantages

7. PFacilitates administration in that 7. Magnifies need f§% proper har-
it 1limits tree marketing to defini- vest boundary layout.
tion of boundaries.

8. Facilitates slash disposal and site 8. Increases quantity of debris
preparation. (and fire hazard) to eliminate
at one time.

9, Usually maximizes the immediate 9. Eliminates merchantable timber
financial return. from the small landowners’
' cutover area for many years.

10. Permits the use of genetically 10, Creates good growing conditions
improved tree planting stock. for many unwanted brush species,
which compete with the young
seedlings.

2.2 Log Transport Engineering .

All log transport methods require roads, and mcst methods use skid trails
to move logs to a yarding area from which they are usually moved by truck
over public and private roads to market. In some locations, logs may be
transported by water or by railroad. The principal log transport methods
for each logging operation include one or more of the followlng engineer-
ing systems: rafting (plus possible storage in water), tractors, high
lead, skyline cable, balloon, cr helicopter.

2.2.1 Trails and roads: Soil sediments are a major pollutant from
forests, and logging roads and road construction ‘ere prime sources of

goil sediments. This statement is true for all commercial forests of the
United States. Roads are constructed primarily during, or preceding, the
logging period. They serve one or morc of the three basic purposes during
harvest: provision of access by men and equipment to the logging area;
transport of logs out of the harvested acreage; and transport of logs from
yarding areas to sawmills, pulpmills, sireams, or other destinations.

After harvest, the roads may be maintained as necessary for use in refores-
tation, fertilization, pest control, fire fighting, and public recreation.

Y,

Reads may be of low standard and highly susceptible to erosion, or they
may be well-built and relatively resistant to erogion. Even under ideal




conditions, roads are a source of eroded soil during construction and
during the harvest pariod of heavy use.

The fraction of the forest acreage devoted to roads depends on several
factors, notably the harvest system, planned long-term use, and precon-
struction engineering design and planning. A well-planned and coordinated
road building~-harvesting system can require much less road mileage than
results from an unplanned operation. \

Road layout, especially in relation to topography, slopz, and proximity to
watercourses, is quite important in pollution/sediment control.

Factors important in road construction are discussed further in Section 4.1
under Control of Sediment Sources.

2.2.2 Rafting and storage in water: Logging operations in the northwestern
U.S. can best be done during the dry summer months when damage to the water-
ghed enviromnment will be a minimum. Pulp mills, plywood mills, and saw
mills must operate year-round to be efficient. This means that many logs
must be stored before use. Storage on dry yards induces losses by exces-
aive cracking because of rapid drying. Where water is available, storing
1ogs in water has been an acceptable solution.3/

»

Log rafts and log storage in surface waters contribute directly to pollu-
tion of water. Bark dislodged from logs and chemicals leached from logs
are major local potential sources of pollution.

Guidelines for minimizing pollution from these two praétices (where fhey :
are 3udged to be both envirommentally acceptable and nconomically expedi-
ent) are presented in Section 4.

2.2.3 Tractor: Tractor logging is the most popular system of movingilogs
from where they are cut to the log yard. Forests on slopes of less than
about 30% are usually logged by tractors; on slopes of more than 30% and
on very fragile soils, the skyline, balloon, or helicopter system of en-
gineering transport is less injurious to the environment.

] Tractor logging is substantially less expensive, in situations where trac-

tors can operate,-than other log transport systems.

s




2.2.4 High lead: The high lead system of logging consists of the use of
a mobile spar and yarder with mounted engine and winches, guy lines to
support the spar, and main line and haul back cables that carry log hooks.
Logs are dragged over the ground toward a loading yard (Figure 2). Only
the front end of the iogs is lifted to clear obstacles or to reduce soil .
disturbance. For short distances, a skilled operator can "fly" the entire

log over unstable areas such as a stream by increasing the speed.- -

2.2.5 Skyline cable: As early as 1915, skyline cable logging was tried
as a method adaptable to remote areas, steep slopes and unstable soils
where road bnilding creates excessive erosion from landslides and exposed
cuts and fills. V¥hen operated skillfully, skyline cable logging does not
produce §KId trails because the entire log is lifted in transport.
Hermanéj reported that skyline cable logging required only one-tenth the
road construction needed for conventional logging methods such as tractor
and high-lead systems. The system of skyline cable logging is adapted for
clearcutting as well as for the sele~tion method o. harvesting.

The skyline system may consist of a single span (Figure 3) or a multiple
span, with intermediate supports attached to firmly anchored treeg or
stumps. )

Yarding of logs may be done near the bottom of the slope (but away from
streams) or near the top rim of the watershed divide. A very important
consideration is to install the cable system at such a height that logs °
being transported will not disturb the protective surface of the soil.
Disturbance will then be confined to yarding areas where logs are loaded
on trucks.

2.2.6 Balloon logging: Gardner, Jacobsen, and Hartsogl/ reviewed the
practice of balloon logging in Idaho, egpecially as it has had a new
thrust because of its low pollution potential.

k)

The system of balloon logging (Figure 4) is well adapted to steep slopes
(45 to 90%) and shallow and/or fragile soils, where only helicopter logging
or skyline logging may compete. The study suggests that the system is also
adapted to selective logging where the minimum harvest is about 70 cubic
meters per hectare (12,000 board feet per acre).

Balloon logging causes scil disturbance only at the yarding areas, from
which trucks haul the logs to the mill. Yarding areas ‘can be as far as
" 914 meters (3,000 f£t) apart but they must be downhill and therefore may
be a hazard to streams.

-
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At present, balloon logging is more expensive than most other logging
systems.

2.2.7 Helicopter: Because ¢f the potential for minimizing pollution,
logging by large helicopter (Figure 5) is the apparent answer to the fond-
est dreams of concerned environmentalists. Reducing the dreams to engi-
neering, aesthetic, and economic realities was the objective of Binkley,=

Logging by helicopter was demonstrated to be feasible from the engineer's
judgment for any topography and for any forest type. Aesthetically, only
a heavy concentration of slash in the harvested areas detracts from their
appearance. However, costs of delivering logs to landings were higher
than for any transport system.

Logging by helicopter requires fewer access roads (and therefore probably
results in minimized sediment pollution of streams), costs more per thousand
board feet, and is the most versatile system of moving logs from where they
are cut to a yarding area for truck loading and hauling. It was suggested
by Binkley that helicorter logging probably should be used at present on

the most inaccessible areas with the most rugged terrain and high timber
value, and where aesthetics has high priority.

A weakness in the '"no-road-take-it-out-by-helicopter-concept' is the need
to enter the forest on the ground to replant, thin trees, take out the com-
mercial thinning (poles), and for fire control. Normally the zost of con-~
structing forest access roads has been borne by profits from harvesting the
mature timber and justified on the necessity for haul roads to remove the
logs. This silvicultural management problem has not yet been resolved in

the light of new aerial logging technology.

2.3 Reforestation

A majority of this country's forests are regenerated by natural processes.
The regenerative process differs substantially for different regions and
types of forests, and the harvesting method is usually geared to favor -
propagation of desired tree species. Several types of reforestation methods
are discussed briefly in the following subsections.

2.3.1 Tree planting: Tree planting on clearcut areas and on eroded soils
in forested areas is an increasingly popular and effective practice. Since
1930, 14.7 million hectares (36.3 million acres) have been planted to trees.
The U.S. Forest Service, the state forest services, and the private forest
industries have led in this silvicultural activity. Further, the U.S. Soil
Conservation Service has made a major .ontribition to the science and prac-

tice of tree planting.




- —nn -
\"M""« 4 ‘ _)* /ﬂ * ﬂn~wol—0‘
- ¢ gy Wapr wmns” -~ ~ &c" v
4
 — / 4"(‘.31. : o N
3 “
R ! ~—
13 A.A&- ¢ 'i '/ e H ‘
- - e,
. 4t
J \ - \—
Ny, £k ] M.
—

Figure 5 - Helicopter Logging

16

29




Scientific guldance from the above-named agencies is available tv enable
the establishment of productive forests in marginal areas as well ag areas
suitable for high yield timber production.

2.3.2 Natural regeneration. Natural regeneration to reestablish productive
stands of preferred tree spscies is best obtained when the forest practice
is set up to provide favorable conditions for natural seeding or sprouting
and growth of the desired species. The method of harvest is an important
factor in osi:ablishing the required conditions. The seed-tree method is
suitable for propagation of selected southern pines species. The shelter-
wood system of harvest is well adapted to regenerat’on of Appalachian mixed
hardwoods. The selection system is adapted to prop gation of species such
as the redwood in the Pacific Southwest and Engelmann spruce and alpine fir
in the Rocky Mountains. The clearcut harvest method is suitable for estab-
lishment of uniform stands ‘even=-aged) of intolerant species that do not re-
produce readily under competition fromother trees; Douglas fir in the ’
Pacific Northwest, and western white pine in northern Ideho are among the ~
classic species which achieve satisfactory reproduction from clearcut areas.

2.3.3 1Influence of fire on reforestation: Historically, forest wildfires

in nature have played an important role in natural regenerat?on and main-

tenance of some of our preferred tree species. Hendrickson=' has stated that

from studies of hree rings, the frequency of fires in various types of for-

ests are shown in Table 2. Silvicultural theory interprets these and other <
data as avidence that fires have an importaﬁt and necessary silvicidal

function in maintaining stands of specific forest species. Periodic fire

to reduce competition from competing vegetation and to expose mineral soil

iz considered to be necessary for maintenance of the Douglas fir forests

west of the Cascade Mountains and the pine forests of the south.

As the art of silviculture has advanced, the use of fire has been benefi-
cially controlled, and in recent years use of prescribed fires in silvicul-
tural activities is a scientifically accepted practice. Prescribed burning
is extensively employed to reduce potential wildfires by systematically
preventing the surface buildup of fuel resulting from slash and other

forest debris. Traditionally it has been an accepted silvicultural practice
to remove unwanted vegetation by a process of controlled burning to permit
direct mineral soil contact of seed of intolerant and most valuable tree
species.

With the new emphasis on control of pollution in our nation’s forests,
there is a search for ways to reduce or eliminate the use of fire as a
necessary tool to silvicultural management. Up to the present time, our
known technology has nct been able to encourage a no-burn strategy. There
is now evidence, however, that on specified forest locations, burning can

17
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be eliminated as a requirement for reforestation of some of the intolerant
tree species.

TABLE 2

FREQUENCY Oi' FOREST FIRES NECESSARY TO MAINTAIN SPECIES

Tree Species Requiring :
Fire to Maintain Themselves Frequency of Fires

in a Forest (years)_
Slash Pine, Longleaf Pine 3-18
Ponderosa Pine, Pitch Pine 12-25
.Douglas Fir 25-50
“Quaking Aspen ‘ 50-100

Lodgepole Pine, Jack Pine 100-300

Source: Hendrickson, William H., "Perspective on Fire and Ecosystems in
the U.S.," in, Fire in the Environment--Symposium Proceedings,
Denver, Colorado, 1-5 May 1972, 151 pages, pp. 29-33.

As an alternative to controlled burning, the U.S. Navy has successfully
established good stands of Douglas £ir in the Pacific Northwest without
the use of fire in the period from 1965 to 1972.19/ The slash was contour
windrowed with track-type tractors, followed by rootrakes. Tree seed was
then sown directly or the bare mineral soil exposed between windrows. In
time the piled vegetation rotted down. This highly successful new system
for reforestation of an intolerant tree species should have wide applica-
tion in the major forests of the Northwest and South, The system has the
potential, whare topography permits, to significantly minimize pollutant
emissions from forests. Research and more field dte8 are required be-
fore it can be widely adopted, however.

2.4 Intermediate Practices .

Certain practices are'employed primarily for the benefit of the growing
forest. Pest control, fertilization, fire retardation, thinning and
silvicide chemicals belong in this category. Prescribed burning may also
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be an intermediate practice, specifically when controlled burning is used
to dispose of forest debris to reduce the dangers of wildfires and for
silvicidal purposes, e.g., to destroy small weed trees in a large estab-
lished forest. Prescribed burning has been treated in Section 2.3.3.

2.4.1 Pest control: Chemica® pesticides are used in forestry for control
of insects, weeds and weed trees, plant diseases and rodents. The U.S.
Department of Agriculture reporcs that insects and diseases are responsible
for losses in the U.S. that far exceed losses from forest fires. Current
annual losses from these causes distributed about equally between mortality
and growth loss are estimated to be about 135.8 million cubic meters

(4,8 billion cubic feet). If no pest control activities yere carried out,
an additional loss of 28.3 million cubic meters (1.0 billion <ubic feet)

ig predicted. Insecticide and fungicide use is credited with about two-
thirds, 19 million cubic meters (0.67 billion cubic feet), of this savings.
In 1969, 1,251,367 trees were treated for insect control, and an additional
13,535 hectares (33,839 acres) of trees were sprayed to control insects.

The U.S. Forest Service has made a concerted effort ‘to move away from the
use of persistent insecticides toward cultural, biological and integrated
control methods and to nonpersistent specific chemicals. From 1965 to 1970,
the total use of pesticides in Forest Service programs decreased from
500,000 kg (1,353,000 1b) to about 115,000 kg (310,000 1b).

The Forest Service sprayed 107,500 hectares (268,666 acres) with herbicides
in 1969. Only a small portion (< 0.1%) of forest lands is treated with
herbicides each year to control undesirable tree species and reduce growth
of combustible plant materials.

Current public concern related to the pollution hazards of pesticide uee
has brought about tae consideration of new management alternatives in the
control of forest insects. Rather than use spray in some areas, dying trees
are salvaged; clearcutting has been practiced to harvest the trees and
realize some economic benefit. Increasingly, a no-spray policy is being
carried out with the hope that ndtural controls will keep insect damage to
some acceptable level of .Jemage. Research is in rrogress to find nonchemi-
cal means of biological control to assist in poliey of let-nature-take-her-
courgse. Hardly anyone will advocate a policy of continuous prophylactic
spraying because the practice contributes to overhead cost and must con~
tinue indefinitely. The practice of spraying insect infestations in rela-
tively small areas before they can spread to epidemic proportions appears
to be a sound management practice.




Research investigations are being carried on to compound effective chemicals
that will kill unwanted insects, then break down into chemicals that are
harmless in a forest ecosystem. It will take time to develop the research
finesse needed to adapt to requirements for environmental compatibility.

Owners of small timber holdings generally do not spray because of cost and
intensive management requirements. Little information is available on
pesticide use by the private forest industry with large acreages of timber.
Unlike public agencies, the private industry is not required by law to re-
port use of chemicals to spray insects.

2.4.2 Fertilization: Recent iesearch has established that selected tree .
species respond well to the application of chemical plant nutrients, es-
pecially to nitrogen. A great deal of practical judgment has been involved
in the decision to use fertilizer; however, very little actual research in-
formation is available at this time. Aside from the technical question of
applicatian rate and most effective distribution procedures, there are thei;‘
two overriding questions: (1) cost effectiveness of fertilization in long
time span for growing trees, and (2) the risk of contributing nutrients to
surface waters in the area, and increasing the potential for eutrophication.

In the Pacific Noréhwest, on a commercial basis, forest fertilization with
nitrogen started in 1965 and reached a level of 47,500 hectares (118,750
acres) in 1970. This practice is anticipated to be 100,000 hectares (250,000
acres) per year during 1975-1980.

Forest fertilization in the South started in 1963 on a commercial basis;

and in 1971, it is estimated that 44,440 hectares (110,000 acres) had been
fertilized. ’

More extensive reporting is needed to document the use of fertilizers in
forestry.

//
2.4.3 PFire retardation: The use of chemicals to control or manage fire
is an essential practice in silviculture.

The use of all types of fire retardants was reported by Hartongll/ in 1966
to have been 40.5 million liters (10,708,160 gal). At that time the 1967
use estimate of consumption was 60 million liters (16 million gal.), and
the estimate for the year 1971 was in the range of 37.8 to 56.8 million
liters (10 to 15 million gal.).
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‘Historically, «fire retardant chemicals were primarily bentonites and
borates, which are still used to & limited extent. However, the most
effective and widely used chemicals to fight or control forest fire are
made by industry in two proprietary formulations of ammonium sulfate
and diammonium phosphate. These compounds contain the ingredients of
plant fertilizers, N and P, and enhance the growth of trees. Their re-

lease into surface waters can yield toxic concentrations of ammonie and
promote-eutrophication.lg/




3.0 THE NATURE OF POLLUTION AND ITS CONTROL IN SILVICJLTURE

As stated in preceding sections of this document, forest lands, by their
basic characteristics and their size, are potentially contributors of sub-
stantial quantities of pollutants to the aquatic enviromment. An assess-
ment of the actual contribution of forest land to water quality, or the
lack thereof, is beyond the scope of the present study. One can hardly
evaluate control of pollution without first having established an under-
standing of the basic nature of pollutional problems in silviculture, how-
ever. In this section, the general nature of pollution from forests wgll
be discussed, and certain basic issues will be defined. B

3.1 The Basic Approach to Pollution Control

x

In Section 1.0 the forest management system was identified as the focus of
controls for nonpoint pollution. Silviculturai pollution is, therefore,
controlled by: (1) the exercise of informed judgment in introduction of po-
tential pollutants (e.g., pesticides, fertilizers) into the forest; per-
haps most importantly, (2) by systematic use of methods and management
practices which minimize the generation of pollutants from the forest en-
vironment; and lastly (3) by containment of pollutants within the forest
proper. In other words: (a) introduce potential environmental contaminants
into the forest with impunity; (b) manage the forest so that it is a minimum
creator of pollutants; and (c) see that pollutants picked up by pollutant
transport vehicles are kept within the bounds of the forest ecosystem.

The above precepts must be tempered with the boundaries of technical and
economic practicability. It is necessary, furthermore, to evaluate over-
all control strategies in terms of four related objectives, which are as
follows:

1. Timber production in quantity and quality necessary to meet consumer
demand.

2. Weter production--forests are the most important natural system for
proviaing high quality inland water.

3. Protection of the quality of water emanating from forests for the use
of man.

4., Direct preservation of the habitat for woodland aquatic life, and in-
direct preservation of the habitat for downstream aquatic life.

0 °

o

23
J




This study has been addressed primariiy to Objectives 3 and 4. Timber pro-
duction and water production are broad objectives which encompass issues,
such as land use and societal priorities, which are recognized as important
but are outside the scope of the present study.

3.2 Major Pollutants From Silviculture

Water pollutants generated by forest lands are of essentially the same char-
acter and nature as po.lutants genersted by agriculture. Mineral soil
matter (soil sediments) is transported to surface waters by the erosive
action of runoff from rainfall and snowmelt. Organic matter of vegetative
and animal origin is likewise transported to surface waters by runoff. The
organic matter ranges from green vegetative rsfuse through well-decomposed
humic matter. The organic matter sometimes has a high nuisance value
(floating debris); sometimes physically interferes with normal aquatic ecol-
ogy (bark deposited in spawning beds); and nearly always becomes involved
in biochemical processes which are nature's way of degrading organic matter
and which can markedly alter chemical/biological balances in an agueous
ecosystem--an oft-mentioned imbalance is the depletion of oxygen in water

to a point of inadequacy for fish., Fertilizers and fire retardants contrib-
ute nutrient elements to the forest environment. These elements, primarily
nitrogen and phosphorus, can be transported overland to surface waters in
runoff and to both surface and groundwaters by infiltration through ground-
cover and subsurface soils and mineral formations. Nitrogen is a 'water
soluble'" element in both the reduced (ammonia) and oxidized (nitrite and
nitrate) forms and is much more susceptible to transport in runoff water
and infiltrating water than is phosphorus. Ammonia is toxic to fish at a
concentration less than 1 ppm. The nitrate and nitrite ions are toxig es-
pecially the latter. Phosphorus is chiefly noted for its role in the eutro-
phicativn process, Bothi%itrogen and phosphorus are essential elements for
plants, animals, and man--they are pollutants only when present in too high
a concentration. Fertilizer and fire retardant uses are polluting practices
only to the extent that they create a nutrient imbalance in aqueous eco-
systems or generate concentrations ir water directly toxic to aquatic and
animal life.

Thermal pollution from solar energy is a possible result of silvicult: ral

activities. Strictly speaking, both negative and positive deviations from
"normal" temperatures in surface waters are pollutional. However, thermal
pollution popularly consists of an elevation of temperature above an accepted
norm. The source of thermal pollution from forests is the presence or ab-
sence of protection from solar energy. Trees along streams protect the water
bodies from the direct -ays of the sun, and water temperatures may be sub-
stantially higher when these trees are cut.




FPinally, pesticides used in silviculture are potential watg;/%ollutants.
Ingecticides, fungicides, herbicides (silvicides) and rodenticides used

to control silvicultural pests may be depoaited directly in surface water
courses by careless application or be transported thereto in surface or
subsurface runoff. ‘

Pesticides differ from pollutants enumerated above in that the great major-
ity of pesticides used in silviculture are not material: native to the
forest environment. Pesticides furthermore are toxic, by design, to some
part of the environment in the accepted mode of use. Control of peaticide
pollution is, therefore, a more complex issue than is control of other
forest pollutants. Analyces of the question require knowledge of persis-
tence of the pesticide at the point of use, of rates of degradation, of
modes of degradation and of biological and chemical metabolites, of mech-
anisms of transport through the environment to nontarget species in the
event that pesticides do not degrade easily and completely to nontoxic end
products, and knowledge of toxicity to nontarget species.

Pesticide ue. in silviculture is inextricably related to ecosystem stability
in the forest system. Control of pesticide pollution in the aquatic environ-
ment is thus intimately related to controls imposed for protection of the
forest ecosystem.

In thé present state of silviculture, soil sedimeu: is ea’ily the most im-
portant pollutant. Sediments are generated in quantities and concentra-
tions far in excess of pollutant loadings from fertilizers, pesticides, and
fire retardants. Sediments degrade water quality physically and biochemi-
cally and are an economic burden in urban water uses. It is also of prime
importance that sediments are carriers of pesticide residues and nutrient
elements. Effective control of sediment discharge will constitute a high
level of effective control as well of pesticide and nutrient emissions from
forest lands.

3.3 Principal Sources of Pollution

An established, well managed forest can be remarkably resistant to emission
of pollutants to the aquatic environment. Incident rainfall is deprived of
most of its erosive force by the tree cover, and rates of infiltration
through ground cover and into subsurface soils are often high enough that
intense rainfall can be accommodated without runoff and the accompanying
carryoff of silt by erosion. Such a forest has the attributes popularly
decreed by the public to be uecessary and desirable as well as technically
and economically sound. Many forests do indeed possess such attributes,
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and are at the same time, useful productive entities. Productivity can
be maintained over the long term only with assistance (interference) from
man, which necessarily includes harvest of trees. A silvicultural cycle
thus includes a relatively long period of growth which can be essentially
free of pollutional output, and a relatively short period of harvest and
reforestation, which can be a time of high pollutional output. In some
silvicultural systems the trees are all-age and are harvested as they
mature. HMan's encroachment on the forest is in this case every few
decades, and the pollutional output is likely to be relatively constant
but at a low level.

Insults to the forest come from nature as well as from man. Diseasse, in-
sects, windstorms, drought, and fire can devastate a forest and degrade it
to a polluting condition. Silviculture is concerned with both the preven-
tion of such events and with restoration to a state of health and
productivity. -
The principal sources of pollution from silviculture thus are disturbances
which are natural in origin or are caused by man in the activities of )
harvesting, reforestation, growth promotion, disease prevention, fire fight-
ing and fire prevention, and rectification of the effects of natural
occurrences.

Specific sources of pollutants are indicated in the following subsections.

3.3.1 Sources of sediments: Roads are the prinnipal source of mineral sedi-
ments as a result of erosion by water. Roads ordinarily are constructed

just prior to the logging cperation. They provide access for equipment and
serve as routes for transport of logs out of the forest.

Skid trails, the disturbances created by hauling logs from the freshly cut
area to yarding areas or roads, are a significant source of sediments.

Yarding and staging areas contain exposed, compacted mineral soil yith
little capacity to absorb rainfall and which, therefore, are erodible
sources of runoff which initiate erosion in less disturbed areas.

The entire harvested area is susceptible to erosion until the scars of har-
vesting and logging are healed by a combination of engineering design prac-
tices and reestablishment of vegetative (grass, shrub, tree) cover suffi-
cient to rrotect the soil surface and prevent erosion.

Burned-cver areas may be deprived of the protection needed to forestall

erosion.




Landslides generate a mass of displaced soil and organic sediments,

which may be deposited in streams, and leave exposed, unstable and highly
erodible surfaces. Landslides are most probable in areas which have been
disturbed, e.g., by road construction or fire.

Streambanks vary in erodibility., Sim.larly, major drainage paths are more
exposéd and prone to erosion than is the majority of the forest floor.
Logging patterns can influence the water hydrology of an area and can in-
crease the peak runuoff ceusing streambank erosion.

Forest debris (leaves, bark, twigs, slash) 1s a sigrificant source of cr-
ganic sediment and waterborne wood litter. Waterways used for transport

and storage of logs become contaminated to a degree by bark knocked off the
logs.

3.3.2 Sources of nutrient elements: Nitrogen, phosphorus, and other min-
eral elements are present naturally in growing or decaying vegetation and
in mineral soils. One or more may be added to the forest environment by
fertilization (usually only aitrogen) and in fire retardants (nitrogen and
shosphorus). Wastes from wild animals are also sources of these elements.
Aerial application of fertilizers is increasingly practiced and drift or
error can directly contaminate streams,

3.3.3 Sources of pesticides: Pesticides ar;:applied by man, often by
aerial spray, occasionally from the ground. Aerial application can con-
taminate streams directly, from drift or as a result of error. s

3.3.4 Sources of thermal pollution resulting from solar energy: Thermal
pollution results from removal of shade cover from stream banks and the
solar heating of the water of streams.

L.
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4.0 NONPOINT SOURCE POLLUTION CONTROL METHODS

Methods to control pollution resulting from silvicultural activities must
include ways to prevent polluting effects from sediments, pesticides,
chemical fertilizers, fire retardant chemicals and thermal pollution
caused by,solar energy. '

Control of sediment from soil erosion can be most effective when all
factors in the silviculture and harvest system are systematically planned
with soil and water.management to prevent soil erosion as a principal
objective. The selection of a harvest system is basic to sediment con-
trol and must be responsive to a range of conditions on any particular
logging location. Selective logging methods are likely to generate low
yields of sediment at frequent intervals. In contrast, the practice of
clearcutting ail the trees from an area at one time can result in sedi-
ment yields that are confined to one continuous period of perhaps 2 )
to5yr, followed by a lgn'g period of time when the forest floor is undis-
turbed, giving maximum control of erogsion and minimal outputs of sediment
pollution. )

¥
-~

During the harvesting period gsediment can also be controlled by the
proper selection of a logging system: To harvest a given location there
is usually a choice between two or more major systems, these being--
t¥factor; high lead; skyline; ballooni‘and helicopter, or va:gétions and
combinations of these systems which vary substantially in physical impact
on the fogrest and in potential for erosion and sediment production.

These harvest systems also vary substantially in cost and in adaptability
to forest types and different terrainms. -

In addition, research has clearly documented that logging roads and
trails over which logs are dragged are major sources of erosion and
sediment. However, pollution from these sources can be substantially
prevented or controlled by careful planning of the layout, construction
and use of roads, including the afterjharvest use.

Seeded grasses, legumes or other vegetative covar can effectively
stabilize soils on such locations as logging~road banks, unused ond
abandoned road surfaces, fire lanes, and open harvested areas. Grass
cover is usually temporary, but may be a permanent part of the. forest
management sysgtem.

In some locations vegetative cover alone canuct effect gsediment control,
and engineering structures are requi. .d to manage water to prevent
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eroaion or trap.sediment in the overall forest managemeat control
gystem. ’

There is evidence that coatrolled and well managed grazing of domestic
animals can benefit the forest and help minimize erosion. On the
other hand, impropér or excessive grazing will compact soil, remove
cover, cause downhill trails and promote erosiomn.

)
~

N
A major factor in any coordinated system to control sediment is_effec-
tive reforestation, which is considered to be the most important remedial
control. )

Stands of trees should be propagated in harvested areas, mismanaged areas,
and areas devastated by disease, fire and otHer natural causes. Methods
used to propagate new stands of trees range from essentially unmanaged
natural regeneration to hand planting of genetically improved nursery
stock.

-

Pesticide pollution control is a current and continuing management
problem. Some of the approaches employed to effect better control
follow. : ‘

. Rigorous management of aerial application to protect nontarget area’,
including bodies of water, and to maximize effectiveness on targat
gpecies. ¢

. Application from the ground on specific targets, including direct
injection into infected or weed tggggif

. Scheduling of applica®ions for maximized effectiveness and minimized
dispersal to nontarget areas.

. Avoidance of highly persistent, bioaccumulated pesticides.
. Minimun use of prophyiactic applications.

. Increased use of cultural and mechanical methods to control pests and
weeds.

. No spray, with complete dependence on natural prey~predator relation-
ships in combination with cultural and mechanical control.

The preferred use of pesticides for insect and disease control is one of
thé more undecided issues at thie time in silvicultural management.

. -
y
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Fertilizers can be safely used in silvicultural management. Control
measures to prevent water pollution from th( .pplication of fertilizers
in a forest consist of using the amounts and kinds based upon a soil
test, and in careful application procedures to avoid streams.

=3
Control of water pbliution from the use of fire retardants includes both
the precision application of material and location of drops in relation
to streams or lakes. Unless these chemicals are carefully used, they
represent an almost certain source of water pollution. i

In recent years the warming of streams from solar energy has been widely
discussed. Control measures to prevent such thermal pollution will
require policy planning followed by planned retention of riparian vege-
tation needed to achieve thermal pollution goals,

4,1 Control of Sediment Sources

Inorganic and organic sediment is a n - contribution to deterioration
of water quality from commercially tim.  -ed watersheds. It is generated
primarily during specific functions in the overall silvicultural manege-
ment activities. Sediment may or may not be directly related to msn's
management procedures., Substantial research has been conducted on this
subject by the collective forest industry. iIn addition, a great deal of
sediment control technology used in highway construction and in agri-
culture ic being effectively adapted to sediment control f£rom forest
roads, logging procedures and the watershed area at large.

Sediment control technology is sufficiently advanced and mature enough
to provide a scientific and engineering procedural base for externsive
implementation on a secondary watershed basis, znd to permit the for-
malizing of plans to effectively protect the integrity of surface waters
discharged from forested watersheds. Such plans and procedures should,
however, be tested in the field to develop a realistic picture of man's
ability to control sediment pollution.

Control of sediment nvolves control of three factors: (1) the quantity
and intensity of runoff; (2) the susceptibility of gronad cover and
minerr. soils to erosion; and (3) the quantity and placement of certain
types of forest debris. Control methous are directed generally at the
estagblishment and maintenance of vegetative cover to reduce the erosive
impact of rainfali, to bind mineral soils in a root network and to fur-
nish an organic soil cover permeable to moisture and with high moisture
retention capacity. The vegetative cover, in addition, enhances the
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permeability of mineral soils to water. Rainfali, therefore, infiltrates
readily, and runoff is minimized. When disturbance of forest cover and
exposure of mineral soils is necessitated, to build logging roads for
example, engineering and vegetative stabiiization procedures are called
for, as well as design of the disturbance (such 2s a road) to be minimum
both in size and in susceptibility to erosion.

4.1.1' Sediment control by proper design of the harvest system: Erosioa
and sediment generation can be markedly affected by proper selection and
design of harvesting and logging systems, and by constructon and use of
accessory roads and skid trails. i

Surface soil erosion is described by Swanston and DyrHESSlél as a two~
stage process-~-detachment and transport. Detachment is accomplished
when the raindrop with high kinetic energy strikes bare soil of medium
to fine texture and turns it into fiowing mud. - As long as the 2.5 to
7.5 em (1 to 3 in.) layer of surface organic matter remains intact,
there is seldom any detachment and subsequent transport of sediuments.
In fact, there is seldom any surface runoff water.

In addition to bare soils, compaction of soils is also important in
inducing surface soil erosion. Cowmpacted soils have lower rates and
lower capacities for infiltration of water. When rains and water from
melting snows cannot move by infiltration into the soil as fast as they
must be removed, surface runoff and a soil erosion hazard exists.

Logs skidded over the surface of the soil can cause soil compaction t! it
may be evident for 5 yr or more. When skidding 1is up or down the
slope, the results are bare soil that is easily detached by the falling
raindrop, a compacted soil beneath with a low rate of infiltration, and
a channel through which soil sediments are transported rapidly to the
streams.

Logging methods that result in a large percentage of bare soil and of
compacted soil are methods that must be avoided in this environmental
age of the 1970's.

Dyrnesslé/ studied the relative soil disturbance incident to logging
transport by tractor, high lead, skyline, and balloon systems. The
data in Figure 6 and Table 3 show that balloon logging results in a
larger percentage of undisturbed area and a smaller percentage of the
logged area with compacted soils. Sediment washed from a 1. ~3ed area
and into a stream is directly proportional to soil dis urba..< and
soil compaction.
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Figure 6 - Soil Surfaze Cond'tion Following Tractor,
vigh-Lead, Skyline and Balloon Logging
in the Western Cascades of Oregon

Log Transpor

TABLE 3

EFFECTS OF LOG TRANSPORT SYSTEM ON FOREST SOILS

Percentage of

Logged Wat:- -~shed

System with Bare Soil
Balloon 6.0
Skyline 12,1

igh lead 14.8
Trector 35.1
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Of great significance to potential soil sediment loss from logged areas

is the difference in the percentage of soil surface area compacted by

two logging systems. Two hundred separate bulk density measurements were made
to a depth of 5 c¢cm (2 in.) on soils before and after logging. The

logging systems compared were high lead and tractor,L13/

Slopes on the areas logged by the high-lead system during the wet season
in the winter of 1963 varied from 20-80% and averaged about 55%. This

was in contrast to the area with 10-40% slopes, which averaged about 257,
that was logged by tractor during the dry season during the fali of 1963.

From Figure 7 it can be observed that following tractor logging, soil
compaction increased an average of 48.27 on 26.9% of the area logged.
This is in comparison with an increase in soil compaction of 33.7% on
only 9.1% of the area logged by the high-lead system.

The potential for sediment generation, from high erodible soils, was
demonstrated in a study in central Idaho.16/ Monitored watersheds not
logged, and where no logging roads were constructed, lost an average of
0.025 metric tons/sq km (140 1b/sq mi) of soil sediment per day over the
6-yr period under study. Both jammer logging &and skyline logging of
similar watersheds and the roads built to transport the logs resulted in
an increase of soil sediment loss by a factor of 750.

Rice, Rothacher, and Megahanlll have summarized from published and unpub-
lished data the percentage of soil in logged areas made bare by various
logging systems in Washington, Oregon, Idaho, and California. The
assumption can be made that when other ecological factors are similar,
the more bare soil exposed the greater the soil sediment that moves to
pollute streams.

If this assumption is correct, the control of soil sediment can be
achieved by the selection of the logging system that exposes the least
mineral soil. The greatest percentage of soil bared resulted (in de-
creasing order) from: jammer (group selection), tractor (clearcutting),
and cable (selection).

Klocklglcompared soil disturbance during logging and soil erosion after
logging, using the logging systems: cable skidding, tractor skidding on
bare soil, tractor skidding on snow, and helicopter. -

The percentage of the logged area observed to be eroded following logging
plus two summer rainstorwms was:
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TABLE 4

EROSION AS A FUNCTION OF LOGGING SYSTEMS

. Percentage of the
y Logged Area Observed

| Logging System to be Eroded

| Helicopter 3
Tractor skidding on snow 13
Tractor skidding on bare soil 31
Cable skidding 41

Agsuming that these four systems are applicable to a watershed to be
logged, and that the costs were comparable, the order of preference

would be from first to last: helicopter, tractor skidding on snow,

tractor skidding on bare soil, and cable skidding.

Dyrnesslﬁ/ compared the relative soil disturbance hazard of four logging
transport systems: tractor, high lead, skyline, and balloon. Using
only one of his categories, soil compaction, as an indirect measuze of
erosion potential, the systems responsible for the greatest soil compac-

* tion, in order from highest to lowest, were: tractor, high lead, skyline,
and balloon.

In the selection of a log transport system with the least sediment pollu-
tion hazard under the conditions monitored, the priorities would be:
balloon, skyline, high lead, and tractor.

Dyfnesslg/ analyzed the cause of 47 mass soil movements in the winter of
1964-1965 on the H. J. Andrews Experimental Forest in western Oregon.
About 72% 734) of the mass movements were asgsociated with road construc~
tion and 17% (8) of these were in areas that had been logged. Only 117
(5) of the mass soil movements occurred in the areas undisturbed by man;
the remaining 42 were related in some way to man and machines. 3oils
developed from pyroclastic rocks (volcanic rock fragments such as tuff
or breccia) occupy only 37% of the _otal area studied, but were respon-
gible for 94% (44) of the mass soil failures. Soils on a southern or
southwestern aspect were more stable than those on any other aspect,
probably because they tend to be shallower and drier, Slopes. steeper
than 457 wer- responsible for 837 (39) of all mass soil failures,
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The Dyrness study confirms the generally expressed opinion that logging
roads are the principal source of soil sediment.

On deep soils in western Oregon, with slopes up to 110%, sediment yields
were measured by Fredriksen2d/ for 9 yr following clearcut logging by
the skyline system (no roads and no skid trails versus patch-cut logging
on 25% of the total forested area by the high-lead system, 2.65 km (1.65
miles) of roads). An uncut forest nearby was used for comparison.

Although 100% of the clearcut area was logged as against only 25% of the
total area that was patch-logged, the clearcut area yielded less than 4%
as much soil sediment. The reason was because there were no roads in the
clearcut area, but 2,65 km (1.65 miles) of roads in the patch-cut area

(Table 5).
TABLE 5
SEDIMENT LOSSES RESULTING FROM SILVICULTURAL
. AND LOG TRANSPORT SYSTEMS3/
Logging Roads Sediment Lost

Silvicultural Logging % of in 9 ¥Yr
Harvesting Transport Km Area Metric Ton/Sq Km/Yr

System System (Miles) Harvested (Tons/Sq Mi/Yr)
Control 0 0 0) 0 32.5 (93)

(no harvest)
Clearcutting Skyline 0 0) 100 107 (307)
Clearcutting High lead 2.65 (1.65) 25 2,79 (7,982)

in patches

a/ Fredriksen, R. L., "Erosion and Sedimentation Following Road Con-
struction and Timber Harvest on Unstable Soils and Three Small
Western Oregon Watersheds,” USDA Forest Service Research Paper
PNW-104, 15 pages (1970).

A comparison of the soil sediment yields was as follows: control,

32.5 metric tons/sq km/yr (93 tons/sq mi/yr) of soil sediment; clear-
cutting (no roads), 107 metric tons (307 tons); and clearcutting in
patches, 2.65 km of road (1.65 miies of road), 2,794 metric tons/sq km/yr
(7,982 tons/sq mi/yr).
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The roads, from which the sediment came, met the U.S. Forest Service stan-
dards for all-weather roads with culverts, cross drains, base rock, and
crushed rock_surface. The construction of the 2.65 km (1.65 miles) of
roads exposed 6.3 hectares (15.6 acres) of bare soil in order to harvest
three patches 6f timber that totaled 25 hectares (61 acres),

On the U.3. Forest Service lands in the Pacific Northwestern Region
(Region 6, PFigure 8),private timber contractors construct more than
4.827 km (3,000 miles) of logging roads each year at a cost of $50
million. A special team was appointed to study road construction
performance on 63 recently completed roads located on every forest in
Region 6.2L/

Principal conclusions and recommendations for sediment control included:

(1) On slopes greater than 60% no roads should be built until all other
glternatives have been exhausted. These include a change in the har-
vesting method, such as the use of skyline, helicopter, or balloon
logging systems,

(2) 1In critical areas, assign the most experienced personnel to super-
vigse tne timber sales contract.

(3) More time and expertiée should be assigned to geotechnical investiga-
tions before road construction. This includes geologic and soil surveys
to determine the most stable location for roads and for sources of gravel,
rock, and other subgrade materials.

(4) More flexibility should be given to timber sales contractors and
U.S. Forest Service personnel to adapt road construction techniques to
local conditions,

(5) Road construction should be started as soon as the weather is suitable
after the timber sales contract is awarded.

(6) Road construction equipment is often too large for efficient use in
building logging roads. Furthermore, newly designed skyline logging
equipment is too large for transport on the narrow logging roads,
Building wider roads invites more landslides and more erosion sediments,
and procedures have not been developed to fly the equipment to the site
by hellicopter skycranes.
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Figure 8 - Forest Service Regions
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Although variationg occur because of differences in forest ecosystems,
soils, geology, climste, and logging systems, specifications given by
Kochenderfer22/ for the Appalachian Region are indicative of essential
techniques for the control of soil sediment resulting from the. construc-
tion and use of logging roads. In the Appalachian Mountains, ‘logging
roads should be laid out on grades between 3% (fo permit surfade water
to drain) and 10% (to avoid erosive velocities of water). Erosion on
newly-built roads can be reduced by seeding, with a mixture of fescue
grass and ladino clover, all bare soil in cuts and fills as soon as
possible and on all roadbeds after logging has been completed.

Filter strips are defined as undisturbed forest areas and should be
left to collect soil sediment between streams and 1 .gging roads.
Kochenderfer recommends that in the Appalachian Region, roads sghould
be built at least 30 m (100 ft) from & stream to permit the unbroken
forest biomass to absorb the surface runoff water and to deposit soil
., sediment before it pollutes the stream. Seepage areas in the logging
, road can be drained by an open~-top culvert set at an angle to permit
"drainage, or by the construction of broad-based drainage dips.

Using the data from the H. J. Andrews Experimental F;rest in western
Oregon, the Federal Water Poilution Control Administiration23/ compafed
the logging road density, the acres needed for roads, and the percentage
of the roads with specific grades, for a road system that was laid out
systematically versus a system laid out at random (Table 6). The ran-
dom system had 127 more roads per unit area, 37% more area in roads, and
2677 more roads with grades between 8% and 12%.

Sediment control should be engineered into road design and comstruction
during the planning phase. Erosi~n prevention techniques include the
building of logging roads with widths, grades, cut, and fills compat-
ible with soil and geologjc stability; the maximum efficient use of
natural and artificial drainage; and limitation of use of the roads by
heavy equipment when subgrades are saturated. For logging operations
the equipment should be selected that causes the least soil disturbance.

The Coweeta Forest Watershed in North Carolina24/ is proof that a great
deal of sediment control can be designed into the management of a water-
shed during and after logging operations. Water quality was monitored
from two gites in this watershed. ‘The "logger's choice'" site, which
had traditional logging roads (Figure 9) and poor logging methods,
produced stream water turbidities Ss great as 5,700 ppm during storms
with average rainfall. A l44-hectare (356-acre) hardwood-covered water-

shed was engineered for sediment control with proper roads and proper




TABLE 6

A COMPARISON OF ROAD PARAMETERS ON THE
H, J. ANDREWS EXPERIMENTAL FOREST IN WESTERN OREGONQ/

Logging Road System

Parameter Systematic Random
Road density, km/sq km 3.08 (4.97) 3.47 (5.59)
(miles/sq mi)
Area needed for road construction, 10.65 (68.00) 14.6 (93.00)
hectares/sq km (acres/sq mi) of
watershed

Percentage of logging road system
having grades of (%)

0 -4 45.4 37.7

4 -8 40.6 10.9
A 8 - 12 14.0 51.4
Total 100.0% 100. 0%

a/ '"Industrial Waste Cuide on Logging Practices,” Federal Water
Pollution Control Administration, U.S. Department of the Interior,
40 pages (1970).
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Figure 9 - A "Logger's Choice"” Traditional Unimproved Llogging Road Located in a
Southeast Hardwood forest, (Courtesy U.S. Forest Service)
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logging methods. Figure 10 shows the grassed surface of a road con-
structed to an engineered grade on part of a 73-hectare (180-acre) clear-
cut and a 32-hectare (80-acre) thinning operation. The maximum recorded
turbidity from this watershed was 400 ppm for a rainstorm which is ex-
pected to occur onlyonce in 160 yr. The difference in water quality
from these two practices is graphically seen at the confluence of streams
4ischarging from each area. 'In Figure 11 the clearflowing stream is seen
on the left and the right-hand stream is discharging sediment from the
logger's choice acea.

Some technology does not transfer successfully without radical adapta®
tion. This statement applies to the standard and routine technique in
the conterminous 48 states of constructing fire lanes to slow or halt

the spread of a fire. When the same praccice is tried in Alaska on
fine-textured soils with permafrost, the surface of the permafrost melts,
the mineral soils above the ice prevent percolation, the ice mey collapse,
and cavernous erosion as well as surface gullies result. The silts and
clays add soil sediments to nearby streams and lakes.zéf

The techniques used to successfuvlly control erosion on bare soils with
permafrost inciude the buildiné of s terrace across the slope of the
fire lanes at intervals of 27 to 46 m (30 to 50 yd) to divert surplus
surface water into undisturbed v.getation along the sides of the fire
lane, and seedlng an adapted grass and legume mixture over the entire
fire lane after liming and fertilizing the soil according to the
recommendations resulting from a chemical soil test. The most success-
ful grass seeded so far has been Manchar smooth bromegrass.

5

,/
Another technique to control sediment chat can be used in Alaska on
fire lanes is recommended by Lotspeich, Mueller, and Frey.zéf This
system consists of tulldozing the natural and protective organic layer
back over the mineral soil of the fire lanes, after the fires have been

suppressed and before the bulldozers leave the area. ®

4.1.2 Sediment control by reforestation: The preferred way to control
gediment generation from previously forested but now eroding lands is
to plant tree8 or to encourage establishment of good tree stands by
natural regeneration. Tree planting on areas recently clearcut and on
eroded soils in forested areas has been an increasingly popular and
effective practice to enhance water quality. The U.S. Forest Service,
the state forest services, and the private forest industry have led in
this silvicultural activity. Furthermore, the U.S. Soil Conservation
Service has made a major contribution to the science and practice of
tree planting. Since 1930, 14.7 million hectares (3§.3 million acres)
have been planted to trees,
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Scientific guidance is given by the Soil Conservation Service to private
landownexs in the selection of forest tree species that are suitable to
the soils. Soil interpretations for wo-dland use are based upon 22,000
plots of trees planted or managed on model soils throughout the United
States where climate and soils favor tree growth. On the test piots are
measured the site index (height over age at 50 or 100 yr), soil sediment
erosion hazard, equipment limitations, windthrow hazard, and annual
growth rate in volume.of wood.27/

Information on woodland suitabiiity groups of soils is incorporated in
individual farm/ranch corecrvation plans and also ic included for all
soil mapping units in published county soil survev reports.

An example of how to use the woodland suitability groups cf soils is
presented in a recently publist * soil survay report of Chilton County
in central Alabama.28/ The so survey report indicates that 26 hectares
(65,000 acres) of land in Chil.un County are in need of tree planting for
one or more reasons, including soil sediment control for the enhancement
of water quality. To agsist in selecting the most suitable tree species
for planting, all soil mapping units’ in the County are placed into one
of 15 woodland-soil suitability gzroups, based upon their ecolngical
gimilarities. Each of the 15 g.oups of soils on the County s.il map

are assigned a corresponding group of adasted (suitable) trees of high
commercial value with predicted site index snd volume of annual growth
per acres

"Soil-Vegetation Surveys in California' describes three kinds of maps:
generalizec soil maps, scil-vegetation maps, and timber-stand/vegetation
cover maps.

Soil maps are available for a part of California on a scale of 2.04 cm/km
(1/2 in. /mt,)2%/ Information shown on the soil map is: soil series, soil
depth classes, dominant trees/shrubs, dominant grasses, and timber »ro-
duction site index classes. Soil-vegetation maps are printed on a s-ale
of (8.16 cm/km) 2 in./mi. On these maps are shown soil series; vegetction
types such as forest types, grass associations, meadows, and marshes; site
quality potential for timber production; and miscellanecus areas such as
bare rock. Timber-stand/vegetdtion cover maps were published at one time,
but their publication has been terminated. These maps can be used to
assist in determining what species to plant for the maximun assurance of
success.

Scientific guidance is thus readily available from many sourves the
U.S. Soil Conservation Service, the U.S5. Forest Service, the atate
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forestry and natural resource services, the state agricultural experiment
stations, and the state departments of agricultur~) to asaist in selection
of a plan to plant forest trees of high value on watersheds to enhance
water quality.

4.1.2.1 Reforestation of watersheds in Tennessee: Lull and Reinhart30/
quote resclts of sediment reduction resulting from tree planting and check
dam construction on the White Hollow and Pine Tree Branch watersheds in
Tennessee. Planting about one~third of the severely eroded White Hollow
watershed resulted in a reduction of an average storm sediment yield from
6.6 metric tons (7.3 tons) in 1935-16536 to 0.27 metric tons (0.3 tons)

in 1954-1955--a reduction of 96% in 20 yr. Planting two-thirds of the
Pine Tree Branch watershed in 1942 reduced sediment yield from 155.5
metric tons/hectare/yr (24.3 tons/acre/yr) to 2.46 metric tons/hectare/yr
(1.1 tons/acre/yr) in 1960--again a reduction in sediment of 96% in 18 yr.

Lull and Reinhart, also in analyzing and summarizing the work of Wark and
Keller, stated that in 15 subbasins of the Potomac River, the percentage
of land area with forest cover was ianversely related to the sediment
yield, as follows (Table 7):

TABLE 7

INFLUSNCE OF FOREST COVER ON CONTROL
OF SEDIMENT YIELD BY EROSION

Land Area Sediment Yield
with Foreat Cover Metric Tons/Sq Km/Yr

(%) (Tons/Sq Mi/Yr)

20 140 (400)

40 70 (200)

60 31.5 (90)

80 15.75 (45)

100 7.7 (22)

4,1.2.2 Reforestation in Mississippi: 1In north central Mississippi (on
abandoned, gullied, loessial, silt loam, acid soils) surface and gully

erosion is as serious as in any area in the U.S. For many years it has
been common practice to plant trees on such sites to control soil losses
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3 and sediment pollutlon of streams. One problem is to determine which
forest t-ee species or mixtures of species are most effective in in-
creasing infiltration and thereby reducing surface water runoff and
sediment.

s

McClurkin3l/ studied the change in soil infiltration that took place
during 1951 and 1966 under several species and mixtures of species.
The data are in Table 8.

TABLE 8

COMPARATIVE CHANGES IN WATER INFILTRATION
RATES IN SURFACE SOILS FOLLOWING 15 YEARS OF TREE GROWIH

s Infiltration
Rate
Specieg Planted Year mm/hr
Red cedar plus loblolly pine 1951 42
1966 132
Shortleaf pine ' 1951 38
1966 141
Loblolly pine 1951 85
1966 187
Red cedar plus shortleaf pine 1951 43
1966 ' 43
Red cedar 1951 133
1966 . 84

The data indicate that during the 15-yr period increases in infiltration
were recorded for: red cedar plus loblolly pine, shortleaf pine, and
loblolly pine. Red cedar plus shortleaf pine did not increase infiltra-
tion, and soil under red cedar planted alone decreased in infiltration
rate during the period.

Ursicég/ monitored runoff and sediment from three watersheds in north
Mississippi, each ~omprising 2 to 3 acres. The background data were
collected during 1 0-1963, after vwhich Watersheds I and III were

% burned and planted to loblolly pine. Watershed II remained untreated
to serve as the control.
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Sediment yields from Watersheds I and IITY increased by factors of 18

and 78 during the first year after burnings and the increases appeared
to have persisted from 2 to 4 yr (Table 9). Although further comparisons
may be somewhat masked by the natural improvement of the vegetation on
the control, average sediment yield from each of the two treated units

5 to 7 yr after the pine was planted was iess than one-half that during
the years prior to planting.

TABLE 9

EFFECTS OF BURNING ON SEDIMENT PRODUCTION
AND OF TREE PLANTING ON SEDIMENT CONTROLA/

Kilograms of Sediment per Hectare per Year {(Oven-Dry Basis)
(Pounds of Sediment per Acre per Year)

‘freatment

No Burning,

No Planting Burning and Planting to

of Trees Loblolly Pine Trees

Year(s) (Watershed 1I) {(Watershed 1) ~ (Watershed I11)
)
1960-1963b/ 635 (690) 77 Bz (84) 68 (74)

1964 588 (639) 1,418 42) 528 (5,759)
1965 259 (281) 81 (88) 477  (519)
1966 115 (125) 30 (33) 43 47)
1967 137 (149) 22 (24) 99 (108)
1968 128 (139) 53 (58) 29 (32)
1969 91 (99) 29 (32) 31 (34)
1970 193 (210) 24 (26) 35 (38)

a/ Ursic, S. J., "Hydrologic Effects of Prescribed Burning on Abandoned
Fields in Northern Mississippi,' USDA Forest Service, Research
Paper S0-46, 20 pages (i969). Note: Data from 1967 through 1970
were transmitted by letter, Ursic to Donahue, dated 5 June 1973,
with this caution: ". . .please consider these data tentative., . ."
B/ Watersheds calibrated during 1960-1963 before treatment.

4.1.2.3 Sediment contrecl by reforestation on clearcut areas without
burning: It has been the traditional and recommended practice by
professional foresters that tree limbs, tops, and other wood material
be burned after a clearcutting operation to remove the fire hazard and
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to expose the mineral soil required for the reforestation of intolerant
species of trees. For 8 yr now, U.S. Navy Foresters.]ﬁl have demonstrated
that it is technically practical to establish new Douglas fir stands by
artificial seeding and without burning, on level land and on slopes up
to 25%. The following report has been prepared by the U.S. Navy and is
here reported for the first time exclusively for this document.

THE J.5. NAVY REPORT

For the past 8 yr, Navy foresters in the Puget Sound area have been
direct-seeding Douglas fir (Pseudotsuga menziesii) without burning the
slash created by clearcutting operations. The slash remaining from
logging operations is bunched or piled in windrows by using a crawler
tractor equipped with a brush blade (Figure 12).

The windrow system of slash disposal was first used by the Navy in 1965
at Camp Wesley Harris, a Marine Corps rifle range located near Bremerton,
Washington. The sale covered 4 hectares (10 acres) on which slash left
from logging was windrowed in 1965. In March 1966 the area was seeded
with endrin-treated Douglas fir seed, using 0.46 kmof seed per hectare
(1/2 1o of seed per acre) applied with a cyclone seeder. At the present
time, the area contains a fuily stock-d s:and of Douglas fir.

The windrow method proved so successful that its use was continued.
The following additional areas have been windrowed and seeded to date:

Station Hectares (Acres) Date Logged Date Seeded
Indian Island 20 (50) 12/65 3/66
Bangor Annex 19 48) 9/66 2/67
Camp Harris 16 (40) 12/66 2/67
Lake Hancock 6 (16) 12/66 2/67
Bangor Annex 13 3D 5/68 2/69
Indian Island 18 45) 2/69 3/69
Bangor Annex 16 (40) 7/69 2/70
Bangor Annex 8 (20) 7/69 2/70
Indian Island 24 (60) 8/71 2/72

All the areas listed above are fully stocked with Douglas fir (Figure 13).°
Another 20 hectares (50 acres) of Bangor Annex was logged during May 1973
and will be direct-seeded in February 1974. Windrowed slash has deteri-

orated at a mcre rapid rate than had been anticipated, and soil particles
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Aruitoxt provided by Eic:

Figure 13 - Five~Year 0ld Douglas Fir Trees That Were Seeded
Directly onto a Slash Windrowed Area, without
Control-Burning. (Courtesy Department of the Navy)
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mixed with the slash support thrifty Douglas fir seedlings. Some

natural regeneration of such species as western hemlock (Tsuga heterophylla),

western white pine (Pinus monticola), western red cedar (Thuija plicata),

lodgepole pine (Pinus contorta) and grand fir (Abies grandis) takes place,

but not of sufficient numbers to seriously compete with seeded Douglas fir.

Douglas fir is considered as subclimax in the area, and fully stocked

stands are not likely to become established under natural conditions due

to the higher degree of tolerance of some of the other species. The pre-~

dominating deciduous type, usually on wetter sites, is red alder (Alnus
rubra), associated with bigleaf maple (Acer macrophyllum)., Early seeding
of Douglas fir following harvest and windrowing is necessary to establish
this valuable species to the desired degree of stocking, particularly on
the more moist sites. Regeneration of Douglas fir by direct seeding has
the advarntage of getting the species established for an early start in
competition with red alder. Where seeding is left to nature, red alder
is capable of suppressing Douglas fir on many sites in the area. Direct
seeding of Douglas fir at an early date following logging tends to offset

" the advantage given alder.

Most soils are of glacial origin (glacial drift and outwash) and tend to
be gravelly or sandy on the surface at most locations. They vary from
light to medium in texture and from shaliow to moderately deep. Some soils
are underlain by a cemented hardpan layer of varying thickness which re-
tards vertical movement of water.

Terrain where the method has been used varies from almost flat to slopes
of 25%. From the standpoint of envirommental protection, windrowing
accomplishes two purposes. Emission of pollutants into the zir is pre~
cluded, and soil erosion is checked. The exclusion of fire as a means
of slash disposal is desirable in fuel and ammunition storage areas
because of the safety factor.

The following clause was used in the timber sales contracts, which re-
quired slash treatment by windrowing:

"The slash shall be disposed of by bunching or piling in windrows.
The windrows shall be continuous strips not more than 20 feet

wide and not less than 75 feet apart, such measurements to be
determined at ground level. The windrows shall be at lieast 75

feet from any existing road and standing timber. As a fire pre-
cautionary measure, windrows shall be broken into segments apnrox-
imaiely 5 chains (330 feet) in length. The break between segments
shall be no less than the width of a dozer blade. When the grade
exceeds 15 percent for an area of more than one acre, windrows
shall be constructed on the contour at right angi. s to the direction
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of the slope. Windrows shall be constructed by a crawler
tractor equipped with a brush blade having a minimum of seven
teeth. These teeth shall project at least 12 inches below the
bottom of the blade." ’

No problems have occurred to date using the windrow system. It is
estimated that the cost of windrowing slash is between $2.12 and $4.25
per cubic meter (§5 and $10 per thousand board feet) of harvested wood.

1t is reported the windr.v system of slash disposal and direct seeding of
Douglas fir following harvest has proven successful beyond any doubt, as
indicated by field observations and the pictorial evidence in Figures 12
and 13. The Navy will continue the use of this method on areas where
regeneration of Douglas fir is desired.

4.1.2.4 Reforestation for sediment control on surface mine areas: The
State of Pennsylvania passed a Conservation Act in 1945, amended in 1963,
requiring surface mine operators to post a bond equal to $247 per hectare
(5100 per acre) of mine spoils, refundable when the spoils have been
satisfactorily revegetated with grasses plus legumes or trees/shrubs.
From 1945 to 1963, 3,400 hectares (84,060 acres) of strip mine spoiis
had been been planted to trees/shrubs. The Research Committee on Coal
Mine Spoil Revegetation in Pennsylvania§§ has been the technical body

to coorxdinate reqearch on this subject.

Spoils from bituminous mines are extremely variable as to acidity (pH) »
stoniness, and slope, with acidity being the priﬁiipal determinant of
success or failure of vegetation., Acldity may vary from below pH 3.5
to above 7.5, stoniness may vary from few to 100%, and slope from zero
to more than 25%.

Trees recommended for planting on median (Group C) spoils include Augtrian
pine, jack pine, pitch pine, red pine, scotch pine, white pine, Japanese
larch, black locust, red oak, and Zuropean alder. Shrubs spproved are
autumn clive, lespedeza bicolor, and mugho pine.

Before planting black locust trees, an application of fertilizer con-
sisting of 37 km of N and 74 km of Py0g per hectare (40 1lb of N and
80 1b of P05 per acre) is recommended.

4.1.3 Sediment control by planting grasses and legumes: Stabilization
of disturbed soils and geologic materials in forest areas, especially on
new road cuts and £ills and on logging road roadbeds when current logging
operations have ceased, 1s usually more rapid when grasses and legumes are
geeded than when trees are planted.
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On the H. J. Andrews Experimental Forest in western Oregon, sediment
yields were compared from a bare and seeded-to-grass road cut (Table 10),

as reported by Wollum.34/
TABLE 10

COMPARATIVE SEDIMENT YIELD FROM BARE AND SEEDED ROCAD CUT
ON THE H., J. ANDREWS EXPERIMENTAL FOREST IN WESTERN OREGONa/

Sediment Yield

Condition Period of Kilograms/Hectare

of Plot Measurement (Tons/Acre) .
Bare 9/58 to 9/59 23,370 (12.7)
Seeded to grass 9/59 o 9/60 7,728  (4.2)
Seeded to grass 9/60 to 9/61 4,232 (2.3)

a/ Wollum, A, G., "Grass Seeding as a Control for Roadbank Erosion,"
USDA Forest Service Research Note 218, 5 pages (1962).

The plot was fertilized with 147 kg/hectare (160 1b/acre) of 16-20-0
fertilizer and seeded with an 86-8-4 mixture of ryegrass, meadow fescue,
and highland bentgrass at a rate of 90 kg/hectare (98 1b/acre) in April,
The sediment yield was reduced by 67% the first year and by 827 the
seco.d year,

Planting of grasses/legumes on strip mine spoils in Pennsylvania has
been mandatory since 1945. From 1945 to 1963, 7,885 hectares (16,489
acres) of mine spoils had been revegetated with grasses/legumes.

Recommended for planting on the Group € and Group D {inferior) classes
of spoils are tall oatgrass, tall fescuegrass, and redtop grass. The
one legume recommended is lespedeza sericea,33/

4.1.4 Streamcourse claggsification for erosion control: '"Title 2400--
Timber Management" and other "Titles" of the U.S. Forest Service Manuals
state ~nvironmental objectives very clearly and expect compliance in the
forest but at this time there is inadequate organization and manpower
for reievant research and demonstrations.
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Monitoring of pollution and compliance with envirommental objectives
during implementation of a timber sale contract is a developing tech-
nology that must yet regionalize appropriate techniques in methodology
to control pollution at the time timber is harvested.

The "Title 2400--Timber Mapagement'X manual, dated May 1968, has made an
initial step to classify area streams and define ways to protect the
stream channel from erosion during the duration of a timber sale opera-
tion. Section 2456.5 of this document headed, "protection of Streamcourses
(B6.5 ~C6.5)" provides that each sale or other use of national forest
timber will be authorized only after the approving officer is satisfied
that practical fire prevention measures and methods of cutting and
logging are prescribed whichwill secure favorable conditions of water
flows. The timber sale contract provides two basic provisions to accom-
plish this objective. They are B6.5 and R5-C6.5. The use of f£hese two
provisions requires classification of streamcourses on the sale area
based on susceptibility to damage. This directive is intended to be a
guide to streamcourse classification for application of these provisions
of the timber sale contract.

"Streamcourse classification. All streamcourses within a proposed timber
gale area shall be classified during the field examination stage of sale
preparation on the basis of their susceptibility to damage by logging
activities. At this time, those streamcourses that have well defined or
scoured channels, that show evidence of developing sufficient head of
water to move debris or erode the channel, or which may develop such
characteristics if diverted or blocked by logging activities, will be
classified as (1) ‘'sensitive,’ or (2) 'resistant' based on the following
criteria:

"SENSITIVE streamcourses (Figures 14 and 15) include all perennial
streams except those with solid rock streambeds and streambanks. Inter-
mittent strea-..ourses with riparian vegetation and those with unstable
streambeds or streambanks are also classified as sensitive. Segments

of streamcourse so classified are to receive the protection specified

in B6.5.

“RESISTANT streamcourses (Figures 16 and 17) include perennial streams
with solid rock streambeds and streambanks and intermittent streams with
stable channel conditione and little or no riparian vegetation., Stream-
courses classified as resistant receive the protection specified in
C6.5. '

"Other streamcourses on the sale area are protected by careful location
of roads, skid trails and other developments and by erosion control work
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Figure 14 ~ A Typical Perennial Streamcourse That Should
Be Classified as Sensitive (Courtesy U.S.
Forest Service)

Figure 15 - A Typical Sensitive Intermittent Streamcourse 1
Before It Becomes Dry. (Courtesy U.S. ‘ |
Forest Service) “
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Aruitoxt provided by Eic:

16 - Resistant Streamcourses Stabilized by Solid

Rock or Heavy Boulders.’
/ Forest Service)

.‘1 ;:iﬁgga

7 - A Resistant Streamcourse.
Forest Service)
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specified for the entire sale area. These are usually ephemeral in
character. They gshould not be used as skid trails. Locations ‘or
necessary crossings must be chosen carefully. Careless 1 ,ing or
road construction can transform these streamcourzes into eroding
channels. Authority to regulate road and skid trail location is given
in B5.1 and C6.4. Other provisions of the contract which provide pro-
tection for these streamcourses include B6.21, B6.61, and C6.6.

!
""Strear «+ urses often have segments falling into each of these categories.

Ordinar. ., the classifications should be applied to segments one-half
mile or Jonger in length."

In addition to current efforts of the U.S. Forest Service, the states
of Oregon and California, and the Department of Natural Resources in the
State of Washington have made individual efforts to anticipate water
pollution control problems, To illustrate, the State of Washington has
developed a system for classifying streams for the purpose of refining
regulations relating to forest road building and logging transport
systems, The point system of classification, Table 11, is pased upon
six stream characteristics to be used 'in placing streams into one of
five stream clasces. The six stream characteristics are: (1) water
flow continuity; (2) size during mean annual flow; (3) recreational use;
(4) other water uses; (5) fish life present; and (6) type of streambed.

All public forest jands are harvested by maay private contractors who
operate under a highly competicive auction bid system. The contractor

is normally a local businessman who is usually concerned about the long-
term productivity of .hc forests. In periods of high demand and limited
supply of timber offered for sales some operators become carele. ; about
logging practices that pollute the s*reams. ’

More current adapted technology should be incorporated during the timber
harvest operation under timber sale contract terms. In addition, more
accurate monitoring techniques should bLe d2veloped to acthieve s more
satisfactory basis for establishing better guideline standards relating
to the impact of individua. timber sale operations on surface water
quality.

4.1.5 Grazing contrcl: Catt”e grazing in hardwood forests can result in
a partial destruction of tree reproduction, and compaction of the soil to
depths as much as 9.6m (2 ft). Compacted soil has less infiltratiosn
capécity, and surface runoff and erosion usually result.

Lull and Reinhartég/ quote Hays et al., on the damag> of domestic live-
stock, to watersheds in Wisconsin.




TABLE 11

STATE OF WASHINGTON
DEPARTMENT OF NATURAL RESOURCES

Stream Classification Key (TSD-8-8-71)

Sale No. ] Stream

Points
A. Water Flow Continuity

1. Present above ground year rovnd . . . . . . - 10
2. Present above ground most of the year . . . . 5
3. Present above ground only during

periods of runoff . . . . . . . . .« . .- 0

B. Size of Stream During Mean Annual Flow
(Average Flow)

1. width in 1-ft increments (points per

increment). . . o o+ . e e s e e e ose e 3
2. Depth in 4-in.increments (points per

increment). .. e e s . ]
3. Add 1 point for each 8% of stream

gradient (3 points maximum) - . . - - - . . 0

(. Recreational Use

1. Existing developed camp site and trails

along water . - « « « + ¢ . e e e e e e 10
2. Substantial recreational use, but no
developed sites or trails . . . . . . . . . 8

3. Proposed development or substantial
recreational use expected within

next 10 years . . . . « « . . o . o o e e e 4
4. Periodic or infrequent recreational use,
such as hikers, hunters, etc. . . . . . . . 2
5. Rarely used for any recreational purpose . . O
<
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TABLL 11 (Concluded)

Stream Classification Key (TSD-8-8-71)

Sale No, Stream
<

Points
D. Use of Water

1. Human consumption within 3.2 km (2 mi)
downstream . . . . . . . . . . .. . o . . 10
2. Human consumption 3,2-16.1 km (2-~10 mi)
dowastream ., . . . . . . . . . . .. .« « o« 5
3. Human consumption more than 16.1 km
(10 mi) downstream . . . . . . . . . P |

4. Livestock consumption within 1.6 km i § o H
(lmi) downstream . . , . . . . .., ... . 7 2 Al HB >
5. Livestock consumption 1.6 to 8 km
(1 to 5 mi) downstream . ., ., ., . . . P |
6. Recreational use such as swimming within —
1.6 km (1 mi) downstream . . . , . . e s+ 3 tﬂ,f'”"“‘
7. Noneofthese. . . . .. .. ........0 -
E. Fish Life
1. Supports both anadromous (migrating) and
sport fish or used as direct source of
fish hatchery water . . . . . . . . . . . . 10
2. Supports only sport fish . . . . . . . . .. 8
3. Potential area for sport or anadromous
fish . . . . . .. .. . .. S 1
4. Does not support or have potentlal of
supporting fish (too steep, broken or
lack of water year round) 0
F. Type of Strecm Bed
1. Well-defined channel with rock and
gravel bottom . . . . . e e e wm e o . .. 5
2. Well-defined channel witn gravel and
mud bottom . . . . . . e e e e e e .. 3 »
3. Well-defined channel wlth 'nud and grass :é 5 % g' 9_}' o
bo&.tcﬂl . . - . . . . . . . . 1 8 o o el e]
4. No well-defined channel w1th mud and N
grass bottom . . . . . . . . . .. .. .. 0
Total
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A nongrazed woodlot lost no soil, whereas a comparable grazed woodlot
lost 257 kg/hectare/yr (0.14 ton/acre/yr). By comparisom, at the
Coweeta watershed in southern North Carolina during the ninth year

of grazing by livestock,the maximum turbidity in the stream was 108 ppm
g%%gg ppm from an adjoining ungrazed woodland.

It is very important that grazing on forest land be carefully ccntrolled
and inspected at regular intervals. Overgrazing, where a livestock
population is too dense for available grass, particulzarly during dry
periods, can result in severe tree damage from eating the tops of small
trees, excessive erosion on 'cow paths'’ and serious water pollution caused
by the cattle cooling themselves in the stream.

4.1.6 Control of bark sediment in water: Bark fragments scuffing off
logs in water is a local problem in some areas. The Pacific Northwest
Pollution Control Councilgé/ has released a report on control of the
envirommental effects of floating/rafting logs down public waters and
storing them in waters before use by mills, summarized as follows:

1. Log transport and storage does sometimes pollute public waters and
interferes with small craft navization. Under these couditions the
practices should be restricted or eliminated.

2. The free-fall of logs from trucks into waters must he stopped
because this is the principal cause of bark debris.

3. Both floating and settled bark should be collected and placed on
dry land.

The report does not address itself to the cost of implementing these
recommendations, nor does it estimate the economic tradeoffs and impact
on the region if the recommendation. should be implemented through law.
In addition the report does not document the extent of damage caused by
the bark.

4.2 Control of Pollution from Pesticides

The EPA Pesticide Study Series Report No. 7, '"The Movement and Impact of
Pesticides Used in Forest Management on the Aquatic Environment and
Ecosystem,' presents a thorough and current review of this subject. It
describes forest application techniques, route of pesticides into the
water environment, and the impact of pesticides on the aquatic environ-
ment and the forest ecosystem, with emphasis on experiences in connection
with the control of the gypsy moth in New York State.
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This comprehensive study documents how little is known about the fate

and effects of all pesticides, including forest pesticides; in the
environment after application. Control methods must, therefore, be
formulated on a generally unsatisfactory base of knowledge of the true
environmental impact of pesticide usage. Most of the pesticide uge in
forests is, therefore, as in other use areas, practiced for economic
benefit at a calculated risk to environmental quality. The risks are
asgumed to be small relative to benefits. The element of uncertainty

in this rationale is one reason that the basic role of pesticides in
silviculiture is lately being reevaluated. A second reason is the growing
conviction that a forest is too complex an ecosystem to be treated pro-
fusely with pesticides-~-that we know so 1.ttle about the ecosystem that
pesticide use is likely to lead to unwanted, basic changes in the system
whrich may offset benefits, Pesticide usage is for these and other reasons
declining, and other controls are being substituted.

Rules and guidelines for pesticide use have been well stated by Witt and
Baumgartner,éé/ Benton,gl/ and Schlapfer.3%,39/ The rules are generally
qualitative and are nelpful, but much local interpretation and judgment

are required in development of pesticide programs.

Selection of a pesticide for effectiveness and minimum toxicity to the
environment is a form of pollution control. Low order toxicity to non-
target species, including aquatic life, is preferred for obvious reasons.
The guidelines for pesticide selectior include the following: 1low
persistence in the environment; low susceptibility to transport through
the enviromment (nonvolatile, water insoluble); highly selective (minimum
toxicity to nontarget species); biodegradable to harmless end-products

and not subject to bioaccumulation in the food chain; and minimum toxicity
to animal and aquatic life.

Adherence to rules developed for application will minimize pollution from
pesticides. These rules include:

1. Application when rain, fog, wind, and air temperature are most
favorable for assuring that a maximum percentage reaches, target species.

2. Avoiding watercourses, and leaving if possible, a buffer strip
between streambeds and treated areas. Buffer strip widths of 30, 15,
7.5, and 4.5 m (100, 50, 25, and 15 ft) have been recommended by
Schlapfer§§¢§2/ for the application of herbicides by aerial, ground
vehicle, hand spraying, and hand injection methods, respectively,

3. Proper disposal of all containers and pesticide residues,
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4. Application specifically to areas requiring treatment rather than
blanket treatment of diseased and healthy areas. It has been proposed
that aerial application of pesticides be done mostly by helicopter to
enable more accurate placement on target species.,

Finally, policy regarding the mode and extent of use vitally affects the
methodology for controlling pesticide pollution, particularly with regard
to alternates to chemical pest control, namely biological control, control
through cultural systems based on knowledge of the ecology of forests,
and mechanical control methods. This basic issue is the subject of
current debate, and the present study can only recognize that evolving
concepts .of pesticide use will yield, in the future, a modified set of
pollution control problems together with updated control measures

founded more firmly on fact than at present. Evolving policy has in
recent years resulted in cessation of the use of certain pesticides; a
general reduction in the quantity of pesticides applied to forests sud a
reduction in treated acreage; decreases in the extent of prophylactic
treatment; and increased reliance on natural and cultural methods of pest
control. This general trend, together with conscientious adherence to
guidelines for selection and application of pesticides, should sum up to
worthwile reductions of the hazard to the aquatic environment as well as

the environment in general.

K

For the present and near future (5-10 yr), methods available for c¢ontrol
of pesticide pollution from eilvicultural activities will,therefore, con-
sist of adherence to accepted guidelines for use in a plan which calls
for optimization of chemical pest control, Optimization as it is used
here denotes use to the extent deemed nacessary .

4.3 Control of Pollution from Fertilizers

There are strong pressures to establish "principal use' categories for
all public lands, including forest lands. This mood-of-the-day extends
even into the management of private timber lands., With an accelerating
demand for paper and lumber, the logical response for the public and
private timber manager is to allocate the more productive and less
fragile lands to timber production and to apply all available production
technologies to enhance tree growth--including the judicious use of

fertilizers.

Groman0/ has reviewed the current status of forest fertilization., At
present, fertilizer use on forest, mostly nitrogen, is centered in the
Pacific Northwest Douglas fir region and in the Southern pine region.
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In addition, the young stands of commercial redwood in northern
California and the western-hemlock-sitka spruce along the coasts of
Alaska, Washington, and Oregon are judged to have a potential for
responding economically to application of fertilizer.

In the Pacific Northwest, forest fertilizatioa with nitrogen started ia
1965, reached a level of 48,165 hectares (118,750 acres) in 1970, and is
anticipated to be 100,000 hectares (250,000 acres) per year from 1975-1980.

Response of Douglas fi. to nitrogen fertilization has averaged about 30%

during a 5-7 yr period; trees as old as 300 yr have shown a growth
acceleration.

In the South, the pines on well-drained goils respond well to fertiliza~
tion. Here nitrogen alone is expected to enhance growth by about 5% a
year. A second area of present and predicted future respomse is the
flatwoode coastal plains, where both nitrogen and phosphorus give
increased growth of pines. Forest fertilization in the South started
on a commercial basis in 1963, and in 1971 an estimated 44,500 hectares
(110,000 acres) had been fertilizad.

Helicopters are preferred for use in fertilizing the forest, Environ-
mentally, they are safer than fixed-n.ag aircraft because they can fly
slower, and, therefore, avoid all :t-_ims and lakes.

A summarized brief on the relationships between forest fertilization and
water quality is as follows:

1. The potential exists for increasing ammonia and nitrates in streams
and lakes to environmentally hazardous levels; so far no incidents have
been reported.

2, Unlike cropland that is usually devoid of growing plants when most
fertilizer is appl!ied, forest soils always contain a mass of roots at
variable depths thiat are continuously absorbing nitrogen in the ammonium
and nitrate forms.

3. A forested soil is so efficient in recycling nutrients that it is
used in many places as an ideal, environmentally safe place to spray
municipal effluent (Sopper).&l/

Possible pollution hazards from fertilization that must be avoided have
been stated by Reinhart: 42/
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5.

Because of thz lower cost of application, forest fertilization has been
practiced with solid fertilizers distributed by aircraft. With many
agricultural and horticultural crops, spraying leaves with liquid urea
fertilizer has been proved more efficient than application to the soil.
Duffyéil compared foliar application to ground application with loblolly
pine seedlings under greenhouse conditions, and obtained data reprodu
His tests indicate that foliar application (therefere,
spray application) less effectively utilizes nutrient values than does

in Table 12.

Increased nutrients in streams and lakes.
Increased organic matter in watercourses.
Decreased water yield.

Damage to nontarget species.

Air pollution.

soil application.

Methods for control of pollution from fertilization are based on many of
the guidelines which apply to pesticide use (Table 12).

1. Fertilize only when a soil test indicates that benefits are expected

to be eccnomically worthwhile.

2. Fertilize at rates which do not exceed the adsorption capacity of the
soil and the uptake capability of timber stands.

3. Frequent fertilization at low rates is environmentally safer than

infrequent application at high rates.

4. Do not spray over watercourses, and leave buffer strips between

streams and fertilized areas.

5. Apply fertilizers when wind drift is minimal.

6.

To the extent that rainfall can be predicted, avoid fertilization in

periods of heavy rainfall.

7. Coarse pellets of fertilizer are environmentally safer than fine
pellets; and liquid fertilizers have the greatest water pollution

hazard.
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Treatment

56 kg (150 1b) N on
Foliage

One Application
Five Applications

56 kg (150 1b) N on
Soil

112 kg (300 1b) N on

Foliage

One Application
Five Applications

COMPARISON OF NITROGEN FERTILIZER APPLIED

TABLE 12

ON FOLIAGE AND ON SOIL FOR LOBLOLLY PINEa/

Post-Treatment

Height Growth Foliage Weight Foliage N
Ammonium Ammonium Ammonium
Nitrate Urea Nitrate Urea Nitrate Urea
(cm) (cm) (g) &) (%) (%)
3.7 4,6 4,33 2,40 0.73 0.77
3.4 4.1 4,10 3.26 1.17 0.70
14,5 4.7 9.53 5.10 1.04 0.93
12,1 8.1 6.67 3.93 0.85 0.85
8.4 9.2 5.20 4,86 0.97 0.83

—_— 2
a/ Duffy, Paul D., '"Loblolly Pine Seedlings Respond to Foliar Nitrogen Fertili-

zation,"” USDA Forest Service Research Note 80-122, 4 pages, 1971.
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Fertilizers are presently used sparingly on forests, in comparison to
agri.altural use, and the impact on water is, therefore, limited to
specific watersheds and is relatively insignificant in tlhe macro sense.
If the assumption that forest management will become more intensive in
the future proves to be correct, now is the time to initiate research
%tudies and planning action aimed at management and control of the
‘otentially increased pollational loads from fertilization.

4.4 Control of Pollution from Fire Retardants

Most fire retardants are delivered to fires by fixed-wing aircraft at
an estimated cost of material plus spreading of $0.26/1liter ($1/gal.).

Historically, fire retardants have been plain water, water with a
wetting agent added, borates, bentonite clays, and currently Fire~trol
(ammonium sulfate) and Phoschek (diammonium phosphate)., Borates are
herbicides that are no longer uted extensively because of their hazard
to the envircnment. Bentonite clays lost popularicy because the glurries
were too slippery for fire fighters to retain their footing in steep
_terrain. Bentonite sediments are nontoxic but when applied in or near
streams, remained suspended for long periods of time. Both of the
proprietary formulations of ammonium sulfate and diammonium phosphate
liberate ammonia which is toxic to fish if released directly into the
water. In addition, both nitrogen and the phosphorus in excess can
cause eutrophication of streams and lakes. The environmental hazards
of fire retardant use are thus essentially the same as the hazards
associated with fertilization.

Annually there are about 42 million liters (11 miliion gallons) of all
types fire retardant materials used (Table 13), with the U.S. Forest
Service using about one-half the total amount, followed by the California
Division of Forestry using over 11.4 miilion liters (3 million gallons)
of material annually.

Unless the ammonium sulfate and diammonium phosphate are accidentally
applied to streams or lakes, the hazard to the water environment is rare.
Normal use of these fire retardants consists of dropping them from a
fixed-wing aircraft ahead of the fire, in an inverted V pattern, at or
beyond the crest of a ridge. Dropped at this location, the rate of
spread of the fire is slower, five fighters are more effective, and the
distance from streams is usually sc far that pollution is minimal.

The considerations involved in development of guidelines for fertiliza-
tion (Section 4.3) apply to fire retardant use. However, the fire




TABLE 13

ACTUAL CONSUMPTION OF FIRE RETARDANTS IN 19668/

Total Liters (Gallons)

Agency Used in 1966

U.S. Forest Service 22,490,000 (5,942,099)
California Division of Forestry 12,161,000 (3,212,600)
Bureau of Land Management 3,781,00C (999,150)
Southeastern States 1,802,000 (476,320)
State of Washington 190,000 {50,000)
State of Oregon 106,000 (28,000)

Total 38,730,000 (10,708,160)

a/ Hartong, AllanL., "An Analysis of Retardant Use," Intermountain
Forest and Range Experiment Station, U.S. Forest Service,
Research Paper INT-103, 40 pages, August 1971.

fighter has little control over the time or the place. The most-important
guideline for fire retardant use is avoidance of surface waters in the
application pattern.

4.5 Control of Thermal Pollution Resulting from Solar Energy

Temperature increases of water in streams from silvicultural activities
are due to the cutting of shade-producing riparisn trees and shrubs;
and increases instreamwater temperature are thought to be harmful to
aquatic life.

The former Technical Advisory and Investigation Branch of the Federal
Water Pollution Control Adminstration®%/ summarized the relationship
of stream and lake temperature to aquatic life in this way:

1. All chemical reactions in water vary with temperature, generally in-
creasing with increasing temperature. One principal exception is the
solubility of oxygen in water, which decreases with temperature.
Furthermore, an elevation of water temperature hastens bacterial de-
composition and oxygen is further decreased in the process. The rate
of decomposition increases to about 30°C (86°F).
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2. Cold-water nonanadromous fish such as trout thrive best in water
below 14.5°C (58°F).

3. The maximum temperature tolerated for a given species of fish varies
with the rate of heating, the size of the fish, and its physiological
condition.

4. Substances toxic to fish are more toxic at higher temperatures.

5, There is no one ideal temperature for a particular species of fish.
Reproduction requires one range of temperatures and larval development
another range. From 2 specific water area, a fish specles may be absent
in summer and present during winter months.

6. An increase in temperature of a segment of a stream may block normal
migration of anadromous species,

7. Some waters may be too cold for certain species of fish.

8. As water temperature increases, the predominant qﬁgcies of algae will
change from diatoms to green algae to blue-green algae. Certain blue-
green algae are capable of fixing atmospheric nitrogen and thus
hastening eutrophication of waters.

Angular canopy density is proposed by Brazier3/ as a better measure of
shading ability of a stream than width or height of vegetation. The
angular canopy density was measured at solar noon (zenith) by a
densitometer designed for the purpose. It is hypothesized that a buffer
strip reduces elevation of stream water temperature by providing shade.

Data obtained in Brazier's study indicated that maximum shading ability
was obtained by a buffer strip 24 m (80 ft) wide, and 90% of maximum by
a 17-m (55-ft) wide buffer. Conclusions included the statement that' the
forest ranger should decide the proper width of buffer strip for each
stream based upon the stream width, depth, velocity, initial temperature
and height of the vegetative buffer.

Technologies to control thermal pollution in northwestern U.S. were
summarized by Brown, Swank, and Rothachenéél as follows:

Daily temperature variation in undisturbed streams may be about 2.2°C (4°F)
or more. This value will rise to about 5.6°C (10°F) or higher when all
shade along streams is removed. Cooling of waters downstream is due
primarily to inflow of cooler tributary streams rather than by cooling of
warmer waters due to the presence of shade. The shade does not cool




water in streams; it merely reduces the variations in stream tempera-
ture.

Buffer strips of vegetation along streams is the only practical way to
keep streams cool. The width of the buffer strip must be determined
by on-site inspection. Narrow streams may be kept cool by low-growing
cottonwood, alder, and willows, without sacrificing any merchantable
timber. Wider-streams will require taller trees to shade them.




5.0 PREDICTIVE METHODOLOGY FOR NONPOINT SOURCE POLLUTION CONTROL

Management of a silivicultural system in a manner which minimizes pollu-
tion could best be effected if factors responsible for discharge of
pollutants were quantitatively related, by what might be called poliu-
tion indices to both ‘he inuividual parts cf the silvicultural system and
to the system as a whole. Many factors must be considered, and the
relationships are quite complex. Much additional information and data
are needed to more fully develop che relationships between pollution ard
sil.izuitural practices.

Predictive methodology (methods, based on mathematical techniques, used
for purposes of calculating pollution as a function of conditions in
the forest) is as a consequence only available in part, and needs to be
refined. A particular need is the development of criteria for relating
quantities and concentrations of emitted pollutants that may degrade
environmentai water quaiity,

Much effort has been devoted to analyses of soil erosiun. Cropland has
beer the principal concern of the studies; erosion of forest lands has
been studied to a lesser extent. Predictive methods resulting from
research and field tests still fall short of the capability to relate
water quality to conditions in a fores:ed watershed. huwever, the
methuds are based on consideration of the several factors which are
important in erosion apd erosion prevention/ccntrol. For this reason,
it -.s appropriate here to present a summary description of three
me~10ds which have much in common., The first and best kuown method is
the Universal Soil Loss Equation, which hLas been tested on forest lands.

No predictive methodology has been developed for other pollutants--such
as pesticides or fertilizers. Since soil erosion and surface wcter run-
off are major modes of transport ol nutrients (fertilizers), pasticides,
and other pollutants to surface waters, the Universal 50il Loss Equation
is potentially userul for estimating qua- .ties of these poliutants dis-
charged into streams «na lakes; further study and development is needed,
however. The method availabie for predicting erosion as a function of

forestry management practices is discussed in the following paragraphs.

-

5.1 Prediction of Erosion by the Universal Soil Loss Equation

. . . . . . i
Three components are involved in estimating soil eros on:/
/
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1, Soil characteristics, and topography.

2. Land cover conditions.
3. Regional rainfall characteristics.

The soil characteristics consid~red are erodibility, the relative
susceptibility of the soil to the erosion pmpcess. Generally, the
finc. textured soils--high in silts a2nd tlays, are more erodible than
the coarser textured sandy soils. Generally, steeper and longer slopes
(topography compoanent) are more susceptible to erosion than lesser and
shorter slopes. The land cover component refers to the ability of a
cover, such 4s crops, g+-asses, and tcrees to absorb the impact energy
of the rainfall., Another impoitant factor to be considered in
quantifying the soil erosion rate is rainfall characteristics. When
factors other than rainfall ar: held constant, the erosion rate is
directly prnportional to the total kinetic energy of a sterm.

The essential factors discussed abore in the erusion process have been
incorporated in a "Universal Soil Loss Equation,” presented by Wischmeier
and Smith, in USDA-ARS Agriculture Handbook 282.47/ This equation was
originally developed to predict erosion from cruplands, but has later
Leen adapted to forestry areas to predict soil sediment removal by
erosion and to better understand erosiun control procedures by vegetative
cover on the land.

In silviculture, tne control practice is exemplified by the use of
buffer scrips between the eroding site and the nearest strear.

The use of a narrow buffer strip carries more risk than doe: a wide
buffer strip that sediment, carried by water, can penetrat. this
vegetative filter and enter the stream or standing water “ody. The
Wischmeier Universal Soil Loss Equetion is a mathematical tool that can
be used to estimate the width of a3 buffer strip necessary to protect
stream water quality from a di<turbed soil area.

The results of a study by Packer®8/ indicate a method to evaluate the
relative vegetative trap\efficiency of differen. types of buffer ctrips.
This study was conducted in the Northern Rocky Mountains under certain
fixed conditions. Table gives the protective stiip widths necessary

to confaig;§3é5276f sediment flows from outlet of the ogging road
drainages. The results, presented in varying obstruction spacings and
kinds of obstructions, ave for conditions of 9-m (30-ft) cross-drain
spacing, zero iruitial obstruction distance, 100% fill slope cover density,
and 5-yr old roads built on the most stable soil that are deriv’ i from
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TABLE 14

ke

PROTECTIVE-STRIP WIDTHS REQUIRED BELOW SHOULDERSS/ QP 5-YEAR OLDR/ LOGGING ROADS
BUILT ON SOIL DERIVED FROM BASALT,ff HAVING 30-FOOT CROSS~-DRAIN SPACING,d/
ZERO INITIAL OBSTRUCTION DISTANCE,377AND 100% FILL SLOPYL COVER DENSITYE/

Obstructrion Protective-Strip Widths, Meters (Feet)
Spacing Depressions Trees and Slagh and Herbaceous
Meters (Fect) _or Mounds Logs Rocks Stumps Brush " Vegetation
0.3 (1) 10.6 (35) 11.2 (37) 11.6 (38) 12,2 (40) 12.5 (41) 13.1 (43)
0.6 (2) 11.2 (37) 12.2 (40) 13.1 (43) 14,0 (46) 14,9 (49) 15.8 (52)
0.9 (3) 11.9 (39) 13,1 (43) 14,3 (47) 15.8 (52) 17.3 (57) 18.5 (61)
1.2 (&) 12,2 (40) 14,0 (46) 15.8 (52) 17.6 (58) 19.5 (64) 21.3 (70)
1.5 (5) 12.5 (41) 14,6 (48) 17.0 (56) 18.2 (63) 21.6 (71) 23,7 (78)
1.8 (6) 15.2 '(50) 17.9 (59) 20.7 (68) 23.4 (77) 26.1 (86) :
2.1 (7) 15.8 (52) 18.8 (62) 22,2 (73) 25.5 (8%) 28.6 (94) |
2.4 (8) 16.1 (53) 19.8 (65) 23.4 (77) 27.1 (89) 30.7 (101) '
2.7 (9 16.4 (54) 20.4 (67) 24,6 (81) 28.9 '(95) 32.8 (108)
3.0 (10) ) 25.8.(85) 30.0 (100) 35.0 (115)
3.3 (11) 26.8 (88) 31.6 (104) 36.8 (121)
3.6 (12) 38.6 (127)

For protective-gtrip widths from center lines of proposed roads, increase given widths by
one-half the proposed road width. .

If storage capacity of obstruction is to be renewed when roads are 3 yr old, reduce protective-
strip widths 7.3 m (24 ft).

If soil is derived from andesite, increase protective-strip widths 0.3 m (1 ft); if from glacial
silt, incrzase 0.9 m (3 ft); if from hard sediments, increase 2.4 m (8 ft); if from granite,
increase 2.7 m (9 ft); if from loess, increase 7.3 m (24 ft).

For each 3,0-m (10-ft) increase in cross-drain spacing bte¢yond “.1 m (30 ft), increase protective-
strip widths 0.2 m (1 ft).

For each 1.,5-m (5-ft) increaze in initial ohstruction distance beyond zero (or road shoulder),
increase protective~-strip widths 1.2 m (4 ft).

For each 10% decrease in fill slope cover below a density of 100%, increase protective=-strip
widths 0.3 m (1 ft). 86
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basalt. It was .stimated that by adding 9 m (30 ft) to the strip width
indicated in Taple 14, the trap efficiency can be increased to about 97.5%.

. The footnotes to Table 14 indicate the variation in protective-strip
widths from those in the table which are necessary with changes in soil,
cross-drainage spacing, initial obstruction distance, road-age, and fill
slope cover density.

Another method for evaluating soil cover efficiency in the equation in-
volves a rule-of-thumb technique which is suggested for estimating re-
quired buffer strip width, which will provide sufficient protection. For
a general situation, Trimble and Sartz49/ suggest a 7.6-m (25-ft) width
on level lands and adding 0.6 m (2 ft) for each 17 increase in slope. .
For areas close to municipal water supply, they suggest beginning with a
15.2-m (50-£t) strip and increasing by 1.2 m (4 ft) for each 17% increase
in slope. These suggestions were made based on field measurement of the
sediment path of culverts in the White Mountains, with well-~drained

sandy loam and a hardwood leaf litter of 5-10 cm (2-5in.). They emphasize
the method may or may not apply eisewhere.

5.2 Other Predicticn Methods

The Universal Soil Loss Equation was developed based upon information
collected from 37 states east of the Rocky Mountains, and is being
successfully used in most areas of this region. For western states,

this -equation has been used very little because adequate soil type
correlations have not been done for western soils. However, some

think that procedures developed by Musgrave.5_0:_5_1/ may be modified for use in
the West. Researchers are advised tc consult the listed references to
become familiar with the procedures, and also with the limitations of
prediction with the Musgrave method.

Tt is important to aote that the quantitative procedures presented with
the Universal Equation and the Musgrave Equipion are limited to the
evaluation of on-site erosion for various types of land use and dis-
turbances. For a water quality planner, however, prediction of suspended
sediment levels entering surface water is more impor:tant than prediction
cf the on-site erosion. For example, the planner will need answers to
questions such as: What is the suspended sediment contributions of each
iand use or disturbance within the forest? What control measures are
required to reduce the sediment contributicn to the acceptable level?

To answer these questions, Dissmeyer ézzéé/ has developed a method now
called the First Approximation of Suspended Sediment (FASS) which can be
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used to evaluate the impact of disturbances or control practices on
suspended sediments in surface water, to identify problems, and to
evaluate alternative methods to reduce suspended sediment. In addition
to the contribution from sheet erosion, FASS also takes into account
gully erosion, as well as channel erosion, and should aiso be appliratle
to nonforested areas such as agricultural lands, highwsys, and urban
areas. This method has been applied in river basin planning in the
Southedst. A detailed discussion of FASS is inapprcpriate here. Con-
cerned individuals are referred to two publications which presert the
method in detail.32,53/

5.3 Background Data and Information Needed Tor Planning Pollution Control

Knowledge in cetail of environmmental conditions which ipvpact pollution
control is e<sential. :

5.3.1 Meteorological factors: Rainfall, wind, and temperature play im-
portant roles in pollution control. Meteorological data for the past are
available from the National Weather Service, for specific regions of the
country, ard patterns established for a region should be used as the basis
for scheduling silvicultural activities. Long- and short-term forecasts
of weather are also important., Mean climatic racords are used to determine _
the driest and, therefore, the best months to harvest timber, but day-to-day
weather forecasts must be used to guide harvesting operations if damage to
the soil environment is to be hept to a minimum. Harvesting equipment
operating on wet and fine textured soils causes soil compaction and ex-
cessive goil surface disturbance that are conducive to accelerated yields
of sediments. Aerial applications of fertilizers and pesticides should

he scheduled for times when wind velocity is low and wind direction is
predictable,

5.3.2 Soil and eeologic surveys: The U.S. Soil Conservation Service has
the responsiblity for mapping soils on all private lands in the nation,
and works with the U.S. Forest Service and other public and private land
management agencies. The U.S. “orest Service employs soil scientists

and geologists to make soil and geologic surveys of the naricnal forests
for use in such analyses and planning activities as location of unstable
snd stable soils; suitability of soils as sources of sand. gravel, clay,
or rock; suitability for road location; subsoil and surface soil erosion
potential; drainage characteristics; compaction characteristics; gotential
for forest species regeneration; windthrow hazard; and suggested cutting
and Jogging systems for maximum environment«l protection (Sniyder and
wade) , 5%/
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Furthermore, the soil and geologic surveys are interprcted with respect
to suitability for recreational development, permeability, consistence
(water stability), and compaction. Such hydrologic interpretations are
also made on the subjects of amounts and durations of water yield, ero-
sion hazard, and potential sediment.

The soil surveys madeby'Steinbrenneréé/ for the Weyerhaeuser Company are
an example of a technique developed by the National “ooperative Soil
Survey and adapted to forestry use. Similar systems are used by forest
soil surveyors employed by the USDA Forest Service, the states, and

private timberland owners.

The system of forest soil surveys used by Steinbrenner*is interpreted
fo.r uce in these ways:

1. Land capatility.

2. Forest site productivity by species.
3., Windthrow hazard.

4, Logging method suitability.

5. Priority for thinning.

6. Soil engineering capability.
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6.0 CRITERIA FOR POLLUTION CONTROL MANAGEMENT SYSTEMS

The overall approach to control of pollution from silviculture must con-
sider the individual pollutants, their sources, and specific methods of
control. Effective control requires, however, that a pollution control
management system be developed which enccmpasses all significant pollutants.
Furthermore, the pollution control management system must be matched with
watershad and regional characteristice, and should be consistent with na-
tional goals. The pollution ¢ontrol methods presented in Section 4.0 must
therefore, be developed and used in the framework of management systems
fitted to particular silvicultural sitaations.

The process of development of pollution control management systems is out-
side the scope of the present study, and is the orerogative of the local
planner in cooperation with policy-making bodies. It is appropriate, how-
ever, to enumerate the criteria which apply to development of pollution
control management systems

A prinary factor is protection of water quality. Water quality goals set
by law and transferred into policy and staudards by national and local
policy bodies are a recuisite for the develoiment of pollution control man-
agement systems.

The gecond and third primary factors are fcrestland productivity and the
economics of timber production, both evaluated under cecastraints imposed
by the need to control poilution.

Water quality and forest productivity in combination are the two key cri-
teria for developmen* of a pollution co. trol management system for a pro-
ducing forest, and the economics of timber production under the constraints
of pollution control determine whether a silviculture operation is eco-
nomically competitive with like vperations in other regions. 1In a broader
context, econcinics, including zusts of pollucion contrel, will determine
the competiciveness of forest products with substitute, nonwood products.

The following secondary factors are important:
The time factor: A pollution control management system must be geared to

the 1ife cycle of the forest. Today's pollution control should make
tomorrow's pollution contrcl easier rather than wore difficult, and a low

tytal yield of pellution over a many year period is equally as important
as trans'-nt pollutant yields,
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The land-use factor: In some forests, timber production is the primary
objective. In others, timber yield is subsidiary to other uses. The
good pollution control management system will vary to match the use
pattern appropriate for the land.

Closely related to land-use criteria is the physical stability of the
forest system, which includes resistance to wildfire (a major destabiliz-
ing force and a significant cause of water pollution); resistance to

disease; and general resistance to land movement (creep, mud slides, and
debris slides).

A final facior, forest ecosystem stability, is closely related to land-use
and pnysical stabjlity of the forest. The ecosystem is essentially speci-
fied by designation of land-use. 1Its stability is guar anteed by adherence
to good silvicultural procedures, including pollution control management.

The good pellution control manageme . system therefore centers on water
quality as the primary governing factor. Timber production and timber
production economics are also primary factors; these may be affected

either negatively or positiv. ly by the need to protect water quality.

These three primary factors, togetier with secondary factors: time, land-
use, forest system physicai stability, and foerest ecesystem stability, are
the basis for development of pollution control management systems which meet
goals for productive and environmentally acceptat'e use of forest land.

Overall systems analysis of a silvicultural situation in terms of these
factors shouléd yieid rat.onal policy and decisions about the use f spe-
cific control measures, inciuding decisions about cuch troublesome cues-
tions as clearcutting, prescribed burring, and pesticide use.

Some silviculturists hLeve integrated wmany technical and economic disci-
plines in intensive forest management systems. These systems emphasize
production. Commercial forests are now being classified according to
potential productivity; and on the arcas with greatest potential a full
"package of practices" is being applied. For example, Staebleréé/ reperts
that a high yield forestry program in the Pacific Northwest is anticipated
to double the yields over those achieved in forests with minimum practices
(proteciion fror. fire, natural regeneration, no additional management).
The doubling in yield is expected to be due to: 20% frow fertilization;
30% from improved regeneration; and 50% from commercial and pir commercial
thinning.

It is an established fact :hat a well-kept, healthy forest is highly re-
sistant to 2rosion and mass land movement, and transfers a hign proportion
of incident rainfall to subsurface water rather than to runoff. It ollows
then that intensively managed forests can be expected to be substantially
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better protectors of water guality than poorly maraged--or naturally man-
aged--forests. Th_ high yield forestr, programs appear thus to be a sound
basis for development of a pollution-control-oriented maragement system.

Trask2+/ has preseated a multidisciplined approach to planaing a transpor-
tation system in forests which exemplifies the basic planning method needed
for development of pollution management. The tiansportation system is de-
signed to serve all predicted uses of each forest unit. The uses may be

as coantrasting as timber transportation, scenic viewing, skiing, hiking,
and camping. Trask suggests that the planning team may be comprised of

a logging engineer, a fisheries expert, a larlscape architect, a soil
scientist, a transportatiuvn engineer, and a silviculturist. He further
adds that the team should work together to develof . management system
rather than separately as independent and uncoordinated prcfessionals.

There is a direct correlation between effecciveness of pollution control
and the capability of personunel at the field ievel. As in all effective
management systems, it is essential that field personnel be compet=nt, well
informed, and granted the authority needed to make and implement decisions
relevant to pollution cortrol. Long-range planning of pcllution control
management systems should therefore include an indepth evaluation of organi-
zational structures for management planning and also for the day-to-day ad-
ministcation of forest lands.

In summary, the criteria for pollution control management include & thor-
ough analysis of several technical and economic lactors and alternatives
in silvicultursl management; a multidiscipliined plamring approach to de-
velopment of specific plans and implementatior procedures; and finally,
competent administration, especially at the local ievel. It is essential
that silviculturists undertake the development of pollution control man-
agement systems, and implement their use. The zlternative is diversion of
productive forest to nontimber activities to ensure protection of water
qualiry.
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9.0 GLOSSARY

Jammer Logging - A stationary, low-lead, mechanical winch and cable system
to pull logs over the soil surface from points on a field to g central
location during tree harvest.

Nonpoint Source Pollution - A pollutant which enter® a water body from

diffuse origins on the watershed and does not result from discernible,
confined, or discrete conveyances.

Pesticides - All materials, mostly chemicals, that are used for the con-

trol of undesirable insects, diseases, vegetation, animals, or other forms
of 1life.

Rafting of Logs - The act of floating tied logs for transport in water.

Sediment - Water-worked fragments which have been detached, transported,
g »pended, or settled in water. Fragments moved by air are excluded from
this report.

Silvicide - Chemicals to kill unwanted trees.

Silviculture (Webster) - "A phase of forestry dealing with the development
and care of forests." 1In this report the defiuition includes all activ-
ities related to trees, from seed to sawlog/pulpwood, and the harvest and
transport of the products from the forest to the first permanent road.

Skid Trails - A disturbance of the forest floor resulting from logs being

pulled over the surface.

IToxt Provided by ERI

Water Pollution - A degradation of quality of water for a specified use.

Yarding of Logs - The act of assembling logs in & specified location after

cutting for the purpose of further transport.
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