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(Afternoon)

Session D - Pentti Hakkila* Presiding (100 Nutting)
Professor

Finnish Forest Research Institute

Helsinki* Finland

1300-1320 "FUELWOOD PROCUREMENT FOR AN INDUSTRIAL POWER PLANT: CASE STUDY OF

DOW CORNING»S POWER"

Charles T. Bond (with P. Sworden and G.. Folger)
Dow Corning Corporation
Midland* Michigan USA

1320-1340 "HEATING SYSTEMS IN SWEDEN WITH ENERGY FROM FOREST BIOMASS"
Bo Hakansson

Swedish University of Agricultural Sciences
Garpenberg* Sweden

1340-1350 Discussion

1350-1410 "FOREST ROAD BALLAST AND SURFACE ROCK"

William A. Johnson

Department of Natural Resources
State of Washington
Lacey* Washington USA

1410-1430 "CONSTRUCTION OF ENVIRONMENTALLY SOUND FOREST ROADS IN THE PACIFIC

NORTHWEST"

Sandor Nagygyor
Bureau of Land Management
U.S. Department of the Interior
Eugene* Oregon USA

1430-1440 Discussion

1440-1450 Intermission

Session E - James E.. Shottafer* Presiding (100 Nutting)
Professor

University of Maine at Orono
Orono* Maine USA

1450-1510 "QUALITY IMPROVEMENTS IN WORK STUDY USING THE HANDHELD CALCULATOR/
COMPUTER"

Jan T. Clausen

Skovteknisk Institute

Copenhagen* Denmark

1510-1530 "PRODUCTION TIME-STUDY TECHNIQUES - A REVIEW OF APPLICATIONS"
Benjamin F. Hoffman (with M. Cameron)
University of Maine at Orono
Orono* Maine USA



1530-1540 »TOTAL TREE CHUNKWOOD AS RAW MATERIAL FOR FLAKE PRODUCTS'*
Bruce Haataja
Michigan Technological University
Houghton» Michigan USA

1540-1600 "TIMBER HARVESTING, CONVERSION AND UTILIZATION IN THE FEDERAL REPUBLIC
OF GERMANY: TECHNOLOGICAL TRENDS AND RESEARCH NEEDS"
J. Wippermann
Institute for Work Science

Vorwerksbusch, Federal Republic of Germany

1550-1610 Summaries of the following papers:

"THE SIMULATION OF FELLER/BUNCHER CHARACTERISTICS AFFECTING
PRODUCTION IN PLANTATION THINNINGS"

Sharon Winsauer

Forest Science and Engineering Lab
U.S. Forest Service

Houghton, Michigan USA

Session F - Norman Smith, Presiding (Hauck Audltorlim)
Professor and Chairman, Agricultural Engineering
University of Maine at Orono
Orono, Maine USA

1630-1730 Joint Address for COFE/IUFRO and ASAE

"ALTERNATING ENERGY SOURCES IN THE 1980»s"

Robert A. G.. Monks
U.S. Government

Washington, District of Columbia USA

(Evening) Cocktails and Lobster/Steak Banquet at York Commons (1830-2100)

Tuesday, August 14

(Morning and Afternoon)

Breakfast at York Commons (0600-0630)

0645-1800 Field trip to Great Northern Paper Company
Mllllnocket, Maine USA

Bart Harvey, Tom Wlldman, Glenn Perkins, Bob Wright, Dan Boss,
Bill Reardon, Ted Condon, and Ray Emery are our hosts

1) Energy From Wood Fiber or Computerized Road and Management Planning
2) Pulpwood Transportation and Handling
3) Picnic Luncheon (Courtesy of Great Northern)
4) Mechanization of Logging Systems
5) Catered Dinner In Mllllnocket (Farewell for ongoing Canada tour)
6) Departure for Woodstock, New Brunswick, Canada or Orono, Maine, USA
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Wednesdayy August 15 (for "USA only" participants)

(Morning) Breakfast at York Commons (0645-0730)

0745-1200 Field trip to St.. Regis Paper Company
Costlgan* Maine USA
Dave Strathdee# John Doane^ Bill Oliver^ A1 Beeson>

and Larry Moffett are our hosts

1) Sawlog Hauling and Handling
2) Modern High-Speed Studmlll
3) Wood Residue Recovery
4) Backhoe In Road Construction

5) Return to Orono* Maine, USA

Lunch at York Commons which ends "USA only" tour
Farewell for COFE/IUFRO In Maine, USA (1200-1300)
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COFE/IUFRO 1984

CANADA PROGRAM

Tuesday* August 14

(Evening) Arrive at Woodstock, New Brunswick by bus In the evening
following the study tour In central Maine. Check Into motel
for stay of two nights (Panorama and Wandlyn). Note that
Atlantic Daylight Time Is one hour ahead of Eastern Daylight
Time In Maine..

Overnight 14/15 - Woodstock

Wednesday, August 15 - Study tour of operations for conifer species, hosted by
Eraser Inc.

(Morning)

0600-0700 Breakfast In motels

0700-0815 Brief description and slide presentation to Introduce Eraser
Inc.. at Panorama Motel.

0815-0945 Travel by bus from Woodstock to Plaster Rock..

0945-1000 Coffee at Plaster Rock Division of Eraser Inc.

1000-1100 Study mobile cross-cutting and private road delivery operations,
mechanical maintenance facilities, and sawmill..

1100-1130 Travel by bus to Nictau forest airfield.

1130-1200 Demonstration of aerial water bombing for forest fire suppression
by New Brunswick Department of Natural Resources..

1200-1330 Box lunch at airfield

(Afternoon)

1330-1430 Study fully mechanized tree harvesting system using feller-
forwarders and si 1 ding-boom dellmbers.

1430-1630 Study site preparation techniques, effects of herbicide
treatments, and plantations (3 to 6 years)..

1630-1830 Travel by bus to York's Dining Room at Perth-Andover, New
Brunswick.

1830 Dinner at York's Dining Room followed by return to motels In
Woodstock.

Overnight 15/16 - Woodstock
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Thursday# August 16 - Study tour of operations for deciduous species, hosted by
Valley Forest Products Ltd.

(Morning)

0700-0800 Travel by bus (before breakfast I) to Poklok Sugary. (Those
with automobiles will drive to Poklok parking area and not
return to Woodstock.)

0800-0930 Introduction to Valley Forest Products Ltd.
- Lumberjack breakfast
- Poster and Information session pertaining to the study tour.

0930-1145 Study feller-forwarder and portable chipper system, reclaiming
fuel from forest blomass, and road construction by excavators.

1145-1245 Study cleaning of young stands comprised of several deciduous
species..

1245-1315 Box lunch at red pine stand.

(Afternoon)

1315-1415 Study conventional forest operations systems using motor-
manual felling and choker wheel skidding, cross-cutting, and
delivery..

1415-1445 Study conventional road construction..

1445-1530 Study site preparation where ground roughness conditions are
adverse,.

1530 Travel by bus to King's Landing Historical Settlement. Areas
of Interest: water-powered sawmill, horse-powered fuel wood
saw, musket shooting. King's Head Inn, woodboat, and Settlment
activities.. Dinner and entertainment followed by travel to
Tibblts Hall residence at University of New Brunswick.

Overnight 16/17 - Frederlcton

Friday, August 17 - Invited paper and voluntary poster sessions In Dineen
Auditorium, Head Hall, University of New Brunswick (UNB)
(following 0730 breakfast In Lady Beaverbrook Residence).

0900-0910 General Chairman - Per 0. Nllsson
Swedish University of Agricultural Sciences
Garpenburg, Sweden

0910-0920 Welcome to UNB - John Downey, President
University of New Brunswick
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Session 1

0920-0935

0935-1010

1010-1035

1035-1110

1110-1235

Lunch

Tree harvesting working party. Chairman and theme paper
J.J.K. Spiers
New Zealand Logging Industry Research Association
Rotorua» New Zealand

"RECENT OFF-ROAD VEHICLE DEVELOPMENTS IN SWEDEN AND FINLAND"

Esko U.. Mikkonen
Metsateho> Soumen Metsaeteolllsuuden

Helsinki, Finland

Poster display off Lobby In Room C-11
Coffee and fruit In Head Hall Lobby

"FOREST OPERATIONS IN NORTHERN CHINA"

LI Guangda
Northeast College of Forestry
Hellongjiang, Peoples Republic of China

"THE FELLER-FORWARDER CONCEPT FOR TREE HARVESTING"

John Kurelek

Brantford, Ontario, Canada

At Lady Beaverbrook Residence for Delegates.. It Is recommended
that visitors purchase lunch In the Student Union Building..

(Afternoon)

Session 2

1300-1315

1315-1350

1350-1425

1425-1450

Session 3

1450-1505

Processing working party. Chairman and theme paper
Rolf Grammel

Unlvsltaet Freiburg
Federal Republic of Germany

"CENTRALIZED TREE PROCESSOR SYSTEM FOR OPTIMIZING THE VALUE
OF OUTPUT PRODUCTS"
C-G Wachtmelster
Domanverket

Linkoping, Sweden

"TOPLESS FULL TREES AS INPUT MATERIAL FOR CENTRALIZED TREE
PROCESSORS"

Karl Kwasnltschka
Furstllch Furstenberglsche Forstdlrektlon
Federal Republic of Germany

Poster session In Room C-11..

Coffee and fruit In Head Hall Lobby.

Delivery working party. Chairman and theme paper.
Magnus Larsson
Skogsarbeten
Spanga, Sweden
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1505-1540 "RATIONALIZATION OF WOOD DELIVERY BY ROAD, RAIL AND WATER IN
SOUTHERN FINLAND"

Reino E.. Pulkkl
National Board of Forestry
Helsinki, Finland

1540-1615 "CONTROL OF WOOD DELIVERY AND ASSOCIATED WOOD INVENTORY
IMPLICATIONS IN NEW ZEALAND"
John E..Galbra1th
New Zealand Logging Industry Research Association
Rotorua, New Zealand

1615-1650 "FOREST ROAD DESIGN AND NE^ORK PLANNING IN JAPAN"
Yasushi Minamlkata

University of Tokyo
Tokyo, Japan

1650-1800 Session conclusions. Per 0.. Nllsson

1800 Depart from Tibblts Hall by bus for Informal outdoor barbeque
at agricultural experimental farm.

Overnight 17/18 - Frederlcton

Saturday, August 18 - Invited paper and voluntary poster session In Dineen
Auditorium (following 0730 breakfast In Lady Beaverbrook
Residence).

(Morning)

0830-0840

Session 4

0840-0855

General Chairman - Pentti Hakklla
Finnish Forest Research Institute
Helsinki, Finland

Stand establishment working party. Chairman and theme paper
Lome F.. Riley
Canadian Forest Service

Sault Ste. Marie, Ontario, Canada

0855-0930 "INTERACTION OF HARVESTING AND STAND ESTABLISHMENT IN HARDWOODS
IN EASTERN NORTH AMERICA"
John C.. Lees
Marltlmes Forest Research Centre

Frederlcton, New Brunswick, Canada

0930-1005 "INTERACTION OF HARVESTING AND STAND ESTABLISHMENT IN CONIFERS

IN EASTERN NORTH AMERICA"

Maxwell L.. McCormack
University of Maine
Orono, Maine, U.S.A.
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1005-1030 Poster session In Room C-11

Coffee and fruit In Head Hall Lobby

1030-1105 "INTERACTIONS OF POST-ESTABLISHMENT STAND TREATMENT ON
^  HARVESTING IN THE EUROPEAN EXPERIENCE"

Staffen Berg and S.O. Andersson
Forsknlngsstiftelson Skogsarbeten
Spanga^ Sweden

1105-1140 "INTERACTIONS OF HARVESTING AND STAND ESTABLISHMENT IN CONIFERS
AND HARDWOODS IN THE EUROPEAN EXPERIENCE"

Wmem Helj
Agricultural University
Wagen1ngen> The Netherlands

1140-1150 Session conclusions* Pentti Hakklla

1150 Official closing of the Symposium
COFE - Thomas J. Corcoran (USA)

lUFRO - THomas C. Bjerkelund (Canada)

Lunch Delegates In Lady Beaverbrook Residence
Visitors In Student Union Building

(Afternoon)

1400-1530 lUFRO planning meeting* University Club* 3rd floor* Old Arts
Building
Division 3 Coordinator Marten Bol (The Netherlands) presiding

1530-1630 Informal hour at University Club

Overnight 18/19 - Tibblts Hall available on request.
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SYSTEMS ENGINEERING: A MAINE PERSPECTIVE
A PREFACE

In the State of Maine with more than 90 percent of the
land area forested# the economy Is heavily dependent upon the
forest products Industry# and the pulp and paper Industry In
particular. Approximately 97 percent of the forest land Is
under private ownership with half owned by Industrial firms.
It Is not uncommon# In Maine# for firms to control large
tracts of land—one firm controls nearly 2.5 million acres of
land.

The large land owners control extensive tracts of land
In mostly undeveloped parts of the state. Access to these
tracts Is limited and requires careful planning and costly
road building. The situation has been further complicated
with the onslaught of the current spruce budworm epidemic
which Is devastating the spruce and fir resources—a major
component of the state's forest resource. Methods of
controlling the epidemic# Including application of aerial
Insecticides to reduce the Insect populations# frequently are
clouded by controversy. In addition# such control measures
are costly and require constant monitoring of the project to
Insure the measures remain economically feasible.

Government regulative bodies have restricted some
forestry activities. Heavy equipment and harvesting
activities may not be permitted near some bodies of water or
designated wildlife zones. Logging road construction Is also
restricted and must conform to standards prescribed by the
State of Maine Land Use Regulation Commission.

The economic environment# In which forest products
Industries operate# must be considered In the planning of
harvesting operations. The prior recession# of which the
forest products Industry has not yet fully recovered#
Increased Inter and Intra Industry competition. Economic
conditions have forced forest products Industries to closely
monitor costs to remain competitive# and has lead to
reexamlnatlon of marginally productive operations and
practices. A greater emphasis Is placed on costs# which must
now be monitored throughout the entire production process—
from the land to the standing tree to the final product.

The changing environment# In which the forest products
Industry operates# has Increased foresters' need for
Information which Is necessary to plan efficiently to Insure
wood supplies meet both short and long term demands at a cost
that Is advantageous to the organization# yet within the
confines of the law.

More Information than previously collected Is now
necessary for effective decision making. But Information Is
meaningless unless It can be systematically collected#
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stored# and retrieved In a manner that will add value to the
decision making process. Planning of forest operations may
utilize Information regarding: Inventory—the volume and
quality of presently standing timber and expected Inventories
of future forests; soil and topographic conditions;
harvesting costs; road construction costs; supply required to
meet projected production requirements; location of supply
with respect to established (or potential) markets; and areas
which may be Inaccessible or restricted.. It would be very
naive to suggest that this Is the only Information required
for effective forest management# but even this partial list
Is not used by most forest product Industries. The types of
Information suggested above are costly to obtain and
difficult to store and retrieve quickly. Fortunately the
computer facilitates the storage and retrieval aspects of the
problem# but It does not make the data collection process any
less costly.

Integrated systems design# database management# and user
friendly systems# while familiar to many foresters# represent
terminology changes resulting from computer usage and
Indicates the direction In which forestry Is heading. System
design allows the forester to collect and Integrate different
types of Information so that they may be used In the In the
planning of forest operations. For each type of data# a sub
system Is designed that Is tailored to make maximum use of
the data collected. Foresters within the organization can
access the databases that will aid In the decision making
process. For example# Individuals concerned with road
construction can access the forest Inventory database to
locate overmature timber that must be harvested In the near
future. Thus by accessing other databases decisions can be
made Indicating the optimum location of roads by combining
data on soil and topographic conditions# current road
locations and quality# market locations# and transportation
times and costs that would be expected on the proposed road
network.

Currently In Maine# the systems approach to Information
and Information gathering Is underway by several of the major
landholders (and being considered by others). Not all of the
sub-systems have yet been designed and Implemented Into the
overall system# but remarkable strides are being made. Forest
Inventory data has been In place for some time# and road
network data Is currently being Implemented. The system once
fully operational will provide the forester with a hedge
against the uncertainty with which organizations In the
dynamic business community operate.

Effective and efficient Information systems will be
necessary If forest products companies are to remain
competitive In the future. The shift from more traditional
harvesting research to Information based research Is
reflected by the Increasing number of papers presented on
this subject.
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It was the Intent of the COFE/IUFRO 1984 Conference to
provide a forum In which Information regarding research
activities of forest organization could be exchanged. Like
the systems design described above, the Information obtained
by each research organization differs, but the forum provides
a means of gathering this Information and distributing It to
those foresters who find the Information of great value In
their research activities. It Is also an Indicator of the
direction forest engineering research Is heading and the
needs that this research attempts to satisfy.

At the conference numerous papers and posters were
presented Indicating the direction and accomplishments of
current research activities. In addition, field trips In
Maine and New Brunswick provided an opportunity for the
attendees to Investigate first hand the environment In which
forest product companies In northeastern North America
operate. Excursions to Acadia National Park and Fort Knox
offered a casual view of the region's natural beauty.

The COFE/IUFRO 1984 Conference would not have been
possible without the cooperation and support of many
organizations and Individuals. Space and fear of omission
does not permit thanking everyone Individually. The following
entitles do desire recognitions: the Canadian/American
Faculty Exchange and Enrichment Program, for partial
financial support; Great Northern Paper Co.., St. Regis Paper
Co.., Fi'aser Inc.., Valley Forest Products Ltd., and New
Brunswick Department of Natural Resources, who sponsored and
hosted field trips; the staffs of the University of Maine at
Orono and the University of New Brunswick, who organized and
hosted the conference; authors and poster presenters, who
shared their research activities; and the attendees for their
attention, astute observation, and probing questions.
Following Is a permanent record of the Information exchanged
during this conference.

T.J. Corcoran
D.R. Gill
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WELCOMING REMARKS

Gregory N.. Brown

The faculty and staff of the College of Forest Re-
sourcesy host for the University of Maine's component of the
meeting# are pleased to welcome all participants to the
Council of Forest Engineering/International Union of Foresty
Research Organizations# Division 3# Conference# and to the
University of Maine and the State of Maine*.

The College of Forest Resources# University of Maine# Is
one of the oldest academic forest resources' programs In the
United States# tracing Its roots back to 1903*. Until 1907#
foresty was a department represented by a single faculty
member (S. N. Spring# 1903-1905 and G. E. Tower# 1905-1907)
and housed In the College of Engineering. In 1910# John M*.
Briscoe was appointed Department Head and the unit expanded
such that by 1923 It had three Instructors. A permanent
location for the field camp was offered In 1931. Following
Briscoe's death In 1933# Dwight Demeritt became Department
Head from 1934 through 1946. Early In his tenure# the Co
operative Wildlife Research Unit was established# and shortly
thereafter the first Master's degree was offered In Wildlife
Management*. The University of Maine also became one of the
first universities to have an accredited forestry program
during Demerltt's tenure# and the 1700-acre University Forest
was obtained. In 1946# R.I. Ashman became Department Head
and remained In that position until his retirement In 1957.
During his tenure# In 1953 the first Master's degree was
offered In Forest Management. In 1958# forestry became a
school and Albert D*. Nutting became Its first Director.
Nutting was Instrumental In passage of the Mclntlre-Stennls
legislation# working extensively with Maine's Congressman
Clifford Mclntlre and Dean Winthrop Libby. During Nutting's
administration# the current foresty building was completed In
1968 and named after Its Director as Nutting Hall. The
School was renamed the School of Forest Resources that same
year. While the forestry curriculum began In 1903 and the
wildlife curriculum In 1935# In 1960# options for students
were expanded In the Forestry Curriculum. In 1968# the
School was authorized to provide a two-year degree In Forest
Management Technology# and by 1970 a Ph.D. In Forest Re
sources became available In the School. Director Nutting
retired In 1971# and In 1972 Fred B. Knight became the Dir
ector. Under his administration# two chaired professorships
were developed In the School. Also# In 1972# a B.S. degree
In Forest Engineering, and In 1974, a B.S. degree In Recre
ation and Park Management# were approved. The Forest Engl-

Greg Brown Is Dean of the College of Forest Resourses#
University of Maine, Orono# Maine, U.S.A.
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neering program 1s one of only two forest engineering pro
grams In the United States to be accredited by both the
Society of American Foresters and the Accreditation Board for
Engineering and Technology. During Dr. Knight's administra
tion, the Cooperative Forestry Research Unit was formed In
1976 and Is supported by forest landowners In the State of
Maine. The faculty In the College of Forest Resources are
Involved In research activities, many through the Maine
Agricultural Experiment Station, as well as teaching activi
ties, and the College, through the Cooperative Extension
Service, has an Extension program In forest resources. Under
Dr.. Knight's administration. In 1982 the School became the
College of Forest Resources, and In 1983 Gregory N. Brown was
appointed Dean. In 1984, the new College restructured Into
thre departments—Forest Biology, Forest Management and Wood
Utilization, and Wildlife—each with a department chairman.
An Associate Dean's position also was added. Subsequently, a
new baccalaureate curriculum In Wood Technology was offered,
and a separate Ph..D.. In Wildlife was made available. Late In
1984, the baccalaureate program In Recreatin and Park Manage
ment was transferred totally to the College of Forest Re
sources.. Also during 1984, a third chaired professorship was
filled In the College, and a search was begun for a fourth
chaired professorship. As a College, Forest Resources now
shares equal administrative status with the other six col
leges on the Orono campus of the University of Maine.

Forest resources provide the largest Industry economic
ally and play a central role In the lifestyle In the State of
Maine. Maine covers an area of slightly over 21 million
acres with approximately 90 percent of this area under forest
cover. Forestland ownership Is close to 95 percent private,
with this private forestland divided about equally between
Industrial and nonlndustrlal ownership. Spruce/fir Is the
major forest type In land area covered, followed by northern
hardwoods. Balsam fir Is the predominant conifer with red
maple the major hardwood. All forest amenities. Including
timber, wildlife, recreation and watersheds, receive major
attention In the management of Maine's forestlands. Given
this environment, the University the University has Identi
fied the College of Forest Resources for future growth.
Today the College Is one of the largest and strongest aca
demic forest resources' programs In the world, and claims one
of the largest bodies of active professional alumni, many
having achieved highly visible positions In the profession.

During this conference, you will hear from many highly
competent technical speakers In forest engineering. We hope
that during the next few days you will enjoy your stay at the
University of Maine at Orono as well as gain technlcaal
Information during the conference.
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IHE CHANGING FOREST PRODUCTS INDUSTRIES

Benjamin 31 atIn

The future demand for the products of the forest pro
ducts Industries - lumber and wood products plus paper and
allied products - will be strongly Influenced by the Impact
of major changes In Its present and potential markets. One
major force for change Is the Integrated circuit on a com
puter chip. This Is changing the way business and consumers
process, store, distribute, and receive all types of Inform
ation, as well as the way business produces Its goods and
services. These and other changes now occurring are differ
ent In kind from those of the past three decades, although
these also, as the report shows, have had major Impact on the
demand for the products of the forest products Industries.

Introduction

I would like you to consider change as the keynote to
this meeting. Not change In general—that Is a fact of llfe-
-but the Impact and challenges of changes In today's markets
and business environment as they affect the forest products
Industries.

The forest products Industries Include both the lumber
and wood products Industry (SIC code 24) and the paper and
alllied products Industry (SIC code 26).Cl] In terms of
wood, the paper and allied products Industry accounts for
about 30% of the total wood used In the United States each
year.[23 The value of lumber and wood products shipments Is
presently at an estimated $55 billion per year, while ship
ments of paper and allied products are running at a rate of
$94 billion per year.CS]

The forest products Industries have always known change.
Up to the decade of the 1980's, these changes have generally
had a positive Impact, leading to Increases In demand for the
products of both the forest products Industries. This was
not an automatic process, but rather reflected the reaction
of these Industries to the ongoing technological and market
changes, leading to the development of new products and
Investment of rather large sums of money for new plant and
equipment.

The revolutionary changes occurring In today's tech
nology and today's markets are. It seems to me, of a differ
ent order of magnitude than those of the first three decades

Dr. Slatin Is an economist with American Paper Institute,
260 Madison Avenue, New York, New York 10016, U.S.A.
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following World War II. In that earlier period the Impact of
the changes tended toward creating new markets for the forest
products industries as well as new products that were In
direct competition with the products of these Industries. The
Impact of these changes could be resolved—for better or
worse—by normal product development and marketing research.

Today's changes are resulting In completely new ways of
doing business# as# for example# changes In the types of
structures built such as to have major Impact upon the demand
for wood or# In the case of paper# changes In the processing#
storage and distribution of Information that could have major
impact upon the volume and types of paper required. For both
industries there have been long-term changes in the way wood
fiber Is being used# as for example# plywood# flakeboard and
partlcleboard# oriented strand board In the lumber and wood
products Industry; chips from the previously-considered waste
products of the wood products Industry; Increased use of
recyclable paper or# as It was once known# waste paper and
the growing use of hardwoods In the paper Industry.

Computer technology as presently being developed Is an
entirely new motivating force in the wood products indus
tries# as indeed# in the entire economy. On the supply side#
computers control in both the manufacturing and distribution
of the products of these Industries. It is a major tool in
Research and Development. On the demand side# there is not
only its potential impact on the demand for printing papers
and newsprint# but also potential changes in all the markets.
Computer technology is changing the way America does Its
business and the very product It buys.

These by no means exhaust the major changes taking place
in today's economic environment. The pulp# paper and paper-
board sectors of the forest products industries are highly
capital intensive.. In terms of total assets per employee it
ranks high among U..S.. Industries.[4] The lumber and wood
products industries# while less capital intensive# are depen
dent upon long-term investments In woodlands; the time from
initial Investment to profit realization Is usually measured
in decades# not years. The high interest rates of the past
few years offers a serious challenge to the future growth.

Even that is not all. Countries all around the world

are developing forest products industries that are highly
competitive with those in the United States. While it is
true that the forest products industries of the United States
are among the most efficient In the world# and that world
demand for the products of these industries Is continually
rising# international competition today Is quite different
from that of the previous decades.

I should like to review with you briefly# the types of
changes of this nature that have occured in the past thirty
years and trace their impact on the demand for the products
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of the forest products industries. I win try to contrast
these with the types of technological and marketing changes
that are occurring today* and trace the economic Impact of
these changes on the demand for the products of our Indus
tries and on the raw materials required.

I  can tell you now that I do not feel the economic and
technological environment of the Nineteen Eighties and Nine
teen Nineties Is necessarily Inimical to the forest products
Industries. Rather* It offers challenges and opportunities
that could well lead to new growth. As those responsible for
care of the forests—the basic raw material of the forest

products Industries—you will have an Important role In the
resolution of these challenges and opportunities.

The Nineteen Fifties

Let us start with the nineteen-flftles.. I do not mean
to make this a nostalgia trip* but from today's vantage point
the economic problems of the fifties do seem somewhat less
Intractable than those of today.

The nineteen-flftles was a decade of rebuilding: fami
lies* businesses* homes* even entire nations. For the wood

products Industries* the growth In family formation was
particularly Important: the total grew by 5 million* re
presenting an Important element In the demand for new
housing..[5] At the same time* the huge volume of savings
accumulated during World War II became a huge reservoir of
mortgage funds. Interest rates generally* and mortgage rates
In particular* were low. The Federal Government assisted;
the Veterans Administration* for example* guaranteed loans In
the 4% to 5% range.

During the nineteen-flftles nearly 1.2 million new
housing units were started* on average* each year.C6] Single
family homes* made largely from wood* predominated. A new
credit Instrument—the amortized mortgage—permitted the
buyer to pay off the mortgage by a fixed amount each month
for a period usually of 20* 25* or 30 years* making new homes
affordable to the millions of young veterans of World War II.
The baby boom remained with us through the entire decade* and
the average size of the home grew larger and larger.

While It did not seem particularly low at the time*
consumer prices were rising at only 2.3% per year* while
wholesale prices (now called by the more accurate term*
producer prices) rose at a 1.8% per year average. Unemploy
ment was low—averaging about 5%—while average earnings of
production workers Increased* on average by 5.6% per year*
and by 1959 reached the record-high of $2.02 per hour. It
was an exciting period* when total economic growth* as mea
sured by the real gross national product* was 3*4% per
year.[73
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The paper Industry found an equally friendly environ
ment. New markets were Increasing. This was the time when
the U.S. distribution systems changed from small retail
stores to supermarkets^ and these supermarkets required their
products to be packaged In a form that would not only be
easily sold to customers* but would actually become an Impor
tant part of the selling effort through attractive and eye
catching design. The Introducton of frozen foods offered yet
another method of distribution* requiring unique specifica
tions for the package.. The need for shipping containers for
such products as fertilizer and cement opened additional new
markets.

Paper and paperboard proved to be the answer to all
these developments* and demand grew apace. The fiber box*
made from llnerboard and corrugating materials* the cartons
made from recyclable papers and from bleached kraft wood pulp
(Initially largely for frozen foods)* together with the paper
bags and sacks used In retail stores and paper shipping sack
for agricultural* chemical* minerals and other products
became the major packaging and shipping products of the
decade.

The computer and copier were Introduced In the middle of
that decade* but gave only a promise of their potential as
markets for paper and paperboard. At the same time* televi
sion was offering strong competition In the advertising
markets served by newspapers* magazines and commercial print
ing [8]* but use of printing papers was so widespread
throughout the economy that these sectors also enjoyed strong
growth.C9]

This was also a period when use of chips from the wood
products Industry became an Important source of fiber* and
when several of the wood products companies* recognizing the
importance of fully utilizing the output of their forests*
bought or built pu'lp and papermaking facilities. At the same
time* other types of companies* such as those In other lines
of packaging products* also entered the pulp and paper
Industry.

The NIneteen-Slxtles

Where the nineteen-flftles Introduced a completely
different economic environment from that of the nineteen
th Irtles* the nineteen-sixties were more simply an extension
of the fifties. A major difference* particularly In the
first half of that decade* was the rate of growth. In terms
of real GNP* growth averaged a breathing 4.4% per year In one
long cyclical upswing (purists say It actually ended In 1966*
but technically 1967 was not a recession period).ClOl

The nineteen sixties was a decade of social change—the
New Society and the Great Society—and this had a strong
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impact upon the economic environment. Nonetheless# the
growth In average hourly earnings of production workers
actually slowed from that of the nineteen fifties# to 4.3%
per year# while the growth In consumers' prices held to 2.4%
per year# and that of producer prices 1.3% per year. Unem
ployment remained relatively low; ending the decade at 3..5%
while new family formation—that key variable In the demand
for new homes—totalled 5.6 million between 1960 and 1969..

In this type of economic environment housing starts
Increased to an average of nearly 1.5 million per year#
ranging from a low of 1.2 million In 1966 to a high of 1..6
million In 1963 and ending the decade with 1..5 million In
both 1968 and 1969. While mortgage rates were higher than In
the fifties# they were still affordable for a large part of
the population. New houses continued to be larger and
larger# with many purchasers buying second houses for vaca
tion sites.

The paper Industry responded well to the changes of the
nineteen sixties. The packaging grades generally remained
strong# although the Introduction of plastic packaging pro
ducts offered strong competition to paper merchandise bags#
paper wrappings and certain cartons. Bulk shipping methods
ate Into the markets for paper shipping sacks# but the corru
gated shipping container continued to find new markets as box
makers engineered their containers to meet the specific needs
of each market. Demand for printing papers also continued
strong# with the growth of the office copier offering a major
new market# while the rising number of computers resulted In
major Increases In the demand for computer printout papers
and for punch cards—at that time about the only way to Input
data Into the computer.C113 Toward the end of the decade the
Industry responded to the growing demand for paper and paper-
board by Installing a record-breaking 10 million tons of new
capacity In the four years 1966 through 1969—a 20% Increase
from the 1965 level.C123

The Nineteen Seventies# Nineteen Eighties and Beyond

The types of changes that occurred In the 1970's are the
type that I am talking about; changes that completely alter
previous ways of doing business. Immediate examples are the
oil shocks of 1972 and 1979# which brought the price of
petroleum from $3 to $30 a barrel and forever changed the
world's energy-use patterns. For an energy Intensive Indus
try like paper# the Impact was particularly severe. The
Industry responded: In eleven years It reduced Its use of
fossil fuel and purchased electric energy per ton of output
by 34%.[133 If the effect of the requirements of energy for
environmental use and for changes In the fuel mix Is con
sidered# the adjusted decrease was 36%.. This was achieved
largely by taking advantage of the energy contained In the
Industry's major raw material—wood and by moving away from
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fuel oil. In 1972 the paper industry obtained 21% of Its
energy from residual fuel oil; the 1983 ratio was 9%. In
that same period, the industry increased its energy drawn
from hogged fuel and bark from 6.5% to 15%, and energy from
spent liquor (solids) from 33% to 38%. The lumber and wood
products industry also responded to the impact of changing
fuel oil prices by reducing its total consumption of fuel oil
from 6.4 billion barrels in 1971 to 4.5 billion barrels in
1981 (the latest data available).[14] The National Forest
Products Association reports that at present only 25% of the
total energy consumed by the lumber and wood products indus
tries comes from fossil fuels and purchased electric energy..
For the paper industry, the ratio is about 46%.

The 1970*s was also a period of heightened awareness of
the affects of industrial pollution on the environment. Old
mills had to be retrofitted to meet the new regulations; no
new mills could be built without paying careful attention to
its impact on the total environment.. Both the paper industry
and the lumber and wood products industry spent billions of
dollars in this period to bring their mills and plants into
compliance with the new regulations.[15,16]

There were major changes in the economic structure of
the country as well. Total economic activity as measured by
real 6NP slowed down, partly as a result of the return of the
business cycle. For the decade as a whole, that is from
1970-1979, real GNP rose at 3.5% per year. During this
decade inflationary pressures increased; the average in
crease in consumer price index was 7.2% per year; in the
producer price index 8..8% per year.. Average hourly earnings
of production workers rose at the unprecented rate of 7.4%
per year. Unemployment rates began to rise and by the end of
the decade was nearly 6%. At the same time family formation
steepened, with the total increase from 1970-1979 amounting
to 6.2 million families.

The forest products industries responded to these
sharply rising cost pressures by instituting major programs
aimed at reductions in processing costs. New mills tended to
be larger, more capital intensive and far less labor inten
sive. Administrative and management policies were reviewed
and procedures streamlined wherever possible. One measure of
the sucess of this effort: in 1970 the pulp, paper and
paperboard industries employed 290,000 persons, producing 52
million tons of paper and paperboard. Today, production is
running at 68 million tons per year, while total employment
amounts to 265,000 persons.[17,18]

For the most of the 1970*s, interest rates were only
moderately higher than they were in the 1960*s, holding in
the 8%-9% range for mortages. It was during the 1970*s that
housing starts soared to the 2 million level, with above 2
million starts per year recorded in 1971, 1972, 1973, and
1978, while the 1977 total was just a shade below the 2
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minion level. That pretty well marked the end of the hous
ing boom; In the last years of the decade Interest rates
began a very steep rise, peaking In the early years of the
1980»s at the unheard of 17%-18% range.C19] They have since
come down considerably, but even today both short and long-
term rates are extremely high by historic standards.

For capital Intensive Industries like paper and lumber,
the Impact Is most challenging. Cash flow, reflecting the
combined total of such Items as profits, depreciation and
deferred taxes, together with tax Incentives from such legis
lative provisions as the Investment tax and energy credits
become more and more Important considerations In evaluating
future levels of capital expenditures.

The high Interest rates of the late 1970's and early
1980's had a drastic Impact upon the lumber and wood products
Industry. Production of lumber had fluctuated narrowly about
35 billion board feet per year for the entire period from
1947-1979, going no lower than 33 billion (1957 and 1958) and
no higher than 38 billion (1972-1973).C20] Production dropped
to 32 billion In 1980, 29 billion In 1981 and to a catastro
phic 26 billion In 1982. However, production recovered to 32
billion board feet In 1983 and now Is probably currently back
to Its pre-1980 average.

The decline In Interest rates In late 1982 stimulated
the housing Industry, with starts moving back to the 1.5-2
million range In 1983 and continuing In that range even In
the face of recent Increases In Interest rates.

In the paper Industry, the market trends In the 1970*s
and 1980*s were basically extensions of those of the 1960*s.
The computer and office copier fulfilled their early promise
and demand for these types of papers rose sharply. More
recently, there has been a return to demand for white papers
used by magazines and commercial printers. At the same time,
the Impact of plastics continued to grow: flexible paper
packaging materials, together with many types of paperboard
cartons, continued to meet strong competition In these mar
kets. The corrugated shipping container however, continued to
be the prime shipping container for the nation's pro
ducts. [21]

The early years of this decade also saw some major
changes In the corporate structure of the paper Industry.
Two of the major packaging companies that previously entered
the paper Industry to complete their line of packaging mater
ials reversed their thinking and sold off most of their paper
and paperboard operations. At the same time some of the
conglomerates that had entered the paper field to broaden
their total market also moved out of the industry.

At the present time the nation Is moving along the
upswing of a major business cycle, and this has been a major
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force in bolstering demand for the products of the forest
products Industry.. The paper Industry in particular Is pre
sently operating close to full capacity In nearly all of Its
grades. In addition* there has been a strong reduction In
the Inflationary pressure evident In the previous five or six
years.. Increases In average hourly earnings of production
workers moved down to the 4.5%-5% per year range* while
Increases In total producer prices fell to the lSB-2% per year
range. These changes In the economic environment are not*
however* much different from those of the past.

But there are changes taking place In the economy that
are of a different order of magnitude from those that have
occurred In the past thirty years. One* as noted earlier* Is
the Integrated circuit on a computer chip. This Is revolu
tionizing both the production and distribution processes In
the American Industry along with making drastic changes In
the way In which Information Is processed* stored and dis
tributed. Today no modern paper* paperboard or wood products
mill can be built without extensive utilization of computer
processing. The computer Is also making major Impacts on the
way In which business tracks Its own operations and controls
Its levels of Inventories.

The huge Increase In recent years In the number of
personal computers at both the office and home has yet to
make Its full Impact. It offers a potential for major
changes In the way consumers and businesses secure Inform
ation and even In the way they purchase goods and services.
It Is drastically changing the ways both consumers and busi
nesses process and transmit Information.. It could change the
way we spend our leisure time* Including In particular* the
reading habits of the nation. So far we still like the
printed page.

Change* as we have seen* Is the order of the day. But I
believe the changes now occurring will require a complete
rethinking of the business process. The potential changes
are breathtaking. One scenario for example* sees a major
decentralization of office work as executives rely more and
more on computers and are able to do large parts of their
work away from the office. The Impact of such decentrali
zation on building generally* and home building In particu
lar* can at present only be left to the Imagination.. As far
as paper demand Is concerned* there Is a scenario presently
being envisioned of drastically reduced demand for paper.
Other scenarios* utilizing the same data* see an ever-growing
need for hard copy: as more and more data are processed*
stored and distributed by electronic means* the needs for
hard copy* while declining as a percent of total* results In
Increasing paper tonnage demand. Personally* I think the
latter Is more likely to happen.

I  don't need to tell this audience how the growth and
care of the forest Is being drastically altered by the com-
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puter. There are computer models for almost every phase of
forest operations. One major conflict about the future of
the forest Industries Is whether or not the forest can grow
enough wood to meet future demands and still be maintained on
a sustained yield basis. The computer adds another dimension
to scientific management# providing additional support to
those who believe that proper forest management will permit
growth to keep pace with demand In the foreseeable future.

Even aside from the computer chip# there are changes In
the world economy that could have major Impacts on the forest
products Industry. In the past 10 years for example# Brazil
for one has greatly Increased Its production of wood pulp#
utilizing the vast resources of Its forests. There are trees
In Brazil that come to maturity In about one-third or one-
fourth the time of trees In the U.S. South and one-tenth the
time trees In the North or In Canada do. The competitive
potential# not only from Brazil but from other forest areas
of the world which are presently largely undeveloped# will
offer new challenges to the North American Industry. The
recent Increases In the value of the dollar In many of the
United States* major foreign markets has seriously affected
Its competitive position. While the paper and forest pro
ducts Industries rank among the highest In the world In terms
of output per manhour and availability of wood# they have
also been affected by these higher exchange rates. Yet even
today U.S. exports of pulp and paperboard are high by his
toric standards.

The history of the United States* forest products In
dustry has been one of successful response to the challenges
of change. These challenges are becoming more severe and
coming on much faster# but there Is every reason to believe
that the U.S. forest products Industries will continue to
meet them successfully.

FOOTWOTES
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Management and Budget# 1977.
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and Orders# released monthly.
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A BANQUET ADDRESS

Marten Bol

Ladles and gentlemen* one can look at forests and trees
from different angles..

First there Is a cultural-historical point of view. For
Instance* one can examine the development of forests and
trees In the world since the Third Day of Creation and the
specification (lack of) of species "In the beginning". In
the travels of Abraham* who was very devoted to trees and to
the holy land* he rested under an oak tree—probably a stone
oak (Quercus Ilex), the first group of trees* the oaks of
Mamre* a forest. Forests probably covered 5.4 milliard
(billion) hectare In those days. In the mean time this
amount has decreased considerably with the appearance of man
on the Sixth Day.

A second approach has to do with holiness and symbolism.
The oaks of Mamre were situated at holy places. They
contributed to holiness—maybe because of their image of
sturdlness* constancy* and durability. We also find this
viewpoint of trees and symbolism In many famous paintings In
world history—for example* think of Jeroen Bosch.

Symbolism also exists with Noah building his ark from a
very durable wood species* probably Cypressis (festlglata).
As an Illustration of durability* It was used for roofing In
temples* as well as for coffins. It Is remarkable that In
literature* Cypressis Is also known as the tree of grief and
sorrow* and that It was used as a shelter tree on grave
yards. Some of the paintings of van Gogh* around Aries In the
Provence demonstrate this. Symbolism Is derived from
utilization and function.

A third view of forests and trees* a very Important one*
Is the biological and ecological approach. This approach
examines trees as part of a totality* ecosystem* or
landscape. Such a view could have lead to the Interwoven
expressions of connection and union In art. Maybe the
paintings of Ruysdael or some French Impressionists are
examples of that.

The ecological viewpoint of forests today draws a lot of
attention again. I say again* because one can notice such
Interest In earlier times. In between* we had a period (or
periods) with straight* rational* and economic thinking..

Marten Bol Is Coordinator of lUFRO Division 3.
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Nowadays, right or wrong, forestry is characterized with
words such as clear-cutting, large scale operations,
monocultures, etc.

In history, forestry and other forms of land use were
always exposed to extremes—not unlike the extremes of a
pendulum. Apparently, it is difficult or uninteresting for
human beings to dwell somewhere inbetween.

I have the Impression that again today, at least in
Central and Western Europe, the wind of change and alteration
is going over our trees. Small scale, variety, group
selection, cutting single trees, or cutting no trees at all
are the subjects discussed.

I come to my fourth and final viewpoint of a forest, its
trees, and parts of trees, and that is function. When
functioning, trees transform water, carbon dioxide, and some
minerals with solar energy into a structure that is beautiful
and useful at the same time. The structure is represented by
the shape of a tree with branches, retraced in a leaf with
viens, or by the structure of wood and bark.. Looking at
proportions and fundamental rules, as Leonardo did and later
on as did Mondriaan. Function and structure were with the
spirit of the artists of applied art assembled in Bauhaus in
Germany 1920-1925.

Of course 1 return now to forestry, forestry as an
Integrated discipline, based on ecological principles with
forests serving many functions—including the world wood
supply through the process of harvesting.

It is appropriate, 1 think, being in North America, to
introduce the legendary giant, Paul Bunyan the lumberjack.
Paul Bunyan felled and skidded many cubic meters of timber in
the North American woods in the beginning of the century. His
statue is situated here in Bangor, Maine. It is 31 feet high
and constructed of glassfibre.

More than three centuries earlier, Francois Rabelais

created his giant—Gargantua. Gargantua exploited the dense
broad-leaved forests around Orleans. Today this region is one
of the more fertile agricultural areas of France. Rabelais
has his statue in bronze, in Chinon, his native town on the

Vienne river.

1  could mention additionally and more recently, the
statue of the timber raftsmen in the Angerman River,
Solleftea, Sweden. Maybe it is constructed in wood, 1 really
don't remember. Strength, skill, and courage were
appreciated in those days.
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Mind you. I do not consider the harvesting methods of
Paul Bunyan and Gargantua as appropriate one's for today.
They could have been more respectful to the soil and the
vegetation, and to the forest regeneration and the
environment. Therefore, I leave them now with their
mosquito's In the Eastern border area of the United States
and Canada, and In the plain of Beauce to the South of Paris.
By the way, I stressed the point of a possible connection
between the two at an earlier event.

Harvesting should be a phase In the continuing process
of forest growth and development. Nevertheless, harvesting
means an Intervention, no matter how carefully executed, an
Intervention In the forest ecosystem. To quote the Flemish
author Louis Paul Boon; "If you want to make an omelet you
will have to break the shells." Additional an more Important
questions, of course, are:

How many eggs do you want In your omelet?
And secondly, what to do with the shells?

It Is a challege to all of us as members of lUFRO
Division 3 or COFE to not only provide the world with wood—
"where no wood Is, there the fire goes out (Proverbs 26:20)"-
-but also to limit the determental side-effects of harvesting
and to deal with regeneration and establishment, with
planning and control, and with forest labor. The wish to
minimize costs, to raise productivity, means an extra field
of tension, and asks for extra efforts to solve problems.

I  hope, and I am sure, that this meeting will be
Inspiring In this sense.

Ladles and gentlemen, I am grateful that this meeting
can be held In North Eastern America. We owe a great debt of
gratitude to the University of Maine at Orono and to the
University of New Brunswick, Canada, our hosts. In
particular I would like to mention Professor Thomas Corcoran,
USA, and Professor Thomas Bjerkelund, Canada, who organized
this meeting In such an excellent way. I would also like to
Include In my words of thanks Mrs. Myrna Corcoran and Mrs
Marjorle Hoffman, for their efforts to make this conference
so successful.

Finally, I would like to mention the Council on Forest
Engineering. We as lUFRO Division 3 appreciate the
cooperation established with this organization during this
meeting very much. And maybe this meeting will contribute to
making COFE wel1-acquainted with forest research Institutes
In other parts of the world. In favor of our mutual Interest.

Ladles and gentlemen, I am convinced that we have
remarkable days In front of us.
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TREE HARVESTING Human Resource

J.J.K. Spiers The availability, level of knowledge and
training of the workforce must influence selection
of the system and their health and well being be
considered in selecting components of it.

Abstract - This, the Tree Harvesting
Working Party (3.01.01) of lUFRO's Division 3,
covers off-road tree harvesting operations from
the stump to the truck road. It embraces felling,
deiimbing, extraction, processing and segregation.
This session explores some parameters in reviewing
research and development in these areas.

There is a tendency to see full mechanisation
as the ultimate in tree harvesting. In fact, one
country had as a stated policy objective "to
achieve a situation where there was no man on
the ground and no hand on the wood". Such
objectives may not be appropriate in many
regions or even in most countries of the world.
In setting policy or strategic objectives or
specific region, the following factors in any
country need to be taken into consideration :

Economics

The value of wood and the relative costs
of labour and machines differ widely from
country to country. An understanding of
these relativities must be a prime consideration
in selecting systems or components in each
system.

Environment

Not only do the physical factors of terrain
existing in any forest area affect man and
machine performance in the short term, but
the ecological relationship between them and
the harvesting system influence soil, water,
recreational and aesthetic values. A balance
must be achieved between profitable productivity
in the present and desirable land management in
perpetuity.

This all adds up to choosing an appropriate
technology in selecting a harvesting system. The
three papers presented in this session indicate
the wide technology spread in only one zone of
the world. The north temperate region
influenced by continental climates. Admittedly,
most of the world's roundwood production
originates from this zone but in other regions
quite different conditions prevail.

To assess the value of a technology for a
particular country or region, it is desirable to set
some appropriate type of baseline. It would seem
that the widely used manual or motor-manual
methods in most cases would serve as such a
baseline. I will try to illustrate this approach
with an example from Australia, where a number
of large companies are Introducing mechanisation
of felling, deiimbing and processing in Pinus
radiata plantations.

The first step is to set a baseline for
cost of production taking into account tree size
or whatever other factors are considered
significant as an influence on cost of production.
The solid line on Figure 1 indicates cost per
cubic metre to fell and delimb and cut to length
with a man and a powersaw.

'Paper presented at COFE/IUFRO - 1984
Fredricton, New Brunswick, Canada, 17-18 August.

J.O.K. (Jim) Spiers has been Director
of the New Zealand Logging Industry Research
Association, Rotorua, New Zealand from
1975-1983.
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The next steps indicate the results achieved
with a variety of machines developed for felling,
delimbing, processing, or a combination of these
which have been tested over the past few years.

Curve 1 shows a harvester which stroke
delimbs the standing tree, tops, fells and bunches.

Curve 2 shows a harvester which fells, has
continuous roller feed delimbing and aligns wood
for extraction.

Curve 3 shows a stroke delimber processor
which is forwarder mounted.

Curve 4 shows a stroke delimber processor
which is excavator mounted.

The broad banding of each curve recognises
that the actual performance of these machines
varies according to the environment they are
working in, the management of the operation
and the operators themselves. These curves
are calculated on a single shift basis. On
a multipie shift basis most would look even
better in comparison with the baseline.

The foregoing are the results of comparing
existing technology. It is much more difficult to
predict results from machines that are under
development, although this is something that
obviously the designer must attempt.

Over the past ten years, a significant amount
of development has occurred in tree harvesting
mechanisation. Mostly that has happened in
two regions of the world characterised by small
trees on relatively easy topography but often
difficult ground conditions. Over this past two
decades particularly the development has been
a process of evolution and survival of the fittest,
particularly here in Canada. This session's
speakers should also illustrate aspects of new
developments. I believe we need to take into
consideration some of the following points in
the subsequent discussions.

There has been considerable argument over
the respective merits of single- versus multi
function machines. Development action appears
to have been cyclic with one or the other
concept being popular at a particular time or
in a particular region. Basically, the argument
could be summarised that single-function machines
in phased operation gave better system utilisation,
particularly in that if one machine in the system
broke down the operation still continued.' The
argument in favour of multi-function machines
have centred on the gains, both environmentally
and economically, inherent in one chassis, one
machine pass and one operator rather than
several.

Undoubtedly, to achieve advances in
mechanisation,reliable and effective components
are essential. For tree harvesting, component
design, as far as possible, should be simple, rugged
and matched in the relationship of power output
and stress with the other components in the
machine. Advanced metallurgy, improved
hydraulics and an exciting new world of electronics
have enabled significant advances to be made.

The relationship between the machine and
the terrain is vital. Logging poses extremely
difficult engineering problems. It is encouraging
to see advances being made at present in new
tyre and track configuration and that an
interesting series of new machines with different
concepts of all terrain chassis are starting to
be applied in more difficult topography.

The compatibility of machine to operator
is now better understood and the relationship of
comfort and control functions to operator health and
conceptual functioning is being taken" into
consideration in machine design. Not only are the
machines now easier to operate, they are more
acceptable ergonomically. The machines may
have reduced the Incidence of traumatic accidents
in the tree harvesting system, but the
possibilities of long-term injury to the central
nervous system cannot be neglected. With
regard to the control function, computers are
being applied, particularly in multi-"function
machines. The industry is on the way to
automation and robotics and remote control are
reasonable possibilities. But, you cannot disregard
the fact that we haven't a robot in that machine,
we have a man; and as weil as his physical
well being, his interest and motivation factors
must be maintained at a high level.

Lastly, in assessing the impact of a new
machine developed to undertake one or more
phases of the harvesting operation, its potential
for greatly increased productivity in that phase
must be kept in perspective in the harvesting
system. A new unit introduced to the system may
have greatly increased productivity potential over
its predecessor and this potential can be
multiplied by shift work. However, a unit must
be seen as part of a system. If it is a later phase
of the system, can the wood be kept up to it or,
when used at full potential, can a significant
increase in production be handled by the
succeeeding machines, the transport systems
and even the mills. In many timber sales, there
are restrictions on productivity posed by
availability of wood or quotas, which may preclude
the potential of one part of the system being fully
exploited. Highly mechanised systems need
effective skilled management.
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CENTRAL TREE PROCESSING^

R. H. Grammel"

BASIC DEFINITION

The central processing of trees is based on
the fundamental concept of shifting harvesting
tasks as far as possible from the forest to a
permanent processing Installation. These Instal
lations are called woodyards and can be run by:

- private forest-owners
- Independent contractors
- forest Industries (often In combination

with sawmills and other wood Industries)

The qualities of the central processed trees
depends on the status and size of the forest, the
quality of trees In the forests, terrain, trans
port conditions, etc. A big Influence on the
technique of central processing are the requests
by the customers.

The following forms are processed at wood-
yards:

Kunhotz

(short wood)

Rohschafi

Itreetengfh)

Boumteilniethode

(tree-SQCt tons)

VoUboum
Int. Iraaai^tppl)

ffuOtns)
Iht. ttpnO

do: DC DC

Gonzbaum

(whetatree)

depending upon the degree of processing and on
marketing conditions:

-  concentration of raw materials. The material

Is brought to a central Installation to take
advantage of the efficiencies of mass produc
tion.

-  processing. I.e. dellmblng, debarking, etc.
It Is Important to note that permanent pro
cessing Installations require less repairs,
save energy, and are generally more efficient.

^Paper presented at the conference COFE/
lUFRO - 1984, Orono, Maine, USA, 12-14 August.

^R. H. Grammel, Institute for Forest Utili
zation and Work Science, University of Freiburg
1. Br., Federal Republic of Germany.

- sorting, with the aim of determining outer and
long-termed Inner wood qualities automatically
In order to maximize the value of the wood
products.

- marketing (or distribution): The wood Is sold
at the woodyard, where bills are written and
statistics are gathered automatically. (Distri
bution, If central processing Is done by the
timber-Industry.)

Dellmblng, debarking, and sorting Into dif
ferent classes are normally the main functions of
the tree-sections- and full-tree- methods of

processing. Characteristically, European wood-
yards sort wood Into more than 60 bins.

IMPORTANCE AND TRENDS OF CENTRAL PROCESSING

The Joint Committee FAO/ECE/ILO at the 15th
Session In Izmir/Turkey In 1984 (TIM/EFC/BP. 1/14,
Geneva) tried to get an overview of the signifi
cance and extent of the question of "location
and methods of primary roundwood conversion."

B. Akre said that for the Scandinavian
countries - Denmark, Finland, Sweden and Norway -
the Importance of central wood processing Is
limited. In Sweden and Norway less than 2% of
the total harvested wood Is brought to processing
terminals. In Finland and Denmark, the system Is
used even less. Akre's prognosis Is that by the
year 1990 the use of the tree-sections method
will Increase to 5 - 6%, meaning that the trees
will be dellmbed and debarked at the woodyards.
Use of this processing method will provide the
opportunity of gaining energy from the wood
waste.

P.F. Abol (USSR) spoke for the USSR and the
East-European countries. He said that only 3% of
the wood In the USSR Is processed using the log-
length method. At least 6% of the wood Is carried
to the woodyards as full-trees and about 90% as
tree-lengths. The tree-length-method Is popular,
since the trees must be transported by trucks,
railways, and ships for long distances between the
woodyards and destinations elsewhere. In East
Germany, Poland, Hungary, Romania, and Bulgaria,
the log-length method Is used and the processing
takes place In the forest stands. In Czechoslovakia,
tree-length processing Is used more often.

In the USSR, some woodyards process more than
500.000 m' annually. They wish to reduce the
number of woodyards and simultaneously Increase
their capacity.

D.W.K. Boulter (Canadian Forest Service)
described the circumstances In Canada, which are
comparable with the situation In the United States.
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He pointed out that in Eastern Canada the full-
tree method with roadside processing makes up 15%
of the wood production. Boulter mentioned that
in Canada semi-mechanical and mechanical full-tree
harvesting may be the best immediate alternative
for achieving low costs. Further, he stresses
advantages and disadvantages. In Canada, there
are few publications that discuss how to optimize
roundwood sorting; however, there is an increasing
interest in central processing and sorting of
treelength and full-tree timber.

For middle-European countries. Western France,
Belgium, the Netherlands, Luxembourg, Northern
Switzerland, and Northern Austria, the circum
stances of West Germany can be considered
typical. For softwood timber, 85% is harvested
in treelength form and is sorted at the sawmills,
while 15% must be used as loglength due to the
poorer quality of the timber. Hardwoods are
generally sorted in loglength form; there is only
one sawmill which grades and sorts treelength
hardwood (10-12m).

The West German paper industry obtains 19-20%
of its softwood in treelength^ form. The trees
are sometimes cut into loglength by a crane saw
at roadsitle landings. The cellulose industry
also uses treelength timber, especially those
factories which use hardwood, particularly beech
(fagus sylvatica).

In the tropical rain forests, trees are gener
ally cut into loglengths in the forest; transport
of the waste material such as branches would not

be economically feasible.

There is only one exception - the JARI-Company
in Brazil (Amazon). This company moves all the
trees from a stand in treelength form and trans
ports them to a huge woodyard. The land is then
used for growing fast-growing plantation species.
The advantage of this system is that 22% of the
material is utilized for high value products,
such as veneer, and the remaining 78% can be used
as fuel for the pulp plant.

Results of our experiments show that central
processing of hardwood in treelength form is
profitable when the market is available. In
addition, the technique for hardwoods is simpler
than the technique used for conifers.

In reforested, fast-growing plantations of
the tropics and subtropics, log-length systems
are generally used. The applicability of central
processing for these forests is being discussed
intensively in Australia and New Zealand (C.M.
Rerruish, L.O. Shultz, World Wood, April 1984).

Brazil, Chile and other South American

Countries have noticed that the production of
small-sized wood for cellulose and paper brings
little profit; sorting systems must therefore
be enlarged to obtain higher quality sawlogs.

PROBLEMS

Regions with comparable conditions often
choose quite different solutions for handling
their wood; this indicates that a question exists•
In this context the reaction of the Joint Com
mittee FAO/ECE/ILO is astonishing; on one hand a
report was made, but on the other hand they
consider work in this field to be finished. The
program of work of FAO/ECE/ILO no longer includes
an appropriate inquiry into wood processing tech
niques .

We, the lUFRO project group 3.01-07, are con
vinced that the problem must be discussed even
more intensively than before. There are areas
where intensive research is requested;

- economic field: mobile systems used in the
forest or on skidding woods are more efficient
and operate at lower costs. Woodyards must,
therefore, compensate higher costs with a
higher yield and an increase in wood quality.

The central question is if these increases are
possible. A large advantage for countries
lacking inexpensive natural energy is that'
central processing of tree parts and whole
trees produces bark, needles and limbs for
fuel use.

- the problem of machinery replacement: In those
countries which have largely introduced mobile
systems, it must be determined if and when old
machinery will be abandoned and new machinery
subscripted.

- technical problems: Here the question of skid
ding technique must be examined. For example,
how can skidding of full trees, tree-sections
and treelengths be as efficient as log length
systems? The same question arises for timber
transport over public roads. Finnish experi
ments (0. Pennanen (1983), Truck Transport of
Part-Trees (tree-sections) Metsateho Report
No. 382) show that the transport of tree-part
wood increased costs 67% for conifers and 25%
for hardwoods. Our comparisons between trans
port only indicated a 10-12% increase in costs.

18 000

2L100

Fulltree-transport with semitrailer and
steel box. The length of the trailer can
be altered according to the size of the
trees being carried.

Sorting is still a technical problem which is
discussed intensively. There are attempts to
increase output by use of multiple circular
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saws, automatic grading, computer optimization
and automatic measuring of the outer and inner
wood qualities. Progresses in this field can
be expected.

ecological problems; Increasing the amount of
biomass taken from the forest will lead to a

higher loss in soil organic nutrients. Today
the loss of nutrients is much higher than when
trees were debarked on the stamp. We must ask
soil scientists for data showing the implica-
tations of increasing biomass removal. Whether
organic materials or fertilizer can be added to
the stand may influence the solution to this
question.

SUMMARY

There seems to be no question that the
central processing of trees on woodyards is a
complete working system for the hatrvesting pro
cess. This basic concept is important to both
the research scientist and the practical forester,

In order to decide for or against a system
requires the consideration of related or even
subjective factors such as safety, market flexi
bility, biological factors, etc. to financial
parameters. The use of the entire tree will
become increasingly important as raw materials
become more scarce.
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LET'S CONCENTRATE ON THE SYSTEMS DEVELOPMENT PROBLEMS^

Magnus Larsson^

THE TRANSPORT ENVIRONMENT

The development and the operation of trans
portation systems is very strongly governed by
the environment in which they are to perform
their services. A large number of factors in the
environment determine WHAT, WHERE and WHEN
materials should be moved from the forest to the
mills, heating plants, etc. These factors then
constitute the framework for our transportation
systems development work.

WHAT form the material will have during the
secondary transport phase is in turn determined
by the location of the different proceissing opera
tions in relation to transportation. In other
words, the design of the logging system will
strongly influence the development of the trans
portation system. Figure 1 illustrates what
happens when we, for example, centralize the
delimbing operation thus changing from conven
tional shortwood logging to tree-section logging.
New truck and trailer designs as well as routes
and plans have to be developed.

These environmental factors naturally have
various weights and they may also be influenced
themselves by the transportation system as we
are searching for the optimal solution from
stump to mill.

For the purpose of this discussion the
environment may be divided into primary and
secondary factors. The primary factors have a
direct influence on the transportation system -
forestry practices, logging technique, forest
industry structure, etc. The secondary factors
constitute the conditions for the primary factors.
Thus, they have an indirect effect on the trans
portation system. These factors are of a more
general nature and vary considerably from one
area (nation) to another - political system,
economy, technical development stage, etc.

I shortwood]
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Figure 1. The logging system strongly influences the design of the
transportation system. ^

WHERE and WHEN the transportation services
should be provided are primarily a function of
the structure, location and operating pattern of
the producers (forest owners, loggers, etc.) as
well as the consumers (mills and other users) of
forest biomass.

Paper presented at the conference COFE/
lUFRO - 1984. Orono, Maine, USA, 12-14 August.

Dr. Magnus Larsson, Skogsarbeten, The Forest
Operations Institute, Box 1184, S-163, 13 SPAN6A,
Sweden.

THE DEVELOPMENT PROCESS

The process of developing a transportation
system is schematically illustrated by Figure 2.
The various production factors are combined to
form a number of alternative systems. These
systems are then analyzed £ind one or a combination
of several systems are selected for operation.
The criteria used for this selection is one of
the major considerations in this process. The
development is a continuous process even after
the system has been set in operation. Feedback
regarding the system operational performance may
indicate needs for changes of the original systems
design or even suggest another system.

45



Figure 2. The systems development is a
continuous process. Feedback regarding
e.g. operational performance may indicate
changes of the original systems design or
even suggest another system.
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The transportation system must meet the
service requirements imposed upon it by the
forest and the mill under a variety of conditions
throughout the year. Therefore the technical
parts (hardware) of the system must be controlled
by an administrative part (software), see Figure
3.
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Figure 3. The technical parts of the
transportation system must be controlled by
an administrative part to meet the forest
and mill requirements.

On the basis of demands from the industry and
supply from the forest a plan for controlling
the transportation activities (including storate)
is made. The plan is continuously revised on
the basis of feedback from the field as regards
changing operating conditions as well as volumes
logged, transported and stored, see Figure 4.

Figure 4. On the basis of demands from
industry and supply from the forest a plan
for controlling the transportation activities
is made.

PLAN

b&ClSLDVL

THE lUFRO WORK

Against this very general and simplified
background I would like to focus your attention
on the area where I personally believe the inter
national cooperation within lUFRO would be bene
ficial to the largest number of participants.

The process and tools required to develop
the transportation system should be of greatest
general interest. Even if the secondary envir
onmental factors are quite different the primary
factors, the activities and thus the basic
structure of the transportation problem are the
same regardless of where it is being considered.
Therefore the approaches used and the basic
solutions both technical and administrative should
be and are of common interest.

Descriptive information on very specific
technical and administrative solutions is
definitely of great interest. However, this
should be limited to meetings which focus on
problems within a certain geographic region or
in areas with other conditions (secondary envir
onmental factors) in common.

THIS SESSION

Largely in line with this philosophy the
papers presented during this session deal with
approaches to develop the technical part of the
transportation systems in Finland and Japan.
The development of an administrative tool for
inventory control in New Zealand is also
described.
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THE INTERACTIONS OF HARVESTING

AND STAND ESTABLISHMENT OPERATIONS:

an OVERVIEW AND PERSPECTIVE^

L. F. Riley®

A general discussion of the impacts of harvesting on stand
establishment, stand establishment on harvesting and har
vesting on harvesting is presented.

The interactions between harvesting and stand
establishment are many and varied. They derive
from biological and physical operational elements
as well as environmental considerations. In

Europe various of these relationships have been
considered in some depth in many regions. In
North America considerable attention has been paid
in more recent years but since areas of man-made
forest On this side of the Atlantic are relatively
few in number and limited in area, experience is
limited.

Regardless of the extent of past experience
and the consideration which has been given to
these interactions, harvesting methods and regen
eration methods have changed dramatically since
any presently mature, man-made stands were estab
lished. Ihus, while in some parts of the world we
may in fact be harvesting second or even third-
growth forests, the effect of earlier stand estab
lishment methods on today's harvesting practice
must be extremely difficult to assess. And are we
now in any better position to say what the effect
of present-day stand establishment techniques will
be on the harvests of the Zlst century? But the
effects of harvesting operations on stand estab
lishment is ever present. There is seldom any
doubt about that impact. The two usually occur
very close together in time. The impact of the
harvesting operation on future growth is another
matter entirely. In most cases there is not yet
enough evidence to be definitive but the potential
for a strong relationship must be recognized.

To set the stage for the presentations to
follow, I would like to consider some of these
relationships in somewhat general terms and then
ask my colleagues on the program to provide more
specific detail on several aspects of the ques
tion, specifically those related to interactions

* Paper presented at Council on Forest
Engineering/International Union of Forestry
Research Organizations Symposium - 1984.
Fredericton, New Br\m8wlck, Canada. 17-18 August.

*Lorne F. Riley, Research Manager, Forest
Resources, Great Lakes Forest Research Centre,
Department of the Environment, Sault Ste. Marie,
Ontario, Canada.

between stand establishment and harvesting in
deciduous and coniferous stands of northeastern

North America, a look at some of these same inter
actions in the Exiropean experience and then, for a
somewhat later stage in the life of the stand, the
effect of thinning on harvesting and future stand
growth. Colleagues from overseas may detect a
somewhat North American flavour to my remarks.
Indeed our friends to the south may detect a
boreal flavour. But I shall try not to be unduly
influenced by my place of birth and would hope
that this overview treatment is broad enough that
you will recognize the principles in play regard
less of your own experience. And I will be the
first to agree that the list will not be exhaus
tive.

Firstly, let us consider the most obvious —
the impact of harvesting on stand establishment.
It's the one that the silviculturist complains
about most often. Here the concern rests

primarily with the silvicultural system, the har
vesting method and the equipment used. While my
statements will be general, it is recognized that
the impacts or the effects, in any given area are
influenced by, and vary with, site, forest type,
species and species composition, terrain, condi
tion of the present stand, availability of advance
growth, markets, etc.

The approaches to harvesting vary widely,
from clearcutting in patches or strips or over
large areas, to various types of partial cutting
including shelterwood cuttings, selection cuttings
and high grading, the removal of a limited number
of trees on a randomly spaced basis depending upon
the commercial value of individual stems, to
various seed tree methods. Ihe form of manage
ment, for example even-aged versus all-aged or
uneven-aged, bears heavily on the harvesting
method to be used. Each of these suggest that
certain reforestation options be considered or,
perhaps more to the point, determine which options
cannot or should not be used. For example, a
large clearcut can be amenable to quite
straightforward, large-scale, but high cost,
plantings of various types of nursery stock, or to
similarly large-scale but much lower initial cost
broadcast seeding operations. The latter, how
ever, has much greater stocking and density
implications \diich may offset the immediate cost
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savings. While dependent on the species to be
established and the species on the site at time of
harvest, large clearcuts generally demand that
planting or direct seeding take place. Resident
seed sources are usually inadequate and advance
growth is largely destroyed. Efficiencies and
cost savings in harvesting operations require high
cost stand establishment alternatives of site pre
paration and artificial regeneration treatment.
Lack of such treatment often results in regrowth
by commercially inferior species. Large clearcuts
also create harsh environments for new seedlings.
It is doubtful that they are so severe as to pre
clude establishment success but more care is
required in the development of microsite prescrip
tions for seeding or microsite selection when
planting.

Other forms of clearcutting, e.g., in strips
or in patches, are designed to give greater pro
tection to the site and, of course, to provide
sources of seed for the establishment of the next
stand. These advantages are traded off against
much higher harvesting costs. Again advance
growth is largely destroyed or so severely damaged
that surviving stems are often inferior throughout
the next rotation.

Shelterwood cuttings, by their very nature,
are designed to facilitate natural methods of
stand establishment although the harvesting opera
tion and the follow-up site preparation and
cultural treatments may be very expensive.
Favourable environments, particularly for the more
shade tolerant species, are created and a high
degree of success in restocking is the normal
expectation. True selection cuttings have similar
advantages and disadvantages but harvesting opera
tions must be carefully planned and extraction
routes rigorously adhered to to minimize damage to
residual trees in this all-aged approach to forest
management. The selection cutting known as high
grading, particularly in its usual form as a
series of harvestings of successively lower grade
materials, does nothing but create silvicultural
slums or "biomess" as it is sometimes called.

This technique is commercially oriented and has
few if any positive consequences for stand estab
lishment.

Seed tree methods are essentially clearcuts
with individual stems or groups of trees left to
supply seed for the establishment of the next
stand, ^ey have many of the characteristics of
larger clearcuts and a few of those of patch and
strip clearcuts. One must hope, however, that
money is available for the site preparation
usually required when the seed supply develops,
and that the trees are sufficiently wind-firm to
remain until that time. One must hope also that
when pressure is exerted to remove the seed trees,
it can either be resisted or that damage to new
stock is minimal during removal.

Within the various silvicultural systems one
must consider also the actual felling and wood
removal systems. What are the various effects of

conventional shortwood operations where felling,
limbing and bucking take place at the stump as
opposed to tree length logging where all but the
stump, the branches and the top are removed from
the site? And what of full-tree logging where the
tree from the stximp up, including all branches and
the top are removed? Or what of complete tree
logging where even the stump is removed? To
further complicate matters logging systems can
transcend the boundaries of silvicultural systems.
And each leaves its mark.

Conventional shortwood operations leave a
large amount of debris on site which must be
handled during stand establishment operations.
Except where low cost labour is readily available
in large nxanbers, heavy equipment is mandatory
when ground disturbance prior to planting or seed
ing is required. Whether manual or machine
planting is employed such debris, or slash, repre
sents an obstacle that can dramatically increase
the cost of the operation. On the other hand,
finer cone bearing slash can be an effective seed
source which, when properly handled in scarifica
tion operations, can effectively regenerate a site
at relatively low cost. As with any direct or
natural seeding treatment, however, there is
little control of stand stocking and density with
out follow-up thinning or beating up operations.
Tree length systems have much the same impact
except that the debris left from the felling of
trees to be removed has a much lower large wood
content. Removal of cull material takes place at
the landing, not in the bush. Scarification
equipment can be lighter, and the scarification
operation less costly, although fine slash in
itself is a greater hindrance in planting, manual
or mechanical, than heavy slash. Because of a
complex of other factors which also come into
play, the essential effect is little different
than that of the shortwood operation. Large
quantities of debris limit the number of poten
tially stockable locations but do have climate
moderating effects for newly established seed
lings.

In full-tree operations there can be a
dramatic difference. Virtually all debris is
removed thereby removing also many of the
obstacles to stand establishment presented by the
previously mentioned systems. The site is usually
a forest managers dream from that point of view.
There are, of course, detrimental effects as well
which will be referred to later. A similar but

little-used system, complete tree logging wherein
stump and root material is used, has similar
impacts although a new dimension is added. The
holes or depressions left by the removal of root
systems can play havoc with attempts to operate
equipment on the site and present difficulties to
planting crews in manual planting operations.
Under these two systems, climate is not moderated
by debris and the environment so created can be
hostile to the developing seedling.

Harvesting equipment can have some of the
most devastating effects for stand establishment.
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In general, the less Impact that a piece of har
vesting equipment has, the better. This is not
universally so, of course, but with present-day
equipment beneficial effects of ground disturbance
equipment are incidental, not planned, and there
fore seldom controlled. It is well known that

many of our "unexplained" reforestation failures
are the result of hostile biological conditions
created by man, not flukes of nature as we have so
often been willing to believe. We cannot afford
to accept substandard or inhospitable microsites
in stand establishment operations. Therefore,
methods which create conditions by happenstance
are not acceptable, in and of themselves, as sil-
vicultural treatments.

Much present-day equipment is designed for
low ground pressure operation either through wide
pad tracks, wheeled equipment with flex-tracks
added, or some variation thereof. Other wood
extraction techniques, e.g., cable yarding sys
tems, do not require that machinery run through
the bush at all, although damage may be extensive
if large wood loads are dragged or trailed across
the site. That North American phenomenon, the
wheeled skidder, has perhaps the most devastating
effect on site of any prime mover. Certainly this
has been true of fragile wetlands where surface
rootmats, once broken, can no longer support the
machine and excessive churning of highly organic
soils is frequent and common. The effect is to
disrupt ground water flows and to cause "ponding
up", a condition that saturates localized areas
for prolonged periods of time suffocating tree
root systems and preventing soil warming thereby
inhibiting both tree establishment and growth. On
heavier soils the high ground pressures applied by
skidder tires, particularly when utilizing skid
ding trails where repeated runs are made, can
cause severe soil compaction that precludes tree
establishment or proper tree growth. Compaction
is characteristic of other types of prime movers
also but it seems to have been especially so with
skidders. Because skidders are often operated in
an unstructured manner, i.e., they tend to follow
the route of least resistance on each trip out to
the landing, damage of this type is often wide
spread throughout the area of operation. This
created such a problem in some areas that many
harvesting operations are now swinging to high
flotation wide tires, a move that is doing much to
overcome the problem. Ihe danger is that such
tires extend the range of sites on which skidders
can effectively operate. *fe must be careful that
operations do not extend into even more fragile
sites in which there is no biological recovery
from severe damage.

Manual felling operations are generally
similar in effect to mechanical operations but
there are some differences. For example, with the
former, high stumps are commonplace in winter
operations. High stumps are particualrly diffi
cult for mechanical site preparation operations.
Feller-delimbers tend to create piles of logging
debris with some Intermediate scattering rather
than a more general distribution of slash over the

operated site. In the former condition access
through the planting chance may be less difficult
but often significant area is effectively excluded
for reforestation purposes because the piles can
not readily be redistributed in site preparation
operations and are often left in situ. And, as a
final example, although not an effect throughout
the harvested area, delimbers and slashers located
at landings and along roadsides in full-tree oper
ations leave huge volumes of debris which
generally remove significant areas from stand
establishment treatment. Ihese areas may never
properly regenerate. Thus the productive forest
base is reduced.

On a less obvious note, all forest managers
can voice a note of thanks for the road systems
that have been developed during the cotirse of wood
extraction operations. Certainly roads reduce the
productive forest area and more care can be taken
in the amount of land used for road rights-of-way.
But it is those same roads that the forester uses
as access routes for his stand establishment oper
ations. It can be argued, in vain I'm convinced,
that without the drive for harvesting of timber
there would be no need for road systems for stand
establishment purposes. But who really accepts
that premise? Ask our European colleagues whose
patterns of land tenure are so different from
those of North America. And do we really believe
that there is no need for forest husbandry for any
other reason than commercial harvesting purposes?
No, the infrastructures set up by logging opera
tions are an essential part of our way of life and
of definite benefit to stand establishment opera
tions as well.

The effects of stand establishment on har
vesting are, in some ways, more easily identified
than those of harvesting on stand establishment,
but they tend to be much more obscxire when one
attempts to evaluate extent. Indeed, given the
period of time between establishment and rmnoval,
over much of the world's developed forestry areas,
and the current and anticipated rapidity of tech
nological change, it may be virtually impossible
to quantify effects in any meaningful way.

Ihe formnost effect, of course, is that it
provides the raw material for the next harvest.
Without stand establishment there would be no next
harvest. Ihe effect of man's intervention is the
real issue. Do we, in fact, enhance the next har
vest with our efforts or would we have a commer
cially viable crop without our input? We must
believe that we do or we would not be devoting the
resources we are, inadequate as they may be, to
stand establishment. We can see from the denuded
and barren tracts in various of the more arid
areas of the world what can happen if we do not
interfere. Me can also seen the tragedy of no
action in the "biomesses" of large tracts in
temperate climates and in the boreal forests of
our own Canadian northlands. There can be no
question. Where man chooses to havest he has
little option but to be the agent for the
rehabilitation of the forest.
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Obviously, through the species we plant or
those whose establishment we foster in the various

silvicultural systems, our goal is to provide pro
ducts that we believe, now, will be of value 35,
50 or 100 years in the future. But how do we know
what species will be suitable at those distant
times? In truth, we don't. But we must have
faith that basic biological values will remain
constant even if the use to which we put the bio
logical organism changes with time, ^d with that
assumption we must proceed on the basis of the
best knowledge available to us today. Species
with fibre quality good for lumber today will
still be good for lumber tomorrow. And species
with fibre quality good for paper products today
will still be good for paper products tomorrow,
even if species now considered undesirable are
added to the list of desirables and the list of

products to be derived is beyond our present day
comprehension.

The type and quality of product that will be
produced is directly dependent upon our ability to
provide "full" stocking and proper density. li
fibre yield only is to be the end product, density
can be much higher than if large single stems are
deemed necessary for lumber production or for
veneer production. Product type will probably be
of greater concern to the harvester of the future
than will stem size. Today, harvesting costs can
decrease rapidly with increasing stem size, at
least within a limited range. But harvesting
methods and costs of the future will probably not
be so sensitive to stem size.

One of the more perplexing questions posed by
forest managers today relates to the appropriate
density, or spacing, of a newly established stand
for the product desired at harvest. Obviously
spacing requirements change as the stand develops.
The simple truth is we don't really know how many
trees must be established on a given tract of land
because we don't know what disasters will befall

the stand nor do we know how well the stand will

develop with respect to the intended product.
Thus we must establish a stand with sufficient

density to train the new stems properly and to
foster their development toward that product.
Within reason does it really matter how many stems
there are at harvest as long as the product is
what we need at the time? Thus we apply tradi
tional spacings, only varying them at the outset
to accommodate species and site peculiarities as
we strive to produce the product anticipated. As
the stand develops we fill in or thin out in an
effort to maximize use of the land potential and
minimize the length of the rotation. Let's get
that next crop to harvest as quickly as possible.
Time is money and the longer the crop takes to get
to harvestable size the more costly it is.

Many of the effects of stand establishment
operations on harvesting are indirect in that they
prolong or shorten the rotation by changing the
length of time for a tree to develop to a mer
chantable size for a given product type. Spacing,
or density, is one such example. Site preparation

operations can have such effects also. For
example, in the case of prescribed burning, a
severe bum may remove much of the nutrient
reserve necessary for proper development of the
new stand over the first few years of its life.
On the Other hand a moderate burn may, under
proper conditions, actually enhance the available
nutrient reserves, thereby assisting early stand
development. A severe site preparation treatment
may remove completely the fertile organic layers,
or displace the organic materials so that their
benefits are not readily available to the new
stand. Impoverishment of the immediate microsite
is a common occurrence in many mechanical site
preparation operations. Again, however, a mixing
of the mineral and organic layers can provide a
reserve of nutrients that will promote tree
development with benefits that will carry well
into the juvenile stages of the life of the stand.
Raised microsites, created by various means during
scarification can make the difference between

years of stunted growth and vigorous growth by
improving soil drainage and aeration and allowing
for greater warming of the soil and better
development of root systons. Both manual and
mechanical planting methods tend to contort root
systems as opposed to stands arising from seed
where root systems generally are natural in form.
Whether this has any long-term impact on harvest-
ability or rotation age is a moot point but there
is no doubt that malformed root systems can have a
major effect on tree stability and on whether or
not sufficient trees in a stand reach harvest to

make it economically viable. Ihere are many such
examples and these are just a few.

The severity of scarification can be of con
cern at time of harvest. Deep plowing and wind-
rowing may present difficulties for terrain cros
sing harvesting units. At first thought this may
seem unlikely but the effect of weathering will of
course vary with the length of time from treat
ment to harvest. The shorter the rotation, and
that's what we are striving for, short rotations,
the greater the potential effect. We have
examples of shallow plow lines still being quite
evident in the stand 60 years after they were dug.
Why should we suppose that ditches a meter or more
deep, or windrows perhaps two meters or more high,
will not be in evidence 50 years from now? We may
be creating trafficability problems unknowingly
because we blithely believe that all evidence of
our efforts will have long since disappeared
before future generations are required to return
to the site. And for all we know, because of our
lack of adequate effort today, those future har
vesters may have to return to some of those sites
much sooner than we expect.

So far I have been considering the effect of
today's stand establishment operations on tomor
row's harvest. But consider for a moment the

effect of today's stand establishment operations
on yesterday's harvest.

In our efforts to improve upon stand esta
blishment practice we have, in many areas.
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actually dictated the type of harvesting operation
that would take place before we undertook the
stand establishment treatment. I think you see
\diere I'm coming from. It's not some esoteric
concept, it's just an odd way of phrasing it and
we've all had to consider it at one time or

another. If we decide that the new stand can beat
be established by allowing seeding in from
residual strips, we strip clearcut with all the
attendant higher costs of that form of harvesting.
If we operate under a shelterwood systmn, we have
dictated that certain types of harvesting equip
ment must be used in order to minimize damage to
the residual stand during the extraction process.
If we decide that an area should be regenerated to
a different species than the one on the site at
harvest we may prescribe a clearcut followed by
planting or seeding. Our preconceived notion of
how best to reforest the site often indicates the
form of harvest and wood extraction to be used.

Before closing I would like to consider, just
briefly, one other interaction which generally has
not been alluded to but which is very real and to
which Professor Andersson has, in many ways,
addressed his paper and that is the effect of har
vesting on harvesting.

As we improve our harvesting efficiency, and
as we become capable or desirous of removing more
and more of the standing biomass from the logging
chance, the more we run the risk of creating
improverished sites through eventual depletion of
the soil's nutrient bank. Now I am not, in
general, a proponent of the theory of site

impoverishment through biCTiass rmnoval. But I
think we must recognize that there are soil types
and climatic conditions where organic material
decomposition is so slow or nutrient release is so
limited that any major, continuing removals of
potential nutrient sources can have a devastating
effect over a series of rotations. Iftider such
conditions rotations become longer, tree quality
can become poorer, and eventually no tree crop at
all may be possible without massive interventions.
Given the cost and extent of such investment, the
return may not be sufficient to warrant it. Thus
the effect of harvesting may be no harvesting.
Also, it has been well established through the
ages that denudation of a site without active
efforts to replace the forest can result in mas
sive erosions and desertification. We must guard
against such catastrophes in our rush to provide
wood fibre to the world's markets. In Canada par
ticularly, our natural resources are what built
the country. And the greatest of these resources
is our forests. We must ensure that the forests
remain, here and around the world, for all time.
Foolish acts must not rob us of the heritage which
we have in our various hcxnelands.

In closing, I believe I have achieved the
goal I set in preparing this overview, that is to
show that there are strong interactions between
the various stages of man's activities in the
forest, to indicate that it is a system which man
is superimposing upon a much more powerful system,
the biological, and to re-emphasize for you, and
myself, the fallacy of believing that harvesting
and silviculture can be separated.
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A SUMMARY OF CURRENT FOREST ENGINEERING RESEARCH

AND DEVELOPMENT IN THE UNITED STATES AND CANADA^

2
John W. Mann

Abstract.-*—A survey of all known public sector forest
engineering research and development insititutions in the US
and Canada was conducted in the spring of 1984. Results of
the survey show the current total research effort in this
discipline is 116.6. scientist man years. Summaries of
research topics by institution and a compilation of indi
vidual scientists with their area of specialization will be
useful in helping researchers communicate more effectively
among their colleagues.

One of the many benefits of attending the
yearly meeting of the Council on Forest Engineer
ing is the opportunity to learn who is doing what
in research and development. Unfortunately, the
full agenda only provides the opportunity to
leam about a portion of the work that is ongoing
in the forest engineering field. A comprehensive
view of the work of every institution that is
involved in this type research is, out of neces
sity, beyond the scope of the council's annual
meeting. Since much of the information on cur
rent research must be developed through personal
contacts, and we only have a short time together
each year, I usually come away from the meeting
knowing that I missed talking to someone.

As a possible remedy for this situation,
this paper stimmarizes the results of a survey
conducted over the past six months. Key person
nel of 28 institutions in the US a... Canada were
contacted by mail and asked to complete a short
questionnaire about their research. These 28
institutions were selected by evidence of their
involvement in forest engineering research in the
form of recent publications on related topics,
participation in past meetings of the Council on
Forest Engineering, and personal knowledge of
faculty members at Oregon State University's For
est Engineering Department. The types of research
units contacted fit into two general categories;
colleges and universities, and government institu
tions. Individual companies in the private sector
(forest products and heavy equipment manufactur
ers) were not included simply because of limited
time available to conduct the survey and the pos
sibility that information requested could be

Paper presented at the joint meeting of the
International Union of Forest Research Organiza
tions (Division 3) and the Council on Forest
Engineering - 1984. Orono, Maine, USA, 12-14
Aug. 2

John W. Mann is Instructor of Forest
Engineering and Harvesting Specialist with the
Forestry Intensified Research (FIR) Program,
Oregon State University, Medford, Oregon, USA.

viewed as proprietary, thus precluding many com
panies' ability to respond. The organizations
contacted are as follows:

UNIVERSITIES:

Auburn University, Auburn, AL
Univ. of British Columbia, Vancouver, EC
University of California, Davis, CA
University of Idaho, Moscow, ID
Louisiana State University, Baton Rogue, LA
Louisiana Technical Univ., Ruston, LA
University of Maine, Orono, ME
Mississippi State Univ., Starkville, MS
Univ. of New Brunswick, Fredericton, NB
North Carolina State Univ., Raleigh, NC
Oregon State University, Corvallis, OR
Purdue University, West Lafayette, IN
State Univ. of New York, Syracuse, NY
Virginia Polytechnic Institute and State

University, Blacksburg, VA
University of Washington, Seattle, WA

GOVERNMENT:

USDA Forest Service Experiment Stations:
Intermountain Station:

Wood Resource Utilization Project -
Missoula, MT

Engineering Technology for Forest
Management — Bozeman, MT

North Central Station:

Forest Engineering Research Work Unit
- Houghton, MI

Northeastern Station:
Hardwood Timber Harvesting —

Morgantown, WV
Pacific Northwest Station:

Forest Engineering Systems - Seattle, WA
Southern Station:

Engineering Systems for Forest Management
- Auburn, A1

USDA Forest Service Equipment Development
Centers:

Missoula Equipment Development Center -
Missoula, MT

San Dimas Equipment Development Center -
San Dimas, CA
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Table 1.—Specific Areas of Forest Engineering Research and Development In the United
States and Canada.

General Topic Area (Specific research topics
In parenthesis)

Number of

Institutions

Scientist

Man Years

Timber Harvesting Operations
(Plantation thinnings, steep terrain
logging, wetland logging, small timber
logging, whole tree chipping, production
and cost analysis)

Road and Bridge Design and Construction
(production rates, landslide relation
ships, erosion control, bridge design,
transportation)

Forest Residue Recovery
(wood as energy source, blomass harvesting)

Equipment Design and Analysis
(Equipment mechanics, feller bunchers,
mechanization of harvesting, equipment
modification. Improved components, balloon
and hybrid aircraft design and testing)

Equipment Performance
(Fuel consumption, maintenance, small
woodlot logging)

Environmental Impacts of Forest Operations
(Soil disturbance and compaction, watershed
topics, damage to residual timber stand)

Site Preparation and Reforestation
(Application of pesticides and herbicides,
harvesting/site prep, trade-offs, cost
analysis)

Computer Simulation of Forest Operations

Other topics:
(Contractor monitoring, photogrammetry,
harvest planning, timber mgmt., procure
ment, fire mgmt., basic research)

Total Scientist Man Years

21 25.8

13

11

21.2

15.4

12.1

4

10

5.9

4.8

7.7

4.6

19.2

116.6

Other US Government:

Hellstat Development Project - Portland, OR
Tennessee Valley Authority - Norrls, TN

Canadian Government:

Forest Engineering Research Institute of
Canada - (FERIC)

Eastern Division - Polnte Claire, Quebec
Western Division - Vancouver, BC

Although much of the Information pertaining
to forest engineering research done in the United
States Is available through the USDA's Current
Research Information System (C.R.I.S.), and

governmental unit efforts are summarized periodi
cally In various publications, there Is no single
source for this t3rpe data without making specific
requests. Hopefully, this brief summary will pro
vide a useful reference for research workers and
users to see what Institutions and scientists are
working In what topic areas.

The questions asked in the survey and the
responses received are summarized as follows:

1. Is this organization involved in Forest
Engineering research and development?
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26 Yes No

(Two of the universities contacted
did not respond to the request for
information.)

2. What is the nature of this research?

(Analytical, as in cost studies and operating
techniques; or Developmental, as in equipment
design.)

OVERALL RESPONSE:

9  Analytical only
4  Developmental only
14 Combination of both

Universities:

5  Analytical only
0  Developmental only
9  Combination of both

Government:

4 Analytical only
Developmental only
Combination of both

3. What are the specific areas of research
in which you are involved? (stimmarized in
Table I).

4. What portion of your unit's research
funding is provided by the following sources?

As would be expected, the funding for United
States Government research institutions is 100%

Federal Government. The Forest Engineering
Research Institute of Canada is a cooperative
effort funded 50% by the Canadian Government and
50% by private industry. A weighted average of
funding sources for the 13 United States univer
sities that responded is presented in Table 2.

Table 2.—Funding source weighted average for US
university forest engineering research.

Range in
Average Funding %

Funding Overall for Single
Source Funding % Institutions

Mclntire-Stennis 21.8 5- 75

Hatch Act 1.9 10*

Other Federal Gov. 29.9 15- 75

State Government 20.0 5-100

Private Industry 24.8 9- 75

Associations 0 0

Foundations 0.8 10

Other (private 0.8 10

contributors)

*Single number indicates only one university
reporting this funding source or percentages
were identical for institutions citing this
funding source.

5. How do you decide where your forest
engineering research efforts should be
concentrated?

Decision Criteria University Government

Interaction with

user groups

Advisory Committee
Funding source

requirements

Faculty and staff
interest

Problem analysis with
user imput

Administrative direction

Formal program reviews

10

5

6. What are the primary factors which limit
your organization's ability to conduct research
on forest engineering problems?

Limiting Factor

Availability of
trained personnel

Funding
User Interest

Lack of organization
to cross depart
mental lines

Administrative Policies

University Government

9

11

1

7

10

1

7. Please list your forest engineering
faculty (or research staff) by name and area of
specialization.

A list of researchers by institution and area
of specialization is contained in Table 3. Table
4 summarizes total forest engineering researchers
by country and employment.

According to the latest summary of public
sector research effort in agriculture compiled by
the USDA in 1982 (Inventory of Agricultural
Research, Volume I) the 94 scientist man years
spent on forest engineering research in the United
States shown by this survey amounts to approxi
mately 6 percent of all forestry research.

Hopefully, this brief look at who is doing
what in forest engineering research will help us
develop our personal contacts at this and other
meetings more efficiently and will form the basis
for other summaries of this type in the future.
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Table 3.—Forest engineering faculty (or research staff) by name and area of specialization.

Institution & Location Researcher Area of Training or Specialization

Universities:

University of British Columbia
(Vancouver, BC)

University of California-Davis
(Davis, CA)

University of Idaho
(Moscow, ID)

Louisiana State University
(Baton Rouge, LA)

Louisiana Tech. University
(Ruston, LA)

University of Maine
(Orono, ME)

Mississippi State Un<versity
(Starkville, MS)

North Carolina State University
(Raleigh, NC)

Oregon State University
(Corvallis, OR)

Purdue University
(West Lafayette, IN)

Syracuse University
(Syracuse, NY)

6. 6. Young
J. D. Nelson

John Miles

Bruce Hartsough
Jim Burk

Jim Mehlschau

Leonard R. Johnson

Harry Lee

Ben D. Jackson

Michael W. Jenkins

Clyde G. Vidrine

Thomas Corcoran

Ben Hoffman

Marshall Ashley
Warren Hedstrom

Tom Brann

Norm Smith

Tom Christensen

Louis Morin

Hayden Soule
Ed Huff

W, F. Watson

R. K. Matthes

I. W. Savelle

Awatif E. Hassan

Earl Deal

George Brown
Paul Adams

Bob Beschta

Hank Froehlich

John Garland

Loren Kellog
John W. Mann

Dave McNabb

Don Miles

John O'Leary
Eldon Olsen

Marv Pyles
John Sessions

Brian Tuor

Harry G. Gibson
Gary W. Krutz
Philip E. Pope

Robert H.

Duggin
Hassett

Hennigan
Hopkins
Lee

Brock

Micro-Computer Application
(New faculty - no research yet)

Equipment Design
Operations Research
Production Analysis
Hardware Design

Industrial Engineering
Forest Roads/Hydrology

Economics Analysis
Computer Modeling

Power & Mechanics

Systems Engineering
Timber Harvesting
Remote Sensing
Roads & Structures

Computer Graphics
Energy Engineering
Equipment Development
Surveying
Soil & Water Engineering
Power Engineering

Production & Operations Analysis
Agr. Engr,/Instrumentation
Production Analysis

Mechanized Silviculture

Harvesting (Extension)

Hydrology
Soils

Hydrology
Hydrology
Harvesting (Extension)
Small Wood Harvesting
Harvesting/Silviculture
Soils

Soils

Harvesting/Transportation
Harvesting (Ind. Engr.)
Geotechnical Engineering
Harvesting/Transportation
Harvesting/Surveying

Equipment Design
Equipment Design
Biomass Harvesting

Photogrammetiry Engineering
Remote Sensing
Water Resources

Water Resources

Surveying
Soil Mechanics
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Syracuse University (con't)

V.P.I. & S.U.

(Blacksburg» VA)

University of Washington
(Seattle, WA)

Government Agencies;

Intermountain Station

(Bozeman and Missoula, HI)

North Central Station

(Houghton, MI)

Northeastern Station

(Morgantown, WV)

McClimans

Palmer

Tully

Tom A. Walbridge
W. B. Stuart

R. M. Shaffer

Francis E. Greulich

Peter Schiess

Jens E. Jorgensen

E. R. Burroughs
M. J. Gonsior

R. W. Prellwitz

C. Hammond

P. Heumier

James A. Mattson

John A. Sturos

Nels S. Christopherson
Michael A. Thompson
Sharon A. Winsauer

Michael A. Wehr

Edsel D. Matson

Bengt-Olof Danielsson

Penn Peters

Cleve Biller

John Baumgres
Chris LeDoux

Ross Phillips

Hydrology
Engineering Economics
Engineering Hydrology

Systeim Simulation
System Simulation
Harvesting (Extension)

Operations Research
Soil Mechanics

Mechanical Engineering

Hydrology
Harvesting Systems
Geotechnical Engineer
Slope Stability
Hydrology

Research Engineer
Research Engineer
Research Engineer
Research Engineer
Mathematician

Mechanical Engineer
Mechanical Engineer
Visiting Research Forester

Aerospace Engineer
Mechanical Engineer
Forester

Industrial Engineer
Mechanical Engineer

Pacific NH Station

(Seattle, WA)

Southern Station

(Auburn AL)

Charles N. Mann

Ronald L. Copstead
Edwin S. Miyata
Roger H. Twito

Donald L. Sirois

Bryce J. Stokes

Mechanical Engineer
Mechanical Engineer
Industrial Engineer
Civil Engineer

Biomass Harvesting
Thinning Systems

Missoula Equip. Dev. Center
(Missoula, Ml)

San Dimas Equip. Dev. Center
(San Dimas, CA)

Helistat Development Project
(Portland, OR)

Tennessee Valley Authority
(Norris, TN)

Art Jukkala

Bob Ekblad

Ben Lowman

Tony Jasumback
Eli Milo

Raymond Merala
John McDermott

Mike Smith

Ed Gililland

Jim Bassel

Leonard Della-Moretta

Phil Fisher

Dan McKenzie

Ken Dykeman
John Rrischuk

Virgil Binkley
D. Nearhood

Dennis Curtin

Paul Bamett

Fire Management
Pest Control

Site Preparation
Cable Yarding
Cone & Seed Collecting

Fire Management
Fire Management
Fire Management
Forest Roads

Math./Physics
Math./Physics
Forest Resources

Forest Resources

Forest Resources

Forest Resources

Logging Systems
Logging Systems

Harvesting
Biomass Recovery
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FERIC - Eastern Division

(Pointe Claire, Quebec)

FERIC - Western Division

(Vancouver, BC)

G. P. Chinn Engineering
P. G. Mellgren Equipment Design
J.M. Cote Equipment Design
G. S. Franklin Forest Engineer
R. Levesque Operations Research
E. Heidersdorf Systems Evaluation
M. Folkema Processing
M. St.Amour Processing
D. Ljubic Transportation
J. Courteau Transportation
D. Massicotte Transportation
W. Novak Equipment Maintenance
M. Ryans Forest Resources
E. Stjemberg Forest Resources
E. Vajda Forest Resources

Vem Wellbum Engineering
Bob Breadon Engineering
Don Moulson Mechanized Felling
Michael Nagy Road Construction
Alex Sinclair Log Handling
Don Smith Transportation
Daniel Guimier Mechanized Felling
Ingrid Hedin Silviculture
Ray Krag Rock Work
Tony Saunder Cable Yarding
Tony Wong Forestry
Kristi Knox Geography

Table 4.—Scientists working in Forest Engineering research in
United States and Canada.

Country and Organization Type Scientist Numbers

United States:

Federal Government

Universities

43

56

Sub-Total 99

Canada:

Federal Government (FERIC)
Universities .

27

2

Sub-Total

Total

29

128
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LOGGING SYSTEMS RESEARCH IN CALIPORNIAI

John A. Mlles^

Abstract.—This paper gives a brief summary of various
logging systems research being conducted In California.
Included are discussions on helicopter logging, all terrain
vehicle development, brush handling systems, cable logging
damage research, skyline payload analysis techniques, and
cable yarder power flow analysis and rigging equipment
development.

INTRODUCTION

Ladles and gentlemen. It Is an honor and a
pleasure to be able to speak to you this after
noon. In order to discuss logging research
systems In California. I must first tell you a
bit about California Itself. As well as being
the most populous state It contains both the
highest and lowest geographical points within
the continental United States. With respect to
forestry, California ranks second only to Oregon
In the production of lumber and Is a major pro
ducer of softwood plj^ood. This year we expect
to produce 3.5 billion board feet of lumber.

Within California lies some of the nK>st

diverse forest to be found anywhere In the
world. Forty million acres (2/5 of the state)
bear forest cover. Included are the oldest

known trees (white bark pine), the largest
(Sierra big trees), and the tallest (coast
redwood). California forests are of vital
Importance as a source of wood products, as pro
tective cover for major watersheds, as habitat
for characteristic fish and Important wildlife,
and as playground for millions of people.

About 16 million acres of commercial forest
provide raw material for the production of
lumber, plywood, pulp, and various other forest
products. The Industry Is concentrated In a
great horsehoe ̂ Ich extends northward along the
coast from Santa Cruz County to the Oregon
border, eastward to Modac county, and then south
along the Sierra Nevada to Tulare County.
Forest products Industry provides annual

^Paper presented at the conference
COPE/IUFRO-1984. Orono, Maine, USA, 12-14
August.

^John Miles Is Associate Professor of forest
engineering. University of California, Davis,
California, USA.

employment for about 100,000 people and genera
tes annual payrolls of 1.25 billion dollars.
Slightly more than half of the commercial forest
Is publicly owned, most of It In the National
Forest. Only 1/6 of the commercial forest Is
owned by the forest products Industry. The
remainder Is held by farm and other owners, much
of It In small holdings of 20 to 80 acres.

Before 1940, lumbering was generally on a
modest scale and, where cut over land was pro
tected from fire, naturally regenerated second
growth forest usually developed. Following
World War II, forest products output In the sta
tes expanded rapidly, reaching a peak In the
late 1950*s. During the last two decades saw
log production has been 'slightly declining, as
limitations on the available supply of merchan
table timber become more binding. Most of
California's commercial forest has been har
vested at least once, and significant areas have
been subjected to two or even three harvest
cuts. Virgin forests are largely restricted to
the national forest system. As logging activity
expanded the Impacts of road construction and
careless logging practices had significant
adverse affects on soil erosion and water
quality. A significant percentage of cut over
land was not adequately stocked with conifers,
so the annual wood growth was less than half of
Its actual potential. These conditions
reflected the fact that, until about 1960, the
timber Industry was still an economic frontier.
Wood supplies were relatively large and values
were still low. There was little or no economic
Incentive for forest conservation. Although
this economic environment has been transformed,
many reminders of this recently closed forest
frontier still remains.

Callfornlans make heavier and more diver
sified demands on their forests than any other
people In the Industrialized world. They demand
a high level of per capita consumption of wood,
a larger amount of forest spaced recreation, a
higher standard of water quality control, and
more attention to the environmental ammenlty
than do forest dependent communities elsewhere.
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RESEARCH AREAS

The first research area I would like to

share with you is that related to aerial logging
(Hartsough 1983). Large helicopter systems are
able to move logs from the reasonably
undisturbed forest to a landing very rapidly;
however, the cost of operation is $3,000 to
$4,000 per hour, which usually makes helicopter
operations the most expensive of our logging
systems. Figure 1 shows a portion of the analy-
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Figure 1. Examples of log-to-landing sequences.

sis we have used in order to improve the
efficiency of aerial systems. The
system efficiency Is heavily dependent on
achieving optimum loads. Figure 2 shows the
effect of abort and loading on the total cost of
transporting fiber.

Load Target Cfroatior* of lood capacity)

Figure 2. Selecting load target to achieve
minimum total cost.

California also has about 20 million acres

of shrub-covered foothills. Our research

efforts on these lands has concentrated on

reducing fire danger and recovering bioraass for
energy. One of our first projects was to deve
lop a low-cost all-terrain vehicle for opera
tions both in the forest and on the range lands
(Miles 1980, Miles 1983). This vehicle (fig. 3)
uses a unique suspension system which allows us
to operate on very difficult terrain. Several

Figure 3. U.C. Davis forestry power module.

versions of this vehicle have been designed and
constructed, with the objective of making low
coat mobile power available for forestry opera
tions. One application is shown in figure 4,
where thinnings are being cut, piled and bundled

in the woods.



Figure 4. Forestry power module used in brush
bundling operation.

The bundling is accomplished by laying two
wide nylon straps on the ground, piling the
thinning material on top of them, and then
raising the straps over the top of the pile and
pulling them tight. Steel banding is then added
to permanently restrain the pile. These 1,500
to 2,000 pound piles are then allowed to air dry
In the sun. One operator Is presently deve
loping a removal system which uses the 27 horse
power track-type tractor shown In figure 5. The
piles are winched laterally onto the trailer and
then carried to a road.

Our modules were 32 feet long, 8 feet high, and
8 feet wide. Pieces as large as 32 feet long
and 10 inches in diameter were incorporated
within the module. As yet, no attempt has been
made to remove these module from the forest.

Another project has investigated the reasons
for extensive damage to residual stands during
cable thinning (Miles 1984), We have attempted
to reduce the number of parameters which need to
be addressed In carefully controlled studies.
Detailed analysis of removal mechanics indicate
some operations, such as down-hill jrarding, are
very difficult to achieve with current systems.

We are also Introducing new modeling tech
niques (Hartsough 1984). The technique of using
virtual work to describe skyline mechanics is
much more flexible than the current method of
developing equations from statics. We have also
learned that models based only on wire-rope size
are frequently poor estimators of yarder load
capability. We are in the process of developing
models which also include the characteristics of
the engine, the clutches, brakes, torque con
verter, gear drive and drum sets in order to

improve these models.

For a number of years we have been working
to reduce the weight of running skyline tail
blocks without reducing the diameter (Miles
1980), (Miles 1983). We are presently testing
an 18 inch nylon block which weighs about 35
lbs. less than its steel equivalent. It has now
been used operationally for about 9 months and
we are in the process of building six more
blocks to be tested on other operational yar-
ders.

Finally, I need to mention our work on forest
soil compaction. Callfornians have been very
concerned about the affects of compaction on the
residual forest and we have been actively
involved in the search for scientific data to
address these concerns. (Miles 1978), (Baker
1981).

Once again, it has been a pleasure to be
with you today, and I hope to see all of you at
Lake Tahoe for our COPE meeting next summer.

Figure 5. Small 27 hp track-type tractor with
trailer used to transport brush
bundles.

We have also used the cotton-module builder
system to organize forest residue (ftlles 1983).
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DECISION MAKING IN FOREST RESEARCH OPERATION WITH HELP OF

POLAR-CO-ORDINATES CHART^
2

Adolf Schlagharaersky

One of the simplest methods to determine the optimal solution

of various harvesting technologies is the polar-co-ordinate method.

Alternative technological systems should be compared to each other,

not on basis of simple economical or technical units, but on the

basis of areas between co-ordinates.

INTRODUCTION

In planning timber harvest operations,

especially hauling processes, proper

scheduling and decision making concer

ning various types of man-machine-systems

can lead to significant cost savings.

Thus, it could be possible to reduce the

production costs and attain a good

position in the competition on the

timber market. If the amount of money

available for the production of certain

goods were unlimited, there would be no

need for operations research. This is,

however, not the case today. The salary

of forest workers is rising rapidly. It

is this kind of salary explosion which

makes our work difficult. Thus, the

forest manager must search for the

optimal combination of various pro

duction systems. The efficiency of the

production processes is characterized

by maximum profits, and maximum pro

duction of goods with minimal expendi

ture of human labor. To reach this goal

is the main task of the decision maker.

For this purpose he uses operational

research techniques such as linear

programming, "spider network" analysis,

1
Paper presented at the conference

COFE/IUFRO-1984. ORONO, Maine, USA,

12-14 August. Adolf Schlaghamersky

2
Professor, Dept. of Forestry,

Technical College, Hildesheim, Nieder-

sachsen. Fed. Republic of Germany

simulation, etc. There are many methods

to find the best solution. One of the

simplest methods to determine the optimal

combination of various technologies is

the polar-co-ordinate method. It uses

the "spider network" approach in order

to characterize various production

systems. It can be used in decision

making concerning various timber

harvesting operations.

DESCRIPTION

This method was first mentioned and

described by Prof. Pampel (1978), Uni

versity of Dresden, GDR. It combines

graphical charts and simple mathematical

techniques to arrive at the optimal

solution. Alternative production systems

should be compared to each other, not

on basis of economical units such as

$, DM or technical units as m^, m, feet
3

or by output m /h etc., but on the basis

of the triangular areas between two-co-

ordinates. In such a manner it is

possible to add up machine output (m )

and its fuel consuption (liter). The

indicators of operations are given on

the co-ordinates in a certain scale.

The smallest area between co-ordinates

with various values of units of opera

tion variants determines the optimal

solution. The result depends on the

units used.

In addition, the total sum of areas can

be expressed as an algebraic equation

such as
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n

F = Z A, A = 1/2 a'b'siny
1

Figure 1.

Example;

System description: Mechanical debarking

of short wood -2m long pieces.

Input value of indicators:

Co-ordinate No. 1: - output/productive
machine hour(ph) =
4,0 m3/ph

"  No, 2: - costs per fuel and
lubricant/ph =
6,0 DM/ph

"  No, 3: - number of workers =
3 workers

In order to simplify the calculation the

angles Y3 should be identical
(see Fig, 2),

Angle between two co-ordinates

Y = 360/3 = 120°

Yi* Y2' Y3 = 120°, sin 120° = 0,866,

Coefficient for the calculation of the

triangular area =0,5 (see

A = 1/2 a«b*sinY)•

Area: A^ = 0,866*0,5*4*6 = 10,39 cm^
A2 = 0,866*0,5*6*3 = 7,79 cm^
- 0,866*0,5*3*4 = 5,20 cm

F = 23,38 cm^

Scale section - 1 cm on the co-ordinate

equals 1 unit of the indicator.

The total area of above mentioned system

covers 23,38 cm^.

Figure 2,

It should be noted that with some scale

indicators it is necessary for the

correct calculation to put the scale in

reverse in the system of co-ordinates.

The starting point of the scale is in

such cases not in the center of the

chart, but outside of it (Fig. 3),

Figure 3,

The scaling of the indicator values on

the co-ordinates, especially the fixing

of the starting point of the scale is the

most important task in using this tech

nique.

If two or more processing systi^s are

compared to each other and if one of the

available indicators does not have

greater value than zero in the co-ordi

nate center, then the two areas between
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three co-ordinates are disregarded for

the calculation. To avoid this disadvan

tage, the value 1 will be added to each

indicator's scale, in such casses. Fig. 4.

Figure 4.

Scaling of values

The evaluation of the indicator values

in co-ordinate charts is possible by

using different scaling of values.

Let us calculate a simple example to

show how important the section- scaling

on the co-ordinates ist.

In addition, this example illustrates how

the problem of detemining the best

machine system can be solved in a

realistic decision making setting. The

question is how to find the best pro

cessing machine for the thinning opera

tion, if we can use three different types

of processing machines, e.g.:

All date is based on information from

KWF, Institute for testing of forest

machinery, GroB Umstadt, West Germany.

- Processor Rottne 750/Snoken 780

- Processor Brunett 578 F

- Processor Cetto MM 400

Consider spruce thinning operation

(Pig. 5):

The thinning operation can be carried

out by four main activities:

1. felling of trees,

2. prehauling with winch,

3. processing of trees,

4. hauling of an assortment to the
landing place.

The felling, prehauling and hauling of

ready assortment with forwarder is the

same for each of these systons. The pre

hauling was carried out with the

assistance of a small radio-controlled

winch Nordfor.

The input data are summed up in table 1.
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Thinning operation chart
(short wood conversion)

Wood conversion by help of agricultural
tractor

working
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Figure 5.
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Figure 6

radio controlled winch - NORDFOR

processing machine

forwarder

tractor with radio controlled winch
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Table 1 .

Processing machine types

Nr. Indicators Cetto MM 400 Brunett 578 Rottne 750

1 Production costs DM/m 87,- 85,- 89,-
2 Salaries in % (personal) 48,- 51,- 47,-

3 Capital investment cost in
10.000,- DM 39,5 34,3 39,5

4 Processor costs DM/ph 145,- 131 ,- 151,-
5 Production time

min./m3 (D.B.H 12 cm) 68 68 68

min./m^ (D.B.H 17 cm)"*" 43 40 37

partly adapted for this example

Calculation of the area between the co

ordinates:

y = JDO/fi =

sin 90"^ = 1,0.

4 indicators, y = 360/4 = 90°,
sO

Area: A 1 - Cetto MM 400

1/2 (87*48 + 48*39,5 +
39,5*145 + 145*87) =
24.414 mm^

A 2

A 3

Brunett 578

Rottne 7 50 ;

= 21.712 mm'

= 25.443 mm''

In this calculation only 4 indicators

were used. If 5 indicators are used, the

sequence will be different:

Indicators No. 1, 2, 3, 4, 5 (D.B.H

17 cm): Fig. 6

1. Brunett 578

2. Rottne 750

3. Cetto MM 400

15.818 mm'

17,591 mm''

18.035 mm'

Sequence:

1 . Brunett 578

2. Cetto MM 400

3. Rottne 750

21.712 mm'

24.414 mm

25.443 mm

145.0

DM/ph

Figure 6.
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The indicator scale and the number of

indicators are very important criteria,

especially if the areas in question are

approximately the same, as in the example

above. According to the literature there

is a special "sensibility test" to check

and detemine the right scale for the co

ordinates. In any cases, from this view

of point, the determination of the scale

is subjective, depending on the ex

perience of the decision maker.

Another important point is the use of the

same unit sections on the scale for all

alternatives which are tested.

Another Model-Calculation

Since the polar-co-ordinates method is

based on simple mathematical formulas the

use of a small pocket computer is

possible.

consider the following model of beech

wood conversion operation (thinning and

processing with machine).

Data basis:
3

Average tree volume: 0,165 m , D.B.H:

17 cm

Assume the following alternatives in the

conversion procedure:

Alternative:

V 1: Standard wood procedure EST,
assortment - pulpwood 1 m long

V 2: Standard wood procedure EST,
assortment - pulpwood tree-length

V 3: Small winch hauling with the
cutting - assortment - pulpwood
tree-length

V 4: Standard wood procedure (felling,
delimbing, measuring, pre- and
hauling with an agricult. tractor),
assortment - pulpwood tree-length.
Fig. 7.

Let us take the following maximal indi

cator values:

1. machine- man output

2. net profit

3. hauling costs

4. standard wood con

version costs (felling,
limbing, bucking, mea
suring and hauling) ... 60,0 DM/m

The alternative V 4 not direct hauling

costs have to be specified, because they

are already included in the total sum of

operation costs. These costs are zero

such that it is necessary to add 1,0 to

all indicators values (table 3).

Multiplication constant factor:

4 indicators = 4 co-ordinates

k = 360°/4 = 90°, siny = 1,0

3,0m /ph

30,0 DM/m^
30,0 DM/m^

Table 2. — Data for comparison of different conversion procedures
of beech wood

Alternatives V 1 V 2 V 3 V 4

3
conversion costs DM/m 53,37 23,69 33,63 47,39

hauling costs DM/m^ 18,57 25,00 15,00 -

net profit DM/m^ 16,57 23,76 23,82 25,06

output DM/ph 0,80 1,70 1,81 1,16

The data base (matrix) must be adapted

for the caculation (table 3).
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Table 3. — Conversion of data for the polar-co-ordinates method

Alternatives V 1 V 2 V 3 V 4

conversion costs (+1) DM/m^ 54,37 24,69 34,63 48,39

hauling costs (+1) DM/m^ 19,57 26,00 16,00 1 ,00

net profit
(max.value - value from
tab. 2) DM/m^ 14,44 7,24 7,18 5,94

output (max. value -
value from tab. 2) m^/ph 2,20 1 ,30 1,19 1 ,84

Calculation of the areas

V 1 0,5*54,37*19,57 5
0,5*19,57*14,44
0,5*14,44* 2,20
0,5* 2,20*54,37

V 2: 0,5*24,69*26,00
0,5*26,00* 7,24
0,5* 7,24* 1,30
0,5* 1,30*24,69

32,01 cm
141,30 cm^
15,88 cm2
59,81 cm2

749,00 cm'

320,97 cm^
94,12 cm2
4,71 cm2
16,05 cm2

435,85 cm'

V 3: = 359,36 cm"^

V 4: = 77,15 cm^

From these results following hierarchy

can be obtained:

1. V 4 - Conversion by help
of agricultural tractor

2. V 3 - Standard procedure
with small winch

3. V 2 - Standard procedure
-tree length

4. V 1 - Standard procedure
-pulpwood 1 m long

77,15 cm'

359,36 cm'

435,85 cm'

749,00 cm'

If the zero value is not located at the

center of the chart; the difference bet

ween the max. value (which was chosen)

and the value from tab. 3 must be fixed

on this co-ordinate e.g.

net profit = 30 DM/m^ (max. value) -
14,44 DM/m^ (data table 3) = 15,56 DM/m^
(this is the value which should be put

on the ordinate) Figure 8.

CONCLUSION AND DISCUSSION

With the help of the polar-co-ordinate

method it is possible to compare different

technological alternatives in primary
wood conversion technic[ues and to deter

mine the best one. This method makes it

feasible to add up non-uniform technical

and economical units in the form of

certain triangular areas. In this way it
is easy to find the optimal alternative

in the system. The simple calculations

require only the use of a small pocket
or table computer.

The only disadvantage to be mentioned

relates to the difficulty of scaling or

weighing the INPUT values on the ordi-

nates. There are some points (e.g.

fixing down the max. value) where it is

impossible to eliminate completely

subjective influence. Great accuracy
is required for the scaling (Rippelbeck,

J., Schlaghamersky, A. (1983)).
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output
m3/ph

n6t profit DM/m
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conversion costs DM/m'

V

'30

hauling costs
PM/m^

pulpwood 1 m long

— — pulpwood tree length

small winch ,tree length

tractor,tree length

Figure 8
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PREDICTING PRODUCTIVITY USING INTERACTIVE MODELS FOR SKIDDERS'

2
Eldon D. Olsen

Interactive computer models of skidding productivity give
iiig>ortant operating information to users. Vehicle velocity
and tire load estimates are two examples. Alternative skidding
situations such as top-first skidding verses butt-first skid
ding can be compared. Rules of thumb on load and vehicle
weight distribution can be shown to be inaccurate.

INTRODUCTION

Principles of mobility may be applied to
operations with a rubber-tired skidder by computer
simulation of the movement of logs (Olsen and
Gibbons, 1983). Interactions of the vehicle and
log with terrain can give reasonable estimates of
productivity and insight into the effects of such
variables as skidding distance, vehicle
horsepower, ground slope, turn weight, soil
strength, and load geometry. The model will aid
logging managers in choosing a skidder, planning
skid trails, or gathering an optimal turn of logs.
The program is written in BASIC and runs on a desk
top (personal) computer.

APPLICATION AREAS

The model was originally intended as a
production estimating tool. It now appears that
the model's ability to compare operating methods
is in itself valuable. The model indicates when

limiting conditions have been encountered. The
user can then make changes using interactive
feedback. The following list represents some of
the options that can be investigated.

- Compare the production of horsepower
classes

-  Determine optimal turn weights for a range
of slopes

-  Show impact of skid trial layout on
production

-  Establish a breakeven distance on uphill
and downhill skidding

- Compare production under various soil
strengths (operating season effect)

- Compare production with wide tires versus
standard tires

-  Show the effect of tire ballast

-  Compare the production of butt-first
versus top-first tree length pieces

-  Compare whole tree skidding versus
delimbed tree skidding

- Compare the production of arch skidding
versus nonarch skidding

-  Compare the production of grapple versus
choker machines

-  Test vehicle design modifications (arch
location).

Paper presented at the conference
COFE/IUFRO - 1984. Orono, Maine, USA, 12-14
August.

^Idon D. Olsen is an associate professor of
Forest Engineering at the College of Forestry,
Oregon State University, Corvallis, Oregon, USA.

INPUT

The input consists of information about the
load, vehicle, terrain, and operating practices.

Load

Weight (pounds)
Average stem length (ft)
Whole tree or limbed (y/n)
Butt-first or top-first (y/n)
Suspended or ground lead (y/n)

Vehicle

Center of gravity location (inches)
Arch lead point location (inches)
Length of wheel base (inches)
Tire dimensions (inches)
Skidder weight (pounds)
Flywheel horsepower (horsepower)

Terrain/Skid Trail

Percent slope (%)
Distance (ft)
Soil strength (cone index pounds per square
inch)

Operating

Non-travel time (minutes)
Tire ballast (pounds)
Speed limits (miles per hour)
Tire load limits (pounds)
Utilization (%)
Cost per hour ($)

Most of this information can be obtained by
an analyst from manufacturer's literature and from
a knowledge of field conditions. Since the
program only calculates travel times, the user
must supply an accurate estimate of the nontravel
time (winching, hooking, decking). Default
operating conditions are automatically used if the
user chooses not to enter values. Up to 20
different sets of terrain conditions can be

entered for a single skid trail.

If the center of gravity location is unknown,
the program reqxiests the weight distribution
between the axles on an unloaded skidder on level

ground. An approximate center of gravity location
is then calculated and displayed. In cases when a
cone penetrometer is not available to measure the

soil strength, a trial cone index can be input. A
calculated tire sinkage is displayed back to the
user. If this tire sinkage does not agree with
the sinkage observed in the field, another trial
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cone Index can be entered. In the output section
that follows, a 50 p.s.i. Index was entered and a
sinkage of 2,60 inches was reported back. If less
sinkage was actually observed, then a higher cone
index could be entered.

The remaining information needed for the
analysis are either constants or calculated
values. These can easily be changed by altering
the line statements in the program. The present
program contains conversion constants based on the
English units shown. Conversion to metric units
could easily be accomplished by changing the
appropriate constants.

The program contains prompts which request
each input. If an incorrect response is entered,
the program gives an audible beep and asks for the
information again. The vehicle must successfully
travel through all the conditions entered both
loaded and unloaded. If a limiting condition is
encountered, the user is infoirmed. The program
then asks for the following sequence of
alternatives:

New load weight?
New skid trail?

New vehicle and/or tires?
Change operating practices?

If new values are entered the entire
calculation procedure is repeated, otherwise the
program says "goodbye".

OUTPUT

An exaiiq>le of the output will be given for a
110 horsepower vehicle pulling a 10,000 lb load of
butt-first, limbed, 32' logs. An adverse slope of
20% grade with a soil strength of 50 p.s.i is
being attempted. First, load information is
reported.

Log weight on ground = 3,113 lbs.
Log resistance = 6,009 lbs.
Winch line tension =» 9,406 lbs.

The analyst can check if these appear
reasonable. In this case, approximately 31% of
the log weight is being supported by the ground.
The log resistance is the combined drag and grade
resistance. The winch-line tension is within the
safe working strength of wire rope as well as
within the winch's pulling capability. Next, the
vehicle information is reported.

Load front axle " 6,371 lbs.
Load rear axle » 19,833 lbs.
Loaded rear tire sinkage » 2.60 inches
Unloaded rear tire sinkage « 0.41 inches
Rear tire ground pressure 21.03 p.s.i.
Front tire ground pressure " 6.75 p.s.i.

In this example, the rear tires are carrying
most of the weight. The program alerts the user
if this weight is above the recommended tire load.
If the front axle weight is less than 100 lbs, the

user is informed that instability is likely. This
means steering ability is lost and the front
wheels may leave the ground. The program also
warns the user if tire sinkage exceeds 20 inches.
If these limiting conditions are encountered the
program halts and asks for new conditions. The
program also reports the approximate ground
pressure based on an assumed tire contact area
(foot print) for the size tires used. The ground
pressure indicates the potential compaction effect
of the situation. Next the slip and velocity are
reported.

Slip loaded ° 38% or 0.38
Slip unloaded « 10% or 0.10
Velocity loaded » 1.63 mph
Velocity unloaded = 12.00 mph

This output indicates that a successful skid
was accomplished. Note that considerable slip (a
range of 0.10 to 0.30 is typical) was encountered
which indicates that this adverse skid on weak
soil is difficult. The program begins at 0.10
slip and then increase at 0.01 increments until it
can achieve a wheel pull capable of overcoming the
log, grade, and rolling resistance. If it can't
achieve this pull one of three causes is reported.

Load exceeds capacity of vehicle
Adverse slope can't be climbed unloaded
Lowest gear has insufficient power.

In the example above, the velocity loaded is
near the lowest gear's capability. The unloaded
velocity is the default limit of 12 mph which was
entered by the user to indicate how fast the
driver was willing to go downhill unloaded.

The final output is the production rate.

Total round trip time » 9.11 minutes with
no delays

Productivity = 5.49 Mbf per hour with
delays

$/Mbf « 10.93

The round trip time is the cumulative travel
time for all conditions plus the user entered non-
travel time. The productivity is calculated from
the turn time, turn weight, and user supplied
delay information (utilization percent). Finally,
the skidding cost per unit volume is calculated.
Volume measurements other than Mbf can be used by
modifying one line statement.

OTHER APPROACHES

Because of the complex interaction between
the load, vehicle, and terrain, this interactive
approach to predicting travel velocity has a major
theoretical advantage over eiiq>irically derived
regression equations. Hassler, et al. (1983)
reported a similar interactive skidder model
called SKIDL06. SKIDLOG does a more accurate job
of modeling the load weight and distribution. It
also uses a more accurate velocity calculation
method. On the other hand, it uses a less
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rigorous approach to calculate the axle loadings.
The slip value is xiser-specified.

In this sample output, rules of thumb are
inadequate. The percentage of load weight
transfered to the vehicle is affected by the load
geometry, load center of gravity, and slope. The
commonly used 30% to 67% rule of thumb is on the
low side in most cases.

A rule of thumb that the weight distribution
on a moderately loaded skidder's axles is equal is
only true on a steep downhill skid. In other
situations, the back wheels usually have the
majority of the weight. Assuming that the weight
is equally distributed results in a pull
prediction that is 10% too high on steep uphill
skids. It also badly underestimates the ground
pressure and tire load.

One of the major strengths of this model is
its ability to more accurately calculate the
vehicle/soil interaction. The interactive model's
production results are comparable to those
reported by equipment manufacturers.
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ANALYZING AND SIMULATING TIMBERYARDS

H. Lohmann, H. Ldinhausen

Abstract. — Some principal aspects concerning the transfer of a

complex technical system into a computer program for simulation

studies are discust. The possibility to run simulation studies on

the technical behavior of the material flow in a timber yard has

been proved. Example outputs

pre sented.

of several simulation runs are

INTRODUCTION STRATEGIES FOR SIMULATING COMPLEX SYSTEMS

During the last years different kinds of timber

yards have been installed in the FRG, especially by

prived forestry companies. Under our production and

marketing conditions there are different oeconomic

reasons for centralised round wood preparation. The

main effect on the profit of the wood producers

will be reached by sorting small wood (diameter

smaller then 20cm) and offering very differentiated

sortiments of round wood logs. Studies show that

timberyards can get better results then

decentralised working prozessors (at least with

small wood).

But as one is faced with quite a big amount of

fixed costs with such a centralised solution one

has to be careful in planning such an investment,

not only concerning the market conditions but also

the choose of the technical installations.

The aim of our study was to try an evaluation of

different technical constellations by implementing

simulation runs on a digital computer. The first

step was to find out if it is possible to "copy"

reliably an existing timber yard into a computer

program in limited time.

presented at the conference COFE/IUFRO
- 19^. Orono^ Maine/ USA/ 12-14 August.

2) Dr. Hubertus Lehnhsusen is employed by the
forest service of the county of Hessen/ West
Germany. Dr. Helmut Lohmann is working in the
Institut of Soil Science and Forest Nutrition of
the University of GBttingen/ West Germany.

A  scheme of the installation we tried to copy is

given in Fig.1. To simulate the technical behavior

of such a system you have to orientate in two

directions:

1. on the system itself, its principles,

variables, entities etc.

2. on the software instrianents you want to use

for programming and simulation.

In both cases you always have to look for

complementaries to find out the best modelling
strategy and the formal formulation in the computer

program.

To begin with the simulation instrument; there are

different philosophies for realising the modelling

and programming of the system.

a) From the begin you can concentrate on the

vari^blgg OL interest and their behavior in

time. In that case you might look for

strategies like FORESTER used in his continues

modelling approach (realised in DYNAMO, CSMP

etc.).

b) Such a variable orientated opproach can

also be realised as FISHMAN described it by

his discret controlled systems (variables

change at times of events).
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Figure 1: Scheme of the timber yard in UOlfegg

c) But you can also try to concentrate on the

technical behavior of the system. And for that

you should apply so called process or activltv

orientated modelling strategies and software

intrunents.

For our study we used SLAM which encloses

support of all 3 mentioned philosophies and even

can mix them. We applied the process orientated

part of SLAM but we also used scxne event

controlling facilities in our program.

The timber yard system consists of well defined

subsystems (or "processes") which are only linked

together by a sequential arrangement. Through the

subsytems stems are running as entities. For a

reliable programming of such a complex system it

will be necessary first to realise the different

basic processes step by step. After that you link

the basic parts to more complex subsystems etc. At

the end you will reach the whole system in a

hierarchical manner. At each step of the hierarchy

you have to test your model und programming before

you can go a step further on.

PRINCIPLES IN BEHAVIOR AND CONTROL
OF THE TIMBER YARD SYSTEM

We already mentioned that a timber yard is a

sequentially organised system of activities. The

sequential working is supported by queues in- front

of each activity. But the principles of our system

can be classified and explaned by further

characteristics of the timber yard:

1. Single trees (ENTITIES) are put into the

system by a crane.

2. A network of conveyor belts and

perpendicular transporters serve to conduct

the entities from one process (queue and

activity) to the next one.

3. Some times you need special RESOURCES (in

our case: a crane,tilts, special belts).

4. There are installations in the system

which have (beneath their main function) an

effect on the flow of the entities through

the system. They are working as GATEs (in our

case the saw is working in such a way because

all flow in front of it has to stop until the

predecessor tree is sawed into logs). These

gates can be opened and closed and equi-

valently start and stop the flow of the

entities.

5. Most of the model knots are characterised

by waiting queues where the entities are

waiting for the next activity.

6. At some places in the system very special

things (called EVENTS) are happen. In our

case such an event has to be realised at the

saw where a long tree is cut into different

analler logs. At that time from one entity

several new entities (the log pieces) are

created and have to be inserted into the sy

stem.

7. One of the main characteristics of the

system timber yard is given by the fact that

the time behavior of the system is primarvlv

controlled ̂  ̂ entitles and their attribu

tes and their behavior in the material flow.

For instance in case of a long tree which is
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cut in many pieces the trees behind it have

to wait for a longer time in front of the saw

then in case of a small tree. You may imagine

how complicated this controlling can be.

From these few principles you can deduct the basic

terms of our real system for which you have to look

for analogons in your software instrianents and

which you have to model and prograran: You need a

sequential network structure of queues (knots) and

activities, entities which are running through that

network, resources and gates as well as event-

control equipment. But you also need variables of

interest for output as well as parameter variables

for the calibration of the basic system parts. A

software system like SLAM offers such terms. So

SLAM or a similar simulation language beccmies a

necessary instrianent for a reliable and time-saving

computer simulation of the system.

THE SIMULATION MODEL AND ITS
INPUT AND OUTPUT

The formulated and progranmed model of the timber

yard is graphically shown in Fig.2 (for symbols see

PRHSKER and PEDGEN (1979)). SLAM offers a kind of

modular system for different kinds of knots, acti

vities, events etc. and also a control system for

the material flow and the system's behavior in time

between start and end. The paraneters for speed of

activities and the sawing algorithms as well as the

attributes of single trees (length, dianeter) are

the input of the modell and the simulation runs.

You can of course change this input as you like.

The output of the calculations will be the vari

ables of interest you are gathering during the
simulation run. In our case these variables can be

of different type:

1. Measurements concerning the whole system

- whole time the system needs for

treating fixed nunber of trees

- capacity of the system in

meters per hour

- occupation of special aggregates
(saw, crane)

2. Measurements concerning entities

- mean time between two logs

- mean time of log in a special

subsystem

- mean time of log in the whole system

3. Measurements concerning input and

output sortiments

We will not explain the model specifications and

their realisation in detail because for that you

need more information about the philosophy and the

structure of SLAM or another program package. But

in view of our hierarchical concept of modelling

and programming we should mention that the system

was first realised in 3 subsystems. (In Fig.1 and

Fig.2 they are marked by shading and numbered by I,

II and III.)

RESULTS AND EXPERIENCES

As input for our simulation runs we used data from

input sortiments of the timber yard in Wolfegg. So

we were able to make scxne kind of validation of our

model. Osncerning the analysis of the timber yard

system we made a lot of simulation runs. One of our

results was that disturbances in the material flow

(trees get stuck, reoptimisation for sawing in case

of diseased logs et.) have considerable influence

on the capacity of the system. For some aggregates

it should therefore be helpfull if they possess

some kind of independent buffer (waiting queue) so

that subsyst^s are not be fixed dependent on the

results and on disturbances of other aggregates.

At the end we will give an example of results of

the simulation. In Table 1. you find results of 8

different sized simulation runs (200 input stems).

Variable 1 to 6 are input parameters which were

changed successively (only one at one time). Vari

ables 7 to 20 show output quantities. Such qua-

ntitativ findings however are not the only results

of a simulation study. Another important effect you

will get with simulation is that you will learn a

lot about the principles of your analysed system

already by the "translation process" of copying a

real system in a very formal manner into a ccxnputer
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program which has to be concipated quite flexible

for parameter change and variable control from the

begin.
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Table 1: 3 simulation runs, without sorting system

input sortiment of 200 stems, mean length 13-5 meter

no reoptimisation

siniulation run number
1 2 3 4 5 6 7 8

variable label
SLAM-

Variable

parameter variables
(speed)

1 belt debranching/debark.

2 tilt to measurem.belt

a^x(20)

3Rr(l)

4a

0.083

84. 42.

0.041 0.083

84.

0.041

3 belt at measurement «t<2l) 48. 92 48. 92

1 tilt to 1.perpend.transp. 0.083 0.041 0.083 0.041

5 1. perpendic.transp. xx^ 0.083 0.041 0.083 0.041

6 tilt to saw belt xx(4) 0.057 0.025 0.025

variables of interest UTitS

7 time for wnole input mxn 126.9 126.8 119.6 1132 119.0 126.8 126.9 1065

3 capacity Ifm/sl 1238.7 12381 1310.4 1386.7 1317.4 12375 12352 14675

9 mean length of input stems m 13J2 132 132 132 132 132 132 132

10 mean number of logs/stem - 3.9 4.0 3.9 4.0 4.0 35 45 45

11 mean time betw. 2 stems m-in .62 .62 59 55 58 .62 .62 52

12 variation of 11
- dl .07 10 15 10 10 .11 13

13 mean time input—» saw min .62 .62 59 56 59 .62 .63 53

19 variation of 13 - .08 .08 .09 12 .09 .08 .07 13

13 mean time input—^ l.perp.trp. min 1.87 L68 1.62 1.40 158 1.68 1.68 158

16 mean time on 1.perpend.transp. min 0.40 0.41 0.42 0.80 058 028 056 0.78

17 mean time in saw min 050 051 0.50 050 051 050 051 050

18 mean time in system min 257 259 254 271 247 247 254 266

20 saw unused % 21.0 20.4 16.0 U.7 14.8 20.6 205 5.7

2'f sawed logs smaller 2 meter — 147 159 154 160 162 151 161 161
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GUIDELINES FOR THE DEVELOPMENT OF SDIULATION MODELS

Dennis B. Webster

Abstract. This paper discusses the chronological steps
Involved in developing a simulation model and presents
guidelines to follow chat are critical for successful model
development. It is not intended to be an exhaustive treat
ment of the subject. Provided are practical insights into
considerations of subjects and areas central to simulation
modeling along with remarks concerning the make-up of the
design team and members' responsibilities throughout the
simulation project.

INTRODUCTION

Simulation projects are very difficult design
tasks to plan, administer and conduct. Much has
been written providing the necessary steps to
follow and pitfalls to avoid. Shannon (1975, pp.
19-33), Law et. al (1982, pp. 43-46), Russell
(1983, pp. 1-5 to l-ll). The author has also been
part of an effort to explain considerations which
must be confronted in a development effort.

Hool et. al (1980). Reading such materials and
even participating in the writing of one has not
produced very rewarding experiences, at least to
the degree that had been hoped.

In trying to develop the outline for this
paper, I kept going back over my thoughts to see
how I could present my points so that, if pos
sible, the reader would be able to avoid the sit
uations and mistakes that have hindered me. I do

not know if I have succeeded. I do know that I

am trying to relate to the reader in a succinct
manner those tasks, points or whatever I believe
to be initially important in successful simula
tion modeling. Some are more important than
others, but all are necessary although not suffi
cient conditions to a successful modeling venture.

The approach taken is that of discussing the
chronological steps generally followed in a simu
lation study as well as the parties that must be
involved in each step. The author believes there
are at least three distinct groups involved in
any simulation study: (1) the simulation
designers, (2) the design implementors, and (3)
the users or result implementers. Each of these
has a vital role to play with varying degrees of

^Paper presented at the conference COFE/
lUFRO - 1984. Orono, Maine, USA, 12-14 August.

^Dennis B. Webster is Professor of Industri
al Engineering, Auburn University, Alabama, USA.

responsibility in each part of the simulation
effort. In any particular simulation any indi
vidual may perform multiple tasks and thus could
be considered a part of one or all of these
groups. It is necessary, however, that every
person clearly understands his responsibilities
and role at each step so that he may contribute
in relation to that dictated by group objectives
of which he is a part.

This is not to imply that an adversary rela
tionship exists among these groups - quite the
contrary. But if, for example, the primary simu
lation designer is also a programmer (design
implementer), there may be a tendency to hurry
through model validation efforts, an area where
the users (results implementers) should have
primary responsibilities. These types of situa
tions should be avoided if at all possible.

INITIALIZATION PHASE

The first steps in any design study always
deal with activities such as

Problem Definition,
Definition of Objectives and Griteria.
System Definition.
doubt the largest single problem en

countered in any simulation study is defining the
problem. As with many problem solving approaches
the difficulty lies in the fact that over time
the focus of effort often evolves away from the
initially defined problem. Likewise the "boun
daries" on the problem environment or "system" if
you will, also changes. These changes are natu
ral to the evolutionary simulation process and
are not something that should be resisted by the
modeler, but they must be recognized for what
they are - a means by which those involved with
the process eventually arrive at a state where
they really are convinced that they truly under
stand the problem at hand.

(a)
(b)
(c)

Without a

81



The system designer, however, inxjist track this
process. The best way this can be done is to
write down and periodically update three separate
pieces of information; (1) Problem Statement,
(2) Objectives and Criteria, and (3) Boundaries
and/or Constraints on the problem. These are
viewed in much the same way as Krick (1966, pp.
1-69) proposes them in general design work. As a
general rule each should be reviewed and updated
as required at least once per week initially and
once per month thereafter.

The problem statement should be written down
in no more than a one-half page description. Any
more and it serves no useful purpose. The objec
tives must state what are desired to be achieved
and the criteria state the means by which the
attainment or non-attainment of the objectives
will be measured. The boundaries and/or con
straints on the problem specify the scope of the
problem. The author maintains that without speci
fying each of these pieces of information, the
problem is not defined, and one has no hope of
specifying an adequate solution. It is also one
way that can be used to avoid one of the cardinal
sins of simulation modelers, "Failure to define an
achievable goal." Russell U983, pp. 1-5 to
1-11).

Relating this more specifically to timber
hazrvesting modeling, the author believes that
another way of asking these questions centers
around the stated purposes of the model, Hool et.
al (1980):

(a) What are the questions to be answered by
the model?

(b) What are the performance variables of
interest?

(c) What output is required?
(d) Are only mean values required or is

distribution information needed?
Primary responsibility for the entire phase of
this effort must rest with the system designers.
This group must insure that the activities dis
cussed above are adequately performed and coor
dinated among the design implementers and result
implementers (users). The designer in this coor
dination effort will recognize that conflicting
objectives and criteria may be defined among the
groups. It is important that compromises be made
which do not thwart the essential overall pro
ject's objectives with respect to any of the
parties involved.

I

In the overall scheme of things this is the
phase where the decision to develop a simulation
model is often made. As a result of defining a
very sizable and difficult problem, it is con
cluded that the only potentially feasible approach
is simulation. This author does not agree with
the often quoted remark, Bratley, et.al (1983,
p. 33) "... the best advice to those about to
embark on a very large simulation is often the
same as Punch's famous advice to those about to
marry: Don't!," but it is important to consider
the necessity, importance of the results, costs,
and feasibility of doing so.

Another extremely important task which must
be accomplished in this phase of the study is
the specification of the individuals forming the
design team. This should not be done before any
objectives are "set in concrete," but in reality
is generally done at the time the decision to
build a simulation model is made. The mix of
this design team with appropriate skills in
modeling, statistics, leadership, computer sys
tems, and knowledge of the application area is
vital. The ability to communicate as well as
having respect for others' contributions is
equally important. Each must understand the role
or roles he is to play in the overall project as
well as those played by everyone else.

Based upon these prefactory remarks the fol
lowing guidelines and admonitions seem most
appropriate.

(1) Commit to paper, i.e., write down the
problem statement, objectives and criteria, and
boundaries and/or constraints of the physical
problem. The system design group should seek
agreement from all parties. Seeking compromise,
if necessary, is the responsibility of the sys
tem's design group.

(2) Alternate solution approaches should
be evaluated. Simulation should be the last
choice, aiid in fact, the only choice. If it is
not, the reasons why not should be thoroughly ex
plored by the systems design group.

(3) Evaluate simulation methodology in
light of Che defined objeccives and criteria- It
is especially important that achievable goals
have been defined. All three defined groups have
a vital interest here; it is important that each
provide estimates of expectations and potential
results, as well as estimates of necessary re
source requirements (i.e., computer, time, data)
to accomplish the objectives as outlined.

(4) If Che decision is to proceed with the
development of a simulation model, the systems
design group must assemble individuals of the
design team possessing not only the necessary
technical skills, but also the "human and commun
ication" skills for working on a joint simulation
venture. There is no more vital element for suc
cessful project completion than this.

MODELING PHASE

At this point in time it is assumed that the
decision to develop a simulation model has been
made and the problem environment has been well
defined. Now the work on actual system develop
ment can begin. Tasks that are required are:

(a) Model formulation
(b) Data preparation
(c) Selection of programming language
(d) Model development
(e) Coding of the model
(f) Model verification, and
(g) Model validation

As before and throughout this discussion, the
reader is cautioned that although a chronologi
cal listing is presented, there is always much
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iteration taking place back and forth through the
various steps. With this in mind, the model for
mulation step should be based upon the output
from the Initialization Phase. The particular
technological structures which made the particu
lar model unique have got to be defined and in
tegrated into a model structure which will pro
vide answers to the questions which have been
identified.

Integral to this step is deciding upon the
level of detail to put into the model. Model com
plexity is not the same as model accuracy and the
developer must understand as much as possible
those factors which will influence the variables
of interest in the simulation. This is a very
difficult task which has no good solution
approaches. One which has been used within the
timber harvesting applications area is presented
by Webster, et al. (1984). Related to the ques
tion of model detail is data specification,
collection, and reduction for inclusion within the
model. There is simply no use of specifying a
detailed simulation model requiring detailed data,
if it is not available, or cannot be obtained
within reasonable time and cost constraints. Also
there is no reasonable justification for specify
ing detailed data requirements for one aspect of
the data, for example tree stand, if comparable
detailed data is not available on the methods
and/or times to harvest the stand, for example
in the use of a feller buncher, if we were trying
to simulate production data of that operation.
There is no way that all variables of importance
can be included within a simulation model. After
all, the simulation is only a model of reality.
The task (some say trick), therefore, is to iso
late the major factors which input - influence
the variables of interest and then adequately in
clude them within the resultant model.

It is crucial at this stage that the ultimate
user be made a part of these decisions. The de
signer must be careful to balance the constraints
with necessary and desirable model features. The
uniqueness and sensitivity of the system being
studied must be embedded in the model, if a suc
cessful simulation effort is to result.

In conjunction with these tasks the design
implementer group also must consider the specifi
cation of the programming language and starting
actual model development. It is possible to find
articles which supposedly compare various program
ming languages, including special simulation
languages. These may be helpful, but are usually
so only in a general fashion. There is certainly
no one right answer for most applications, and
this author maintains that for a given situation
many alternatives are acceptable. This is not a
universal view, however, Russell (1983).

One relatively new idea that has been pro
posed related to the question posed about the
complexity of the model and the programming
language selected to deal with it is that by

(1983). Basically he proposes that the

data management aspects of the model be separated
from the programming language itself. This is
beyond the technological logic-structure logic
ideas proposed by Pritsker (1969, pp 14-15) in
that all simulation languages possess these pro
perties. Cellier believes that a simulation sys
tem should have a special data base management
system adapted to the simulation's specific needs
and has referenced Standridge (1981) to indicate
such a system. The primary advantages of this
approach are related to the ease of data collec
tion, manipulation, and analysis within the model,

it has the trade off of added complexity in
troduced by the data management system itself.

My true feelings are that, except for the
"hard-core" simulation modeler, the selection of
the language depends more upon the constraints
placed upon the situation and modeling environment
than upon anything else. Answers to such ques
tions as the following will probably decide the
question: Who will be doing the programming?
What languages do they know? What computer system

it run on? What docxnnentation and assistance
are available? How much time is there to complete
the task? Is this a one time analysis or part of
a continuing modeling effort?

Once the programming language and model for
mulation has been specified, the coding of the
model along with verification of it can be accom
plished. This should be a straightforward pro
cess, but this author has never seen an example
where this has been the case. There have been
many strides made recently in coding strategies
and docximentation procedures, but this is still an
area where only little effort initially will reap
future headaches. Programming like simulation
itself, is some science implemented with a lot of
art. Ignoring this, or expecting that the coder
knows what he is doing on the part of the designer
will surely create hazardous if not disastrous
consequences. It is at the coding stage, no
matter how complete the model formulation and
design is, that a multiplicity of assumptions get

into the simulation model. Without excel
lent communication and the exercise of control
over the coding efforts among the coder, the de
signer and the user, there is little hope that the
result will be as any one of these expects, except
the programmer.

With these brief remarks, the following
guidelines or principles seem in order:

1. Make the model as independent as possible
with respect to computer systems, languages, ap
plication packages, and operating systems, if the
model is to be used more than once or by different
user groups.

2. Make the model as "user friendly" while
at the same time as "foolproof" as possible. This
can be done partially by developing interactive
data inputs, preassignment of many or most pa
rameter values, and developing pre and post pro
cessor add-ons for data input, analysis and
output.

83



3. Use "standard" approaches to design and
programming. Top down, structured programming
as well as documentation procedures are recommen
ded.

4. Develop alternate levels of documenta
tion (for different levels of user understanding
and potential use) so that appropriate materials
exist for each expected class of user.

3. Keep the number of programmers to a
minimum. If there must be two or more program
mers, the task must be broken into logical units
with each assigned to a separate unit.

6. Programming, once started, should be a
full time task. If this is not feasible, then at

least full time effort must be expended on each
logical unit until each is completed.

7. Implement the "document or die" philo
sophy. No unit of the model should be considered
complete until all appropriate levels of documen
tation have been completed. This should be the
responsibility of both the coding and user
groups, but closely monitored by the systems de
sign group.

8. Verification of the coding should be
completed first by the programmers, then indepen
dently, if possible, by the users.

9. Periodic meetings, I suggest weekly,
should be held throughout this phase between the
designers, programmers, and users to ensure Chat
each understands the progress as well as the
constraints being embedded within the model.
Each group has its own responsibilities and de
sires and each should use this fonim to convey
these to the others.

10. Validation of the model, although being
performed all along, should be executed specifi
cally with respect to the objectives and criteria
established in the Initialization Phase. The

user group would have primary responsibility for
this activity.

11. Validate the model with respect to the
designed objectives of the simulation. If the
model cannot be validated with a high degree of
confidence, either the objectives and criteria
will have to be changed or additional complexity
added to the model.

12. Keep the simulation model as simple as
possible within the constraints of model objec
tives and criteria.

IMPLEMENTATION PHASE

This last phase determines whether or not

all previous effort has been in vain. Tasks
which must be accomplished include:

(a) Stratfce^'c planning
(b) Tactical planning
(c) Experimentation
(d) Analysis of results
(e) Decisions or indications obtained by

the model, and
(f) Follow up studies.

Strategic planning involves determining the over
all experimental design that may be used in
development and use of model results. Tactical
planning is the detailed planning such as deter
mining sample size, run length, and initial con

ditions for startup of the simulation model.
Experimentation is the actual exercising of the
model and collection of the output. The analysis
then includes data reduction, completion of the
overall design methodology and summarization of
the results. Based upon these results, decisions
can hopefully be made which relate to the overall
study objectives, followed by an audit or post
analysis to check if the simulation study pro
duced the quality and quantity results that were
forecasted.

Contrary to popular opinion of most aca
demics, very few simulation studies fail because
of what is done or not done within this phase.
And if errors do occur, they are almost always
forgiving, in that they can be corrected without
altering the integrity of the simulation itself.
To be sure, this is still a very important step
with respect to whether usable results are
generated by the developed model, but it is also
the phase where any necessary changes can most
readily be made.

For example, if an inappropriate experimen
tal design was used in generating results for an
objective, a new one could be developed and new
simulation runs made. If inappropriate startup
conditions were used by the model, or if the
model run lengths were not long enough to develop
smoothed distributional data, the runs could be
performed again. This is not to suggest that
such errors might not cause one to spend large
amounts of time and resources in correcting
errors which might be found, but only to suggest
that these are often much easier to do something
about than errors which may have been generated
in either of the two preceeding phases.

It is also one reason why a follow-up study
provides the whole process with a self-correcting
feature. By checking to see whether system ob
jectives were met and within those limits estim
ated at the startup, one is forced to critically
examine the results of the simulation efforts.

This checking process will thus ensure through
its own analysis that the model is being used
appropriately. It is also a way to document the
worth of any results obtained, which may be use
ful in estimating the potential of future or
related simulation efforts.

With these thoughts in mind, the following
guidelines are felt to be important:

1. If implementation of results is not
built into the overall project time frame, do not
start the modeling process. It is also a common
mistake to allow inadequate time for implementa
tion of results.

2. The members of the design team, i.e.,
users, designers, and programmers, should not
change, insofar as this is possible during the
entire study. Such changes can have subtle
though tremendously far reaching effects on the
project's outcome.

3. Once the simulation model is completed,
the analysis finished and conclusions drawn.



provisions must often be made for continued sup
port of the model. Situations which require
additional model runs, minor modifications, fur
ther documentation, additional explanation, etc.,
ad nauseum, often occur after everyone thought
the work was completed and are vital to ensure the
project's success. Plan for it in the beginning.

SUMMARY

This paper presents ideas and guidelines
which are necessary for the development of worth
while simulation models. It is not intended to
be exhaustive in its coverage. Even faithfully
following the intent as well as the guidelines
themselves will not guarantee that any venture
the reader may undertake will be successful. Not
following them, however, will ensure project
failure. Therefore, they are presented only for
the purposes of commxinicating to the reader the
vital necessity of thorough planning, detailed
and watchful execution, and persistence in all
phases of the simulation study. Simulation is
an extremely powerful and xiseful tool, but with
its use come many pitfalls which can be avoided.
The simulation modeler cannot count on luck, but
only on his diligence, training and experience to
prepare himself. Hopefully, the guidelines pre
sented here will help focus his attention upon
areas and concerns deemed critical in model

development.
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RECENT RESEARCH AND DEVELOPMENT OF ANCHORING

SYSTEMS FOR CABLE LOGGING OPERATIONS^
2

Ronald L. Copstead

Abstract.—Stumps required for cable logging tailhold
and guyline anchors are not always available or strong
enough. This paper describes three ongoing USDA Forest
Service projects aimed at solving this problem. The
importance of predicting the pullout resistance of stumps,
the requirements for substitute anchors, and the development
of substitute earth anchors are reviewed.

INTRODUCTION

The lack of practical solutions to cable
logging anchoring problems will soon have a
noticeable impact on timber management activities
in the National Forests. In 1976, about 10
percent of the Forest Service sale volume in the
western United States required some form of sub
stitute anchoring scheme. That estimate has
risen to about 13 percent.^ These needs are
becoming apparent as new landings are planned
adjacent to old clearcuts where stumps and their
roots have rotted and new growth is not large
enough to provide good anchors. Also, there is
an increasing tendency to plan harvesting units
in low volume stands where stumps adjacent to
potential landing sites are not adequate to use
as anchors.

These problems have been recognized for
years by the Forest Service. Prior to 1982 the
Equipment Development Center at San Dimas,
California, conducted many studies to find out
what loads are imposed on anchors, what substi
tute anchoring systems are available, and wh^t
the capabilities of these anchoring systems are.
The Engineering Research project at the Pacific

Paper presented at the conference
COFE/IUFRO - 1984. Orono, Maine, USA, 12-14
August.

^Ronald L. Copstead is a mechanical engineer
with the USDA - Forest Service, Pacific Northwest
Forest and Range Experiment Station, Seattle,
Washington, USA.

^An informal survey conducted among 32
Forest Service logging specialists from the
western United States in June 1984 indicated

that about 13 percent of timber volume that could
be harvested during the next 5 years with cable
systems need substitute anchors.

Northwest Forest and Range Experiment Station in
Seattle organized tests at Snoqualmie Falls,
Washington (Jorgensen et al. 1978) to determine
loads on anchors and in 1980 began a study to
determine the feasibility of helical screw anchors
for cable logging application.

The Forest Service now has two research

studies in anchoring sponsored by the Pacific
Northwest Forest and Range Experiment Station,
and a single large research and development con
tract administered by the Equipment Development
Center. Table 1 gives the titles of these programs
along with the sponsoring organization, the organi
zation doing the work, and the approximate comple
tion date.

This paper summarizes the programs listed in
table 1; however, to put these programs into
perspective, I will review characteristics of
various anchoring methods for cable logging.
Formal disclosure of research results is not the

purpose here. Results will be published as the
programs are concluded.

TYPES OF ANCHORS

Four types of anchors have been used for
cable logging operations; stximps, rockbolts,
substitute earth anchors, and deadweight-equipment
anchors. The use of stump anchors is common prac
tice. They are always the lowest cost anchors
unless there is doubt about their pullout resis
tance. Where there is doubt about the strength of
single sttomps, tieback lines that bring several
stumps together in a multiple-stump anchorage are
commonly used. This type of anchorage is more
costly than a single stump but generally less
costly than a stvunp substitute. A method for more
accurately determining the pullout resistance of
stump anchors is the subject of an Engineering
Research project study that is discussed below.
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Tsble 1.—~USDA Forsst S6irvjLc6 ongoing nnchor programs

Program title Organization Completion

Pullout resistance of guyline
stumps

Pacific Northwest Forest and Range
Experiment Station, Oregon State
University

1985

Anchoring requirements for cable
logging in southeast Alaska

Pacific Northwest Forest and Range
Experiment Station

1985

Substitute earth anchoring system San Dimas Equipment Development Center,
Foster-Miller, Inc.

1985

Although rockbolt technology is well developed
and widely used in the construction and mining
industries, rockbolt anchors are not used much
for logging, primarily because of the high cost
of design and installation. Several factors
contribute to this. Rockbolt installations
require a good understanding of the geology, rock
material, and expected applied loads for each
situation. For instance, the size, spacing, and
orientation of rock discontinuities must be
assessed. Rock strength must be estimated. The
more precisely the on-site conditions are evalu
ated, the more confidence there will be in the
rockbolt installation. This is important for
rockbolts because, in contrast to earth anchors
and stumps, failure is usually catastrophic and
preceded by little warning. Some development
work needs to be done to reduce the cost of site
investigation and rcckbolt anchorage design and
still assure safe and reliable installations.
Because the technology is well developed and
because shallow soils are prevalent in many cable
logging locations, rockbolts could become important
as substitute anchors in the future.

An example of a deadweight-equipment anchor
is a crawler tractor with the blade dug into the
ground and to which the cable to be anchored has
been attached at the belly hook. Such anchors
are often used to great advantage as mobile tail-
hold anchors. This type of anchor, however,
cannot be used where the cable to be anchored is

pulling the equipment down a steep slope or where
the equipment cannot gain access to the desired
location. This type of anchor may or may not be
the most economical. Because the cost of this

method depends heavily on the local availability
of depreciated capital equipment, cost estimates
often cannot be made by timber harvesting special
ists at the planning stage.

Deadman anchors are a specialized type of
substitute earth anchor. Prellwitz and Lee (1977)
give a procedure that can be used by a nonspecial-
ist to design a deadman anchor installation that
will always be conservative. Deadman anchors are
currently the most common substitute earth-
anchoring technique used in cable logging opera
tions. They cannot be used, however, on steep

slopes where the cable to be anchored is pulling
downhill or where access cannot be gained by the
large excavating equipment necessary. Also, the
extensive excavation required results in high
costs for installing deadman anchors. Earth
anchor substitutes other than deadman anchors are
the subject of the San Dimas Equipment Development
Center contract discussed later.

In summary, stumps are always the most eco
nomical anchors if their safety can be relied on.
Deadman anchors and deadweight-equipment anchors
are feasible stump substitutes in many situations,
although their cost-effectiveness cannot always be
assured. In areas of very shallow soil where
there are no reliable stump anchors, rockbolts
may be the only answer.

RESEARCH AND DEVELOPMENT OBJECTIVES

When a timber sale is planned and laid out,
many factors must be considered. An important
guideline during this process is to minimize the
combined cost of planning, roadbuilding, and
harvesting. In areas designated for cable logging,
if stump anchors are not available or they are
believed to be inadequate, the logging plan must
be changed or substitute anchors must be specified.
In most cases where substitute anchors are speci
fied, detailed information must be obtained regard
ing the soil or rock conditions at the anchor
sites. Additionally, it is necessary to ga-tn
access with installation equipment to each substi
tute anchor location. Because of this, it is
clear that planning and harvesting costs will
increase if substitute anchors are required. The
primary objectives, then, for research and devel
opment on anchors are: (1) to reduce the number of
situations that require substitute anchors by
learning more about stvimp pullout resistance and
(2) to devise substitute anchoring methods that
minimize increases in the combined cost of planning,
roadbuilding, and harvesting.
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RESEARCH ON STUMP ANCHORS

Generally, stvimps are thought of as being in
one of three categories in their ability to safely
anchor yarding machinery: (1) capable of withstanding
anchor loads, (2) may or may not be capable of
withstanding anchor loads, and (3) not capable of
withstanding anchor loads.

As timber sales involve more small timber,

more stumps with questionable pullout resistance
will be encountered. If the pullout resistance
of stump anchors can be predicted more precisely,
the number of situations that are questionable
will be reduced. Timber management professionals
can then reduce the number of situations for which

they must consider specifying substitute anchors.

As indicated in table 1, research at Oregon
State University is aimed at determining the
pullout resistance of stump anchors. To date,
approximately 20 second-growth Douglas-fir stumps
with diameters ranging from 6 to 17 inches have
been pulled to their maximum load-bearing capacity.
Loads, stump movement, soil properties, and a
detailed description of the tree and its root wad
were recorded. This study will be followed by an
investigation into the pullout resistance of
spruce and hemlock stumps and a study on the
pullout resistance of multiple-stump anchors.

To the present, the data for this study have
been recorded and plotted as load versus movement
of the stump. There has been no attempt to define
failure criteria for a stump anchor. Indeed,
failure criteria for anchor tests have been more

or less arbitrary. Certainly, the maximum load
that an anchor will withstand could be termed its

failure load. But in practice logging operators
consider that an anchor has failed at some load

substantially less than the ultimate pullout load.
Until common agreement can be reached on the
failure criteria for anchors, the most useful
data will be load versus movement curves.

These studies are important because people
involved in the initial phases of timber harvest
planning must determine if substitutes for stumps
will be needed. In practice, the load that a
specific stTimp can safely withstand may never be
predicted with absolute certainty. Studies such
as this, however, will reduce the number of
situations where higher cost substitute anchor
designs must be specified.

years for purposes other than anchoring cable
logging systems. In contrast to these, cable
logging anchors: (1) must withstand relatively
high static and dynamic loads; (2) require margins
of safety comparable to other devices where human
life is at risk; (3) have a very short useful
service life (i.e., less than 1 year); and (4)
must be installed despite difficult soil, rock,
and terrain conditions.

These four general characteristics are suffi
cient to distinguish cable logging anchors from
anchors used by other industries (e.g. the electric
power utilities). The characteristics of substi
tute anchors required for Forest Service timber
sales, however, can be further refined. A formal
study to delineate the requirements for substitute
anchors is described below.

Anchoring Requirements for Cable Logging
in Southeast Alaska

The intent of the second study listed in
table 1 is to determine the need for substitute

anchors in three areas of southeast Alaska. The

study will also determine the predominant condi
tions pertinent to substitute anchoring for these
areas.

Three logging and transportation plans (cover
ing approximately 85,000 acres) are being analyzed
on a setting-by-setting basis to characterize
prevalent anchor problems. Data such as elevation,
landform position, percent slope, slope aspect,
soil or rock type, and an estimate of the number
of missing anchors are being obtained for the
planned landing and tailhold locations. From
these data and from field verification, sites

that have a high likelihood of presenting cable
logging anchoring problems can be enumerated and
characterized.

Although this study is still in progress, it
is clear that the characteristics of substitute

anchors needed in southeast Alaska can be specified
much more closely than with the four general
requirements stated above. For instance, it appears
that the majority of problems are along the tops
or shoulders of ridges where shallow, rocky soils
are common and guyline anchors would be involved
rather than tailhold anchors. The type of soil
bears heavily on the anchors required, and the
terrain limits the methods used for installation.

Ultimately the total planning and harvesting costs
are affected.

REQUIREMENTS FOR SUBSTITUTE ANCHORS

Where stumps are inadequate or nonexistent,
it is important to identify the technical require
ments of substitute anchors as specifically as
possible so that research and development can be
carried out most effectively. Also, it is impor
tant to estimate costs of the anchoring systems
required because this will affect timber management
planning decisions. Many anchoring and anchor
installation schemes have been devised over the

Researchers and forest managers can use this
information in the short term to set priorities
for anchor research and development. Follow-up
studies to monitor how well the initial estimates

of anchor problems correlate with problems
actually encountered during harvesting will result
in better predictions of the number, type, and
cost of dealing with the problems.
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SUBSTITUTE EARTH ANCHORING SYSTEMS

Where stumps are not available for anchoring,
and deadweight-equipment, deadman, or rockbolt
anchors are not feasible or are too expensive,
substitute earth anchors must be specified. For
the purposes of the project discussed below, earth
anchors are defined as anchors that can be
installed in soils with standard penetration test
blow-count values of 100 blows per foot or less,
(The standard penetration test is described
below.) In practice, this means that earth
anchors cannot be installed in soft rock,
weathered rock, or hard rock soils.

The San Dimas Equipment Development Center
has contracted with Foster-Miller, Inc., in
Waltham, Massachusetts, to conduct an extensive
study into earth anchoring technology. In addi
tion to the engineers at the Center, National
Forest System logging engineers, representatives
from Research, and Aerospace Corporation are
serving as technical reviewers and advisors for
the work. Foster-Miller, Inc., is providing
overall management of the project along with most
of the design and development engineering. They
are subcontracting specialized geotechnical and
logging engineering work to other firms.

Work on this contract is divided into four
major tasks:

1. Dynamic Analysis and Test of Skyline
Logging Systems. The objective of this task is
to develop an improved understanding of the
dynamic behavior of skyline logging systems, so
that the load requirements for substitute anchors
can be specified.

2. Anchor Testing Equipment. The objective
is to develop equipment for testing the holding
capacity of anchors under the full range of static
and dynamic loads that could be imposed by a cable
logging system. This equipment is intended only
as a development tool to determine if the anchors
meet their design requirements.

3. Soil Testing Equipment and Methods. The
objective is to provide equipment and perhaps new
methods to determine soil conditions at a proposed
installation site.

4. Substitute Earth Anchor System. The
objective is to develop anchor systems, including
anchors, soil testing apparatus, installation
equipment, field testing and transportation
equipment, and design manuals.

Substantial progress has been made since
these tasks were begun in October 1982. We now
have a reasonably clear understanding of the
nature of cable logging dynamic loads, an anchor
testing machine that has just completed its
initial checkout tests, a fairly complete design
for a soil testing method, and several earth-anchor
concepts that show promise for solving a variety
of problems with substitute earth anchors.

Although the goal of this work is to develop
an earth-anchoring system, many Of the results
concerning design loads, installation equipment,
and its transportation to the anchor site are
equally applicable to rockbolt anchors. Indeed,
one of the goals of the Pacific Northwest Forest
and Range Experiment Station Engineering Research
Unit is to extend the Equipment Development Center
work to soil conditions requiring rockbolts.

Cable Logging Anchor Loads and
Anchor Testing Equipment

An improved understanding of the character
istics of loads that cable logging anchors must
withstand was necessary before testing equipment
could be designed and built. The mavfminn static
load that anchors would have to withstand was
specified as the breaking strength of the wire
rope for which the anchor is designed. Static
loads, however, may not be the most severe loading
situation to which a substitute earth anchor is
subjected. Based on the Snoqualmie Falls tests
(Jorgensen et al. 1978), it was believed that large
loads could be transmitted to anchors at frequencies
up to five Hertz (cycles per second). This type
of cyclic loading could cause earth anchors to
fail at peak loads less than their design static
loads because of cyclic creep of the soil. Whether
cyclic creep occurs or not apparently depends on
the properties of the soil and the nature of the
cyclic loads (Kovacs and Yokel 1978). When sub
jected to vibratory loads, the soil strength is
less than under static loading. To quantify the
cyclic loads generated by cable logging equipment,
a mathematical model was formulated and measure
ments were made of the loads on anchors in a

typical operating cable logging system. A brief
summary of the model follows; details will be
published elsewhere.

The mathematical model is a simple two-degree—
of-freedom representation of a cable yarder consist
ing of a vertical tower, guyline cluster, skyline,
and log load. The guylines and tower are considered
to be one spring-mass system, while the skyline
and log load are modeled as another spring-mass
system. The spring behavior of the tower-guyline
system is calculated with the aid of a guyline
analysis model developed by the Forest Service
(Carson et al. 1982). An elastic catenary model
of the skyline extension and contraction gives the
spring constant for the log load component. This
information is then used to calculate the two

natural frequencies of the modeled slqrline system.
The limitation of this model is that it cannot

predict load frequencies higher than the first two
fundamental modes. Presently, these modes appear
to occur at two Hertz or less for any reasonable
skyline system. The model assumes that no damping
is present, and therefore, that all loads act in
phase or 180 degrees out of phase with each other.

Results from the Snoqualmie Falls tests
(Jorgensen et al. 1978) indicate that such a
model may be able to adequately describe the
important dynamic characteristics of anchor loads
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because the damping in such cable systems is
extremely small, and the basic vibrational fre
quencies are dictated by the skyline geometry
and the log load.

Frequencies predicted by the model just
described are being compared to the measurements
taken in 1977 at Snoqualmie Falls (Jorgensen et al,
1978), and to those taken in 1983 at Dry Creek
near Shelton, Washington.^

that occurs at 0 Hertz (hz). For example, differ
ences of 6 or 20 decibels between two data points
would mean that the load levels differ by factors
of 2 or 10, respectively, on this plot.

Figure 1 shows that the current design speci
fication for the dynamic loading portion of the
anchor testing machinery is very conservative with
respect to what we know about the dynamics of cable
logging systems.

The intended use of the anchor testing equip
ment is to test anchors under conditions similar

to what they will encounter in service. Because
of this, results from the tests conducted during
1983 and the increased understanding gained from
initial study of the mathematical model have been
used to specify the design for this machinery.

The anchor load data recorded during field
tests were analyzed by Aerospace Corporation
using a frequency spectrum analyzer. From this
work the relative magnitudes of dynamic load
variations at different frequencies can be deter
mined. A summary of this information along with
the anchor testing equipment design specification
for dynamic load amplitudes (marked "ATE design")
is shown in figure 1. The measured loads and the
anchor testing equipment design loads can be com
pared on the same relative scale if the highest
measured load level is assumed to coincide with
the highest test load of interest.

The reader should note that the y-axis in
figure 1 has a logarithmic scale and is delineated
in decibels (dB). This means that all the values
are plotted as a function of their relationship
to a reference level; in this case, the load level
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Figure 1.—^Measured guyline dynamic loads and
anchor testing equipment (ATE) design
dynamic loads versus frequency.

Unpublished data on file. Forestry Sciences
Laboratory, 4043 Roosevelt Way N.E., Seattle, WA
98105

The static load specification for testing
anchors is the breaking strength of the cable
for which the particular anchor is designed. For
anchors designed for cables up to 2 inches in
diameter, the anchor testing machine will pull up
to 400,000 pounds.

Currently the main frame of this machine has
been fabricated, and an initial checkout of the
hydraulic system has been made. Testing will soon
begin on candidate earth anchors using the machine
in the Massachusetts area. The checkout tests are
being conducted in a granite quarry near West
Chelmsford, Massachusetts.

Soil Testing and Anchor Installation Equipment

Early in this program an extensive search of
the literature about earth-anchoring concepts was
performed by Foster-Miller and their geotechnical
subcontractor, Shannon-Wilson. This investigation
led to several conclusions that have guided the
remainder of the work. One conclusion was that
there are no single anchors that will develop the
desired holding capacities of over 200,000 poxmds.
This means that several "small" anchors will have
to be bridled together to form a single anchorage.
Efforts have thus been concentrated on developing
anchors with holding capacities up to 70,000 pounds.
The soil depth and strength in a particular loca
tion will dictate the number of anchors to be
bridled to achieve the desired total anchor
capacity.

A soil testing device is required for assessing
the strength and depth of the soil in a particular
location. After much investigation of various soil
testing devices and methods, the standard penetra
tion test (SPT) was determined to be best suited
to this task.

The SPT is a simple device requiring a minimum
of equipment and training. The equipment consists
of a 140-pound weight that is allowed to fall 30
inches—causing the penetration of a sampling tool
of certain dimensions into the soil. The procedure
is to record the number of blows to advance the
sampler each of three 6-inch intervals into the
soil. The result of the test is the blow count
(in units of blows per foot) and is taken as the
sum of the blows required to advance the final two
intervals. Sometimes the soil from the sampler is
qualitatively evaluated.
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Figure 2.—Proposed soil testing and anchor installation
apparatus.

Besides its simplicity, the SFT was chosen
because the blow count has been correlated with

more soil properties than have the results of any
other test. Although many of the correlations
are crude and few have any theoretical basis,
typically they are conservative in anchor pullout
resistance.

Foster-Miller has designed and is beginning
to build Ein integrated soil testing and anchor
installation rig (fig. 2). Provisions for the SPT
have been designed into this equipment. This
machine consists of a separate hydraulic power
unit, a tripod supported mast, a hydraulic cylinder
to provide thrust and retraction power, a hydraulic
torque head, and a hydraulic control system. The
machine is a general purpose unit capable of
operating augers, rock drills, and an auxiliary
cathead for the SPT hammer. A typical operational
sequence would be:

1. Transport the test and installation rig
to the potential anchor site. The equipment is
designed to break down without tools into pieces
weighing 75 pounds or less except for the torque
head (120 pounds). The hydraulic power unit is
placed at a central location and is not transported
to each anchor site.

2. Unfold the rig, set up its tripod struc
ture, and anchor the legs with small screw
anchors.

3. Connect the hydraulic hoses to the
cylinder, torque head, or cathead and start the
hydraulic power unit.

4. Perform either conventional or hollow-

stem angering.

5. Perform the SPT either through the
hollow-stem auger (in collapsing soils) or simply
in the angered (free-standing) hole.

6. Remove the soil testing attachments and
install the anchor with the aid of either torque
or impact energy from the rig.

Off-the-shelf systems were found to be either
inadequate in torque or thrust, or they weighed
too much to meet logistical constraints for in situ
soil testing and anchor installation in mountainous
forest terrain.

Substitute Earth Anchors

Throughout the contract, anchoring methods
have been studied to evaluate their applicability
to cable logging systems. Factors that have been
considered are: (1) the load-bearing capacity and
range of loading angles, (2) the types of soils
that an anchor can be installed in, (3) the
installation forces and equipment required, (4)
the weight of the anchor, and (5) the cost of
fabrication and installation.
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Figure 3.—Laterally loaded pile anchors.

About 20 concepts have been reviewed. They
can be grouped, however, into a few broad classes
which are discussed below. The information

reported here is based primarily on vendor catalogs,
some preliminary analyses, and tests reported in
the literature. The next step is to conduct trial
tests of some of these concepts to get actual
field data on the factors listed above.

Laterally Loaded Piles

A laterally loaded pile is a stake that is
loaded at right angles to its long axis, shown at
the left of figure 3. This method is used exten
sively in the construction industries and many
other applications. It has the advantage of simple
structure and straightforward installation. Piles
can be installed in soils of all densities includ
ing some rocky soils. Their disadvantages include
difficulty in predicting their behavior under load,
low load capacity compared with other anchors of
the same size and weight, and large energy require
ments for installation. The load capacity is
limited because the pile has to withstand canti
lever bending loads. Large pile cross sections
must be used to withstand the large bending moments
caused by bending loads. To install piles with
large cross sections requires large pile drivers.
The conclusion is that conventional laterally
loaded piles are not suited for use as cable
logging anchors- because of difficulty in trans
porting large ■ installation eqxiipment to each site.

Variations of the simple stake method that
show promise for use as cable logging anchors are
shown toward the right in figure 3. The most
promising of these variations are the picket, the

batter pile, and the buried stake. The advantage
of these methods is that instead of the cantilever
loading of the simple stake, they are loaded as a
simply supported beam. They can, therefore, be
much lighter weight for the same holding capacity.
Each, however, has the disadvantage of being more
difficult to install.

Plate Anchors

Plate anchors are a broad class that includes
helical screw anchors, folding anchors, and tipping-
plate anchors. Ultimate pullout resistances for
all these anchors are calculated by use of techniques
that are similar and that are based on soil bearing-
capacity factors. These anchors are lighter weight
for a given load capacity than the pile anchors
discussed above. Their installation is generally
restricted to loose or only moderately dense soils.
Installation techniques include pile driving for
the tipping-plate anchors, high torque and down-
pressure for the screw anchors, and angering a
clearance hole for many of the folding anchors.

Most plate anchors can probably be designed,
by use of a flexible connection to the major load
bearing surface (fig. 4), so that their load
capacity is not sensitive to load angle. The wire
rope in figure 4 passes through a drive tube that
transmits the thrust and torque required for
installation to the anchor. After installation
the tube is removed, and the free end of the rope
is terminated with wire rope clips.

Of the plate anchor methods reviewed, the
screw anchors and folding anchors seem to hold the
most promise. There are several designs commercially
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Figure 4.—^Flexible connections for plate anchors
minimize alignment requirements.
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Figure 6.—Soil-net anchor concept.

available that could be modified to suit the

requirements of cable logging anchoring.
Foster-Miller, Inc., has completed the preliminary
design of a family of "hinge-plate" anchors that
would be installed in augered holes (fig. 5).
This anchor can be fabricated easily (by use of a
cutting torch and a drill press), requd^es minimum
installation energy, and has the potential for
relatively high holding capacities.

Soil Nets

The net concept (fig. 6) is a variation of
the deadman anchor system; it is particularly
suited to cohesionless soilsf, weak organic soils,
and shallow soils. The net is constructed of

either steel mesh or synthetic fabric and Is
trenched Into the soil. The holding capacity is
derived from the mass of soil contained by the
net and from the shear resistance along a failure
plane extending in front of the net wall. Several
factors may preclude the consideration of this
concept. This type of anchor Is restricted to
pull angles that are almost parallel with the
ground plane. The load must be transmitted evenly
to all elements of the net, and vertical load
components to the net must be eliminated without
trenching In critical soll-fallure-zone areas

(fig. 6). The trenching required for installation
is not as expensive as that for deadman anchors,
but it still may render this concept unsuitable
for consideration as a cable logging anchor. If
this concept is developed, however, it could be
the answer for shallow soil situations.

Grouted Soil Anchors

Grouted soil anchors consist of a steel tendon
placed into a hole and then grouted with cement.
The holding force is transmitted through the tendon,
which can be a steel cable or deformed bars, to the
grout-soil Interface* This Is really no different
from a grouted tendon In rock, except that the
reduced strength of the soil material requires that
a much larger grout cylinder be installed to attain
a comparable holding capacity. Foster-Miller, Inc.,
reports that 2.8 cubic yards of grout are needed to
provide a 200,000 pound anchor in moist sand with
an SPT blow count value of 20.^ Great amounts of
water and grouting compound must be transported to
each earth anchor site. Although this type of
anchor is used extensively for permanent tlebacks
in the construction industry, the feasibility of
Its use for cable logging Is questionable except
In very dense soils. It should be noted that
grouted tendons deserve consideration as substitute
anchors In soft or hard rock.

SUMMARY

Stumps have always been the most convenient,
the least expensive, and therefore the most widely
used anchors for cable logging machinery. In more
and more areas, however, there are no sound stumps
of adequate size, properly located relative to
yarder landings. Older large stumps and their root
systems are rotting,, and new stumps are often
smaller than required for anchoring cable machinery.
The objectives of research and development for

Figure 5.—^Hinge-plate anchor.

Foster-Miller, Inc. 1984. SEAS Concept
Design Report. Document FSS8266-R-016. Unpublished
report. Foster-Miller, Inc., 350 Second Avenue,
Waltham, Massachusetts 02154.
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easing these problems are to gain a more precise
understanding of new stump pullout resistance,
and to increase our knowledge of substitute
anchoring methods that minimize the increased
planning and harvesting costs that nonstump
anchors will inevitably incur.

The Engineering Research unit of the Pacific
Northwest Forest and Range Experiment Station is
sponsoring studies on the pullout resistance of
stump anchors and on requirements for substitute
anchors in southeast Alaska. Results from these

studies will help forest managers design least
cost solutions for what are considered anchoring
problems today.

The San Dimas Equipment Development Center
is managing a comprehensive contracted effort
to develop substitute earth anchors. This
program will provide solutions in situations
where stumps are inadequate or nonexistent,
rockbolts are inappropriate, and deadweight-
equipment anchors and deadman anchors are
impractical or too costly.
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NON-SHEAR FELLING MACHINERY IN BRITISH COLUMBIA'

Bruce A. McMorland^

Abstract.—This paper traces the introduction and devel
opment of non-shear felling machinery in Interior British
Columbia, Canada. More than fifteen makes of non-shear fell
ing heads are identified, and problems of introduction are
noted. A felling-damage measurement technique is explained,
and results from studies using the techniques are provided.

INTRODUCTION

The Province of British Columbia (B.C.) on
Canada's west coast is naturally divided into two
distinct climatic zones by the coastal mountains.
The coastal zone is characterized by a year-round
mild climate, steep and rugged topography, and
large trees. The Interior has hot summers and
cold winters, a large variety of terrain condi
tions, and smaller tree sizes. Coastal harvest
ing is normally with highlead towers or other
cable-yarding systems. In the Interior, gentler
slopes and smaller trees permit a wider range of
systems.

B.C. accounts for 42% to 50% of Canada's
roundwood production (Environment Canada 1984).
In 1981, Canada produced 144.6 million cubic
metres, and British Columbia 60.8 million cubic
metres of wood. Nearly two-thirds of the B.C.
production came from the Interior (Statistics
Csmada 1983).

Mechanized felling is common in the Interior.
Handfalling is restricted to larger trees and
where ground conditions are such that mechanical,
mobile fellers cannot operate. Industry "best
guess" estimates place 50% to 75% of the Interior
harvest as being accessible to mechanical felling.
This translates to between 19 and 28 million cubic
metres per year.

blade feller-buncher heads, mounted on excavator
carriers, were also common.

Wood damage was of concern virtually from
the introduction of mechanical shears. Various

studies were undertaken between 1967 and 1976
by Mclntosh and McLauchlan as well as others from
the Western Forest Products Laboratory. Some
studies were done on felled trees, but others
were done in sawmills. The sawmill studies showed
volume losses ranging from 0.6% to 7.3% of lumber
out-turn per tree.

Private forest companies had also been con
ducting their own sawmill evaluations. By the
mid-1970's, industry had accepted that these
damage levels would likely be in the 2.5% to 4%
range. This volume was not lost, but was down
graded from higher-value lumber to lower-value
chips.

In the early 1970's, the Dika chainsaw head
and the auger were introduced to the northern
Interior to reduce the problems. Between 1975
and 1977 several companies were experimenting
with Swedish chainsaw-equipped felling heads.
As well, FERIC was working with Northwood Pulp
and Timber Ltd. of Prince George, B.C., to deve
lop a boom-mounted 91 cm capacity chainsaw feller-
director head.

Mechanical Tree Shears

Mechanical tree shearing was introduced to
the B.C. Interior around 1966 (Mclntosh and
McLauchlan 1974). The earliest machines were
single-blade, hydraulically-actuated shears,
commonly called "snippers", mounted on bulldozers
or front-end loaders. Within five years, double—

^Paper presented at the COFE/IUFRO - 1984.
Orono, Maine, USA, 12-14 August.

Bruce A. McMorland is a researcher with the
Forest Engineering Research Institute of Canada,
Vancouver, British Columbia, Canada.

Interior Felling Study Group

By 1978 there were enough makes of non-
shearing heads that northern Interior companies
formed the Interior Felling Study Group. The
Group's objective was to generate information
on these new products. They commissioned Dr.
P.L. Cottell to survey the 1978 status of non-
shear felling in B.C. and recommend a direction
the Group could follow. Cottell (1978) estimated
that over $8 million annually may be being lost
to the forest industry in just one of the five
Interior Forest Regions, because of shearing dam
age. His recommendation was that FERIC be engaged
to evaluate non-shear felling machinery on a uni
form and consistent basis.
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INTRODUCING NON-SHEAR FELLING

Gotten's report identified the machines
listed in Table 1. FERIC provided butt—damage
measurements, ah engineering evaluation and pro
duction information on several of the feller-
bunchers on Cottell's list. Studies were con
ducted in late 1978 and early 1979, Two interim
reports were provided to the Study Group, follow
ed by an industry-wide publication (McMorland
1980).

These studies were the first widespread look
at non-shear felling machinery, both in British
Columbia and Canada. They succeeded in focusing
attention on the wood—damage levels and perfor
mance of mechanized felling equipment, and led
directly to two results:

a) the development of a new technique for
determining volumetric damage levels caused by
felling. The procedure uses measurements made
in the woods, and not in sawmills;

b) the large-scale stimulation of inventors and
manufacturers to develop new, productive and
reliable products.

Woods Measurements

Two types of woods measurements have been
utilized. Both involved slicing discs from tree
butts and examining the discs for damage. Under
one method, a damage index was determined for
each tree by summing the lengths of visible sur
face fracture on each disc, and then totalling
for all "damaged" discs from each tree.

The second method simply involved cutting
discs from felled trees until damage had been
eliminated. The total length trimmed was the
measure of damage. A minor modification of this
technique was used by FERIC for our initial mea
surements of non-shear felling units. Only those
cracks which extended into the largest square
cant obtainable from the log-section diameter
were considered as damage (fig. 1). Comparisons
were based on total splitting length and the num
ber of trees with splits Inside the maTclninm cant.

All methods were valid and could identify
whether shatter existed or not, but did not pro
vide estimates of how much volume was affected
by splitting.

Wood-Damage Measurement

The basic reason for using a non-shear de
vice is to reduce or eliminate the butt-splitting
or shatter caused by shears. A prerequisite,
then, is a method of assessing wood damage that
is cheap, accurate, repeatable, universal, and
preferably made at the felling site. Both woods
measurements and sawmill tests had been used in

the past to quantify damage levels.

Table 1.—^Non-shear felling machinery available
for use in British Columbia in late 1977
and early 1978.

Felling Unit Quantity

Feller Bunchers

Albright
Dika

Drott auger
Kockums 880 Tree King
Osa 670

Feller Directors

Dika

Northwood/FERIC
7

1

16

Not operational
Morfee buncher, QM btmcher, Albright
director

Sawmill Studies

A sawmill test is probably the most accurate
method of determining (for a given mill and set
of other conditions) the volume of lumber lost
because of felling damage. Sawmill tests have
drawbacks however: they require tracing of in
dividual logs from woods to mill; they reflect
any additional damage done to the logs in sub
sequent phases, particularly in loading/unloading;
they take time and are labour intensive, hence
expensive; they involve the cooperation of many
people; and comparisons between mill studies are
often difficult to make because the results de
pend on the sizes of board cut, mill sawing
policies, experience of mill workers, type of
milling equipment, lumber grading rules, and
length of drying time in a kiln. Because of
these difficulties, sawmill studies were not con
sidered as the best measurement tool for deter
mining damage levels on a large number of widely
separated felling units.

this la NOT

conaldered aa

dsnage (out of eho
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Figure 1.—Splitting damage as measured by the
square-cant method.
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The "Bicycle-Wheel Method"

FERIC developed this technique to give an
idea of volume loss from measurements taken at
the felling site or at a woods landing (Gulmier
and McMorland 1981). The method relates splitting
length to the cross-sectional area that has been
split or shattered (fig. 2). A 2-lnch by 2-lnch
(5 cm X 5 cm) grid is placed over the discs to
be examined. The ratio of squares "witjh" splits
to "total" square count gives the percent of the
disc affected by shatter.

The grid is used at 60 cm length intervals
from the butt, corresponding closely to the 2-ft.
multiples that Canadian sawmills use to provide
standard lumber lengths. The volume is calculated
for each 60 cm section that shows splitting on
the first disc of the section. The volume loss
is obtained by multiplying the section volume
times the percentage of the disc that was damaged.
The "damaged" volumes are summed to obtain total
damage to the tree. For a full survey, the volume
loss percent is the sum of all damaged volumes
from all trees, divided by the total volume of
all trees in the sample.

This assumes that all lumber would be in
the form of 2-inch by 2-inch boards. Since most
mills cut a variety of dimension lumber, saw-
millers would have difficulty relating this in
formation to their conditions. As the board
size increases, there is a greater chance of a
split affecting an individual board (fig. 3),
hence the percentage of wood loss is higher.

We used a simulation to develop a procedure
for adjusting the 2X2 results .Lher lumber
sizes. We have since standardized our results
presentations to use an "average" lumber size
of 2 X 6. Using the example in figure 2, the
volume loss percent for that tree was calculated
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Figure 2.--How to measure butt damage using the
bicycle-wheel method. The technique was so
named because the first grid developed con
sisted of a rim from a bicycle wheel strung
like a tennis racket.
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Figure 3.—Influence of the size of board cut
on the percentage of wood loss.

to be 2.9% based on a 2 X 2 grid. Converting to
a 2 X 6 size, the volume loss becomes 4.4%.

This measurement technique provides an in
expensive and reliable way to compare alternatives
and several Canadian and U.S. forest companies
have indicated they used it.

Increased Machine Alternatives for Industry

The Interior Felling Study Group had ful
filled their desired function by late 1979.
They had generated information and much discu
ssion about non-shear felling. The auger, Dika
buncher and Dika director gained further accept
ance in B.C. between 1979 and the spring of 1981,
No new makes of non-shear heads were introduced
to the B.C. market during that period, but much
planning and development work had gone on, both
in and outside the Province.*

Development in B.C.: 1979-1981

The Anda chainsaw head (61 cm capacity) was
introduced in the spring of 1981. This was the
first made-in-B.C., narrow-kerf, chainsaw feller-
buncher head. It was designed, fabricated and
marketed by a small independent Prince George
businessman. In the summer of that year, Kockums
Industries introduced the first Kockums chainsaw
head (55 cm capacity) to be made available with
out having to purchase a Kockums carrier.

Development Outside B.C.: 1979-1981

In Eastern Canada, FERIC had monitored
limited experimentation in 1978 with a Jonsereds
chainsaw head and an auger. However, the eastern
Industry was less interested in non-shear felling
for two reasons: first, because they were pri—
marily pulpwood producers; and second, shears
were less expensive and more productive than non-
shears in the smallwood that predominates.

FERIC*s Eastern Division had become involved
with Prince Albert Pulpwood Ltd. in Saskatchewan
in 1977, who were experimenting with high-speed
continuous felling using a large, circular saw
to fell 10—18 cm. d.b.h. trees. Our Easteim
Division was also aware of Western interest in
wood-damage levels, and in 1979, a test was
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conducted on the machine to determine the extent

of damage. Very little was found, which led
to a FERIC proposal that this concept be de-
designed for a feller-buncher application (Folkema
and Mellgren 1982). Koehring Canada Ltd. and
Harricana Metal Inc. were approached, and both
undertook the fabrication of their own version

of a circular saw feller-buncher head. Koehring
introduced a pre-production model in Eastern
Canada in mid-1981, with the first B.C. head
arriving later that year. Harricana developed
several prototypes in 1980-1981, with a pre-
production model being tested in Eastern Canada
in January 1982. Harricana's first B.C. head
arrived in June of that year.

Survey of Non-Shear Bunchers

By April of 1982, augers and several makes
of chainsaws were in use in B.C. The introduc

tion of large-blade circular saws had also
aroused interest. There were verbal reports
of a variety of other makes about to enter the
market. FERIC was asked to help clarify this
picture by determining the current status of
non-shear equipment in B.C., particularly the
feller-buncher types.

FERIC spent the next several months track
ing down machines and interviewing the owners,
distributors and some manufacturers. A special,
restricted report was prepared (McMorland 1982)
for the use of FERIC member companies and the
study cooperators. The report differed from
most FERIC reports in that it was a snapshot
view of the state-of-the-art. It was also sub
jective and contained opinions of users, dealers
and manufacturers.

FERIC identified 13 existing or planned
non-shear feller-buncher makes, representing
105 felling units, that were expected to be
operational in B.C. by the end of 1982 (table 2).
These numbers represented a three-fold increase
In types and a 13-fold Increase in machines in
five years.

Three of the makes (Morfee, Yorston and
Dag bunchers) never attained operational accep-
t£Uice, mostly because of problems in the devel
opment phase. Even so, the population of buncher
heads was Impressive. The list did not include
about a dozen director-style units.

The introduction of non-shear felling equip
ment was not without problems. FERIC's studies
and surveys had highlighted four major factors.

1) There were many products to choose from,
and little industry experience with design fea
tures Important for a non-shear head.

2) Users generally found non-shear equipment
to be 15% to 30% less productive than a compar
able-sized shear.

Table 2.—Non-shear feller bunchers expected to
be operational by end of 1982.

Opera- For Under
tional Sale Assembly

Production-Level Design

Auger 21 10 -

Dika buncher 12 1 -

Kockums chainsaw

head 15 12 20

Kockums 880 Tree

King 2 - -

Osa 670 2 1
—

Subtotal: 52 24 20

Pre-production or Prototype

Koehring circular
saw 1

Anda chainsaw 2

Harricana circular

saw

Denis 2-blade

circular saw

Spencer chainsaw 1
Morfee chainsaw

Yorston ("QM buncher")
Dag chainsaw -

Subtotal: 4

Grand totals: number of makes
number of units

13

105

3) New cost centres were encountered. Examples
included new operating costs of cutter and sharp
ening; modification or frequent repair and re
design; and carrier repair where the suspected
cause was related to the head.

4) Some products appeared on the market accom
panied by confusion or uncertainty. In some
cases, too many dealers were involved, resulting
in few dealers becoming knowledgeable about any
one product. In others, users were inexperi
enced in trouble shooting and repairing the
more complicated electrical and hydraulic sys
tems of many non-shear heads, particularly
when manuals were not provided. In still other
cases, mainly with the circular saws, there
was uncertainty whether or not existing carrier
hydraulic systems would permit proper and full
utilization of the head's capabilities.

Butt-Damage Studies

By the end of 1982 several Interior forest
products companies had converted from shear heads
to non-shears. There were indications that other
companies would follow in 1983. There was, how
ever, a lack of information about the wood-damage
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levels caused by the newer designs introduced
the past sunnner and fall. In January and Febru
ary of 1983, FERIC undertook an examination of
wood-damage levels using the grid technique from
The Bicycle Wheel Method. A mechanical engineer
from FERIC also observed the heads in operation,
in order to comment on factors influencing butt
damage. A report was prepared and issued as a
supplement to the Survey report (Gulmier 1983).
During the course of 1983, several additional
makes of felling heads appeared—the Lokomo Cone
Saw and the Boreal twin-blade circular saw, as
feller bunchers; and as directors, the Hultdlns
and QM Saw (chainsaw types) and the circular-saw
style RotoSaw. The Lokomo and Boreal have not
yet been available in B.C. winter conditions.

FERIC conducted further wood-damage studies
in January and February of 1984. Table 3 con
tains the results of both sets of studies.

The felling systons include a handfaller and
two types of shear heads for comparison. The
systems are ranked in increasing order of percent
volume loss.

The handfaller shows the least damage while
the shears show the most. The results presented
in table 3 should not be taken as an absolute

characterization of the system's performance in

all conditions. The data represent damage ob
served for a system with a given operator in a
very specific set of stand, terrain, weather and
other conditions.

Factors Influencing Butt Damage

In addition to collecting butt-damage data,
FERIC carried out an engineering investigation
of most of the systems to determine the causes
of butt damage and how they can be avoided.
Three major factors affect the damage results:

•r stand characteristics;
- operator; and
- machine.

Each one will have an effect on the amount of butt
damage. After discussing these factors, we will
elaborate on the details of machine design since
it represents the main potential for systematic
butt-damage reduction.

Stand Characteristics.—^Tree size is a major
factor influencing wood loss from shatter. Usu
ally, small trees result in a larger percent vol-
ijme loss than large trees for two reasons. First,
they are bent more easily by feller-bunchers

Table 3.— Butt damage summary—ascending order of % of volume loss

% Volume No. of Trees with Av. Butt

Rank Felling System
Loss Trees Damage Diameter

Type (2X6 Basis) Measured No. % cm

1 Handfaller chainsct*. 0.05 57 2 4 35.3

2 Spencer cha insaw-buncher 0.12 44 7 16 36.1
3 Koehring 2 circ. saw-buncher 0.15 64 5 8 33.2
4 Harricana 2 circ. saw-buncher 0.17 68 9 13 28.0
5 Harricana 1 c irc. saw-buncher 0.20 57 9 16 31.5
6 Dag chalnsaw-director 0.41 50 17 34 30.4
7 Dika Buncher cha insaw-buncher 0.45 54 22 41 34.6
8 Osa cha insaw-buncher 0.49 56 16 29 27.1
9 Denis 2 c ire. saw-buncher 0.56 21 6 29 31.7
10 Dika Director chainsaw-director 0.62 65 32 49 36.1
11 Kockums 2 cha insaw-buncher 0.63 58 38 66 31.7
12 Hultdlns chainsaw-director 0.67 53 30 57 37.1
13 Auger auger-buncher 0.73 56 16 29 25.5
14 Koehring 1 circ. saw-buncher 0.83 64 17 27 27.7
15 Anda cha insaw-buncher 0.88 75 44 59 34.5
16 Kockums 1 chainsaw-buncher 0.92 26 11 42 31.0
17 Denis 1 c ire. saw-buncher 1.28 77 31 40 25.8
18 RotoSaw Director circ. saw-director 1.30 64 49 77 31.0
19 QM Saw Director cha Insaw-director 1.43 64 22 34 25.2
20 Harricana 3 circ. saw-buncher 1.46 50 22 44 31.1
21 NW/FERIC FD chaInsaw-director 1.86 39 30 77 40.7

22 Forano 1 (shear) cupped, double blade 3.34 64 57 89 25.0
23 Forano 2 (shear) cupped, double blade 3.36 55 51 93 35.1
24 QM Shear 1 straight, single blade 3.36 38 38 100 41.1
25 QM Shear 2 straight, single blade 4.54 56 55 98 30.3
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and bending causes higher stresses to be applied
to the uncut wood. Secondly, percent volume loss
is a function of the percentage of the cross sec
tion that is damaged by cracks. A crack at the
edge of a small log affects a larger proportion
of the area than the same crack would on a larger
log.

Tree species and frost depth In the trees
also influence damage levels. Douglas-fir
(P'iCudO't&ugcL moyizie^Zt (Mirb.) Franco) showed
the least loss. Lodgepole pine (KuuU contoAJtcL
Dougl.) and Engelmann spruce (P^cea
Perry) showed comparable damage, while balsam
(AbZu bdZiomecL (L.) Mill.) appeared to show
slightly more damage than pine or spruce. Cold
er temperatures have been found to increase wood-
damage levels (Johnston and St. Laurent). Only
one of FERIC's winter studies was conducted in

very cold weather. Kockums 1 was measured in the
winter of 1981-82, which was quite severe. The
winters of 1982-83 and 1983-84 were both mild,
with temperatures rarely below -10 degrees Celsius.
Kockums 1 showed about 45% more damage than a
similar machine (Kockums 2) evaluated in February
1983 in the siame area. Differences in the amount

of frozen wood help explain the variation.

Leaning trees, odd-shaped stumps, large and
low branches, trees growing side by side, rough
and steep terrain, deep snow and any other stand
characteristics that increase felling difficulties
will all contribute to damage.

Machine Operator.—Operators' techniques
affect butt damage. Most of the operators
appeared to be proficient, but we noted some
techniques that led to increased damage. Many
of these were developed to overcome a machine
problem. For example, many operators had to
bend the tree in order to keep the kerf open
and prevent the cutter from binding. Also, the
sidetilt feature was not always used because
operators felt they were under pressure to pro
duce.

Production versus quality will require com
promise but the designer must strive to build
a machine which will minimize damage and maximize
production without requiring extra skill from its
operator.

Machine Design Features.—The type and
arrangement of the felling head components will
determine how much damage is created. The machine
design is the most important factor to investigate
when studying butt damage because it is the factor
that can be most easily controlled and Improved.

In order to organize our analysis of the
felling machine's design features, we divided
the felling cycle into the following five work
elements. Each element can contribute to butt
daiaage:

1) positioning head on tree;

2) cutting;

3) kerf opening;

4) supporting the tree weight after cutting;
and

5) holding the tree (feller buncher) or
pushing/directing the tree (feller director)
while it is being severed.

Butt damage can occur during any of these
elements if they are not properly executed. If
any element causes the tree to be stressed
(fig. 4) during the cutting phase, damage is
unavoidable.

CuMind Oifdc>*mCwtiiM Dirsctioa

Figure 4.—Bending moment and/or loads perpendi
cular to the tree during the cutting phase
result in butt damage.

Positioning the head should not bend or de

flect the tree. For all the feller-director mac

hines, positioning only involves placing the head
around the tree base. For feller-bunchers that

grasp the tree before cutting, it is critical
that the head be aligned to the tree. If head
positioning is not perfect, bending and shear
stresses will be applied when the grab arms are
closed and damage will result. Unfortunately,
aligning the head takes tdme and reduces produc
tion. Positioning is less critical for the
Spencer, Koehring and Harricana heads because no
attempt is made to grab the tree before cutting
starts.

Four types of cutting devices were used to
fell the trees measured in these sttidies: chain-
saws, circular saws, auger, and shears. Most of
the damage created by the shears can be attri
buted to the cutting device (the ̂ Ife). None
of the non-shear devices appears to be superior
to the others for cutting action alone, although
the Dika's coarse chain occasionally tends to
rip chunks out of small trees. However, the way
the cutter is fed into the tree determines the

shape and location of holding wood, and therefore
the direction most sensitive to splitting. Re
gardless of the pivot point of the cutter or
the cutter travel direction, barberchaining can
be caused by applying a force IN THE DIRECTION
OF CUTTER TRAVEL. This force will create a
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failure stress in a plane at right angles to
the cutter travel direction.

The requirement for keeping the kerf open
to prevent the cutter from binding is a major
source of damage. Some heads, like the auger and
large circular saws, are less susceptible to bind
ing, because they can either cut themselves free
or they have a sturdy follow-plate on which the
tree butt will rest. A follow-up wedge is used
on some chainsaw heads, but the wedge also gets
pinched if the kerf is not opened by other means.
Most heads require operator input to open the
kerf, and depending on the cutter travel direc
tion on a particular head, different actions are
necessary. Some heads must be tilted sideways,
while others must be tilted towards or away from
the machine. Unfortunately, keeping the kerf
open usually requires applying loads to the tree
In the direction most sensitive to splitting.
Operators can have difficulty in judging how
much push is required, and can end up over-pushing
the tree.

Several solutions to this problem are poss
ible.

1) Use cutters that are insensitive to binding.

2) Use a combination cutter and sturdy, taper
ed wedge that eliminates the need for operator
input.

3) Encircle the tree slightly above the cut
line and apply enough clamping force to prevent
the butt from splitting.

4) Apply the moment necessary to open the kerf
in such a way that the barberchairing takes
place in the stump rather than the butt log.
Figure 5 shows a simple example of how a bar-
berchair-type of split can be created to the
left or right of a notched beam. The same
general idea could be used to try and split
a tree stump instead of the butt log.

Most heads must also support the tree weight

after it has been cut. Many of them have support
plates or bars strong enough to hold the tree,
but other machines (Kockums, Spencer, Anda, Denis,
Osa) have to rely mostly or entirely on the grab
arms. This need to grab the tree firmly results
in stresses, and can lead to increased damage.

lOAO

lOG

Figure 5.—The direction of splitting depends on
how the load is applied to open the kerf.

Holding the tree (or pushing in the case of
some feller-directors) can be done before or after
the tree is cut. The five top ranked (i.e. least
damaging) studies on mechanized equipment were
all conducted on systans that do not grab the
tree until cutting has been completed. Damage
levels could be reduced by postponing grab-arm
closure until the tree has been cut but, unfor
tunately, most machines still require that grab
arms be used to keep the kerf open or to support
the tree weight.

CONCLUSIONS

Non-shear felling machinery has been intro
duced to Interior British Columbia on a large
scale. There are many makes and models of felling
heads, but all appear to reduce wood-damage levels
from that of shears. Some products are approach
ing the very low levels of handfailing.

Stand conditions, machine operator and mac
hine design features all influence wood-damage
levels. However, it is machine design which re
presents the main potential for systematic butt-
damage reduction. For a machine which will mini
mize butt damage:

- do not use shears;

- leave the tree free during the cutting
process;

- design the cutter so it is less sensitive
to binding;

- design the machine so that the stump will
tend to split (not the log) when bending
is applied to open the kerf; and

- eliminate any opportunity for the operator
to apply uncontrolled stress to the tree
during cutting.
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PRODUCTIVITY OF THE VALMET 940 GP GRAPPLE
PROCESSOR IN SOUTHERN PINE PLANTATION THINNING^

W. Dale Greene

Bobby L. Lanford
Bryce J. Stokes 2

Abstract ~ A Valmet 940^ grapple processor was added
to a mechanized thinning crew, replacing three sawhands and
Improving the quality of wood produced. Addition of the
processor slightly Improved the productivity of the
forwarders and provided a better method for disposal of the
remaining slash after dellmbing and bucking. Such
processors appear promising for replacing dangerous and less
productive manual del lmbing and bucking operations In the
South.

INTRODUCTION

In the southeastern USA, there are presently
9 million hectares of pine plantations. This Is
equivalent to the entire conmerclal forest land
area of the states of Maine and New Hampshire. At
present 350,000 ha are annual ly available for
thinning with this area expected to reach 1
ml! Hon ha by the end of the 1980's.

The predominant thinning methods In the South
remain highly labor-intensive. These operations
are plaqued by hazardous working conditions,
I Imlted woods access, wet or steep ground
conditions, low man-day productivity, and poor
worker motivation. As a result, the supply of
wood from such operations Is highly unpredictable
and weather sensitive. To offset this situation,
many logging contractors and forest product firms
have begun using more mechanized operations which
are less sensitive to the above problems. In
Alabama, for Instance, a major forest products
firm started a mechanized thinning crew three
years ago. This operation has not only provided

^  Paper presented at the conference
COFE/IUFRO - 1984, Orono, Maine, USA, 12-14
August.

2 W. Dale Greene Is Graduate Research
Assistant and Bobby L. Lanford Is Associate
Professor, Department of Forestry, Alabama
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University, Alabama, USA. Bryce J. Stokes Is
Research Engineer, Southern Forest Experiment
Station, USDA, Auburn, Alabama, USA.
' Mention of trade names Is for the reader's

convenience and does not constitute an endorsement
by Auburn University or the USDA Forest Service.

si Iv4cultural Iy acceptable thinning but also
economical wood to the firm's paper mill. The
operation uses small feller-bunchers and
forwarders. Shortwood Is produced In order to
attain maximum legal highway loads on haul trucks
and minimize residual stand damage while meeting
mill size requirements.

The only Job task which was not mechanized
original ly on this crew was the dellmbing and
bucking of bunched trees left by the
feller-buncher. Large bunches (2.5 n^) were
built In order to maximize forwarder

productivity. Even though the chalnsaw operators
were highly trained and motivated, their work
quality was less than that needed to meet highway
and mill standards. Vines, limbs, and other
trash remained In piles after bucking as workers
sacrificed quality In an attempt to achieve high
productivity. During the hottest part of the
summer, worker productivity was reduced due to
extreme heat and humidity. To overcome these
problems, a grapple processor — the Valmet 940
GP — was added to the operation, replacing three
chalnsaw operators.

PROCESSOR DESCRIPTION

The Valmet 940 GP (Figure 1) Is a Finnish
multi-stem grapple processor. Although designed
for Scandanavlan and European carriers, most
North American front-end loaders can be adapted
to serve as the carrier. The processor reported
here was attached to a Cranab boom mounted on a
TimberJack 385 skldder.
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Table 1.—Mechanical specifications of the
Valmet 940 grapple processor,^/

Item Description

Feeding —

speed

force

HydraulIcs —

pump requirement

working pressure

Mass —

Power requirement —

Specification

0-4 m/sec.

20 kN

190 l/min e 33 r/s

26 MPa

670 kg

82 kw

Based on manufacturer's l iterature.

Figure 1.—The Valmet 940 GP grapple processor.

The head uses two feed rol lers to pul l trees
through the grapple arms. Three del lmbing knives
mounted on one end of the grapple del Imb trees as
they are fed through the head. The stem Is
automatical ly bucked to preprogrammed lengths by a
measuring wheel Inside the processor arms and a
hydraul leal ly powered chalnsaw mounted on the end
opposite the del lmbing knives. The processor can
del Imb trees up to 42 cm In diameter and easily
handles multiple stems and poorly formed trees.
Specifications for the Valmet 940 are found In
Table 1,

STUDY DESCRIPTION

Three weeks after Its addition to the
thinning operation, a time study of the processor
was conducted for two working days. The
processor operator had operated the machine for
several months prior to Its addition to the
thinning operation. The stand being thinned was
a 12-year old loblol ly pine (P. taeda L.)
plantation In the coastal plain of Alabama.
Trees averaged 18 cm In diameter at breast height
<DBH) and 15 m In total height. Stocking before
thinning averaged 1660 trees per ha. Thinning
removed an average of 959 trees per ha, leaving a
residual stand of 701 trees per ha.

A fel ler-buncher bui lt large bunches
containing an average of 16 trees or 2.5 m^ of
wood. Distance between bunches ranged from 4 to
18 m and averaged 8 m. The processor del Imbed
and bucked trees Into 2,3 m lengths up to a 7.5
cm top outside bark. Al l bunches were located
adjacent to an access corridor created by the
removal of every 11th row of the stand. Bunches
were oriented perpendicular to the direction of
the row. Productive work elements of the

processor consisted of (1) move to bunch, (2)
swing to bunch, (3) swing to pile, and (4)
process trees. These work elements were combined
and analysed as two composite segments — (1)
move to bunch and (2) process bunch. "Process
bunch" Included the Individual swing to bunch,
swing to pile, and process trees elements for al l
trees In the bunch. For our analysis, both
composite elements were analyzed on a time per
tree basis. This al lows a quick comparison of
processor productivity on different stands based
upon available cruise Information.



PRODUCTIVITY AND COSTS

Move time between bunches averaged 0.02
productive minutes per tree. Move time per tree
was affected by the distance traveled and the
number of trees In the bunch (Figure 2), Distance
between bunches was a function of corridor spacing
and the number of trees ronoved per ha. As the
distance between corridors decreased or as the
thinning Intensity was reduced, the distance
between bunches was Increased.
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Figure 2.—Move time per tree for various
distances between bunches as a

function of number of trees In the bunch.

Processing time per tree averaged 0.40
productive minutes per tree. Processing time was
affected only by the size of the tree. For
Instance, It took 0.24 productive minutes to
process a 12 cm tree while taking 0.61 productive
minutes to process a 20 cm tree. For each 5 cm
Increase In dianeter. It took an additional 0.23
productive minutes to process. A direct l inear
relationship existed between processing time and
DBH (Figure 3).

Total productive time per tree was obtained
by adding move and processing times. Total time
per tree was affected only by DBH since processing
accounted for 95 percent of the total time per
tree. Total time for a 12 cm tree was 0.25
productive minutes while for a 20 cm tree It was
0.64 productive minutes. However when tree volume
was considered, the production rate {m/P^ft^) was
much higher for larger trees (Figure 4).

Oost for the processor was estimated with a
machine rate. Ownership costs were estimated at
$25.84 per PMH and operating costs (Including
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Figure 3.—Processing time per tree as a
function of DBH.

5t

4--

a--

2--

I--

Qj- H
12 14 16

OBH (cm)
18

H
20

Figure 4.—Production rate as a function of DBH.

labor) at $34.41 per PW for a total cost of
$60.25 per PMH. Production averaged 18.7 m' per
PMH during our study, resulting In an estimated
cost of $3.22 per nr. By comparison, chalnsaw
dellmbing and bucking cost for the same stand
was estimated at $2.83 per râ . Due to the high
variability of logging costs, these smal l
differences may not be significantly different.
Also, the processor offers other advantages which
affect the overall cost of the thinning system.
These advantages Include:

(1) Safety. Chalnsaws have been
elImlnated from the system and
a1 1 workers are off the ground
and mounted on machines.
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(2) More sllvlculturaMy acceptable
residual stand. This Is due tot

(a) logging slash being deposited
In the access corridor where

subsequent machine travel
breaks It down. Prior to the

addition of the processor,
such slash was left In piles
which posed potential hazards
from Insect Infestations and

hotspots during prescribed
or wild fires,

(b) feller-buncher plies being
built adjacent but outside
the access corrI dor. Th Is

aI lowed the use of more

narrow corridors and reduced
the damage to the residual
stand due to machine movement.

Since access corridors are

narrower, residual trees are
more evenly distributed over
the site and fewer high
potential trees are removed.

(3) Better fiber utilization. Since
the processor handled four or fewer
trees at a time, the entire merchant
able stem of the tree was better

utilized. By comparison, with manual
dellmbing and bucking of such piles,
taller trees at the bottom of the
pile were often poorly utilized
since they could not be seen or
properly bucked.

(4) Improved forwarding sasl hauling
productivity. PI Ies were cleaner
and larger. Less trash eliminated
the need for trimming prior to the
final haul as was the case with the

manual approach.

CONaUSIONS

For many operations, the advantages of
mechanized processing will offset the higher per
unit costs and capital Investment. Such machines
are easy for operators to learn to use and remove
the dangerous chalnsaw from the hands of the
operator. While more Information Is needed on
these machines In southern applications, their
future appears promising for use In thinnings.
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SKIDOERS USING HIGH FLOTATION TIRES^

Brent J. Sauder^

Abstract.—Equipping a rubber tired skidder with high-
floatation (HP) tires Increases the area of applicability
for ground skidding on the west coast. A skidder equipped
with HF tires was monitored while yarding two sites on
nothern Vancouver Island and achieved production levels of
57 and 72 m^/shift; improved productivity levels are antici
pated. An analysis of potential environmental impact
indicates that the use of a skidder could increase the net
present worth of a setting over that achieved when using a
cable system by $l,301/ha even when yield loss due to
compaction is considered.

INTRODUCTION

Since 1980 FERIC and several tire manufac
turers have worked to develop high-flotation
(HF) tires for wheeled skidders. These tires are
wider and operate at lower inflation pressures
than conventional skidder tires (fig. 1). Opera
tional experience with HF tire equipped skidders
in eastern Canada (Mellgren and Heidersdorf
1984) has identified several advantages over
conventionally tired skidders including:

- increased productivity
- reduced fuel consumption
- reduced ground disturbance
- reduced soil compaction
- improved operator comfort
- improved machine stability.

These results indicated that HF tires had the
potential for increasing the coastal forest area
suitable for skidder operations.

Figure 1.—Conventional 23.1x25 tire (front)
inflated at 151 kPa (22 psi); HF 66x43x25
tire (rear) Inflated at 83 kPa (12 psi).

This paper presents the performance results
for a HF tire equipped John Deere 640 line
skidder operating on the east coast of Vancouver
Island, The trials are part of a one year study
funded by the Canadian Forestry Service, to
evaluate the performance of HF tires and the
B.C. Ministry of Forests, to determine the site
impact.

TRIAL DESCRIPTION

The HF tired skidder operated at five
locations during the one year study. Table 1
describes the conditions at two locations
(results for all sites will be presented in the
final report to the CFS) both on the east coast
of northern Vancouver Island. Site 1 is a low
elevation, 40-year-old alder (Alnus rubra Bong.)
site which was rehabilitated to conifer; site 2

:k (Tsuqa

ills fir

is a mid elevation, 75-year-old hemlock (Tsuc^a
heterophylla (Raf.) Sarq.) and Amabilis fir
(Abies amafailis (Dougl.) Forbes) stand. Site 1
was logged during the winter or 1983-1984; site
2 was logged in the spring of 1984.

Table 1.—Site Descriptions

Site 1 Site 2

Topography Flat terraces. Undulating
one major hill terrain, slopes
with slopes up reaching 35%

to m

Timber Type Red Alder 73% Henlock 77%
Conifer 27% Amabilis Fir 23%

Stand Volume 150 m^/ha 753 m3/ha

^Paper presented at the conference
COFE/IUFRO - 1984. Orono. Maine, USA, 12-14
August.

^Brent J. Sauder is Sr Research Forester,
Wood Harvesting Research Division, MacMillan
Bloedel Limited, Vancouver, B.C., Canada.



Harvesting Systems

Both settings were felled manually and
skidded tree length using a John Deere 640 line
skidder (table 2). A portion of site 2 was
harvested using the "cut and skid" system with
trees felled one turn at a time.

Table 2.—Harvesting System

Greater productivity for site 2 reflects
the larger piece size for that setting (table
4). Considerable time was spent clearing skid
trails in site 2. Overall production for these
two areas was lower than anticipated, perhaps
reflecting the poor weather conditions (heavy
rains) during the trial.

Table 4.—Skidding Performance with HF Tires

Site 1 Site 2 Site 1 Site ;

Felling Manual felling, Manual felling.
clear fel1 clear fell and Turns/Shift 16.0 17.0

"cut and skid" Pieces/Turn 5.0 3.3
Pieces/Shift 79.2 55.7

Skidding Full tree, limb Full tree, limb Average Piece
and top at landing and top at landing Size, m^ net 0.7 1.3

m^/Shift 57.0 72.4
Tire Type Goodyear 66x43x25 Firestone 66x43x24 m^/PMH 9.8 13.2

Firestone 66x43x24

Tires

Tires supplied by Goodyear Canada Ltd. and
Firestone Canada Inc. were tested (fig. 2). Both
tires were inflated to approximately 83 kPa (12
psi). With the tires installed, the overall
width of the machine was approximately 3.6 m (12
feet). The major difference between the tires
was in their lug angles; 45" for Goodyear and
23° for Firestone.

RESULTS

For the two sites, mechanical availability
exceeded 90% (table 3). Overall, tire problems
accounted for only a 1% loss in mechanical
availability. Wire rope, mechanical problems and
service time contributed to the remaining 8%
loss. Machine utilization for site 2 was low due
to weather and faller related delays.

oiscussroN

Operational Results

The HF tires have survived a years opera
tion under west coast logging conditions and are
a feasible alternative to conventional skidder
tires. The trials have demonstrated that a tire
width of approximately 1 m (43 inches) is
adequate for flotation and does not prevent the
skidder from maneuvering between the stumps.
Some contractors are considering HF tires of
larger diameter to improve machine ground clear
ance. The Firestone's 23° lug angle appeared to
give better traction in slippery conditions than
the Goodyear's 45°.

Operator comments on the tires included:

Advantages:
Stability on
side slope

- the machine could safely turn
around on a 35% side slope

Figure 2.—Goodyear 66x43x25 HF tire (left) - 45* lug angle
Firestone 66x43x26 HF tire (right) - 23° lug angle



Table 3.—Distribution of Scheduled Skidding Time

No. of

Shifts

Machine Hours/Shift Delay Hours/Shift

Availability
%I

UtilizationScheduled

(SMH)
Productive

(PMH)
Repair

Machine Tires Service Nonmechanical

Site 1 48 8 5.8 .6 .1 1.5 91 73
Site 2 22 8 5.5 .1 .2 .5 1.7 90 69
Weighted 70 8 5.7 .4 .1 .2 1.6 91 71
Average

^Berard et al 1968

Stability while - on steep slopes the larger
winching wheel base gave good footing

while winching

Softer ride

Wet area

traction

Uphill traction -

Disadvantages:
Loss of
traction

Extra width

Performance

on slopes

Applicability

- on established skid trials

and areas relatively free of
debris the wide axle beam
resulted in a smoother ride

the machine was able to skid

turns through wet areas inac
cessible to skidders equipped
with conventional tires

the machine could push with
greater force on uphill
grades to clear debris and
stumps (stumps were left in
place wherever possible)

wide tires prevented "spin
ning out" of tops and debris
which would allow the tires
to make contact with ground

wider track resulted in
increased tire contact with

stumps causing rougher ride
and loss of traction when
travelling off skid trails;
skid trails had to be picked
carefully

the climbing ability was ham
pered (especially in reverse)
due to loss of traction
associated with the stumps
and debris; the machine did,
however, operate successfully
on slopes up to 35%

one HF tired skidder in a
fleet of three or four skid
ders would give a contractor
the flexibility to operate in
wet and sensitive areas

^Weinard, R.H. 1984. Personal correspon
dence. Northwood Pulp and Timber Ltd., Prince
George, B.C.

The contractor who operated the skidder in
site 2 suggested the installation of "light
chains" to overcome the problem of spinning out
on debris and barked stumps. Preclearing of
major skid trails at a cost of approximately
$3,coo/km has been considered as a method of
improving skidder production. Experience with
skidders in other regions indicates that signif
icant productivity improvements should be
expected^.

The lower inflation pressures and tubeless
construction of the HF tires does increase the

possibility for air leakage at the tire bead.
Beads can be pushed away from the wheel rim if
the skidder is run alongside log decks or debris
is forced between the tire and rim. Clearing the
tire bead area of debris should be considered a
normal service activity. Neither the Goodyear
or Firestone tires require a "bead lock" type
rim; no tire/rim slippage occurred during the
trials.

The cost of HF tires and rims is also a
consideration. Retrofitting a skidder will cost
appi^oximately $19,000; a cost which the operator
must balance with increased operating opportun
ities and performance.

Environmental Impact

As the terrain most conducive to skidder
logging is also the most productive coastal
forest land, there is a recognized concern for
the disturbance levels caused by skidding. Soil
compaction, causing reduced forest productivity
and increased surface water flow on skid trials,
has been identified as an impact of skidder
logging (Froehlich 1979, Dickerson 1975).
However, one must evaluate these concerns care
fully.

Example

Assure that: using a conventional rubber
tired skidder to skid a clearcut coastal stand
would reduce harvesting cost by $3.50/m^ compar
ed to cable yarding systems (Wellburn 1975).

In the worst case, there could be a 40%
loss in volume yield (over a rotation) for the
trees growing on the 12% of the total logged
area compacted by skidding (Sidle and Drlica
1981, Power 1974).

Ill



Established skid trails would be reused in
subsequent harvesting of the area.

Net revenues are after 50% corporate tax
stated in constant 1984 Canadian dollars; dis
count rate (net of inflation) is 4%, therefore:

Case 1 - Cable Yarding
Year

Volume Removed, m^/ha
Net Revenue, S/m^

Case 2 - Skidder
Year

Volume Removed, m^/ha
Net Revenue, $^3

0

725

13.00

0

725

14.75

80

725

13.00

80

690

14.75

The net present worth (NPW) for each harvesting
alternative is:

Case

1

2

NPW

$/ha

9,834
11,135

Cable Yarding
Skidder

The skidder operation results in a $1,301/
ha increase in NPW even when a generous yield
loss due to compaction is considered.

This example does not take into account the
spatial distribution of the crop trees in the
stand. Trees could be planted on noncompacted
soils, beside the skid trails or between wheel
ruts, without disrupting stocking densities.
Silvicultural practices such as thinning to
waste and spacing would tend to concentrate the
growth on trees not impacted by the skid trials.
The positive effect of established access
"paths" for stand management is also not con
sidered.

Soil erosion due to concentration of water
flow is a major concern in a high rainfall area
such as the west coast. Scheduling of opera
tions, prelogging location of major skid roads,
adequate supervision, operator training and
post-logging treatment should minimize erosional
problems (FERIC 1976) and still achieve an
increase in net present worth.

This example assumes a worst case
compaction/volume yield loss. Preliminary
analysis of the site impact data for the HP
tired skidder indicates that, for the silty soil
types studied, 20 passes over a skid trail
resulted in a 2% increase in soil bulk density;
ICQ passes were required to produce a 10%
increase. On a setting basis there was no
statistically significant difference between
before and after logging compaction levels^.

^Rollerson T. 1984. Results of soil com
paction caused by HP tired skidder, MacMillan
Bloedel Limited, Nanaimo, B.C.

CONCLUSIONS AND RECOMMENDATIONS

The skidder trial has demonstrated that HP
tires can stand up to coastal logging conditions
and do increase the area of applicability for
skidders. Two contractors in northern Vancouver
Island are currently using HP tires. There is
considerable interest among other contractors
who see the HP tired skidders as a possible
replacement for crawler type skidders. Labor
and management problems such as the setting of
crewing levels, company/contractor crews and
balancing equipment utilization must be resolved
before wide spread, company operated, HP tired
skidder usage is realized.

Although the HP tires generate a softer
ride, research is still needed to improve the
operator comfort. Perhaps even lower tire in
flation pressures are possible (55 kPa) to
improve traction, operator comfort and reduced
mechanical shock loadings.

Environmental concerns cannot be ignored,
nor should they be overstated. Efforts must be
made to minimize the opportunity for catastro-^
phic site degradation. There should be a "learn
as we go" approach, with flexibility on the part
of both government and equipment operators. A
logging method which has the potential to reduce
logging costs demands attention even though it
may cause some site impact. Rational choices
require careful balancing of current values
foregone, against future values protected.
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FORCES AND OBSTACLES IN THE MECHANIZATION

OF FOREST OPERATIONS IN SWEDEN

Stig B. Andersson

Abstract.—By making historical descriptions of
applied forest technology more reliable information of
further development can be obtained. Changes occuring
in the world outside the forestry sector are often the
driving force behind new technology or conversely the
obstacles to alternative lines of development.

INTRODUCTION

There is no simple answer to the question of
^at it is that gives rise to the development and
implementation of new technology in forestry.
There are a host of contributory factors and only
in exceptional cases can a given development be
put down to a particular event, such as a technical
innovation.

When considering the introduction of new machinery
or equipment, companies usually look at the results
of financial analyses, in which estimated costs and
revenue are the main determining factor. However,
if a wider view is to be taken, other considera
tions mist be weighed, such as variations in energy
consumption, the implications for employment and
the possible impact on the environment. An even
wider view would also have to consider international
developments, international trade and the world
economy.

ADVANCES IN TECHNOLOGY, 1950-1980

In the early 1950s, cutting work was performed
almost entirely using hand cools. Chain saws were
few and far between and were confined to felling
and bucking in large-diameter stands. In those days
chain saws weighed about 20 kg. Limbing and barking
respectively were done by axe and spud. However,
by the mid-1960s much lighter chain saws had been
developed, which could therefore also be used for
limbing. At the same time, the laborious job of
debarking was taken over by machines at the mill.
Better training, a larger percentage of permanent
workers employed throughout the year, the applica
tion of better working methods and a variety of
measures making work simpler - all these also con
tributed towards increasing efficiency.

Extraction in the early 1950s was carried out
largely by horse. During the fifties and sixties,
horses were gradually replaced by farm tractors
and, later, by special extraction machines. The
1960s, in particular, saw rapid advances in ex
traction techniques: while the mobility, payload
capacity and reliability of machines improved, the
forest truck road network was also extended,
it possible for extraction distances to be reduced.

The shortwood method (involving processing of the
trees at the stump to sawlogs and pulpwood bolts
in lengths ranging between 3 and 6 m) was the
obvious choice in view of the fact that men and
horses were the predominant source of power in the
forest. This situation prevailed until the post
war years, when machines made it possible for
whole-tree and tree-length systems to be used.

The first purpose-built machines for extraction
work came from the Soviet Union and Canada in the
late 1950s and were designed for hauling whole
trees or tree lengths. Shortly before the advent of
Swedish-manufactured machines in the mid-1960s, two
Canadian machines, the Beloit Tree Harvester and
the VitFeller-Buncher were introduced in Sweden.
The former lioibed and topped the standing trees
before felling them, whereas the latter felled and
extracted unprocessed trees.

The early 1960s also saw the introductions of the
'Sund* system which involved felling by chain saw,
followed by extraction of the trees to the truck
road, where limbing and bucking were carried out by
machine. In about 1967, mobile logging machines were
taken into operation, one of which was the Logma
limber which limbed the felled trees and bunched
the stems in piles.

A questionnaire survey conducted in 1967 predicted
that the use of idiole-tree and tree-length methods
would increase widely during the 1970s. There are
two main reasons why this did not happen: first,
processing at the landing had no historical tradi
tion ̂  Sweden. The problems associated with the
handling of the wood and transporting it to qnd
from the lauding, together with the acctnaulation of
logging residue that was quite worthless in those
days, resulted in the laajority of forest enterprises
abandoning the whole-tree and tree-length methods.
Secondly, rapid development took place in the late
19608 of forwarders and mobile processors, that is,
off-road machines which limbed, bucked and bunched
the felled trees. Suce the processors took over
^e wrk previously done by cutters after the trees
Md been felled, the problem of organizing the work
force was eliminated*
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The development of feller-bunchers came as a
natural complement to the mobile processor. The
integration of these two types of machine into a
single machine was achieved in the development of
the harvester - a machine capable of performing
all the jobs previously done by the cutter, with
no change in the wood flow nor movement of any
operation out of the stand.

In relation to developments in logging and
extraction, the technical advances made in the
fields of stand establishment and stand treatment

were less outstanding. Even today, the extent of
mechanization in such silvicultural activities as

cutover clearing, artificial regeneration and
cleaning is limited. In contrast, scarification,
which, during the 1950s was carried out by hand,
nowadays is carried out almost exclusively by
machines.

As regards silviculture, planting is the most
labour-intensive opezration and R&D work aimed at
mechanizing it has been in progress in Sweden
since 1965. The technical difficulties inherent
in the mechanization of planting on normal stony
morainic soils have been much greater than was
first thought, and those planting machines that
have been developed are still in the prototype
stage.

A somewhat rhapsodic illustration of the
development between 1950 and 1980 is given in
Figure 1. The curve, which has been smoothed out
to some extent, shows the rise in productivity
during the period, expressed in cubic metres
(gross volume) of output per man-day, from all
logging, silvicultural and other activities.

PRODUCTIVITY BETWEEN 1950 AND 1980

The replacement of the axe and crosscut saw by the
chain saw, of the horse by the tractor, of the
barking spud by barking machines and of seasonal
work by year-round work, and the expansion of the
forest truck network - all these contributed to the

sharp rise in productivity illustrated in Figure 1.
Productivity rose from approximately 1.4 m3 per
man-day in 1950 to 2.3 m3 in 1960 and 6.3 m3
in 1970.

The sharpest rise in productivity occurred in the
early 1960s, which also proved to be a turning
point towards a slower rate of increase. During the
1970s, the productivity curve tended to level out
completely. In this context, it should be remembered
that this fall in productivity was reflected in most
branches of industry at that time, not just in
Sweden but in many other countries as well.

■hi' I

a rOi

Cubic metres
per man-day
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Figure 1
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1960 1970 1980

116



ADVANCES IN FOREST TECHNOLOGY

VIS-A-VIS THE OUTSIDE WORLD

A schematic diagram giving a simplified
picture of how the outside world influences
advances in forest technology is given in Figure 2.
Included in the circle in the top right-hand comer
of the diagram are international development,
trade, industrial conditions, etc. The two-way
arrows indicate influences in both directions;
for instance, profitability in the forestry sector
is influenced by the demand
for pulp on the international market but itself
influences investment and thus forest technology.
In this example, the link between international
trade and developments in forest technology in
Sweden is fairly direct and readily apparent.
However, as the arrows in the diagram show,
influence may also be exerted indirectly, such as
through national economic policy and public-sector
resources. Of course it is difficult to distinguish
between cause and effect when the pattern of inter
relationships is so complex. To limit the coverage
of this paper the various determining factors
have been grouped under the following headings:

- General advances in technology
- Profitability trends
- Economic policy
- Governmental controls

- The structure of forest ownership,
organizations, etc

- Attitudes and values

- Internationalization
International deve

lopment, trade, indust
rial conditions, etcSupply and demand-

relative prices and
costs

Technical progress
in the world outside
forestry

THE OUTSIDE WORLD

NATIONAL FACTORS

i NATIPNAL RESOURCES Ni^LQNAL POLICIES AND CON

DITIONSI Land and capital
j Labour market
I Energy, raw materials,
! transport services
Research and informatien

Economic policy
Education

Attitudes and values

THE FORESTRY SECTOR

Profitability Investment In capital
and human resources

Structural

changes
Advances in forest

technology

PRODUCTION/OUTPUTFigure 2

General Advances in Technology

A good example of how general advances in
technology can have a major impact on mechanization
in forestry was the development of small, light
weight and reliable internal combustion engines,
which preceded the breakthrough made by chainsaws
during the 1950s. Yet the idea was by no means new.

Another factor having a decisive influence on
forest technology was the advances that were made
in cross-country vehicles. Although the initial
development work was initiated and led by military
interests, the techniques have been successfully
adopted by the manufacturers of forestry machines.
Many of the advances that have been made on forestry
machines are associated with advances in hydraulic
systems, which will no doubt continue to play an
important part in future development work. Advances
in electronics, dating back to the 1940s (with the
introduction of the transistor) have so far made
the greatest inroads in administrative applications.
Automation in the process industry followed by the
introduction of robots by the manufacturing industry
are examples of how electronics have influenced
production techniques. With the advances made in
micro-electronics (silicon chips) in recent years,
new frontiers have been opened up for forest techno
logy, and the new technology is already being used
in control systems and automatic bucking equipment
on logging machines. So far, these applications
have not provided any great incentive to depart
from the basic techniques being used at present.
But we have still only witnessed the beginning of
the breakthrough in microelectronics and all the
indications are that a completely new approach to
developments in both forest technology and tech
nology in the conversion industry will manifest
itself in the not-too-distant future.

Profitability trends

Because of the continual growth in the forest
products industry the prices of forest products
during the 1950s, 1960s and the early 1970s rose
only very slowly. In Sweden, the gap between wages
and the price of forest products steadily widened.
Thus, to maintain an acceptable level of profitabil
ity, the forestry sector was forced to streamline
the structure of the industry and mechnize the work,
Yet, despite these measures, a declining trend in
profitability has been observed since the early
1950s. This trend has probably been the prime force
behind the changes and advances that have been made
in forest technology.

Investment

Existing investment in forestry machinery and fixed
plant at the mills for receiving and handling forest
produce constitutes a general disincentive to the
introduction of new methods of logging and haulage.
The replacement value of existing machinery for
logging and extraction in Sweden has been estimated
at approximately 4000 million kronor.
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The condition of the machinery and equipment
varies, from nearly acquired latest-model harvesters
to machines bought in the mid-1960s. However, in
view of the fairly limited life span of present-day
logging machines, the money tied up in them is only
likely to impose a short-term restraint on the in
troduction of new technology. What is likely to be
a major disincentive in the long term is the exist
ing investment in fixed plant and equipment for re
ception, handling and processing of the wood at the
mill. In most cases, this type of plant is extremely
capital-intensive and has a much longer life-span
than that of mobile machines.

Profitability in the long term

The adverse effects of the choice of technique
on long-term profitability may sometimes be such
that they are deemed to outweigh the short-term
gains that can be made. An example of this is the
reduction in the productive capacity of the land
associated with the removal of branches, needles
and tops from some types of soil. Another example
is the damage that is done to the residual stand
by certain thinning techniques.

Economic policy at national
and enterprise level

In large-scale forestry, higher mechanization
of logging together with reductions in the annual
cut have resulted in a fall in employment in the
forestry sector; this depletion in the labour force
has made it difficult to complete the necessary
silvicultural work. There has been a dramatic rise

in the number of workers taking voluntary early
retirement and disability pensions, particularly
in those areas in which forestry is one of the
main providers of jobs. In view of the manifestly
adverse effects of this trend, the community at
large is now much more sceptical than before about
whether continued mechanization and possible auto
mation of logging are a desirable development. The
prospects for those made redundant finding alterna
tive work are very limited. The increased difficulty
of completing manual silvicultural activities, a
situation created by continued mechanization of
logging, and also the need for proper jobs in the
rural areas, are considerations that have been
exerting a steadily increasing influence since
the latter half of the seventies.

Governmental controls

Controls that can be applied by the Government,
such as legislation, taxation and subsidies, are
instruments that can quickly change the conditions
under which forest enterprises must operate and
R&D be carried out.

The structure of ownership,
organizations etc.

Ownership categories and structure, the struc
tural organization and long-established customs in
forestry and the forest products industry may act
as both incentives and disincentives to the intro

duction of new techniques.

The economies of scale enjoyed by those operat
ing in the large-scale forestry sector stem from the
opportunity to invest in capital-intensive equipment
and to make use of specialist staff. In small-scale
forestry, investment opportunities are more limited
and one person, the woodlot owner operating indepen
dently, alone carries out the different activities.

In the past, many new machines and items of
equipment developed could also be used by the in
dependent woodlot owners. However, the steady
transition to specialized machines during the 1960s
and 1970s by the large-scale operators constituted
a parting of the ways. To some extent, the small-
scale sector was able to avail itself of these

developments by cooperating through the forest owner
associations, whereas the independent woodlot owners
were unable to reap the benefits, apart from those
associated with improvements to chainsaws and other
items of manual equipment. Clearly, then, the needs
of independent woodlot owners provide little incent
ive to the introduction of new technology into
forestry.

Because of the dominance of the pulp and paper
industry in Sweden, the wishes expressed by the
sawmills and others in the conversion industry have
not carried the same weight as they would in other
countries. However, fuller realization of the pro
perties peculiar to Swedish timber and the opportuni
ties that the European joinery industries have of
utilizing them has now started to forge a new
relationship, not only between forestry and the
sawmill industry but between the sawmills and the
market. It is difficult to predict what implications
this change of emphasis will have for future techno
logy, but one logical consequence is that much
greater attention will focus on the sawlog section
of trees in the future.

Attitudes, values and conservation

The increasing awareness of government and the
general public to environmental matters during the
1970s gave rise to public debate about forestry
operations and techniques. Of greatest concern were
clear-cutting methods and the use of phenoxy acids
and DDT, and this concern resulted in the Government
introducing regulations in this field.

Another issue that has also been debated to

some extent is the use of large machines. Although
this has not led to any direct action on the part
of the authorities, it does seem to have contributed
to the movement towards smaller and less destructive

machines. The effect that different forms of forestry
acitivity have on the landscape and the ground,
combined with the public awareness of such matters
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can create driving forces of considerable strength.
In two projects, one on whole-tree utilization and
the other on forest-energy wood, a study has been
made of the effects of removing tops and branches
from the stand, ̂ rom the evidence available at

present, it seems that the removal of branches,
tops and needles in conjuction with final felling
is not likely to have any appreciable detrimental
effect on the survival and productive capacity of
the subsequent plantation, provided the soil is of
a normal, mesic type. Conversely, on mesic sites
with permeable soils and on dry soils, detrimental
effects on subsequent plantations are judged to be
much more likely.

The results of limited experiments indicate
that the removal of wood from cleanings and of
tree sections from early thinnings can give rise
to substantial losses in increment. However, this
can be offset to some extent by fertilization. The
effects of removing tree sections have taken on a
topical interest in the current debate on acid rain.
If it should be established that the removal of

tree sections increases the risk of soils becoming
more acidic, this could perhaps constitute the
biggest obstacle to the introduction of whole-tree
and tree-section methods.

During the 1960s and 1970s, new criteria were
introduced to evaluate work. In contrast to the

ideals of efficiency and progress of the 1940s and
1950s, higher priority was given to demands that
employees should enjoy greater involvement, contact
with others and freedom from stress. This reaction

against monotonous, highly specialized jobs con
ducted at a high tempo has led to attempts -
particularly in the forest products industry -
to develop new forms of work and organization.

From being a manifestly poorly paid group in
the 1950s and 1960s forest workers were able to

gain wage rises which put them on a par with
other industrial workers. Coupled with the oppor
tunity to eliminate physically exerting and
hazardous work, this is the main reason for forest
workers having such a positive attitude towards
rationalization and mechanization. But this de
velopment has created widespread redundancies.
Moreover, the job of a machine operator involves
isolated and monotonous work. Those who have con
tinued work as cutters have had to work on ever-
poorer sites and have had to suffer unfair com
parisons of their work with that carried out by
machines. Consequently, the previously loyal
attitude of the workers towards mechanization is
now changing to one which is less favourably dis
posed towards the continued effort to mechanize
the work.

Internationalization

Swedish logging machinery is internationally
known to be of a very high standard. But machinery
has been developed specifically for Swedish condi
tions in terms of tree diameter, slightly undulating
terrain, a divided industrial structure and far-
reaching legislation governing working conditions.
As mentioned earlier, Swedish logging has revolved
almost exclusively around the shortwood system.
In this respect, the situation in Sweden differs
from developments in most other countries with
the exception of Finland.

Another feature of the development in Sweden
has been the complex design of machines, which
makes heavy demands on operators and service per
sonnel alike. To a degree that is not insignificant,
this complexity of design has made for high acquisi
tion costs.

Further, the structure of the manufacturing
industry producing these machines is such that the
majority of machines have been produced only in
very small series. In spite of the high level of
technology built into these Swedish machines for
short-wood logging, exports to the major wood-
producing countries have been very limited. It was

a fairly simple matter to adapt earlier Swedish
technology, that is, hand tools and manual equip
ment including chainsaws, to overseas markets.

As regards future development^ of large logging
machines, it may be necessary to match these machines
to the requirements of the world market in order
to achieve a higher export volume.

CONCLUSION

A charcteristic feature of developments in
forest technology in Sweden has been to mechanize
difficult operations by introducing technically
complex machines. Instead of simplifying, changing
or transferring forestry operations to a site out
side the woods, in Sweden we have elected to employ
a high level of technical expertise to solve the
problems facing us in the stands. An exception to
this trend was the transfer during the 1960s of the
arduous job of barking by hand to the mill, and
the mechanized barking at landings that was carried
out for a limited period.

From what can be discerned of likely future
trends there is a great deal to suggest that the
best way of achieving the desired development will
be precisely to simplify, adapt and move forestry
operations to more suitable conditions. This is
largely because of the necessity of achieving fuller
utilization of the raw materials from the forest

and of reducing the logging costs. Another reason
is the new frontiers that are now being crossed in
the fields of information processing and automation,
thanks to the rapid advances being made in the
electronics field.
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FUELWOOD PROCUREMENT FOR AN INDUSTRIAL POWER PLANT: 

A CASE STUDY OF DOW CORNING'S PROGRAM1 

A. Gray Folger2 

Phillip G. Sworden3 

Charles T. Bond4 

Abstract.--Dow Corning Corporation has developed effec
tive procedures for meeting the fuelwood requirements of a 
22.4-megawatt steam and electricity cogenerating power 
plant. The fuelwood procurement program · of Dow Corning' s 
Natural Resources Department involves special arrangements 
with private landowners, logging and hauling producers, and 
waste wood suppliers. The program's success is attributable 
to a favor able location, adequate allowance for advance 
planning, effective public relations, and flexible manage
ment. The program is significant because it demonstrates 
that industrial fuelwood requirements can be met and that 
improved production from nonindustrial private forests can 
be relied upon as a major source of fuelwood. 

INTRODUCTION 

Two major obstacles confront industrial 
plants considering using wood as a fuel: assur
ance of a reliable fuelwood supply and handling of 
the fuel at the plant site. Dow Corning Corpora
tion is one of the first firms outside the forest 
products industry to produce energy from wood for 
large-scale industrial application. In a two-year 
cost-sharing agreement with SBRI's· former Indus
trial Applications and Analysis Branch, Dow Corn
ing was to address problems of fuelwood procure
ment and handling by 

1. Collecting data on test storage of local 
whole-tree-harvested chips and 

2. Reporting on experience gained in planning 
and developing operational systems for fuelwood 
procurement, storage, and handling. 

This paper .reports only on Dow Corning's 
experience in planning and developing a fuelwood 

1Paper presented at the COFE/IUPR03 1984 
Symp!sium, Orono, Maine, USA, 12-14 August. 

A. Gray Folger is a staff scientist in the 
Resource Assessment and Instrumentation Branch, 
Solar Energy Research Institute, Golden, Colorado, 
USA. 

3Phillip G. Sworden is currently Co11Struction 
Products Technical Service and Development 
Representative, Dow c:brning Corporation, Midland, 
Michigan, USA. He was formerly Supervisor, 
Natural Resources Department, Dow Corning 
Corpiration. 

Charles T. Bond is Supervisor, Natural 
Resources Department, Dow Corning Corporation, 
Midland, Michigan, USA. 

121 

procurement program for the 22 .4-megawatt steam 
and electricity cogenerating (SECO) plant at their 
facilities in Midland, Michigan. 

FUELWOOD REQUIREMENTS 

Dow Corning Corporation, an industrial manu
facturer of silicone products, replaced two oil
fired boilers for process steam and heat with a 
wood-£ ired plant which was started up during the 
fourth quarter of 1982. The plant consists of a 
nominal 275,000 pounds per hour ( pph) spreader
stoker boiler and a condensing turbine. The unit 
is designed to burn wood with gas or oil in a 9:1 
ratio (by Btu) 11 months of the year. The admix
ture of natural gas or fuel oil promotes boiler 
operating stability (i.e., temperature and pres
sure) for efficient and smooth operation of the 
turbine. One month per year of down time is 
planned for inspection and maintenance as required 
by state law. The annual fuelwood requirements 
are approximately 165,000 dry tons, which amounts 
to about 15,000 dry tons of wood per month (¼20% 
depending on the load and season). 

The fuel handling and combustion systems of 
the plant are designed to operate with the varia
tions in particle size and moisture content char
acteristic of wood fuels. The preferable particle 
size is·a 1-inch chip having typical dimensions of 
about 1 by 1 by 3 /8 inch. However, fuel wood rang
ing in size from that of sawdust and smaller fine 
material· to a 2-inch cube can be accommodated. 
The. plant is equipped w1 th a wood hog to reduce 
oversized pieces. The boiler can handle a fuel
wood mix containing aa much as 20% fines (by dry 
weight). The boiler is designed for a wood mois
ture content of 40% (wet basis), but 50% moisture 
wood, such as is generally characteristic of fresh 
field-harvested chips, is acceptable. 



Requirements of industrial revenue bonds used 
to finance the plant dictate the types and sources 
of fuelwood. Seventy five percent (by dry weight) 
of the fuelwood must originate from noncommercial, 
or residue, sources. Forest- derived material from 
tops and l i mbs, standing dead trees, and noncom
mercial species are included, as well as mill 
residues and urban wood wastes. 

Contaminants in the wood fuel are of concern 
for their effect on equipment and as occupational 
safety or environmental hazards. Major types of 
contamination to be avoided are (1) hazardous 
chemicals, such as the chlorinated hydrocarbons 
and heavy metals in preservat i ves and pesticides; 
(2) demolition rubble, such as glass, brick, 
stone, concrete, and metal; and (3) miscellaneous 
contaminants, such as asbestos and other types of 
insul ating materials . With the exception of 
contaminated wood from forest areas recently 
treated with pesticides, including herbicides, the 
major potential wood sources with unacceptable 
contaminants are urban wood wastes . Limited 
quantities of mineral soil from field chipping 
operations are expected . 

A limited area is avail able at the plant site 
for fuel wood handling and storage. The area des
ignated for open storage of fuelwood can contain a 
pile of wood about 35 feet high extending over 
approximately 4 acres, as shown in figure 1. This 
amounts to a 3O-day supply. It is imperative, 
ther efor e, that fuelwood be available and 
del iverable throughout the year wi t hout major 
disruptions , 

RESOURCE EVALUATION 

Construction of the SECO plant followed sev
eral years of investigation, evaluation, and 
planning . Critical questions involved the avail
ability of wood resources. An internal study team 
was created early in 1977 t o study the feasibility 
of using wood for fuel, addressing such questions 
as 

• How much wood is there? 

• Who owns t he wood? 

• How available is the wood? 

• Who would produce the wood? 

• How much competition is ther e for t his 
resource? 

The study team, initially comprised of a 
manager of engineering support, a utilities spe
cialist, and an accountant, selected a fores t ry 
consulting firm to perform resource evaluation 
studies. A professional forester was hired to 
help direct and interpret the findings of the 
resource studies . Specifically, the forestry firm 
was to 

1. Evaluate the economics of using Michigan's 
wood resources to meet Dow Corning's energy 
requirements, 

2 . Identify the wood procurement sources and 
pr ocedures offering the most dependable long-term 
wood supplies at a reasonable cost, and 

Figure 1 ,-Dow Corning's SECO power plant and t he wood fuel 
storage pile. 
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3. Recommend a specific wood procurement 
system. 

In a series of three reports, the forestry 
consulting firm presented their findings and 
recommendations. The Phase I report indicated 
that wood would be economical in comparison with 
fossil fuels (i.e., gas, oil, and coal). The 
Phase II report concluded that the potential sup
ply of wood fuel material within a 7 5-mile radius 
of Midland is more than adequate to provide almost 
any desired mix of forest, urban, and industrially 
derived fuelwood in the quantity required by Dow 
Corning. The report recommends that 

• Dow Corning need not purchase for est land 
or directly hire timber harvesters, 

• Chips should be acquired through purchase 
contracts with independent producers, 

• Brokers should be used to collect urban and 
industrial wood residues, 

• Procurement efforts should be concentrated 
within 50 to 75 miles west and north of Dow 
Corning, 

• Delivery of wood fuel should be by truck, 
and 

• Prices paid for wood fuel should be based 
on dry tons. 

The Phase III report identified and evaluated wood 
producers, forest products mills, and large forest 
landholdings within the procurement area. 

The conclusions and recommendations of the 
forestry firm were supported by forest resource 
data and analyses presented in several federal and 
state government reports (Blyth and Hahn 1977, 
Chase et al. 1970, Manthy et al. 1 1973, Wood Energy 
Task Force 1981). Data were compiled on commer
cial forest land (by ownership and forest type), 
growing stock volume, net annual growth, timber 
products removals, logging residues, standing tree 
residues (i.e., rough, rotten, cull, small, and 
salvageable dead trees), and mill residues for 
counties within a 7 5-mile radius of the Midland 
plant site. Figures 2, 3, and 4 show pie graphs 
of commercial forest land ownership, annual forest 
growth versus removals, and mill residues , 
respectively. 

Despite the limitations and uncertainties of 
available resource data, the potential fuelwood 
supply appeared ·to be adequate in terms of both 
the physical supply and competition for the 
resource. Annual forest growth exceeds removals 
by a wide margin, and the standing tree residue 
portion of the forest alone contains over 100 
times Dow Corning's annual wood requirement. 
While there are about 80 sawmills of various sizes 
in Dow_Corning'a procurement area, the procurement 
of mill residues and lower-value forest material 
(e.g., pulpwood) for the SECO plant would offer 
little competition with major pulpwood purchasers 
in the Lower Peninsula of Michigan (fig. 5). The 
-predominance of forest land to the north and west 
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Commercial Forest Land 

Private - 2,853,000 ac (68.6°/~) 

Figure 2.-0wnership of commercial forest land for 
counties within a 75-mile radius of Midland, 
Michigan. 

Growth vs. Removals 
Net Annual Growth 115.5 MMcf 

Annual Timber Removals 55.7 MMcf 

Hardwood 
removals 

(40%) 

Excess annual 
hardwood growth 

(37.9%) 

Figure 3.-Annual forest growth versus removals 
for counties within a 75-mile radius of Mid
land, Michigan. 



of Midland (fig. 6) directed the focus of pro
curement planning to that area. 

The forest stands in the vicinity of Midland 
consist of natural mixed hardwoods (e.g., aspen, 
maple, oak; and birch) and planted pines (e.g., 
red, Scotch, white and jack). In general, the 
hardwood stands became established following aban
donment of agriculture during the 1930's. Much of 
the forest growth is underutilized and underpro
ductive. Aspen stands, which regenerate from 
sucker sprouts, are typically clearcut. The pine 
plantations and hardwood stands are typically 
managed for pole and sawtimber production, as 
appropriate, by thinning. Though steep terrain is 
unusual in the area, site conditions that affect 
harvesting are soil texture and wetness, which 
vary spatially and temporally. Low and/ or wet 
areas are, therefore, most accessible during the 
winter and summer months when the ground is frozen 
or dry. 

FUELWOOD PROCUREMENT PROGRAM 

Procedures for wood procurement are well 
established within the forest products industry. 
Utility companies and nonforest industrial firms 
considering the use of wood for fuel are of ten 
deterred by the apparent lack of a suitable infra
structure for continuous, long-term (e.g., 20 to 
30 years) provision of wood at reliably constant 
prices • General guidelines · for industrial fuel
wood procurement are described by Harris and 
Helms (1981). The program developed by Dow 

Mill Residues 
Total = 360,405 tons/year 

Sold 
(58.7%) 

Surplus 
(39.1%) 

Figure 4.-Annual generation of saw mill residues 
for counties within a 75-mile radius of Mid
land, Michigan. 
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Figure 5 .--Circles of SO-mile radius from Midland 
and from the locations of major pulpwood pur
chasers in the Lower Peninsula of Michigan. 

Corning Corporation is offered here as an example 
of how, under a particular set of ·circumstances, 
it can be done. 

The fuelwood procurement program for the SECO 
plant, in the form that it became established and 
operational~ involves special arrangements with 
private landowners, logging and hauling producers, 
and waste wood suppliers-..;.all managed by a small 
staff of natural resources and procurement profes
sionals. The structure and procedures of the pro
gram were developed from investigations and plans 
over a 5-year period. 

In addition to study and planning, effective 
communications with the public were highly instru
mental to the development and success of the pro
gram. For example, audio-visual presentations 
were developed by Dow Corning' s public relations 
department, in conjunction with natural resources 
and engineering staffs, to explain the power plant 
project within the context of sound natural 
resources management. By the time of plant start
up, nearly 200 presentations to about 10,000 peo
ple had been made. All inquiries and requests for 
informational presentations were honored. 



Figure 6.-Satellite image reproduction showing the occur
rence of forest land to the north and west of Midland, 
Michigan, and agricultural land to the south and east . 

Private Forest Landowners 

The procurement program came to focus on pri
vate landowners as an alternative to initial plans 
for long-term contracts with state and federal 
land-managing agencies . Responses to a question
naire sent to selected landowners in 1977, and 
subsequent contacts and discussion, revealed much 
interest in forest management, particularly for 
wildlife habitat improvement. The variety of 
landowner objectives and the need for individual
ized attention to ensure proper forest management 
induced Dow Corning to gradually enlarge the 
natural resources s t aff to include wildlife biolo
gists and a field ecologist, as well as additional 
foresters. 

The program with landowners involves land 
management guidance and assistance before money is 
exchanged for wood, excluding sawlogs. When a 
landowner contacts Dow Corning, a meeting is 
arranged with an appropriate staff person of the 
Natural Resources Department to discuss the land
owner's goals and how forest management practices 
can be applied. If in the judgement of the 
natural resources staff the landowner's tract of 
timber is suitable for Dow Corning' s purposes and 
the landowner genuinely intends to manage it, an 
inventory is conducted and a management plan i s 
prepared. 
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The management plan incorporates the land
owner's goals within a framework of sound timber 
management, wildlife management, and soil conser
vation practices. The landowner's tract is char
acterized in terms of soils, vegetation, timber, 
and wildlife habitat using maps , tables, and 
descriptions. Management prescriptions include a 
harvest map and schedule, recommendations for 
locating access roads, and additional information 
as necessary for more specific landowner goals 
such as ruffed grouse management, turkey manage
ment, pine plantation thinnings, or special recre
ational needs. 

The immediate intent of a management plan is 
to facilitate communication and understanding of 
natural resources management by the landowner. It 
is provided to the landowner without necessitating 
any obligation to Dow Corning. Upon negotiation of 
one or more contracts for Dow Corning to purchase 
pulpwood from the landowner, the plan provides 
prescriptions for harvesting that are understood 
and assumed by both parties . To ensure compliance 
with the plan, Dow Corning provides assistance by 
designating sale areas, marking trees to be 
removed or left, and locating access routes and 
landings. The plan's specifications are reviewed 
with the producer before harvesting and are also 
used as a basis for subsequent periodic inspec
tions of the job. 



Logging and Hauling Producers 

The forestry consulting firm and the state 
department of natural resources developed lists of 
potential chip-harvesting producers for Dow Corn
ing. Dow Corning selected 15 local producers and 
sent invitations to bid on contracts to harvest 
and haul Dow Corning . stumpage ( purchased from pri
vate landowners). The bid invitation package 
included (1) bid instructions and a bid form, 
(2) a sample contract, (3) general criteria for 
stumpage to be provided, (4) a form for informa
tion on the producer, and (5) a description of Dow 
Corning' s safety requirements. Of the 15- produ
cers contacted, 6 responded and 3 were selected. 

This bid approach allowed the producers to 
specify their preferences for operating locations 
and tonnages of · wood chips to be delivered. A 
major reason for bidding rather than specifying 
delivered chip prices was that the operators know 
best the economics of their own operations. To 
alleviate concerns about blind bidding on Dow 
Corning stumpage, criteria for the stumpage to be 
provided were established. Since the producer 
contracts are to be effective for a period of 3 
years, the bid form and contracts incorporate 
provisions for adjusting the payment rates per dry 
ton or per dry ton mile in response to unfores~en 
escalation of fuel, labor, or other costs. The 
producers are paid on a dry ton equivalent basis 
to encourage practices which. promote delivery of 
wood with a low moisture content. 

Waste Wood Suppliers 

As mentioned previously, a rather large num
ber of sawmills operate in the Dow Corning pro
curement area prod~cing substantial quantities of 
residues requiring disposal. Waste wood suppliers 
(currently mostly sawmills) were selected on the 
basis of sawmill size, quantity of residues avail
able, and delivered price. Because the production 
of sawn wood products varies with demand, Dow 
Corning's contracts allow for 15% to 20% variation 
in dry tons delivered. Prices paid for mill resi
dues are based on dry tons and a maximum permis
sible moisture content to encourage handling prac
tices that minimize moisture content. The total 
amount of sawdust used is restricted by the capac
ity of the power plant and its wood handling sys
tems to tolerate fine wood particles. 

CONCLUSIONS 

Dow Corning' s industrial fuelwood supply is 
not absolutely secure in terms of sources and 
costs for the lifetime of the plant. However, 
contracts are now in effect with supplie~s and 
landowners for the next 2 to 4 years • What is 
more significant is that flexible, responsive, and 
effective procedures are now established that 
should serve to maintain a continuous supply of 
fuelwood at reasonable costs in a dynamic market 
situation. 
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The apparent success of Dow Corning' s fuel
wood procurement program is attributable to 
several factors, not the least of which is a f av
orable location. . Other factors are (1) the ques
tioning and open-minded attitude of Dow Corning' s 
management, (2) ad·equate allowance of time and 
expenses for planning, (3) implementation of 
effective public communication practices, and 
(4) incorporation of the expertise of natural 
resources professionals throughout planning and 
implementation of the project. Continued success 
of the fuelwood procurement program depends on 
maintaining-an innovative and questioning approach 
in response to dynamic wood market conditions. 

Dow Corning's fuelwood procurement program 
provides an example of how a nonforest .industrial 
firm can ensure- a reliable supply of substantial 
quantities of fuelwood in a manner that is comple
mentary to the requirements and operations of the 
forest products industry. It also provides an 
example of how to facilitate productive management 
of nonindustrial private forest lands, a question 
which is often described as the major challenge to 
forestry in the United States for meeting future 
wood !JUpply requirements (FPRS 1979, USDA Forest 
Service 1982). 

·RECOMMENDATIONS 

During the first year of operation of Dow 
Corning' s power plant, a need to improve control 
of fuelwood moisture content became apparent. 
Several mechanisms were identified· (and are still 
being refined) which are summarized below as 
recommendations for industrial firms starting up 
wood-burning power projects. 

• Wood purchases should be based on actual 
weight, including the moisture content, 
rather than on a dry weight equivalent-
because the latter does not reflect differ
ences of net energy .value with moisture 
content. 

• Evaluations of fuelwood resources in plan
ning should also be based on the net 
energy, or usable Btu, values using rela
tionships between costs and moisture con
tent such · as the ones illustrated in 
figure 7. 

• Incentives and disincentives can be used to 
encourage delivery of low-moisture-content 
wood. 

• Quick and accurate moisture content sam
pling procedures are needed for receiving 
and paying for delivered loads of fuelwood. 

• The use of sawdust may need to be 
restricted and carefully controlled because 
of its tendency to absorb and retain 
moisture. 

• Whole-tree-chipping operations can be 
planned and scheduled to minimize· wood 
moisture content by considering species, 
time of year, and site conditions. In 



addition, allowing a period of several 
weeks to elapse between the severing and 
chipping operations of a harvest reduces 
wood moisture content by transpirational 
drying when foliage is present. 

General recommendations, drawn from the Dow 
Corning experience, for planning and developing an 
industrial fuelwood procurement program are sum
marized as follows. 

• Publicize wood fuel needs early in project 
development so all sources can be 
identified. 

• Develop an effective, comprehensive public 
communications program. 

• Begin procurement planning and actual pro
curement as early as possible. 

• Use bids in conjunction with specifications 
instead of fixed rates of payment in form
ulating arrangements with producers and 
suppliers. 

Finally, two general recommendations are 
offered, based on Dow Corning' s experience, 
regarding information that would be helpful to 
those considering industrial wood energy systems. 

~40 J: 
~ 0 

30 

20 

10 

$/Net MMBtu 

15 20 25 
$/Dry ton 

Figure 7 .--Relationships between actual energy 
costs versus dry weight costs of fuelwood as 
influenced by moisture content. 
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• Reliable information and data are needed on 
the total biomass from any given forest and 
on the material available as wastes from 
wood utilization and disposal. 

• Some central source of information on fuel
wood resources, wood fuel characteristics, 
and energy conversion systems is also 
needed. 
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HEATING SYSTEMS IN SWEDEN 
WITH ENERGY FR04 FOREST BIOMASS 

Bo Hikansson 
Department of Operational Efficiency 

Swedish University of Agricultural Sciences 
Garpenberg, Sweden 

I INTRODUCTION 

Forest Biomass in Sweden is calculated to 
give 20-40 TWh/year* or 4-St of the estimated 
yearly demand of energy in the 1990's. 

Table 1. --Consumption of forest fuel for heating 
of buildings was in 1982 according to below 
{Skogsstyrelsen - SINO 1983). 

Villas 
District Heating 
Forest Industry 
Others 

million m3 solid 
3.3 
0.3 
0.3 
0.5 

4:1" equal to about 6. 2 TWh 

Total demand of energy for heating of 
buildings was in 1982 about 100 TWh including 
district heating with 27 TWh. 

One of the biggest obstacles for a fast 
development of Forest Biomass Energy has been the 
uncertainties with the economical competition 
between forest fuel, oil, coal and electricity. 
Other possible obstacles are soil acidification 
and nutrient losses. Here a fast increase in the 
use of forest energy presupposes utilization of 
the whole tree from cleaning, thinning and clear 
cutting. 

Forest fuel is used today in Sweden with 
relatively well established techniques ~ich in 
some cases have faced severe operational distur
bances. These are mainly dependent on the forest 
fuel qualities. Some of the negative factors and 
problem areas can be listed as follows: 

high and variable moisture content 
contaminated fuel with snow, ice, sand, etc. 
oversized chunks of fuel 
high content of fine fractions below 5mm. 
Especially for logging residue 
storage and transport 

The aim with this paper is to give an over
view of Sweden's technical level for canbustion 
of forest biomass in small scale systems and in 
district heating systems. The last two sections 
presents the results of a field-stucb' on cooling 
of the fl uegas and a study on burnout time for 
chunkwood. 

* Heating of buildings 1 TWh = 1012Wh ~ 105m3 
heavy oil. 
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II EQUIPMENT FOR COMBUSTION OF FOREST BIOMASS 

The theme here is mainly limited to the 
technical construction of the grate which carries 
the burning fuelbed in the furnace. Some new can
bustion systems are discussed in the end {below 
listed points K-N). In the design of a furnace 
for forest biomass some of the following fuel 
properties must be considered. 

Fuel Properties 

Moisture.content 

The moisture content of the fuel is measured 
on green basis= 

weight of the water 
=----------total weight of the fuel 

Combustion of wet fuel, with moisture con
tent over 35t, can be done with good results in, 
for example, a furnace with refractory lining 
which dries the fuel before canbustion. Forest 
fuels with moisture content over about soi needs 
normally preheating of the air for good canbus
tion. Maximum moisture content is below 65-701 
that will support a good canbustion. 

Size 

A high content of fine particles in the fo
rest fuel can create an uneven air distribution 
over the grate and increase the amount of unburnt 
fuel which is carried with the fluegas to the 
boiler's convection part and the smoke cleaning 
equipment. The unburned material in the ash also 
increases with the amount of oversized chunks in 
the fuel. Uneven, 11 stri ngy11 and 11 sti cky" fuel can 
hamper the proper fl ow to and in the canbustion 
bed. 

Ash and contaminants in the fuel 

The ash content is measured on the dry 
weight of the fuel. 

High ash content in the fuel increases the 
risk for cindering. Sand and stones in the fuel 
increases the wear on the grates and on the ma
terials handling equipment. 



Variation 

Variation in bulk density, moisture content, 
ash, contamination and size makes it difficult to 
maintain an even and high combustion efficiency 
with low smoke-emissions. Variations in the fuel 
causes adjustment of the fuel bed parameters, 
such as: 
- speed and thickness of the fuelbed 
- air preheating and distribution 
- combustion temperature 

The following briefly describe the most com
monly used combustion systems in Sweden. 

A. Plain fixed grate in a preoven 
or a water cooled furnace 

This grate system is common for boilers be
low 1-5 MW and gives a safe operation except for 
fuel with a high ash content which gives problems 
with cinder fonnation. Fuel in the shape of bil
lets are usually fed manually into the furnace 
whereas chipped fuel is fed with automatic equip
ment. The ash is nonnally removed manually.This 
is even done every day in one 30 MW district hea
ting plant with a cyclone-preoven stoker fed on 
flat grate. The cyclone preoven has proven a 
reliable and efficient way of burning woodfuel. 

B. Plain reciprocating grate 

The plain aircooled reciprocating· grate is 
not so often seen in Sweden but can be used as 
above for A, and for even bigger power demands. 
The grate can be used for bark, chips and logging 
residue with maximum ash content of 5-10% and 
moisture content 20-60%. 

C. Inclined watercooled grate 

This grate is nonnally used in big scale 
systems for chips and wood residue, sometimes 
even for bark. The grate works well for fuel with 
a low ash content - below 1-2% - and with a 
moisture content below 50-60%. 

D. Inclined watercooled grate with 
reciprocating grate in the end 

This canbination grate zype is used as C but 
with higher ash content (3-5%) in the fuel. The 
moisture content should be above 20% because of 
the air cooled movable grate. 

E. Inclined aircooled grate 

This grate has ·many different shapes inclu
ding the conical type with or without the plain 
final combustion grate. The inclined aircooled 
grate is used as in C and D. 
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F. Reciprocating inclined grate 

Reciprocating fnclfned grates are highly 
suitable for forest fuels with ash contents below 
10-20% and moisture content in the range of 
20-65%. 

G. Rotating plain grate 

This newly developed construction has a ro
tating grate where the fuel is fed fran the peri
meter. The fuel is then directed against the cen
ter of the inward sloping grate where the ash and 
the cinder is taken out. The rotating speed of 
the grate can be varied according to type of 
fuel. The surface of the grate is closed against 
ash downfall. The grate will then be suitable for 
fuel with a high content of fine particles. The 
grate is used in a preoven for fuel with a high 
moisture content of 55-601 and ash content of 
10-201. 

H. Wander grate 

Wander grates are used only in a few plants 
in Sweden mainly for coal. Some tests have been 
done with a mixture of wood and coal. Results so 
far have been on the positive side in reducing 
S02-emission. A large amount of wet wood can give 
difficulties with ignition and gasification of 
the fuel. A wander grate for only forest fuel 
needs certain special provisions to get higher 
canbustion temperatures. Two examples are fl uegas 
circulation and refractory heating surface. The 
moisture content should be less than 25i. A rela
tively large ash content, 10-201, can be accept
able. 

I. Spreader stoker with travelling grate 

Spreader stokers are only used in. a few 
plants in Sweden. This zype of system has the 
advantage that mixing of different fuels can 
be done simultaneously during the firing. The 
moisture content ought to be below 50-551. Rela
tively high ash contents, up to 5-151, can be 
tolerated. 

J. Small seal e system 

Small scale systems, below 100 kW, are usu
ally fired manually with the billets on a plain 
grate in a water cooled canbustion chamber. The 
moisture content of the logs are, for good 
ff ring, below 20-251.- Better canbustion is achi e
ved in a furnace with ceramic lined wood burning 
box. The ceramic furnace (fig. 1), can even be 
equipped with fluegas cooler. Total furnace effi
ciency, based on higher heat value, can then be 
increased from 60-70% to 85-951. This furnace can 
use wood with moisture content wf thin 15-5()1. 



The new limits for emission of tar, in small 
scale combustion, is set to 10 mg/MJ. This limit 
can today only be met in a handful of ceramic 
furnaces. Conventional furnaces with water cooled 
fire chambers often have tar-emissions in the 
range of 500-1,000 mg/MJ. 

In small scale systems using wet chips, with 
moisture content of 35-551, firing is done in a 
bricklined combustion chamber placed before or in 
the furnace. Feeding of wet fuel can be done with 
a gravity system or with an automatic stoker with 
retort. Dry chips, below 25%, are nonnally fed 
with an automatic stoker to the retort which is 
placed in a water cooled canbustion chamber. The 
ash content in the fuel is usually low in small 
scale combustion system: - below 1-2%. 
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Figure 1. -- Ceramic furnace. 1. Fire chamber, 
2. Ceramic, 3. Water cooled tubes, 
4. Chimney. 

K. Combustion of densified fuels 

The most common products are briquettes and 
pellets. The first is used in ordinary canbustion 
equipment for dry forest fuel, for example with 
an automatic stoker with a fairly oversized 
auger. 

Pellets have proven to be difficult to com
bust. One reason is that the burnout time for 
pellets is 2-3 times longer than that of chips. 
Pe 11 ets a 1 so give prob 1 ems wi th ci nde r fo nna-
ti on. Combustion of pellets have been more or 
1 ess succesful with some kind of move ab 1 e grate. 
One example is a rotation combustion basket 
(fig. 2). Another solution has a high temperature 
burner with an hydraulic pusher which removes the 
melted cinder and ash. 

L. Combustion with wood powder 

Firing with dried and ground forest fuel is 
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used by only a few of the bigger heating plants 
for industrial and district heating. Powdered 
wood firing has an advantage because existing 
oilboilers can easily be converted to forest 
fuels. Disadvantages are the risks for explosion 
and the high cost for the wood powder. 

Figure 2.--Pellets burner with rotation 
combustion basket. 

M. Fluidized bed 

About a dozen fluidized beds have recently 
been installed in Sweden. The technical solutions 
differs fran the simpler bubbling bed to the more 
complex fast circulating bed or double bed. The 
latter has the fuel supply in the lower bed with 
final combustion in the upper bed. Efficiency and 
smoke-emission with different woodfue 1 s have 
shown good results but to the price of a compli
cated technical solution. 

N. Bio turbo system 

The Bioturbo system (fig. 3) is under deve
lopment for burning of wet fuel. Combustion of 
the fuel and cooling of the fluegas is done under 
pressure. Hereby the water vapour in fl uegas con
denses at such a temperature that the main part 
of condensation heat can be used in a heating 
system. 

Combustion air is compressed in two steps, 
high- and lowpressure compressors. Combustion 
takes place at a 7-8 bars overpressure in the 
fl ui di zed bed. The air is bl own in fran the 
bottom and fuel feeding is fran above the air in
take. The fuel then floats on the air flow while 
it is being combusted. 



The hot fl uegases pass a couple of cyclones 
for dust separation before they are conducted 
into a gas turb-ine which drives the high pressure 
compressor. After the high pressure turbine the 
flue gases are conducted in a heat exchanger 
which heats water. Al 1 remaining energy in the 
gases is taken out in a second turbine which 
drives the low-pressure turbine. This system is 
technically canplicated but its thennal effici
ency, around 85-901, is independent of the 
moisture content of the fuel up to about 80%. 

LOW- PRESSURE 
COMPRESSOR 

CYCLONES 

Figure 3.--Bioturbo system. 

III FLUEGAS CLEANING, ASH REMOVAL 
AND SOOT CLEANING 

A. Fluegas cleaning 

The most canmon systems for fl uegas cleaning 
in heating plants over 5-10 MW are: 
- electrical filter has high efficiency with high 

equipment cost. 
- textile fi l ter with pref i l ter has the highest 

efficiency and high equipment cost. Combustion 
of forest fuel can result in increased risk for 
fire in the fi.lter. 

- multicyclones with secondary separator have 
medium efficiency with relatively low equipment 
cost. Fluegas cleaning in smaller furnaces be
low 1.0 MW is mainly done with multicyclones. 

Small furnaces and stoves below 0.1 MW, 
often used in villas, fannhouses etc., have nor
mally no cleaning of the smoke. Emissions to the 
air from a small billet furnace with watercooled 
firechamber are 10-100 times greater than a 
furnace with good canbustion. Good burnout of 
heavier wood components, such as tar, demands a 
temperature above 800°C. This can be done in a 
combustion chamber with a refractor,y l_ining of 
. bricks. In order to avoid smoulderfire, with high 
air pollution, a small furnace should be connect
ed to an accumulation tank. 
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B. Ash removal 

Outfeedi ng of slag and ash from bigger fur
naces is often done through a waterbath in order 
to :put out the live coal. Smaller pl ants use dry 
outfeeding system which have relatively low 
equipment cost. The smallest boilers use manual 
ash and slag removal. Materials handling equip
ment for slag and ash demands very heavy const
ructions in order to avoid shut down. Screw 
feeders should be avoided where there is a high 
risk of jamming and wear. 

C. Soot cleaning 

Sweeping of bigger boilers have worked best 
with steam. Some boilers accomplish sweeping with 
low freqµency sound with good results. In smaller 
furnaces below 1-10 MW the sweeping is nonnally 
done manually. 

Boilers with vertical tubes have less ten
dency for cl oggitig by soot compared to those with 
horizontal tubes. 

IV MATERIAL HANDLING 

Shut down of materials handling equipment 
is mainly dependent on the properties of the 
fuel • Some causes -are: 
- oversized fuel 
- valving 
- freezing 
- contamination (stones, sand etc.) 
- varying moisture content 
- varying bulk density 
- varying primary product 

A. Screening 

Smaller plants for forest biomass which nor
mally do not have screening device, often use 
fine comminuted shear-cut chips with a length 
under 50 mm. 

Bigger heating plants nonnally have a 
screening device - for instance a disc screen -
thus a coarser fuel can be used. Crushed fuels 
can have a length to 150 mn with some exceptional 
oversized pieces up to 300-400 mm. The fuel 
thickness for crushed fuel is nonnally within 
50 mm diameter. 

B. Valving 

Forest fuels have a high tendency for hang
ing and valving. These phenanena usually occur in 
the transport system at changes in elevations for 
feeders and fuelbins. Sensitive parts for valving 
should be lined with low friction materials and 
the walls should, if possible, be inclined in
wards against the fuel. Stirring equipment can be 
used to prevent bridging • 



C. Freezing 

The tendency for wood particles to freeze 
together into clumps or to freeze on the surface 
of piles increases for heating plants located in 
the north. Freezing can be reduced through a fas
ter storage turnover. 

The freezing of fuel to the walls in the 
storeage container can be reduced by lining it 
with a low friction material. Frozen clumps of 
fuel can also be crushed with a special roller 
with cutting teeth placed in the outlet of the 
store. 

Some receiving silos have been equipped with 
heating. However, freezing can still occur when 
the fuel, with low turnover rate, is piled up in 
a high stack. The lowest risk for freezing fs in 
a store with a low pile height with high turnover 
rate and heating of the walls and bottom. 

Crushed logging residue is much more sensi
tive to freezing compared with chips fran stem
wood. 

D. Conveyors 

Safe operation of forest biomass heating 
plants are dependent on the construction of con
veyors. This gives less reliability in an in
crease of: 
- the length of transport 
- the number of mechanical handling devices 
- the number of changes in direction 
- the speed of transport 
- the amount of oversized fuel 

Larger plants should be equipped with a 
small reserve feeding silo which is placed as 
close as possible to the boiler. The reserve silo 
can usually be filled with a tractor-loader. 

E. Heating plant in Garpenberg 

In Garpenberg, the Swedish University of 
Agricultural Sciences has installed a district 
heating plant for forest fuel. (fig. 4). The 
furnace is also intended for test firing wfth 
different wood- and peatfuel. The materials hand
ling of the forest fuel in this plant is done 
after a new concept in Sweden -- an automatic 
crane equipped with a. grapple bucket. This system 
gives possibilities for combustion tests with 
different fuel mixes. 

The bricklined preoven has an inclined reci
procating grate. The speed of the grate, the 
feeding of the fuel and the canbustion air wf th 
necessary preheating can manually be adjusted 
according to the rooisture content and heat 
demand. 
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Heating power: 
Pressure - primary circle: 

O. 75 MW 
6 bar 

Temperature - primary circle: + 140°C 
secondary circle:+ 90°C 

Fuel moisture content: 25-60% 

Fuel size maximum: 400 x 100 x 25 mm 
or 150 x 0 200 mm 

Ash content maximum: 10% 

V FLUEGAS COOLING IN A SMALL FURNACE 

A. Background 

During March/April 1984 a chip fired furnace 
with fluegas cooler, figure 5, was tested at a 
fann near Garpenberg. The chips were fired in a 
gravity feed brick lined preoven connected to an 
ordinary water cooled furnace with maximum power 
of about 25 kW. The heat transmission area in the 
furnace was 2.2 m2. An oversized fl uegas tube 
cooler - size am2 in stainless steel - cooled the 
gas down to about +30°C during the \'A1o 1 e test 
period of 30 days. The furnace has been fired 
with chips since 1964. The fluegas cooler was in
stalled 1980. 

B. Testresults 

Three different forest fuels were used dur
ing 10 days each: 

Test 1 

Test 2 

Test 3 

501 alder and 501 mixture of spruce, 
birch and aspen. Moisture content= 
251. 

1001 birch. Moisture content= 35-40%. 

501 spruce, 351 aspen and 151 mixture 
of alder and birch. Moisture content= 
30-351. 

Temperature 

Outdoor temperature was on the average -3°C 
with variations (-15°C to +5°C). 

Water temperature in the boiler averaged 
+80°C. 

Fluegas temperature after the furnace before 
the fl uegas cooler varied fran +150°C to +320°C. 

Gas analysis 

CO2 average 111 
CO average 0.041 
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Figure 4.--District heating plant for forest fuel. l. Boiler. 2. Fuel feeder. 3. Heat exchanger. 
4. Preoven. 5. Chimney. 6. Cyclone. 7. Crane w grapple bucket. 8. Fuel store. 9.· Test fuel store. 

Power 

The average output power from the furnace 
was 13.7 kW. 

The average output power fran the fluegas 
cooler was 4.5 kW. 

Maximum estimated power from the fl uegas 
cooler was between 7-8 kW. 

Efficiency 

Average efficiency for the period was: 
furnace 631 with variations fran 

521 to 731. 
fluegas cooler 201 with· ·variations from 

161 to 261. 
total 83i 

The efficiency;is measured on the ~igher heating 
value. 
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Moisture content and canbustion 

The preoven worked best with a moisture con
tent above 351. That was clear fran the increase 
of fl uegas tenperature after the furnace. Test 1 
with fuel moisture content of 251 gave an in
crease of around +120°C after 10 days following 
sweeping. Test 2 and 3 with moisture content 
35-401 gave, durini similar time, an increase of 
around +30°C to 40 c. 

Sweeping 

The importance of regularly sweeping the 
furnace must be pointed out. In spite of rela
tively good operation of the preoven, even a 
short period of 10 days following sweeping can 
cause a substantial decrease (5~151) in effi
ciency. 

i; • 

l 
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Figure 5.--Chipfired furnace with fluegas cooler. 
1. Gravity chip feeder. 2. Preoven - brick
lined. 3. Thennometer for furnace water. 4. 
Flowmeter for household hot water. 5. Fur
nace. 6. Energy meter for heating water to 
the house. 7. Return pipe fran the house. 8, 
9. Fluegas thennometer. 10. Energymeter for 
heating water to the stable. 11. Fluegas 
cooler. 12. Return pipe from the stable. 
13. Fluegas thermometer. 14. Fluegas air 
pressure meter. 15. Condensate pipe. 16. 
Fluegas fan. 17. New chimney of sheet 
metal. 18. By-pass damper. 19. Old brick 
chimney. 

Condensate water 

The fl uegas condensate water was tested 
(table 2) where some swedish standard values for 
drinking water and fresh sweetlakewater are 
included. The amount of condensed fluegas water 
varied 2 to 3.5 1/h depending on the moisture 
content in the fuel. The analysis showed low 
values except for nitrogen dioxid which was far 
above the limits for drinking water. However, 
this water will be accepted for a nonnal sewage 
system, and it would be more serious to make 
these emissions airborne. 

VI BURNOUT TIME FOR CHUNKWOOD 

A. Background 

Chipped fuel from wet forest biomass has a 
big disadvantage in tenns of maintaining good 
quality during long storage time. Wet chips 
should be consumed within 2-4 weeks in order to 
avoid disturbing losses in energy and attacks 
from hazardous fungi. 

The long-tenn storage quality for canminuted 
wet wood improves with the size of the fuel. 
Bigger fuel particles have less area for oxida
tion and fungi and have a lower air resistance 
for the drying air. Chunkwood can, in small scale 
systems, even be sun- and winddried. Surface and 
volume proportion between chips - say 25 x 15 x 6 
mm - and chunkwood - 150 x ~ 100 mm - is for the 
surface 1:51 and for the volume 1:524. 
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The use of chunkwood as a fuel for heating 
needs to be proved. In Garpenberg, chunkwood re
search programs have begun seeking answers to 
questions like: 

- Which type of materials handling and combustion 
equipments are suitable? Can conventional chip
fired plant layouts be used? 

- How does the canbustion process wf th chunkwood 
differ with methods of camninution? Can the in
fluence of cracks in the chunkwood increase the 
combustion rate? 

- What are the figures for efficiency and losses 
for combustion with different types of chunk
wood in a conventional furnace? Will ft be a 
heavy increase of the unburnt particles in the 
ash? 

As a first step to answer the above ques
tions, a burnoutest was started in the summer of 
1984. Burnout time is an important design factor 
for the furnace. The burnout time of the fuel de
cides the speed of the fuel in the canbustion 
bed. This speed gives nonnally, for chips, a stay 
on the grate of around 15-30 minutes. 

B. Test oven 

Our test oven (fig. 6) has a sheet metal 
case on an insulated combustion chamber. Thelin
ing consists of a ceramic casting for a maximum 
temperature around 1400 - 1500°C. 

The undergrate air is introduced either with 
natural draft damper or wf th a fan. The tenpera
ture of the oven is measured in point A. Fluegas 
analysis is done in the beginning of the chimney 
at point B. 

C. Testprocedure 

The oven was heated to a temperature around 
+600°C in point A. Thereafter the oven was loaded 
with about 8 kg f n dry matter weight of fuel. The 
test wood was set afire with a gas torch until 
full fire was obtained. This usually took about 5 
minutes. The fuelbed was stired every 10 minutes 
to fully.cover the grate. The CO2 content 1es 



Table 2.-- Analyse of fluegas condensed water 

Description Ti!st 
1 2 

pH 6.8 
Phosphorus P ;ag/1 610 
KMn04 mg/1 160 
Ammonium 
N~ ~~1 ~ 
Nitrogen Di oxi d N02 )Jg/1 8600 
Ni'trate+Ni trite (N03+N02) .,ug/1 17000 
Nitrogen total N )Jg/1 47000 
Chloride Cl mg/1 8 
Sulpha~e S04 mg/1 103 
Aluminium Al mg/1 0.021 
Lead Pb mg/1 0.0014 
Iron Fe mg/1 0.02 
Cadmium Cd mg/1 0.0044 
Calcium Ca mg/1 21 
Potassium K mg/1 72 
Copper Cu mg/1 0.0051 
Chromium Cr mg/1 0.026 
Magnesium Mg mg/1 5.2 
Manganese Mn mg/1 1.0 
Sodium Na mg/1 0.57 
Zinc Zn mg/1 5.6 

checked before and after the stiring and neces
sary adjustments with the draft were done. Only 
primary un~eated undergrate air was used. The 
co2~1evel was kept to about 7'1, during the main 
combustion when the wood was gasified. The air 
draft damper during final combustion of the live 
coals was kept unchanged from the rate in the end 
of the main gasi"fication. That gave CO2-levels in 
the final stages around 2-4'1,. For chunkwood with 
a diameter of 174 nm i.t was only possible to ob
tafo CO2-levels for the whole firing period of 4% 
depending on the big airleakage between the 
chunks. The burnout time was measured from full 
fire until most of the live coals passed through 
the 8 mm slots in the grate and the grate was 
covered to less than about 20%. The remaining ash 
and unburnt material was about 3-5'1, of the dry 
weight. 

D. Results 
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16 
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64000 
5 
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0.54 
28 
2.1 

8 
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The chunkwood tested was derived from stem
wood of birch and produced with a hydraulic 
knife. The amount of shear cracks increased with 
decreasing diameter of the chunkwood, where the 
cross-section of 17.4 mm had almost no cracks and 
the.section of 50 mn was covered with several 
small visible cracks. 

Figure 6.--Testoven. 1. Draft damper. 2. Charge 
door. 3. Ashroan. 4. Fan connection. 5. 
Bricks for space adjustment. 6. Grate. 

Ch;pped sawmill spruce residue had an ave
rage size of 25 x 15 x 6 mm. The burnout test is 
in its beginning but the result so far 
(see fig. 7) indicate, as expected, a big differ
ence between chips and chunkwood. This difference 
might be reduced with chunkwood fran a new 
machine which gives more shear cracks. 
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7. Insulation. 8. Ceramic casting. 9. Sheet 
metal case. 10. Chimney. · 
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Figure 7.--Burnout time for chunkwood. 
Test Average Moisture Dry weight 

size mm content kg 
1 0 58 X 158 35 8.07 
2 0 68 X 148 36 8.12 
3 0 98 X 146 35 8.34 
4 0 99 X 148 40 7.58 
5 ~148 X 150 34 8.06 
6 0174 X 152 36 8.73 
7 25 X.15 X 6 33-40 7.84-8.37 

VII CONCLUSION 

A. Consumption of forest fuel 

Consumption of forest fuel in Sweden for 
heating is still low and an increase of around 3 
to 6 times is necessary in order to fulfill the 
target in the 1990-s. Today this seems to be un
likely, it depends on how heavy the competition 
will be in first hand from nuclear produced 
electricity. 

B. District heating 

District heating plants for forest fuel 
have, in Sweden, a large variation in the tech
nical design from the simpler pre-oven to the 
complex double fluidized beds. Example on 
combustion systems with good operational results 
are cyclones, reciprocating grate and spreader 
stoker. 

Materials handling of chips often will be 
done with hydraulic pushers and different types 
of conveyors and screening devices. A relatively 
new concept is materials handling with an auto
matic crane with a grapple bucket. This is even 
suitable for coarse fuel such as chunkwood. 
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C. Small scale systems 

In early times the conventional log firing 
has been in water-cooled furnaces with low effi
ciency. A new development~ for good combustion, 
is a furnace with ceramic fire-chamber. This fur
nace works best in connection with an accumu
lation tank. 

Dry chips are stoker-fired in a water-cooled 
furnace. Wet chips are fired in a gravity fed or 
stokerfed pre-oven. 

Combustion of briquettes can be easier done 
compared with pellets which need a higher techni
cal level on the equipment. 

D. Flue-gas cooling 

One method to increase the efficiency in 
woodburning is flue-gas cooling. An increase in 
efficiency around 15-25% is possible even in 
small furnaces, below 100 kW. 

The condensate water from the flue-gas seems 
to be acceptable for the normal sewage system. 

E. Burn-out time for chunkwood 

The relatively high time difference between 
chips and chunkwood indicate combustion difficul
ties for coarser fuel fed to a standard furnace 
for chips. However, improvements might in chunk
wood comminution and -combustion equipment be 
able to solve the problem caused by the high 
burn-out time. 

F. Recommendations for future research 

In the field of forest fuel handling and 
heating some areas for future research needs can 
be recommended. 

1. Basic studies of forest fuel in sizes from 
sawdust to logs and bales: 
- fall down angle 
- slide angle 
- freezing 
- bridging and hanging 
- filling rate of storage-bin in different 

transport systems 
- combustion: burn-out test, fuel-mixes, 

condensate rates etc. 
- corrosion 

2. Continued or expanded studies of forest fuel 
in the follwoing areas: 
- health hazards 
- water- and smoke emissions 
- storage, especially for chunkwood, bales 

and bundles 
- combustion in district heating and small 

scale furnaces 



- drying 
~ screening 
- densifi',ed fuel . 
~ commfnut ion 
~ materi .a ls handling 
- fuel ·specificaUen and economical terms 

3. Feasibility studies and·test. of w~ole fuel 
systems with: 
- chunkwood 
- bales and bundles 
- whole tree and lqgging residue fed to a 

furnace with an automatic crane system. 
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FOREST ROAD BALLAST & SURFACING ROCK
1 

2 William A. Johnson 

Abstract--Finding and developing quality rock quarries 
for Forest Roads is essential to orderly, cost-effective 
transportation planning and development. A methodical, 
systematic process that utilizes the technical skills of 
several professions can be effective in producing a Rock 
Development Plan. Environmental and cost benefits will be 
dramatic. 

It is interesting to note the different 
disciplines the Forest Engineer gets involved 
in, and I can't help but recall the paper last 
year saying that the Forest Engineer should 
decide what aspect of engineering he will do 
and then do it well; cut out a piece and be 
the expert. 

In the Pacific Northwest, the Forest 
Engineer is a specialist who works mostly 
with land boundaries, logging methods, road 
layout, construction and maintenance. He is 
an engineer who works in the forest and whose 
responsibilities require a working knowledge 
of roads, bridges, slope stability, pit 
development, etc. The Forest Engineer is like 
a small town doctor, handling all cases, and 
passing the more complex on to specialists. 

Before I get into my topic, Forest Road 
Ballast and Surface Rock, I'd like to tell 
you of my organization, the State of Washing
ton Department of Natural Resources. My 
agency is basically a land management agency. 
We manage 5 million acres of State-owned 
land. You will recall that upon becoming a 
state, the Federal Government gave each state 
sections of land, Section 16 & 36, in each 
Township. The new state of Washington also 
received lands to build a university, an 
agricultural and scientific school, capital 
buildings and penal institutions. We also 
manage tax-forfeited land for the counties. 
Some states sold this land and used the 
money for development. Other states, such 
as Washington, kept the land and held it in 
trust for specific uses, such as Common 
Schools, State Universities and Colleges, 
Capital Buildings, penal institutions, etc. 
We call this Trust Land Management. 

The 5 million acres held by the State of 

1Paper presented at the conference of 
COFE/IUFRO - 1984. Orono, Maine, USA, 12-14 
August. 

2william A. Johnson is the Manager of 
the Division of Engineering Services, State 
of Washington Department of Natural Resources, 
Olympia, Washington, USA 
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Washington includes 2 million acres of forest 
land, 2 million acres of aquatic land (i.e. 
beds & shores of navigable rivers & lakes, 
tidelands and beds of the salt water and 
harbor areas) plus 1 million acres of 
commercial and agricultural lands. My agency 
conducts its proprietary programs from a 
precentage of the money received from the 
sale of materials from the land and from 
leases to use the land. The sale of timber 
is the biggest source of income, but leases 
for agriculture and aquaculture are destined 
to play a larger role in supporting our 
proprietary programs. 

In the development of the 2 million acres 
of forest land, we have built about 12,000 
miles of road. Each year we add approximately 
200 miles. Most of these r-0ads are all
weather haul roads that are constructed to 
support the hauling of large loads. Many 
areas receive 60" of rain per year and some 
in excess of 140" per year. This brings us to 
the point of my discussion "Forest Road Rock." 

As you might imagine, we do not often have 
the rock where the roads are; or, if we do have 
the rock we need to wisely use it to prolong 
our source to get the most from it. Rock is 
one of the largest components of new road 
construction costs, quite commonly ranging 
between $35-$50,000 per mile. So, in ,order to 
reduce costs, effective planning, exploration, 
and use of rock resources is necessary. This 
may mean using soft rock that would degrade 
rapidly as ballast and then, covering it with 
harder rock as a wear course. We also use 
softer rock on one-shot spurs whenever possible. 

So now we have the stage quite well set. 
I want to explain to you the process we are 
perfecting at the Capitol Forest. In our 
80,000 acre Capitol Forest Area outside of 
Olympia, we have limited proven reserves of 
good rock, quite an extensive management pro
gram, including heavy timber removals, plus 
a large recreational program •• The forest 
manager needs good roads to move timber and 
the recreational public year-around, without 
degrading streams through road surface runoff, 
or damaging subgrades... The manager. must 



do this while minimizing road construction 
and maintenance costs. 

1. Rock Need Review 

The Department's seven Area Managers 
ask for input from the local unit managers 
on surface and ballast rock needs. How many 
cubic yards of rock will be needed for con
struction of new roads and maintenance of 
existing roads each year for the next 10-15 
years? Where are the existing pits? Will 
they meet the demand? In the Capitol Forest 
we had a problem. We had a large area with 
few proven sources, heavy construction and 
maintenance demands, long distances from pit 
site to delivery point, and several extremely 
sensitive streams. near heavily used roads. 
In addition to .. timber hauling there was heavy 
recreational use. We had all of the ingre
dients of an expensive difficult problem. 

The Forest Engineer was called in. The 
engineer sized up ~he problem and determined 
the assistance of a geologist and soil 
scientist was needed. Using Management 
input, a list was prepared identifying the 
location and volumes of construction and 
maintenance rock. demand. Management then 
prioritized the list and identified areas 
needing further study. 

2. Literature Search & Review 

The engineer and geologist then searched 
for and reviewed existing geotechnical litera
ture pertaining to the area in question. 
Additional information, such as well logs or 
aerial photographs were studied. 

A thorough study of these source 
documents will be used to make a first cut 
of sub-regions for closer examination. By 
studying various geological characteristics, 
such as, structure.{faults & folds); geo
morphology (land forms); petrology and 
mineralogy (rocks & minerals); soils (mostly 
for overburden depth), and even vegetation, 
we can gather valuable information that will 
begin to identify areas of interest. 

3. Sub-Regional Exploration 

The office literature and map review will 
be followed by intensive sub-regional 
investigation and evaluations. Sub-regions 
will be explored on the ground by road, trail 
and cross country hikes. Continuity of 
potential rock source strata is mapped. 
Potential quarry sites are located using rock 
quality, developability and location as 
criteria. 

Rock quality is estimated using field 
and lab techniques~ Field methods are based 
mainly on the Uniform Rock Classification 
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for Geo-Technical Engineering Purposes, by 
Douglas A. Williamson. ·Laboratory investiga
tions include standard wear tests and petro
graphic analysis. The latter utilizes the 
petrographic microscope to study thin sections 
of rock and yields information such as the 
mineralogical. (and consequently .chemical 
composition) as well as important textural 
information. 

Developability. of a site is rated using 
such criteria as topography and overburden 
depth. A site should have room for crushing 
plant location, waste area, and favorable 
slopes for efficient excavation of rock and 
overburden. 

Overburden thickness is determined by 
using a backhoe. portable seismograph, or 
small portable drills such as the cobra drill. 

Location of rock sites is of course very 
important, as rock haul distances add up 
quickly and effect costs. 

4. Site-Specific Investigation 

Sites determined to have a very high 
probability of containing quality rock were 
examined intensively. Sample rock was sent 
to the Department of Transportation Materials 
Lab. Cobra-drilling and/or excavation were 
used to determine over-burden depth. More 
thin sections were sometimes made from 
promising outcrops. Finally, a large scale 
(l"-50' with a S' contour interval) map was 
made. This topog map became the base for 
overlaying field-generated geological cross
sections that were run to predict rock unit 
boundaries. This procedure, the heart of the 
whole investigation, yielded very .detailed 
preliminary geology maps of the potential 
quarry sites. The maps predicted the quality 
and extent of each rock unit in the formation. 
Recoverable base lines and bench .marks were 
established, so that any future work could be 
tied to the original map. 

With favorable lab results the sites were 
then scheduled for test core drilling. Staff 
geologists selected drill sites to yield 
maximum information with the fewest number 
of holes. Drilling generally indicated the 
practical operational limits of the site, the 
location of the optimal first entry, and the 
boundaries of each rock unit. 

Drilling results were then used to confirm 
or modify the geologist's preliminary map. 
Core samples were tested for quality; again at 
the Department of Transportation Lab. Rock 
units were over-laid on the original topo
graphic map, so that the feasibility of pit 
development could be evaluated. If the quality 
and volume of available rock were sufficient 
at an acceptable cost, a pit development plan 



was made again using the same topog map as a 
base. Overburden was also evaluated; what is 
the acceptable maximum stripping depth? Can 
overburden be handled and stored efficiently 
and safely? What are the environmental 
problems, i.e., streams, recreation site 
disruption, visual impact? Answers. to these 
questions are relative to the availability of 
rock. 

5. Overall Objective 

The object was, and is, to identify rock 
sources that will yield large vulumes of 
quality rock at an acceptable cost, while dis
turbing the least amount of productive timber 
land. To avoid the "Quarry around every 
corner" problem, sites are finally selected 
on the basis of rock yield and area served. 
In the long-term this should minimize rock 
costs by: 

1) Providing dependable, predictable 
rock sources. 

2) Reducing development costs and land 
out of production by reducing the number of 
quarries. 

3) Maintaining fewer total miles of road 
used for rock haul. 

4) Providing rock of sufficient quality 
with better wearing characteristics, thereby 
reducing the volume of rock required for 
replacement. 

5) Planning the use of poorer quality 
rock for ballast and one-shot spurs thus 
conserving the high quality rock for surfacing 
and high-volume roads. 

We are developing a systematic approach 
to Rock Development that will be effective, 
efficient, and accurate for identifying 
potential quarries. The system should be 
repeatable, cost-effective and easily 
documented for future reference. 

Accurate volume predictions pay off in 
another way, by keeping us from scheduling 
rock removal from an area that does not have 
rock. This is an extremely costly error that 
has been committed too frequently. 

Cost saving resulting from professional 
exploration and documentation could be 
dramatic. The money we have spent has more 
than paid for itself. The Forest Engineer is 
providing a valuable service that could result 
in a 10:1 ~enefit to cost ratio aa the sy.~tem 
is refined. 

141 



CONSTRUCTION OF ENVIRONMENTALLY SOUND FOREST ROADS 

IN THE PACIFIC NORTHWEST1 

Sandor A, Nagygyor 2 

Abstract: The "trench" method, in combination with endhauling to 
a safe disposal site is an accepted forest road construction 
technique. The method incorporates the old proven techniques with new 
ones that minimize soil erosion caused by road construction in t he 
forest. 

INTRODUCTION 

The hazards to watershed values caused by 
forest road building and subsequent surface 
erosion were recognized early by forest 
managers and have commanded the attention of 
investigators since the early 1940s, 

Road construction disrupts the basic 
equilibrium of steep-slope (over 65 percent or 
33°) forest soils by altering slope drainage, 
slope loading (fig, 1), and slope 
undercutting. It has been identified as the 
greatest single cause of recent soil mass 
movements in the western states (Dyrness 1967, 
Swanston 1976). 

During the 1964-65 Oregon floods which 
resulted from a 20o+ year storm, 72 percent of 
the landslides on the Andrews Experimental 
Forest were associated with roads (Dyrness 
1967), although roads occupied only about two 
percent of the area. The intensity of 
landslides was 315 times greater than that 
found in undisturbed portions of the forest 
(Fredricksen 1970). 

Figure 1 ,--Landslide caused by slope loading 
and side casting. 

lpaper presented at the conference 
COFE/IUFO - 1984. Orono, Maine, USA, 12-14 
August. 

2sandor A, Nagygyor is Chief, Branch of 
Technical Support and Assistance, u.s.D.I., 
Bureau of Land Management, Eugene District, 
Oregon, USA. 
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Figure 2.--Combination of translational -
rotational s lide caused by sidecasting and 
high pore water pressure. 

Also in Oregon, a single road failure 
produced 40 percent of the total sediment yield 
for the year from a 303-hectares drainage 
containing 4 kilometers of roads constructed to 
permit clearcut logging of about 25 percent of 
the watershed (Brown & Krygier 1971). Similar 
results have been reported for forests 
elsewhere. In southern Idaho, 90 percent of 
the failures studied were associated with roads 
(Jensen & Cole 1965) . In all these cases, 
roads had been constructed on steep slopes 
(fig. 2). These and similar findings have 
suggested that the forest manager minimize soil 
erosion and landslide risks by minimizing road 
mileage to the fullest extent possible, 
locating necessary roads on more stable 
portions of the landscape, and keeping road 
grades below 8 percent. 

These methods, however, have been standard 
operating practice for road engineers. 
Attention has been focused on the more 
practical solutions of reduction of road width 
and endhaul of material to preselected safe 
disposal sites (Burroughs, Chalfant, Townsend 
1973). 

At present, however, almost none of the 
literature describes how these ideas can be 
implemented effectively in field conditions, 
That is why when these research findings were 



first presented, they were consistently 
rejected by forest managers, and little 
development of protective measures or 
construction techniques resulted. Managers' 
resistance came from: lack of understanding, 
rapid changes in woods labor and equipment that 
made some proposed techniques infeasible, and 
simply lack of economic incentives or "other 
motivations," such as strict rules and 
regulations. 

By the early 70's, "other motivations" were 
strong enough to force most governmental 
agencies to develop new road construction 
methods previously not tried in forest 
management. 

PROBLEM AND SOLUTION 

When a road is constructed over stable 
ground, research and field observations have 
established that the causes of road-related 
landslides and/or s iltations are: 

1, Excess excavated material overloads 
the hillside, causing either sheet or 
rotational slides. 

2. Excess material itself erodes away , 

The apparent solution is simple: haul away 
all excess excavated material. On a 80 to 90 
percent (38° - 42°) hillside, however, this is 
easier said than done. As engineers, our first 
step toward this solution was to determine a 
method which would contain the excavated 
material inside the right-of-way. We have 
devised the following s teps to achieve such 
containment, 

1, Directionally fall the right-of-way 
timber. 

2. Eliminate clearing and grubbing of the 
right-of-way that typically occurs before the 
actual subgrade construction. 

3. Start the excavation at the top slope 
s take. 

4. Use the so-called 'trench method' to 
bring the cutslopes down to s ubgrade elevation, 

5. Load and endhaul all excess excavated 
material to a safe disposal site. 

Description of Work 

1, Directional Falling 

Directional falling of trees parallel 
to the centerline of the road is achieved by 
conventional falling methods, by use of tree 
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jacks, or by pulling of trees. As the tree 
falls down parallel with the road centerline, 
it will roll against green trees or tree stumps 
and act as a temporary retaining wall. In 
western Oregon, generally, there are adequate 
numbers of trees in the right-of-way to do this. 

2 . Clearing and Grubbing 

The elimination of the conventional 
clearing and grubbing has been easy since the 
contractor is happy to have one less chore to 
do. 

3. Star ting the Excavation 

On hillsides 70 percent (35°) or over, 
the start of the excavation is the most 
critical step, To contain the excavated 
material, the excavation should begin at the 
upper slope stake (fig. 3). A small dozer, D7 
or similar in size, can build a na rrow pioneer 
road by drifting material against and on top of 
the fallen trees, logs and limbs. The logs and 
other woody debris act as a retaining wall so 
the initial excavation can be kept to a 
minimum, Usually, cuts two feet or less were 
adequate to construct a pioneer road 6-8 feet 
(1.8 - 2,4 m) wide (fig. 4). In this process, 
the use of the proper equipment is important 
because neither a Ford farm tractor or a TD25 
can do the job, The right equipment will 
create a usable pioneer road without moving 
great amounts of material. 

Figure 3.--Begin excavation at the uppe r slope 
stakes. 

When rock is encountered, drifting 
dirt against or on top of the logs will form a 
temporary bridge to allow passage. The actual 
drilling and blasting will be done at a l ater 
time . I will explain the special blasting 
techniques in a moment. 

The pioneer road can be constructed in 
segments, or to the full length of the road or 
progress simultaneously with the actual 
excavation . 



Figure 4.--As excavated material is drifted on 
logs and other debris, it will form the 
pioneer road. 

4. Using the "Trench Method" 

To do the actual excavation, the 
trench system has proved to be a simple and 
effective method. The dozer should start about 
30-40 feet (10-12 m) from the loader and work 
toward it. As the material is being drifted to 
the loader, the dozer will build a blade-wide 
trench. At first, some material will escape 
downhill, but logs and broken limbs will retain 
it inside the right-of-way. As the excavation 
gets deeper, the material from the outside wall 
of the trench will fall in front of the dozer 
and can easily be drifted towards the loader 
(fig. 5). As construction progresses, logs or 
other debris will be encountered. Debris can 
be either picked up with the excavated material 
or set-aside and hauled separately, depending 
on whether or not the excavated material is to 
be used for designed fills. If there is no 
designed fill, then only the usable logs need 
to be separated out. Broken tops and limbs can 
be buried in the waste area. 

The trench method can also be used 
with the scraper. However, the pioneer road 
should be at least eight feet wide to give firm 
support for the scraper. Also, dozer help will 
be required to loosen the material to be 
excavated and to help the scraper to be loaded 
by pushing it. The excavation of common 
material by this method is fast and cost 
effective. However, most of the time solid 
rock slopes will be encountered, where the use 
of rock blasting is required . 
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Figure 5 .--Typical dozer excavation in the 
trench. 

Rock Blasting 

Several excellent books have been written 
on rock blasting (Langefors & Kihlstrom 1978) . 
However, for many years the art of rock 
blasting on logging road construction could be 
summed up in the phrase: "if we shoot it heavy 
enough then we do not have to move it again" 
(Teller 1980). Until the early 70's, such 
terms as presplitting, sequential blasting, 
subdrilling, detonation velocity, and blasting 
plan had no place in forest road construction 
operations. These sophisticated methods were 
the domain of freeway construction and quarry 
blasting, But, the use of "lifters" was common 
since on steep s l opes it is the easiest and 
most economical method. 

Most of the time ANFO (Ammonium Nitrate -
Fuel Oil) was used since it has larger 
detonation pressure, and is cheaper than most 
other explosives (Teller 1980). 

The first time controlled blasting was used 
in our forest operations, our motto was "the 
smaller the better". It worked beautifully. 
We drilled 3 foot (91 cm) deep holes on 3 foot 
(91 cm) centers and loaded them with\ lb. 
(0.23 kg) explosive per cubic yard (0.76 m3), 
and the rock stayed in place. But this was 
time consuming and expensive. Slowly, the 
depth of the drill holes has increased with our 
confidence and experience. The process was 
educational for all of us . It was easy to 
convert the contractor to controlled blasting 
after he had been overcharged several thousand 
dollars by a charge-happy driller who blew the 
whole hillside over the hill and down the 
creek. Presently, excellent jobs are being 
done by presplitting and by using properly 
arranged delays (Teller 1980). 

In a successful blast, we will have all the 
rock stay in place or neatly piled against the 
temporary cribs - not in the creek. The 
excavation of shot rock is not different than 
hauling common material. The trench excavation 



method was used again. We found that the most 
effective method is first to drift the shot 
rock to a loading area and then load it into 
trucks (fig . 6). Shot rock is not picked up by 
scrapers easily. I have seen $1500 scraper 
tires ,destroyed within a month by the sharp 
rocks. 

Figure 6.--In the trench, a dozer could easily 
push the shot rock to the l oading area . 

This new system is easy and simple, but 
much advanced from old times when only a dozer 
was needed to push the excavated material over 
the side and down the hill. 

5. Loading and Endhauling to a Safe Waste 
Area 

Loading and endhauling of the excess 
material was never difficult, although it was 
and is expensive. Hauling can be done either 
by trucks or by dumpsters, depending on the 
equipment available or owned by the contractor, 
but not on economic considerations. 

The major problem is finding a safe waste 
area where 10-20,000 c.y. (7,600-15,200 m3) 
of material can be hauled , The location of 
safe , environmentally sound, waste areas was a 
new challenge not only for the engineer but 
a l so for the soil scientist. Due to remote 
locations and lack of access, we don 't have the 
luxury of core soil sampling and the consequent 
stability calculations . We have had to rely on 
surface samples, but mostly on intuition, 

CONCLUSIONS 

During the past 10-15 years there have been 
grea_t changes in road construction techniques 
and in the construction equipment used to 
achieve them. The system I have described is 
presently being used in combination with other 
newer techniques. The use of hydraulic 
excavators (Somere 1984), for example, is an 
accepted construction practice. At any rate, 
we have seen the end of the traditional type of 
road construction, with its distinct sequence 
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of right-of-way falling, pioneer road 
construction, clearing and grubbing, and road 
prism excavation (Krueger 1983). Although 
attempts have been made to develop foolproof 
methods and formulas, our advancements are 
still essentially trial- and-error 
propositions. Everchanging geology continues 
to challenge not only engineers and 
contractors, but also equipment companies. We 
can envision even more innovative equipment, 
such as tractors, loaders and trucks which will 
travel on an air cushions, and allow road 
construction to proceed all year around without 
causing environmental damage. 

I am sure all of us are up to this 
challenge and the time will come when our roads 
will not be blamed, rightly or wrongly, for 
every slide or muddy creek. We will have an 
acceptable product not for only ours~lves but 
for the public. 
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QUALITY IMPROVEMENTS IN WORK STUDY 
USING HANDHELD COMPUTERS 

Jan Thorn Clausen1 

Abstract.-- In the Nordic countries a joint project 
concerning developing better work study techniques has 
been going for 2 years. The project deals with handheld 
computers and their use in Forestry Research. Several 
computers have been tested in the harsh Nordic climate. 
Programs have been developed following a joint design 
criteria concept. Study quality and control has been 
improved by the use of computer technology. Several 
Nordic Forestry institutions now use a British compu
ter, the Husky, as standard time study equipment. 

BACKGROUND 

The Danish Institute of Forest Technology, a 
nonprofit institution with the object of im
proving forest operations, was formed in 
1967. In our R&D we use work study as a tool 
for analysing the various study objects. The 
Institute is very small (Danish Forestry is 
small-scale!), 10-12 persons organized in 
one-man departments (weed-control, machinary
consultancy, thinning operations, harvesting 
techniques, short-term management etc.). 

When a work study is required, the project 
leader does all the nescessary work: plan
ning, work study, punching and analysing 
data, transfer of the results in reports, 
papers and demonstrations. With this system 
you concentrate all the know-how in one per
son, who afterwards as a consultant is better 
suited to deal with all management levels 
(owners, administration and workers). 

WORK STUDY HISTORY 

Back in 1967 a very advanced work study board 
was constructed: 3 standard stopwatches 
placed in a row and activated as one. The 
stopwatches were initialized in the 3 diffe
rent modes (running, stop and ready), so the 
time elements could easily be read from one 
of the clocks, while another measures the 
time of the next element. All data was writ
ten down on paper and later analysed. On fig. 
1 the later development of our time study 
technique is shown. 

1 M.Sc.(Forestry) 
Danish Institute of Forest Technology 
DK-Amalievej 20 
Denmark 
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19Q7 Birth of the Institute 
- Study board with 3 stopwatches 

1976 
1977 

1978 -
1980 

1982 -

1984 -

Manual analysis on desk calculator 
Analysis on programmable calculator 
TTY terminal for ONLINE analysis (SAS) 
on computer center via telephone 
Electronic stopwatch 
Data entry on local micro computer 
Transmission to computer center for 
analysis 
Handheld computer for data collection 
Transmission direct to computer center 
for analysis 
Computer center as intermediate data
base 
Retransmission to local micro computer 
Local analysis (SYSTAT) 
Bar code wand for data entry 

Fig. 1. WORK STUDY HISTORY of Danish Institut 
of Forest Technology. 

Analysis was done with the help of a normal 
calculator, summing rows and collumns and la
borously making plottings on paper. In 1976 
the summing was done on a programmable calcu
lator, and this indicates our entry into the 
Electronic Age. A year later we bought a 
typewriter TTY terminal for ONLINE statisti
cal analysis on a computer center via the 
telephone system. The punching of data was 
done by the timestudy personnel in order to 
avoid errors. 
In 1978 we saw in a normal bookstore a cheap 
electronic stopwatch with a special lap func
tion. Our fieldwork was now improved greatly 
by using one clock instead of three. The 
watch was later in use in Norway and Sweden, 
too. 

In Scandinavia plus Finland we have govermen
tally financed joint projects. One of them 
deals with improvement of work study techni
ques in Forestry Research. One of the objects 
was to find improvements, which could be of 
common interest for all the Nordic countries. 
In 1980 a general Design Criteria for a hand
held timestudy device and the software was 
developed. A systematic scanning of computer 
literature began. 



In 1982 we selected a British handheld compu
ter, the HUSKY, which apparently met most of 
our demands. It was tested in all Nordic 
countries. A timestudy program for datacap
ture and -tranmission was developed and tes
ted, too. 

So the status now is that in Denmark and Swe
den ( and Norway soon) some Forestry institu
tions use computerized work study techniques 
all the way from the stump to the final re
port. I will in the following discuss the ex
periencies we have got so far. 

DESIGN CRITERIA 

SOFTWARE 
Before getting into the 'Hardware Jungle' it
self it is very important to specify precise
ly that you actually want the machines to do. 
That is a very classic and widely used re
mark, but difficult to follow. New machines 
are pouring onto the market almost every 
month - and they are always very interesting! 

In Forestry Work Study dealing with R&D every 
study differs from one another with respect 
to lay-out, type, size, no. of elements etc. 
Some studies are continuous timestudies, some 
frequency studies. Some require extra variab
les measured during the study, such as diame
ter, lenght etc. Some consist only of numeric 
data (e.g. weed control studies). Work study 
programs must be able to handle all these 
study types. 

Study Type 
- Continuous time study 
- GTT frequency study 
- General data collection 

Data Type: 
- Time element+ numeric variables 
- One time element= One key 
- Element code+ time 

Study Control: 
- Dialogue system 
- Informative messages 

Data Transfer: 
- "Handshaking"under program control 

Study Evaluation: 
- Print data 
- Analysis of means 
- Rough significance test 

Fig. 2. Desig~ Criteria of a work study 
program. 

A point of practical importance is that the 
dialogue with and responses from the program 
must allow the studyman to be in complete 
control of the study. So statements as cur
rent observation number, name and time of 
last workelement and what the program expect 
from you next are important. 
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The work study program must handle the time
measurement in such a way that the time of 
the current workelement is recorded along 
with the total workcycle time. All times must 
be recorded in~ decimal form e.g. decimal 
minutes. 

Allocating a time with a workelement may be 
done in several ways. One way is first to 
type an element code and then record the 
time, when the workelement is finished. 
Another is to allocate keys directly to work
elements, so you only have to press one key. 
With the first lay-out you have a very flexi~ 
ble system, where you may have as many work
elements you like. The one-key system require 
a more or less fixed definition of the study 
lay-out. However it is more simple to ope
rate, especially in a complicated study. · 

The recorded data should be transmitted to a 
host computer under program control, either 
directly or via modem/telephone or 
tape/floppy disk. 

We also find it important to be able - inthe 
field - to do some preliminary analysis. A 
simple calculation of element and cycle means 
is very useful. We also include a calculation 
of standard error of mean in order to test 
the study size (no. of observations against 
standard deviation). 

HARDWARE 
The portable computer must be able to work in 
the Scandinavian winters with temperatures 
down to minus 20 °c (-4°F) and in daylong 
rain (nobody is interested in the studymanl). 
It should be shockproof and have a max. 
weight of 1 kg. 

Environment 
- Max 1 kg 
- Waterproof 
- Temperature down to -20° C (-4° F) 
- Shockproof 

Function 
- Display min. 2 lines 
- Keyboard "foolproof" 
- Internal clock 
- Large and safe memory 
- Safe power supply 

Flexibility 
- User programmable 
- Standard communication 
- Variable communication parameters 

Fig. 3. Design Criteria of physical device. 

The display should contain at least 2 lines, 
preferable 4 or more. The keyboard should be 
workable with gloves, but also as 'hit-by
accident-proof' as possible. The power supply 
must be very safe and with a backup system. 
Operation must. be garanteed for at least 10 
hours. 



The memory must be able to contain at least 
one full days study. How big it should be in 
K bytes is difficult to say (depends of the 
program), but probably min. 32 KRAM. 

We find it very important that the work study 
computer can be programmed by the user him
self. Many studies defer so much i n organiza
tion that - the research institiution will need 
to design program concepts easily and 
inexpensive. We also find that a standard 
communication capability is most flexible. No 
institutions in the Nordic countries use the 
same computer system. 

STATE-OF-ART 
The work in the Nordic project is concen
trated on gett ing practical experiencies 
about 1) handh eld computers and their func 
tion in the No rdic climate and 2) different 
types of programs including development and 
programming. 

Fig. 4 HUSKY handheld computer. 

In 1982 we bought a British computer, the 
HUSKY, which met most of our criterias. We 
developed a program package, HUSAS , which is 
able to perform both a continuous time study 
and general data collection - but at the mo
ment no frequency studies. The machine and 
program was tested at all Nordic Forest Work 
Study i nsti tutions. The HUSKY computer and 
the HUSAS package is now the standard work 
study equipment at the Danish institute. 

We found quickly that the main problem with 
the Husky computers is the Nordic winter. At 
temperatures below - 5° C Husky works clearly 
slower and not at all below 10-15°c. The com
puter itself is very useful and flexible, so 
we have tried several heating systems. The 
one that worked needed several kilos of bat
tery power! 
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Computer 
- Husky (64- 144 KRAM) 
- Husky Hunter (80- 208 KRAM) 

Design 
- Standard Timestudy with 10 time elements 

+ 5 numeric elements 
- Element allocated keys 

(element+time:1 key) 
- One cycle = one line with 15 variables 
- General datacollection of up to 15 

variables per observation 
Anal ysis 
- Print hardcopy/display 
- Element means 
- Cycle mean+ standard error of mean 

Data Transmissi on 
- "Handshaking" with computer center 
- Direct input in any host computer 

Fig. 5 . HUSAS Work Study System . 

Recently we got in contact with the Norwegian 
Defence Research Institute, who has developed 
small, portable heating systems in order to 
keep wounded soldiers warm in arctic areas. 
The heat is provided from small charcoal bur
ners, which produce a stream of hot air. In 
combination with the handheld computer stowed 
in an i nsu lated bag and the input controlled 
by a bar code wand, we hope to have solved 
the crucial temperature problem. 

The Nordic pro ject al so tested some other 
handheld computers and wo ~k study programs, 
mostly Swedish systems. The programs are 
based on t he principle: element code + time 
measurement (2 to 3 keys) . The computers 
(e .g. DATADON and MICRONIC) meet the climate 
criterias, but are more inflexible with re 
spect to user programmabi l ity and communica
tion. 

STATUS 

After about two years of practical use of 
handheld computers we have fou nd both 
improvements and drawbacks . The system really 
cuts time handling the data. Erro r s are also 
reduced significantly. With a well planned 
study 50- 80 % of the analysis can be done 
just after t he study (Analysis of means). 
Off- days as rain and snow are used more 
effic i en t ly with statistical analysis . 

IMPROVEMENTS: 

Times aving 
- No punching of data 
- Analysis of means=> 50- 80% of total 

analysis 
- Statistical analysis on "off- days" 

Study Evaluation 
- Standard Error of Mean => cuts fieldwork 

time 
- Analysis of Means => involves study 

object more 



General 
- Improved observation of study object=> 

= Better practical conclusions 
= Complicated studies more simpel to 

perform 

DRAWBACKS 

- Studymen refuse to use "oldfashined" 
clocks 

- Telephone connections must be "noise
free" 

Fig. 6. Work Study Status 1984 

We have found that the studyman has his eyes 
almost all the time on the object, because he 
only has to pr.ess one key to register the 
time element. More detailed practical infor
mation of the e.g. work method is collected 
in that way. 

Earlier with the old technique the result of 
a time study was a pile of paper - sometimes 
wet and almost unreadeble. During a study the 
forest worker or tractor driver gets very 
interested in the study and a professional 
discussion often starts. But he is normally 
disapointed, because the studyman knows 
nothing of the result. With the computer you 
can read intermeadiate results out after each 
break - and the discussion at once starts at 
a high level - to the benefit of both. 

Of course we have found-some drawbacks. We 
have now no arguments ·against a study on a 
tractor in daylong rain, where the data and 
the driver are warm and safe indoor! 
It is also very hard to get studymen to work 
with 'oldfashioned' equipment such as elec
tronic stopwatches! 
In the beginning we had strange disturbances 
during tran-smission via telephone to computer 
center. We used the normal telephone in the 
hotelroom, and it has a counter connected, 
which said 'beep• once a while - and our com
puters didn't understand that! 

Talking seriously, the drawbacks are not of 
any importance. Our investment in handheld 
computers is generally a story of happiness. 
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FOREST WORK STUDY TECHNIQUES - A SURVEY OF CURRENT METHODS 1 

Benjamin F. Hoffman2 and Morgan L. Cameron3 

Abstract.--A survey of persons and organizations involved 
in forest work study revealed that most such work still relies 
on the conventional observer with stopwatch and clipboard, and 
Servis recorders. Most data are transferred to computing equip
ment manually. New developments include videotape and a variety 
of portable electronic data recording and storage devices capable 
of automatic transfer to computers. Most new devices are custom
built for research use. A tabulation of the results and a 
discussion of equipment is included. 

INTRODUCTION 

The collection, storage and retrieval of 
forest work study data is expensive and subject to 
several problems specific to the forest environ
ment and the nature of forestry operations. Unlike 
other industrial operations, a single forestry 
operation, such as skidding, may cover a mile
square area of variable topography. Collecting 
data from the stump and landing, which may be 
half a mile apart, presents unique problems. In 
addition to the physical aspects of the operation, 
variables such as temperature, precipitation, 
insects and ground cover add to the complexity of 
such studies. 

Further, the automation of data collection 
requires electrical power, which in turn necessi
tates portable power supplies. If the recording 
equipment and power source are to be carried by 
men, they must be small in size, light in weight 
and relatively immune to damage by dropping. If 
mounted on a woods machine, small size is desir
able, and equipment must withstand constant vibra
tion and frequent severe jolting. 

For years, an observer with stopwatches 
mounted on a three-watch clipboard has been the 
standard in forestry work study data collection. 
Supplementary machine performance data have been 
obtained with automatic sensing and recording 
devices mounted on the machinery. In some ergo
nomic studies, workers have been equipped with 
devices to measure and record vital physiological 
data. In the past, most such information was 
manually entered into data processing machines. 

1Paper p.,resented at the COFE/IUFR0-1984 con
ference, Orono, Maine, USA, 12-14 August. 

2Benjamin F. Hoffman is an associate professor 
of Forest Resources at the University of Maine at 
Orono, Orono, Maine, USA. 

3Morgan L. Cameron is a Research Assistant at 
the College of Forest Resources, University of 
Maine at Orono, Orono, Maine, USA. 
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Recent improvements in electronic technology 
have produced portable handheld microprocessors 
suitable for data entry in the field. Some units 
include timing functions so that time study data 
can also be recorded and retrieved. In most 
instances, information collected by electronic 
means can be automatically transmitted from the 
data logging device to a processing unit in the 
office or laboratory. With some devices data can 
be transmitted to a central computer by telephone 
modem at the end of the work day, and the com
pleted analysis is on the desk the following 
morning. 

Photography, both still and motion picture, 
is being supplemented or replaced by videotape, 
as picture quality can be verified on site to 
insure that it is adequate for later analysis. 

In order to evaluate the changes taking place 
in forestry work study, the International Union of 
Forestry Research Organizations (IUFRO), Division 
3, Forest Operations. and Techniques, Working Party 
on Production, Labor and Wages (S3:04:02) planned 
a study in 1982 to ascertain recent changes and 
new developments in the collection, recording, 
storage and retrieval of work study data. In 
January of 1983, a survey was conducted to deter
mine the "state of the art" in forest work studies. 

METHOD OF STUDY 

In January 1983, 210 questionnaires were 
mailed to persons and organizations known to have 
been involved in work study. As the mailing list 
was compiled from several different sources and 
was by no means complete, a statistical analysis 
of the results was not intended. In many cases, 
two or more persons in the same organization were 
questioned, and more than one person often 
replied. In those cases where the respondent 
might not be actively engaged in such work, be 
was asked to provide names and addresses of others 
who might be involved. 

The results of this study would be useful 
only in determining the methods currently in use, 



without any definition of which were most popular. 
The questionnaire sought to determine: 

1) How work is measured - methods for record
ing, storing and retrieving data. 

2) The type of hardware used for measurement 
and analysis. 

Figure 1 shows the questions which were posed. 

WORK MEASURED: 

How is the data recorded? 
Investtgator 1n field -
Equipment operator -
Automattc machtne recorder Cmechantcal, electrontc) -
Other? 

How ts the data stored? 
Data sheets -
Electronic memory -
Magnettc tape -
Other? 

Addtttonal CCX!lnents? 

HARDWARE: 

Type of equtpment used for recording data? 
l'Servts• recorder, stopwatch, etc.) 

Type of equipment used for data analysts? 
Handheld calculator -
Mtcroprocessor -
Mainframe computer -
Other? 

New design? 

After two months, a tabulation.of responses 
was prepared to show what methods ·are in use, with 
some indication of their frequency of use. 

RESULTS 

The survey was sent to 79 persons in 19 
foreign countries, of whom 32, representing 12 
countries, replied. Of the 131 forms sent within 
the United States, 56 were completed and returned. 
From the total of 88 responses, 32 persons were 
no longer involved in work ~tudy or.did not pro
vide useful information. Multiple responses were 
often returned from one organization, compiled 
into one response representing that organization. 
The basis for the results is therefore 56 persons 
and organizations which are actively engaged in 
work study of forest operations. 

Work measurement.concerned the methods of 
data collection, recording, storage and retrieval. 
Recording was accomplished by three principal 
means, the investigator, the operator or auto
matically by electrical or mechanical recorders 
(see Table 1). Many investigators used more than 
one method or a combination of several. 
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Table 1. Hethods of work study data recording, by number 
of responses. 

Invest I gator 

31 

Hachlne 
Operator 

8 

Automatic 
Recorder 

17 

Other 
FIim or 

Videotape 

6 

Data were stored in several forms, but chiefly 
on conventional field data sheets, as shown in 
Table 2. 

Table 2. Methods of work study data storage, by number of 
responses. 

--------------Other--------------
Data Electronic Magnetic FIim or Recorder Computer 
Forms Hemory Tape Videotape Disks Copy/Disks 

43 18 12 8 13 3 

As in the case of recording, some individuals 
used more than one of the above methods, or a 
combination, to store data. 

Most respondents still performed data retrieval 
in the traditional manner - keypunching or other
wise manually entering directly into a computing 
device from field study sheets. Forty-four res
pondents used manual trans£ er, but 14 read data 
directly from magnetic tape or disks into the 
central processing equipment. Some data logging 
devices are capable of direct. connection to com
puters or can have data transferred by telephone 
modem. 

With regard to "hardware" in current use, the 
traditional stopwatches and board - conventional 
or digital - are still widely used, as is the 
Servis recorder. Motion pictures are also in use 
but video-cameras are being used increasingly. 
Tape recorders and portable electronic recording 
devices are also used, .but in small numbers. 
Table 3 outlines the frequency of use found through 
the survey. · 

Table 3. Hardware used for the conduct of forest work studies, 
by-number of responses. 

Portable 
Stopwatch ·servls Film or Tape Micro· Electronic 
and Board Recorder Videotape Recorder processors Data Logs 

38 16 10 8 s 

Most respondents used several types of hard
ware, but there was a general absence of applica
tions of small electronic devices to work. study 
in the forest. Many of the electronic devices in 
use were custom made for the user. However, in 
the area of data analysis, most investigators are 
using modern computers, as outlined in Table 4. 



Table 4. Type of equipment used for data analysis, by number 
of responses. 

Mainframe 
computer 

37 

Hlcro
processor 

25 

DISCUSSION 

Handheld 
calculator 

26 

The limited use of portable electronic data 
collection devices in forest work study is not 
really surprising. Most new developments in this 
field have been custom built, procotype units 
designed and fabricated for research work by 
organizations such as the Forest Engineering 
Research Institute of Canada (FERIC) and the 
Finnish State Research Center. The cost of such 
units makes them impractical for most industrial 
applications, but intensive and detailed research 
studies can often justify the cost. 

For many industrial studies, traditional 
stopwatches and recorders produce adequate data 
for cost and production analysis. Here, the 
measurement of work elements within the nearest 
five seconds is adequate. However, for equipment 
design studies, greater precision in time measure
ment is required. For example, the felling cycle 
of a feller-buncher, normally a single work ele
ment for costing and production analysis, might 
be subdivided into several subelements. Many of 
these subelements of high-speed machine operation 
are too rapid for accurate manual recording. In 
cases such as these, automated data collection 
using electronic sensors, high-speed cameras and 
other sophisticated devices might be required. 

As an example of the more advanced equipment 
in use, data-logging devices designed and built 
at two universities permit multiple, simultaneous, 
continuous monitoring of up to 16 events. The 
University of British Columbia developed a recorder 
for monitoring cable logging operations (Lawrence 
et al. 1982). Operation requires the yarder 
operator to insert a new cassette tape and re
charged battery at the beginning of the day and 
turn the system on. The process is reversed at 
night. The University of Saskatchewan custom-built 
a 16-event recorder for FERIC (Heidersdorf 1983) 
which has been used for detailed recording of 
feller-buncher activity. Research scientists have 
developed and used some of these more sophisti
cated combinations of data collection and proces
sing systems because much of the technology and 
expertise is readily available to them. 

Videotaping is increasingly used for data 
collection, using both the video and sound systems 
for recording. Nat only can elapsed time be read 
from the videotape, but the physical dimensions 
of the machinery and the number of pieces, size 
and quality of forest products can be measured 
from the image using a technique called video
grannnetry (Cameron 1984). 
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Transfer of field data from tally sheets and 
recorder discs to computing equipment has been a 
tedious, manual task in the past, and a source of 
error. Portable data logging devices with time 
functions are now commercially available in Great 
Britain, Sweden, West Germany and the United 
States, at costs of $1,000 or more. By 1984, 
portable microprocessors were available at prices 
as low as $1,500 (Clausen 1984). In addition, 
for recording and analyzing site data which do 
not require time measurement, a variety of record
ing devices designed for agricultural and forestry 
use are also available. With such recorders, as 
well as with tape and video recorders, information 
can be transferred to data processing equipment by 
direct wire or telephone modem. In one instance, 
Servis recorder graphs were read into the computer 
using a digitizer. 

CONCLUSIONS 

Currently, the use of sophisticated electronic 
data logging and processing equipment for forest 
work study is largely limited to research studies. 

Because of the cost considerations and the 
limited demand for specialized tools for industrial 
forest work studies, it is unlikely that such 
equipment will be widely adopted in the near future. 
As other applications of this technology take 
place, resulting in a wider variety of equipment, 
and lower prices, more general use can be antici
pated. In the meantime, it is likely that highly 
specialized equipment development and use will be 
limited to intensive research into new machine 
designs and ergonomic studies where a high degree 
of precision is required. 
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1 
TOTAL TREE CHUNKWOOD AS RAW MATERIAL FOR FLAKE PRODUCTS 

2 
Bruce A. Haataja, Roy D. Adams and Rodger A. Arola 

Abstract. This study evaluated the technical and econom
ic suitability of flakes made from chunked aspen and soft 
maple wood produced by the Forest Service "chunking machine" 
as furnish for flakeboard, oriented strandboard and highly 
aligned products. Results indicated that structural panels 
can be produced with acceptable strength and physical prop
erties. Analysis indicated that net raw material cost savings 
are possible with the chunkwood system. 

INTRODUCTION 

Structural flakeboards rely on engineered, 
high quality, bark free flakes in developing 
their superior strength properties at low resin 
levels and medium densities. This is true for 
both random and oriented strandboards. For the 
most part, the flakes for these products are 
made from.peeled logs or pulpwood bolts. The 
logs are directly converted with disk, drum or 
lathe type flakers to produce the quality of 
flakes needed. 

An alternate system for producing flakes is 
from forest residue and total tree.material, 
which recovers 1.5 to 2 times as much wood per 
acre as conventional logging. Total tree har
vesting is becoming more prevalent as a system 
for recovering wood for fuel, pulp and paper, 
fiberboard and particleboard. Forest residue 
and total tree material may be converted to 
flakes by first reducing it to chunks (chips 
that are 2 to 4; inches long), processing the 
chunks into fingerlings (particles that are 2 
to 4~ inches long by about 3/4 inches in cross
section) and then flaking in a ring flaker (6). 

The key element in this process has been 
the system for producing the fingerling of prop
er geometry. Researchers (4,5,7) have reported 
that high quality flakes could be made from total 
tree material in a ring-type flaker if the mater
ial were first reduced to a fingerling size 
particle. In general, these researchers have 
noted that while disk flakes produce panels with 
improved properties, ring-flaked panels can ex
ceed Canadian and American Standards. In 1972 

1Paper presented at the symposium of the 
Council on Forest Engineering and International 
Union oftForestry Research organizations - 1984. 
Orono, Maine, USA, August 13. 

2Bruce A. Haataja and Roy D. Adams are 
Senior Research Scientists-, Institute of Wood 
Research, Michigan Technological University, 
Houghto~,Michigan, USA. Badger A. Arola is 
Principal Research Mechanical Engineer, USDA
Forest Service, Forestry Sciences Laboratory, 
Houghton, Michigan, USA. 
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Heebink (8) presented a challenge to the design~ 
ers of chipping equipment to develop a machine 
to produce fingerlings. 

The size and geometry of fingerlings are 
important for several reasons. The length of 
the fingerling controls the upper limit of 
flake length. It is necessary that flake length 
be substantially 2 inches or greater for struc
tural flakeboard, therefore the fingerling should 
be 2 inches or greater in length. Since ring 
flakes rely on centrifugal forces to position the 
fingerling's long dimension parallel to the 
cutting edge of the knife, the fingerling should 
have about a 4 to 1 length to thickness ratio 
to insure a proper positioning with the knife. 
Fingerlings that are long enough but too thick in 
cross-section do not feed well through a ring 
flaker without plugging the machine. Further, 
the cross-section of the fingerling controls 
flake width. For oriented strandboard it is 
important to have long narrow strands rather 
than wide wafers. 

The studies referred to indicate the need 
for equipment to produce a high quality finger
ling. In addition to the drum chipper used by 
Heebink et al., other machines have been developed 
to produce large chips and fingerlings. Erickson 
(4) reported on a spiral-head chipper developed 
by the u.s. Forest Service, Forest Science Lab-
oratory at Houghton, Michigan. This machine 
produced chips or blocks about 2~ inches long. 
The chips, when fed through a hammermill, broke 
down into fingerlings. Panels made from these 
ring flaked fingerlings had good properties. 
Recently, the Forest Science Laboratory at 
Houghton has developed a chunking machine report
ed by Arola et al., (1) which produces chunks 
from 2 to 4~ inches long with cross-sections 
often equalling the entire tree cross-section. 
Usually the chunk has longitudinal fractures 
which help in the subsequent breakdown of the 
chunk into fingerlings. The Institute of WOOd 
Researchat Houghton developed a prototype chunk 
splitting machine which is capable of reducing 
chunks into fingerlings while retaining the 
original chunk length. With these two machines, 
fingerlings 2 to 4~ inches in length by approx
imately 3/4-inch cross-section were produced. 



A technology for producing a high strength 
composite wood material (CWM) from elongated 
wood flakes has been devel oped at the Insti tute 
of Wood Research . Structural produc ts , such 
as util ity pol es and crossarms, have been 
manufactured from CWM and a r e undergoing service 
testing. The CWM technol ogy currentl y uses 
species which would not usuall y be found as 
structural products . Although this material 
requires an engineered flake , i . e. , size is 
restricted to fairly close tolerances , it is 
anticipated that these f l akes coul d be produced 
from small t r ees and residue material , providing 
that suitable p r oduction equipment is avail abl e . 

Under contract with the USFS, t he Institute 
of Wood Research conducted two research studies 
invol ving chunkwood. The objecti ves of the 
studies wer e to evaluate the technical and 
economic suitabil ity of f l akes produced from 
chunkwood as furnish for flakeboard products . 
A particul ar objective of the second study 
was to determine the way i n which board dens i ty 
and strengt h proper ties were affected by com
bini ng dense hardwood and aspen flakes . 

The purpose of this paper is to descr ibe 
the laboratory methods and equipment used to 
process bol ts i nto high quality flakes using 
the chunkwood concept and to rel ate this to 
a commercial s i tuation. A f l ow diagram out
l i ni ng p r oject steps is shown in Figure 1 . 

Flow Chart 

Aspen 
Roundwood 

USFS Chunker 

I 

EIWR~ 
unkwood' 

Splitter l_) 0 

Slotted 
I 
Screen vers 

~ Bark and 
~------> Chunk Fines 

Ring Flaker 

Flake Classifier , ___ ..., Flake 
Fines 

Panel Fabrication 

Testing 

Figure l . --Fl ow Diagram for Project 
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MACHINE DESCRIPTIONS 

USFS Chunker 

The USFS wood chunker was specifically de
signed for controlled laboratory testing to re
duce roundwood bolts up to about 9 inches in 
diameter into chunks (Fig . 2) . The flywheel and 
carrier for the cutting blades was a 1-3/4- inch
thick , 3- foot- diameter steel di sk. The disk was 
mounted on a horizontal shaft r unning in a pair 
of bearings secured to a rigid frame . A diagram 
of the chunker is shown i n Fi gure 3 . 

Figure 2.--USFS Chunker 

Three curved , 24-inch- long , detechable bl ades, 
bent on an 18- inch radius, were mounted 120 degrees 
apart and positioned on the face of the disk so 
that the curved plane was at right angles to the 
axis of the workpiece . The leading edge of each 
blade was set at a greater radial distance from 
the center of shafting than the trailing edge . 
The blades were tapered so t hat the l eading edge 
projected about 1 inch from the face of the disk, 
whereas the trailing edge proj ected about 9 inches 
(equivalent to the maximum diameter of c ut) . Two 
sets of blades for testing wer e fabricated - 1/4 
inch and 3/8 inch thick - bot h wi th a 30 degree 
included angle double bevel. 

DRIVE - POWER SOURCE 
/ 

BLADE 

Figure 3. --Diagram of USFS Chunker 



The workpiece was fed through a tubular anvil 
made from a 9.5-inch-diameter pipe horizontally 
secured to the infeed frame. The anvil tube was 
located near the rim of the disk , but offset from 
the plane of the disk, to match up with the cut
ting blades. The center of the anvil tube was 
positioned slightly below the disk center to 
obtain the _desired entry and exit of the blades. 
The anvil tube was contoured to provide slight 
c l earance between it and the blades as the chunks 
are severed from the workpiece. 

Because the workpiece does not self- feed , 
a pair of hydraulically powered rollers was 
positioned immediately ahead of the anvil. The 
speed of the feed rolls was adjustab_le. To 
accommodate test bolts of different diameters, 
an air-operated cylinder was used to lift the 
upper roll to insert the bolt and to exert a 
downward force on the workpiece during test. 

A 175-horsepower diesel engine provided 
power to operate the chunking machine . The disk 
was driven through a speed reducer and sprocket/ 
roller chain drive system. The rotational speed 
of the cutter d isk is variable. 

IWR Chunkwood Splitter 

When long wood chunks {i.e. 2-4" long) are 
produced, they usually have large transverse 
sections and may be as large as the cross sec
tion of the tree stem being chunked . Usually 
some longitudinal splitting occurs , but chips 
remain large enough in cross-section to cause 
flow problems through a ring flaker. Large 
cross-section chips also produce wider flakes 
than what is desired for flake alignment pro
cesses. Wide flakes can be reduced in width 
by subsequent operations but generally at the 
expense of additional "fines". 

The IWR chunkwood splitter is based on a 
concept for splitting large chunks into finger
lings without producing an excessive amount of 
"fines" or damaging the chunks in ways which 
would produce excessive fines in subsequent 
flaking. The basic tool or bit employed by this 
concept is a hardened steel cone with a relative
ly sharp point. Splitting is caused by impaling 
the chunk with the cone shaped bit. The chunk 
may be pierced at any possible grain orientation. 
This will cause splitting along the grain. With 
a sharp point on the bit no cutting and little 
crushing of the wood fiber occurs. 

While several machine designs are possible 
the IWR laboratory model chunk splitting machine 
was made using a jaw mounted with impaling bits. 
Figure 4 shows a sketch of the arrangement of 
jaw mounted with impaling bits, cleaner plate 
and bedplate. A photograph of the laboratory 
machine is shown in Figure 5. The features of 
of this machine include the following: 
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1. A hinged impaling head so that it works 
like a jaw with the bedplate. 

2. A cleaner plate is included so that any 
chips that stick to the impalers are wiped off 
when the head rises . 

3. A hydraulic cylinder which actuates the 
impaling head . 

4. More numerous and smaller diameter im
palers further into the throat of the machine 
to provide increasing chances of additional 
splitting as the chips move through the machine. 

S. Impalers of simple configuration . 
6 . A sloped bedplate to allow gravity flow 

of material through the machine . 
7. A gate at the lower end of the bedplate 

(not shown) which controls the flow through the 
machine when the jaws are open . 

Impaling Head 

Cleaner Plate 

Figure 4. Section View of Impaling Head , Bedplate 
and Cleaner Plate. 

This laboratory chip splitting machine suc
cessfully reduced large wood chunks produced by 
the USFS wood chunker into fingerlings that passed 
through a 3/4-inch slotted screen. ~~---), ...... 

Figure 5.--IWR Chunkwood Splitter 



FLAKE AND PANEL PRODUCTION 

General Observations 

Log quality was limited to sound logs and 
size to maximwn capacity of the "chunking machine", 
i.e., approximately 8.5 inches in diameter . 
Sample bolts were reduced to 2 to 4- inch long 
chunks on the Forest Service's chunking machine. 
The aspen chunks shown in Figure 6 were too large 
for ring flaking and were subsequently reduced 
to fingerlings of 3/4- inch cross-section in the 
prototype chunk wood splitter. A 3/4- inch 
rotary slotted screen was used to accept only 
those particles meeting the required cross- section. 
All oversize material was recycled through the 
chunkwood splitter until acceptable in size. 
Figure 6 also shows some typical aspen finger
lings. 

Figure 6.--Aspen Chunks Produced by the Forest 
Service Involuted Disc Chunking Machine, 
Fingerlings That Were Split From Chunks 
in the Institute of Wood Research Prototype 
Chunkwood Splitter and Ring Fl akes Made From 
the Fingerlings. 

The accepted fingerlings were flaked using a 
Black Clawson MKZ- 14 ring flaker at the Institute 
of Wood Research. The flaker knives were set to 
produce a nominal flake thickness of 0.020 inches, 
and a sample of fifty flakes randomly s elected , 
averaged 0.020 inches in thickness. The length 
of the flakes were determined by the length of 
fingerlings which ranged from 2 to 4~ inches long. 
Example f lakes are also shown in Figure 6. The 
flakes were dried to 5 percent moisture content. 
Three f l ake classifications were then obtained, 
i.e., those retained by 1/8, 1/4 and 1/2-inch 
screens , r e f erred to a s +1/8, +1/4 and +1/2 , 
r espectively. These screen s izes approximately 
de t ermine the minimwn flake width retained. 
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Study No. 1 

Sixteen panels 1/2 x 16 x 96 inches were 
fabricated at a nominal density of 42 pounds per 
cubic foot (pcf). Typical panels are s hown in 
Figure 7 with a close up of a highly aligned (CWM) 
panel in Figure 8. Panel differences were based 
on flake classification and adhesive type/level. 
The adhesive type/level was related to the flake 
orientation method used. A 5 percent level of 
phenol- formaldehyde was used for random and orien
ted strandboard panels and an 8 percent level of 
isocyanate used in the highly aligned panels. The 
resin and flake classification choices were based 
on those used in commercial and experimental panels 
whose strength data can be used for comparison . The 
press temperature was 330°F and press closing was 
achieved in one to two minutes. The press time 
for the phenol- formaldehyde adhesive was 20 minutes 
and 15 minutes for isocyanate adhesive . 

Study No. 2 

In this work a dense hardwood species- soft 
maple (AeeJL JU.tb.lU.Lm)- was selected to be combined 
with aspen in the production of panels. Soft maple 
was chosen since it is overabundant in the Lake 
States, often has poor form on "off" sites and is 
frequently unsuited for sawmilling, and grows 
thickly on good sites allowing substantial thinning 
volwne. Also, its texture and density are similar 
to paper birch (Be.tu-e.ct papttyi6eJta) suggesting that 
similar results might be achieved with paper birch. 

For Study No. 2, ring flakes were produced 
f rom chunkwood manufactured from aspen and soft 
map le bolts in the same manner as Study No . 1. The 
flakes used for t est panel production were those 
retained on a 1/4-inch screen. Ninety panels 
1/2 x 18 x 18 inches were fabricated at a target 
density of 42 pcf . As in study No. 1, all random 
and oriented strandboard panels were blended with 
5 percent liquid phenol resin. The highly aligned 
material was blended with 8 percent isocyanate 
adhesive. Other than board type,variables included 
the ratio of aspen to soft maple flakes and homo
geneous mixtures vs. layering. Layering was ac
complished by using one half of the total aspen 
component for a particular panel on each surface 
and soft maple was used for the cores. The press 
temperature was 350°F and press closing was achieved 
in one to two minutes . The press time was 12 min
utes. 

PANEL PROPERTIES AND DISCUSSION 

Average values for bending_ strength (MOR) , 
bending stiffness (MOE), material density and in
ternal bond (lB). are given in Table 1 for the two 
studies . Data are given for random oriented panels , 
oriented strandboard (OSB) and highly aligned mat
erial (HAM); in addition minimwn values required 
by Commercial Standard CS 236-66, (13), Forest 
Service Targets (4,12) and data from a study by 
Price (12) are presented. The MOR and MOE 



averages for the aligned material (i . e., OSB and 
HAM) are given parallel to the flake orientation. 

Figure 7 .--Typical· 1/2 x 16 x 96 Inch Panels 
Made From Chunked Wood. 

As one would expect material density influ
ences strength. Regression analyses were per
formed using the individual data points and we 
found that as the panel properties increased 
the density effects became more marked, so that 
a change in density of the highly aligned ma
terial has far more influence on properties 
than for the random panels. 

Figure 8.--A Close Up of a Highly Aligned (CWM) 
Panel. 

The results of the two studies were compar
able even though combinations of aspen and soft 
maple were used in Study No. 2. Data for the 
50:50 mix are presented . In Study No . 2 the 
various aspen to soft maple ratios and homogen
eous versus layered panel configuration appear
ed to have little effect on bending character
istics. The influence of flake classification 
in Study No. 1 was minimal and inconsistent 
therefore resuJ.ts are combined in the average 
values presented. The effect of flake orien
tation on bending properties is seen when com
paring the random and OSB panels which were made 
with the same liquid phenol-formaldehyde adhesive 
levels. The use of higher levels of isocyanate 
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adhesive and a greater degree of orientation is 
seen in the high bending strength results for the 
highly aligned material . 

Table 1. Comparison of Test Results, Commercial 
Standard, Target Values, and Published 
Flakeboard Properties 
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The purpose of Commercial Standard CS 236- 66 
is to establish a voluntary standard of quality 
for particleboard and is intended to provide min
imum property values. Those listed are for medi
um density material bonded with a durable adhesive 
and therefore suitable for certain exterior 
applications. The Forest Service Target values 
shown were developed for flakeboard, so that 
flakeboards meeting these goals should perform 
satisfactorily in structural applications. 

Observation of the bending strength values 
in the two studies involving material made from 
ring flakes indicates properties much greater 
than the minimums given in CS-236. Except for 
the random panels in Study No. 1, MOR values ex
ceed the Forest Service targets and results 
achieved by Price (12) using hardwood mixtures. 
MOE values of random panels were somewhat lower 
but manipuJ.ation of density and/or manufacturing 
techniques could increase the results. 

The effect of the fairly high levels of 
isocyanate adhesive on internal bond strength can 
be seen in Table l which shows very high values 
for the highly aligned material. Internal bond 
values using the phenol-formaldehyde were low, 
however in most cases they approached or exceed
ed the values in CS-236 and the Forest Service 
target values. Again manipulation of density 
and production techniques should improve these 
values. 

The results presented indicate that it is 
feasible to produce structural panel s using ring 
flakes obtained from chunked wood using either 
aspen or aspen:soft maple combinations. Although 
strength properties of the highly aligned material 
were somewhat lower than those recorded for ma
terial produced from drum-type flakes the bending 
strength properties were exceptional and thus 
material produced from ring flakes has application 
in the IWR composite wood products. 



Other hardwood species of the Lake States 
should be considered for furnish for composite 
products. Based on the results of this study, 
it is likely that paper birch and American elm 
could be substituted for soft maple because of 
density s:f:mi.larities. Other hardwoods such as 
red oak, hard maple, yellow birch and American 
beech are also potential species. Substantial 
volumes of all of these species are available 
in chunkable form, such as small diameter low 
grade trees, logging residue and thinnings. 

PRELIMINARY COST·COMPARISON 

Estimates were made of the cost of producing 
flakes from roundwood and from chunks. These 
are shown in Tables 2 and 3 which indicate the 
cost of producing one ton (oven-dry basis) of 
+l/4 and +1/8-inch classification flakes from 
each system, respectively. Since fewer trees are 
needed to produce a given quantity of flakes from 
chunks than roundwood the cost of stumpage and 
harvesting wood for chunking is less. Also, the 
procurement radius for chunks would be less than 
for roundwood resulting in lower trucking costs. 

The net cost differences are dependent on 
the classification of flakes desired after screen
ing. The chunkwood system recovers the greatest 
volume of wood from each tree and the roundwood 
system recovers the most from the material actu
ally brought to the mill when a +1/4-inch flake 
classification is sought. This balances out 
some of the previously mentioned gains from·the 
chunkwood system and leaves it with a small cost 
advantage. However, if a +l/8-inch flake class
ification is used then the recovery from chunk
wood improves so that the system has a cost ad
vantage of.about $24.05 per ton. Figures 9 and 
10 illustrate material balances for +1/8-inch 
flake classifications. Should stumpage rates 
be increased to $15.00 per cord, as they are 
for some species in certain areas, then the +l/4-
inch and +l/8-i~ch chunkwood systems would have 
$15.24 and $30.34 per tori advantages·, respec
tively. 

Table 2. Cost of Producing Roundwood Flakes 
From 1 Ton of Standing Timber (O.D. Basis) 
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,. ll&Ul • 0.57 corda I IS.DO CIO aUul 
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Table 3. Cost of Producing Ring Flakes From 
1 Ton of Standing Timber (O.D. Basis) 
1. sampaqe - l ton 10.57 merch.lnc.ble corda f 5.00) S 2.as 

2. Proc:ur-t Pee - 1 ton I Z.06 Z.06 

l. H•cvuti119 - ·1 · ton (0.57 IIICl'Ch&ntable corda I 18.00) 10.26 

4. ChlUllc - 1 toA f 10,00 10,00 

s. 11&111 - 1 ton I 9,00 (40 ail••> 9,00 

6. Yud - 1 ton I 4.45 4.45 

?, CINnk Splitt:J.119 - 1 ton I 5.00 5.00 

a. flMv - .949 tone I l,85 l.65 

9. Plua - .949 tone I 8.44 8,01 

10. Ozy - .• 949 tone I 17, 76 16,85 

11. C:luaify - .949 tone I 1,06 1.01 

'l'Otal 

Coat per ton ot +1/4 inc:h claHUlcation flalcea 

• ~:.\ 14n• ·• Slll.04 

cost per ton ot +1/8 inch clauUicat:ion flaltoa 

.. !~!;1:0119 • S 95.35 

S ?J.14 

The following calculations indicate the po
tential savings a 150 million square foot (1/2-
inch basis) flakeboard plant could achieve by 
using the chunkwood system if it could utilize 
+l/8-inch flakes and had to pay $15.00 per cord 
for stumpage: 

$30.34 x 1so,ooo,ooo £t2 x •5 in-ft x 
12 in. 

42 lbs x 1 ton = $3,982,125 savings per year. 
ft3 2000 lbs 

Where specific cost elements are available, sub
stitutions can be made to refine this estimate. 

--------~ 0.182 Tons 
Flake 
Fines 

--------~ 0.051 Tons· 
Splitter 
Fines 

Total 1.000 Ton · 

Figure 9. Material Balance for Producing Ring 
Flakes From Chunks From One Ton of Standing 
Timber o.n. (oven-Dry) Basis. 

CONCLUSION 

Chunked wood, as produced by the u.s. Forest 
Service wood chunking machine, can be successfully 
used in the production of flakeboard. Mixtures 
of aspen flakes and soft maple flakes made from 
chunked wood can be utilized to produce random, 
oriented strandboard and highly aligned panels 
with strength and physical properties that meet 
or exceed commercial standards. 



1.0 Ton 
Standing 
Timber 

Total 

0.415 

0.070 

0.085 

0.430 

1.000 

Tons 
+ 1/8 Inch 
Drum Flakes 

Tons 
Fines And 
Overs 

Tons 
Bark 

Tons 
Logging 
Residue 

Ton 

Figure 10. Material Balance for Producing Drum 
Flakes From Roundwood From One Ton of 
Standing Timber O.D. (OVen-Dry) Basis. 
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TRENDS AND PROSPECTS IN TIMBER HARVESTING, TRANSPORT AND CONVERSION1 

Jochen Wippermann2 

Abstract.--For harvesting and primary conversion.a wide 
variety of forest machines is in use, also with special appli
cations to different forest conditions, mobile as well as 
stationary equipment, e.g. power saws, processors as single 
function- and multi-purpose-logging-machines, chippers, 
skidders and forwarders, winches and grapples, truck mounted 
loaders, cable cranes, skyline systems, long transport 
vehicles for short logs, tree-lengths and full-trees. Since 
about 20 years there have been introduced well mechanized 
centralized conversion methods by forest owners or wood-using 
industries. Finally sawmills have got a sophisticated 
technology for processing of timber. 

MECHANIZATION OF HARVESTING 
AND PRIMARY CONVERSION 

The concept for system design of mechanized 
harvesting operations should include technical 
devices to ensure a larger yield of forest biomass 
or at least to reduce harvesting losses. For the 
time being the technological development can offer 
some interesting progress as compared with the 
degree of mechanization 10 years ago. 

Working systems at the felling site: full
tree, tree-length and short-wood systems 

Logging methods: mostly thinning, partly 
clear-cutting, felling and topping at 5 or 7 cm 
by chainsaw, delimbing tree-lengths by chainsaws 
usually, harvesting machines for felling and/or 
delimbing are still rarely used. The most impor
tant stands in this region are at present in age 
classes of 25 to 40 years; processors for delimb
ing and cross-cutting have come more into use in 
the last 10, especially in the last 5 years, the 
number of them exceeds not more than 30 in the 
Federal Republic of Germany. 

Skidding methods: mostly by wheeled tractors 
equipped with double-drum winches, sometimes with 
grapple, and at some places with-crane, with 
normal or articulated steering; generally tree
length system or full-tree system is applied in 
two-man operations in felling and skidding, or 
tree-length skidding by tractors with radio-con
trolled drums in one-man operations (France and 
Federal Republic of Germany). In Austria the 
combined operation of cable cranes, grapple 
skidding and delimbing/cross-cutting by processors 
at the roadside are favoured in mountainous 
harvesting operations. 

1Paper presented at the conference COFE/ 
IUFRO - 1984. Orono, Maine, USA, 12-14 August. 

2Dr. H.~J. Wipperman, Federal Research 
Centre for Forestry and Forest Products, D-2050 
Hamburg 80, Federal Republic of Germany. 
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Intermediate storage of full-trees or tree
length is usually done along roadside. 

Operation at the roadside 

The investments needed for a mobile debarking 
machine handling an average of 40,000 m3 of spruce, 
pine and other conifers per year amount to about 
800.000.- DM to 1 million DM; in the Federal 
Republic of Germany such machines (62), with a 
total capacity of 2.5 million m3 roundwood, which 
debark tree-lengths at the roadside at many con
version sites all over the country, are needed by 
sawmills without debarking facilities of their 
own. But the bark stays unused in the forest, or 
left in small piles at the roadside. 

Operations at a central conversion site 

The idea of rationalizing timber conversion 
by installing central conversion sites (CCS) is 
fostered by technological improvements of the 
last two decades and by the demand for intensive 
wood utilization. Highly developed forest indus
tries need a well-managed flow of assorted timber 
from stump to mill. 

The mechanization and centralization of 
primary conversion should be seen as part of a 
comprehensive system which includes stages of 
harvesting trees or logs and the subsequent stages 
of transport, storage and processing (secondary 
conversion) of timber. 

The technological concept for centralized 
conversion with highly mechanized equipment 
finally evolved owing to the introduction of 
improved mechanical and hydraulic devices for the 
internal timber flow at landings, as well as of 
electronic devices for scaling timber volume, 
process regulation and operational control. 

Such installations with high capital invest
ments are becoming increasingly interesting from 
the energy point of view and help to make the high 
investments more advantageous although more 



electrical power is used. The advantages are as 
follows: 

conversion of tree-length logs or even of 
full trees 

higher value due to optimized grading of the 
log assortment 

direct marketing of any specially requested 
assortment 

use of residues, partly as wood chips and 
partly as fuel chips 

concentration of residues favours installation 
of CCS, but is more attractive to wood-using 
plants than to forest owners without utili
zation facilities of their own. 

GENERAL EXEMPLIFICATIONS OF 
THE DEVELOPMENT TO CCS 

The technical terms 'Central Conversion Site' 
(CCS) or 'centralized conversion landings', 
'centralized processing yards', 'timber terminals' 
or 'lower landings' stand - according to a wood
utilization concept - for the concentrated conver
sion of timber, due to ECE/FAO/ILO-basic concepts 
and terms. This may be intermediate or permanent 
installations. Within a certain forest district, 
timber is harvested at various logging sites, 
accumulated in one place, converted at this 
'central' point and afterwards distributed to 
linked plants or marketed over long distances. 
As many work elements as possible should be per
formed by machines - controlled by a few operators 
or skilled workers - at such a place, where the 
conversion of large masses of timber is concen
trated from the point of view of transport lines 
or of the timber market. Thus the CCS can 
functionally be installed by the forest owner or 
forest products industry. 

A vital factor in the successful use of the 
capacity and technology at a central conversion· 
site - bearing in mind the very high investment 
costs - is the raw material itself. The follow
ing should therefore be defined in advance: 
whether the type of the surrounding forest is 
suitable for logging; whether the continuity of 
timber delivery from that catchment area is guar
anteed; and last but not least whether the quality 
of the timber makes the production of a variety 
of assortments worthwhile. 

At the end of such a process line convenient 
assortments of roundwood may accrue, e.g. saw and 
veneer logs, masts, poles, stakes, pitprops, 
pulpwood, wood for fibre, sometimes fuelwood, the 
number of assortments being determined by wood 
species, dimensions of trees, utilization features 
and, finally, the local or regional market. 

Work has been facilitated by the reduction 
of time-consuming and physically bard manual work; 
therefore, the labour-force in forestry, sawmills 
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and other timber industrues favours this mechan
ized working system whose design features ensure 
good ergonomic results. 

In the Federal Republic of Germany the greater 
part of the mechanized conversion is carried out 
by stationary equipment than.by mobile equipment, 
while in Austria the highest mechanization degree 
in harvesting operations is achieved at upper 
landings, mostly roadside places, when full-trees 
or tree lengths are brought by skyline systems in 
combination with grapple skidders. 

RECOVERY AND HANDLING OF WASTES AT CCS 

Centralized conversion not only meets the 
interests of production managements but also 
encourages wood industry plants more than the 
forest owners, who, in the Federal Republic of 
Germany, do not connnonly run mills to utilize the 
residual material where it accrues in concentra
tion. Branches, tops, bark, needles and occasion
ally leaves .are turned into fuel for kiln drying 
facilities or power stations in timber industries. 
Up to 100% of the mass delivered to CCS or landings 
or mill yards may be used. Foresters and industry 
have gained sufficient experience to reach a sur
plus in recovery of about 6% timber volume by log 
length and full-tree logging. 

In the last five years the interest in wastes 
has grown so much, at least for energy purposes, 
that the residues from conversion sites no longer 
have to be taken to a dump at considerable cost, 
but are collected by different conveyors and 
containers at the CCS. This method of waste 
recovery entails fairly high investments. The 
mechanical and hydraulic residual recovery system 
should be evaluated at not less than one tenth of 
the complete installation value. In the light of 
technical, ergonomic and economic criteria, it may 
be assumed that this investment outlay will be 
rapidly recovered. 

For the construction of a new CCS with a 
yearly capacity of 20,000 - 30,000 m3 spruce, 
delivered in tree-length with diameters between 
16 and 24 cm and up to 22 m long, an investment 
of at least DM 150,000 should be calculated for 
all the conveyors and collecting system required 
to handle an average of 3,000 t wet weight of 
bark. The whole investment for the new CCS exceeds 
DM 1.5 - 2 million; in other words, the mechanical 
residue recovery system should be evaluated at 
not less than one tenth of the complete installa
tion value. 

YIELD BY VOLUME AND QUALITY 

There are several advantages in transferring 
work elements of timber harvesting from the 
felling site to the CCS. 

better working conditions and technical 
facilities allow accurate scaling and cross
cutting, thus avoiding losses in volume and 
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Fi gure 1. Infeeding operations at central 
conversion sites for tree-lengths and full 
t rees from thinni ngs. 

Figure 2. Mechanized debarking at central 
coversion site and at roadside in t he Federal 
Republic of Germany. 



grading; 

the forest owner will have more volume after 
selling the graded logs rather than the log 
stems; 

residual-pieces at butt or·top end remain 
unused when cut off in the forest, but are of 
~ome use as an offcut length on the longi
tudinal conveyor at CCS, where it will find 
a use anyway; only 2 to 3% of log lengths 
as cut-offs go to waste; 

even partly diseased logs can be marketed as 
lowgrade fibre, fuelwood arid industrial or 
fuel chips; 

all small pieces of conversion residues can 
be gathered as industrial raw material or as 
fuel (branches, woodchips, bark, sawdust and 
needles); 

in past years bark and slabs had to be dumped, 
causing costs of between 3 and 6 DM/m3 • 

the residues get homogenized by introducing 
hammer-mills or drum-chippers; 

the bark can be sold to gardeners or to 
chemical industries; 

finally there is a yield by computing the 
grading in dynamic programming. 

APPLICATION IN FOREST INDUSTRIES 

The establishment of central conversion sites 
meets the goals of forestry and of the managements 
of wood-using industries for rationalization pro
duction processes. For many years now, a_ 
remarkable increase in the number of mechanized 
CCS can be observed in cpnjunction with sawmills. 
There are today about 250 yards and landings 
functioning as CCS in the Federal Republic of 
Germany. Most central conversion sites '(about 
90%) work in connection with wood-using indus
tries; less than 5% have been set up by forest 
owners, and another 5% by timber dealers, 
preferably for small dimensioned timber. 

Methods of centralized conversion have not 
yet changed, but the technology has been steadily 
improving. The capacity of CCS in the Federal 
Republic of Germany has grown, so that it is 
nowadays possible at some places to convert 
100,000 to 200,000 m3 (3 shifts) roundwood/year. 
At first CCS processed only spruce/fir but others 
were opened later for pine, especially in the 
northern part of the country. 

Also in Austria several sawmills have been 
installed in the last few years, processing 
short saw-logs from spruce stands in the mountains 
with a yearly capacity of up to 100,000 m3

, in 
one place up to 300,000 m3 roundwood. In France 
the biggest sawmill is processing up to 150,000 
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m3 , with primary conversion of tree-lengths in 
front of the mill. In the Netherlands there are 
some modern but smaller sawmills than in Austria 
or Germany which get tree~lengths and short logs; 
there the h~ndling and sorting at a CCS linked to 
a mill are similar to the conditions in the 
Federal.Republic of Germany. 

ECONOMICAL CONSIDERATIONS OF HIGH CAPACITY CCS 

Continuous delivery of log assortments facil
itates rationalization of timber processing, while 
at the same time improving wood utilization in 
mill operations.· The mills want roundwood assort
ments for all housing and construction purposes. 
There are only a few standard lumber measurements 
in the Federal Republic of Germany, France and 
the Netherlands, while Austria has .standard dimen
sions for export markets. Expensive installations 
at the timber yards are needed in order to meet 
the requirements of conventional sorting and to 
reach high productivity at the conversion site. 

However, with the increasing capacity of 
combined conversion and processing systems, e.g. 
a small-dimensioned timber line with trees on the 
CCS and lumber by the chipper-canter installation, 
new economic problems are cropping up at the 
timber market in highly industrialized countries, 
with a great density of sawmills. 

To summarize, apart from increasing the yield 
possibilities by employing demand-oriented grading 
and the utilization of so-called wastes, there 
appear further advantages of this harvesting and 
utilization system. Higher skidding and transport 
costs can be covered by higher yield and net 
profit of assortment gains. The smaller the 
dimensions of trees or logs coming from the forest, 
the greater are the differences between buying 
and selling values by handling and marketing with 
ccs. 

LONG-DISTANCE TIMBER TRANSPORT 

In the Central European countries the trans
port network is quite dense so that forests and 
wood-using industries can be linked in a nearly 
ideal way. The good structural traffic connec
tions of the Federal Republic of Germany enables 
excellent far-distance transport conditions of 
timber: there are 30 m/ha of forest roads in 
average of flat, hilly and mountain terrain, on 
the whole area of the Federal Republic of Germany 
there are 17.000 km public roads and 29.000 km 
of railways. So any forest is opened up by truck
roads- and linked to the public road-network, while 
all industries have direct access to public roads 
and traditionally a part of them to the public 
railway network. The railway system is being 
reduced from 29.000 km (in 1980) to 18.000 or 
even 16.000 km in the long-range planning. 

The yearly transport volume of .timber ranges 
from 12 to 15 mio tin the Federal Republic of 
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Table 1. Harvesting costs for small
dimensioned timber from thinning stands, 
selected operations in spruce and beech 
in the Federal Republic of Gennany. 

Holzart Ht:K-freierx) tiolzemte-
Sortiment Erlos bei kosten bei 

BHO cm m.R. EsHU 14 cm 
m. R. 

Fichte 14-lb loo,oo 
2 m 1 • 
Fichte 14-15 95,23 
Abschnitte 
Fichte 14-15 91,lu 
lang und 
Abschnitte 
Fichte 13-14 81,So 
3 m 
Fichte 12-13 79,84 
3 m 
Fichte 13-14 79,64 
2 m 

---------------~----------------------------------------------------------------------------------------------------------------------------------------------------
Mod1fiziertes Goldberger
Verfahren 

Winden-Durchforstungsverfahren 

Buche 
lang 
Buche 
lang 

13-14 64.76 

12 62,94 

x)HEK D Holzerntekosten; HEK-fre(er Erlos (Variante mit Sol Lohnnebenkosten -LNIC) 
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Germany, the smallest part of it (5%) is carried 
by inland navigation, 25% by the railway-system 
and 70% by road transport. 

The timber transport by train is declining 
more and more, ·because of.closing down unefficient 
and uneconomical branch lines of the railway 
system; on the other hand any interruption in the 
material flow rises the costs of transport. The 
timber has to be loaded on trucks anyway, because 
no direct access of train to forest exists. Today 
any transport distance up to 400 km is more 
economically to be overcome by truck than by train, 
though the investment for truck and semi-trailer 
has grown. from 75.000.- DM to 300.000.- DM and 
fuel costs from 0.44 to 1.30 DM between 1968 and 
1984. . 

The long-distance transport on the roads 
usually runs over 10 - 100 km, full trees over 
shorter distances (5 - 70 km) than tree lengths 
(up to 200 km in the Fe4eral Republic of Germany 
mostly by short truck and semi-trailer, up to 27 m 
transport lengths for tree-lengths or up to 22 m 
truck-lengths for full trees). 

The truck-transport of timber - full trees, 
treelength and shortwood - is possible and well 
managed in the following way today: 

5-axles-truck and semi-trailer for highest 
possible transport capacity 

hydraulic loaders (cranes) for shorter cirlces 
of loading and unloading 

higher motor-capacity for shorter driving 
time 

technical devices to reduce time of mainte
nance, unproductive time, breaks, etc. 

loading at the roadside by mounted cranes 

one-man-operation (driving and loading) 

There are many small companies of which the 
owner is mostly driving the·truck himself. The 
payment system is based on t x km, the payment 
is done in DM/m3 net weight. 

RECOVERY SYSTEMS FOR RESIDUES 
AND UNCOMMERCIAL WOOD 

The arrears in thinning stands, residues at 
most felling sites, growing demand for raw 
materials by the wood-using industries as well as 
the increase in wood prices and i~ energy costs 
are challenging for new operational way of 
recovery. Predominantly the biomass above the 
ground should be utilized to a greater degree. 

Very high costs of harvesting timber in 
dense young stands, particularly felling and 
extracting trees from thinnings as labour-inten
sive operational elements in conventional residual 
recovery systems call for more productive working 
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methods and better economic results. The conver
sion. of residues after the normal logging process 
is the most expensive part of the whole harvesting 
operation in terms of m3 of chips at the forest 
toad side. 

A process for recovering residues will be 
adopted by forest owners and workers as well as 
contractors and industrial managers if it works 
well; the feasibility of such an operation pre
supposes good design and productivity, ergonomic 
aspects, safe work and - last but not least -
reasonable production costs. Fuelwood should be 
harvested and delivered with as much efficiency 
as industrial wood. But the propagation has to 
take into account the development of the timber 
market and fuel prices. For the time being in 
rural areas the interest in energy supply by the 
forest has grown up rapidly, while chipboard as 
well as pulp and paper industries are still 
sufficiently supplied with thinning material and 
industrial wood residues. 

OPERATIONAL DESIGN FOR 
RATIONALIZATION OF CHIPPING 

For the utilization of small trees or tree 
segments from thinnings and residual material 
from.older stands different working methods 
have been applied.· The unsatisfactory productivity 
and the moderate prices obtained for these 
scarcely-used raw materials demand for the use of 
machines which do not entail high investment and 
not acceptable operational costs. Intensive 
studies have therefore been carried out under 
different forest conditions in small-scale opera
tions with special emphasis on private forest 
ownership, which accounts for 44% of forests in 
the Federal Republic of Germany now. More than 
one-half of the small estates scattered all over 
the country deliver fuelwood for residential 
wood-energy purpose. The fuelwood consumption 
for home-heating has been steadily increasing 
over the last years. 

If the forest workers split or chip the fuel
wood from thinning or other forest operations, 
residual recovery needs effici~nt motor-manual 
techniques and good organization of work, pri
marily for the working methods in the poorly 
mechanized private forest estates. On the other 
hand it should not be neglected that there rises 
the creation of employment oppo_rtunities through 
woodfuel harvesting. The conceptual ideas for 
these comprehensive studies since summer 1980 
originated from the consideration to mobilize 
machines and men of farms or contractors for 
removing forest residuals by chipping in the 
forest. 

TECHNICAL EQUIPMENT FOR A COMBINED 
CHIPPING AND FORWARDING SYSTEM 

For the operational design it was hoped to 
develop a mechanized system of high mobility for 
carrying the chipper to the stump and forwarding 
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the chips. The single machine should be a region
ally widespread skidder or tractor, owned by 
farmers or even better by an association, equipped 
with a pick-up container and a chipper linked with 
power transmission in the rear. The machine which 
served for most of our studies is to be seen in 
the pictures beside. 

Of the skidders available for driving the 
chippers and forwarding the chips in one single 
operation, only machines with more than 50 kW 
were regarded and proved as sufficiently powerful. 
Especially those skidders which could carry a 
container (2 to 4 m3 ) besides the chipper were 
preferred (MB-TRAC, BM-UNIMOG, DEUTZ, WELTE, FENDT, 
etc.). It is very convenient to have a container 
catching the chips and to drive only with a two
axle vehicle on the skid trails as well as within 
the stands. Because of small operational areas 
in the size-class typical of private forest owner
ship, small-dimensioned, manually-fed disc-, 
helical- or drum-chippers should be used, with 
power transmission from the tractor. 

PERFORMANCE OF THE MAN-MACHINE SYSTEM 

The technical productivity of the studied 
and designed systems is measured under different 
working conditions and expressed in m3 chips as 
quantity of reference to productivity or produc
tion costs. 

In spite of most sales-promotion activities 
the hourly capacity of those small manually fed 
chipping machines does not reach 10 to 25 m3 of 
chips/h but roughly 3 to 7 m3 /h, including feeding 
with prepared material, chipping and forwarding 
to the truck road. The lowest capacity is reached 
by removing residues under old growth, the best 
rate in the spruce stand where whole trees or 
segments of them have been utilized in a pre
commercial thinning operation. All experiences 
refer to two-men crews as well as in the precon
centration as in the chipping operation. 

COSTS OF CHIPPING OPERATIONS IN THE FOREST 

The most expensive work is the removal of 
resiiues under old growth stand at a cost of 41. -
DM/m; the best results are achieved in spruce 
stands of about 20 to 30 year old beech (26. - DM/ 
m3), all data referring to the social cost situa
tion and lower;machine operating costs in private 
forestry. These costs appear very low compared 
to studies in other o~erations, which range from 
30.- to 50.0 DM perm chips delivered to the 
truck road; reasons for this are special design 
of the working system and its application in 
private forest ownerships. 

The wages for forest workers and machine 
operators range from 12.- to 16.- DM/h, they 
differ among forest owners in the Federal Republic 
of Germany, especially there are beg differences 
in social costs, ranging from 70% in private 
enterprises to 130% in state forest enterprises 
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on the wages. The private forest owner uses his 
farm tractor for harvesting work, while the state 
forest has a great number of special machines and 
this entails higher operational costs. Roughly 
speaking, in the state or municipal forest 40% 
can be added to the costs per m3 chips mentioned 
above. 

Generally fuelwood is coming from thinnings 
and clearcutting residues, which are removed by 
the consumers themselves from the stum~ in the 
most cases, paying about 30.- DM perm at the 
felling site or 60.- DM per m3 when it is already 
split and stacked at the forest road. Normally 
residuals are left back because of no economical 
value up to now. So long they are not processed 
to split pieces or chips they are not used as 
industrial raw material or fuelwood. On the other 
hand the returns from selling industrial roundwood 
for pulp and paper or chipboard industries cover 
scarcely the costs of harvesting and skidding in 
thinning operations. 

STORAGE AND DRYING OF CHIPS 

Biomass destined for fuel chips should be as 
dry as possible before delivering to storage or 
burner; in the optimal way it should be dried in 
the forest even with leaves before being chipped 
(leaf seasoning promises good results between 
May and September); when the biomass has been 
seasoned for some months at the felling site it 
should be chipped and go to storage. Wooden 
constructions for chip storage under roof but 
with open sides of a wire entanglement are 
recommended. 

YIELD OF BIOMASS UTILIZATION 

Especially in unthinned stands between 20 and 
30 years a relatively high yield of biomass has 
to be taken off consisting of residues and small
dimensioned timber of no commercial interest. 
Many forest ownerships hold a considerable per
centage of unthinned stands of which the biomass 
potential must be taken into account when normal 
silviculture methods and well-managed stands are 
aimed for. 

Different silvicultural methods and harvest
ing intensities yield large amounts of biomass in 
each case; the following quantities which have 
been removed and chipped in the stands are to be 
seen in Table 2. 

PROCESSING LINES FOR.SMALL-SIZED TIMBER 

The foreseeable development in the forest 
products industries allows a steadily growing 
utilization of small-sized conifers for sawn goods 
to be expected. The method of processing and the 
capacity of the processing line are influenced by 
factors such as supply of raw material, integrated 
production in combination with centralized primary 
conversion, accurate pre-sorting of well-graded 



timber, technology of processing, capacity , yield 
requirements , progr amme of sawn goods, investment 
needs and str esses at the wor king places. In 
addition to usual f rame and circul ar saws, profile 
chipper- canters and handsaws are in use now, as 
well as combinations, t o set up efficient 
production systems. 

Beech - 58 years, naturally regenerated , 
felling 

Beech - 26 years, naturally regenerated, 
felling 

Poplar - 17 yea rs , planted , clear-felling 

Pine - 76 years, naturally regenerated, 
felling 

selective 

selective 

(2 sites ) 

selective 

Pine - 25 years , planted, strip-wise and selec tive 
felling 

Pine - 17 years, planted, strip-wise 

Pine - 25 years, planted, clear-felling (after 
forest fire) 

Spruce - 27 years, naturally regenerated, strip-wi se 
and selective felling 

Spruce - 3o years, planted, strip-wise felling 

74-llo m3 HS/ ha 

60 m3 HS/ ha 

370 and 
720 m3 HS/ha 

74 m3 HS/ha 

60 m3 HS/ha 

140 m3 HS/ha 

450 m3 HS/ha 

18o-2oo m3 HS/ha 

7o m3 HS/ha 

Table 2: Yield of biomass from different stands - species, operational 
methods, age-class, yield - (Aspen/Poplar, beech, spruce and pine) 

Figure 8: 

174 

Centralized conversion 
site (CCS) for conifers 



SIMULATION OF MECHANIZED FELLING IN DENSE SOFTWOOD PLANTATIONS! 

Sharon A. Winsauer2 

Abstract.--Computer simulation of a feller -buncher 
operation was used to develop a regression model relating 
machine attributes to productivity while thinning dense 
softwood plantations. Factors most affecting productivity 
were machine travel speed, shear speed, accumulator head 
size, back up distance, bunch distance, and accumulator head 
size times shear speed . 

INTRODUCTION 

Throu9hout North America and Europe hundreds 
of thousands of hectares of closely spaced (1.5 to 
2.75 m) softwood plantations need cleaning or 
thinning. Traditionally, the high cost and scar
city of skilled labor, combined with the fact that 
such thinnings produce little or no merchantable 
timber, have often made such thinning uneconomi
cal. Recently, however, the development of ma
chines such as chippers and chunkers have made it 
possible to reduce small trees to mar ketable pro
ducts. These machines, along with the rising 
demand for wood energy and fiber, offer hope that 
the thinnings needed for stand improvement can 
break even or even make a profit. 

To match the technological gains in pro
cessing machines , efficient techniques and ma
chines for harvesting these smal l, closely spaced 
trees must be developed. Because of the close 
spacings and the possibility of bole and root 
damage, these harvesting machines must be small , 
lightweight, and maneuverable in addition to being 
efficient (Berg et al. 1975, Evert 1971, Low and 
VanToi 1974 . OswaTd1974). 

To develop new machines or harvesting con
cepts for these dense softwood plantations, the 
relation between machine design and productivity 
needs to be determined. As a step in this direc
tion, we used a computer model to simulate a 
feller-buncher thinning a softwood plantation and 
to develop a regression model for productivity 
(fiq. 1) (Winsauer and Bradley 1982). 

The feller-buncher modeled has a chassis
mounted shear so it must be driven to each tree, 

lpaper presented at t he conference COFE/IUFRO 
- 1984. Orono, Maine, USA, 12-14 August. 

2sharon A. Winsauer is a mathametician at 
the Forestry Sciences Laboratory, North Central 
Forest Experiment Station, USDA Forest Service, 
Houghton, Michigan, USA. 
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Figure !.--Typical feller-buncher with chassis
mounted shear. 

and the shear head must be accurately positioned . 
The assumptions used in the simulation are typical 
for small machines of this type. Thus, results 
are realis tic, and data trends and comparisons 
should be vali d; however, the specific numbers 
such as "172 trees/hour" may not match the pro
duction rate of any specific machine . Moreover, 
the theoretical study was l imited to ideal, close
ly spaced softwood plantations so the results can
not be extrapolated to other stands or machines. 

PROCEDURES 

Fell er- buncher productivity (trees/hour and/ 
or tonnes/hour) is influenced by the following 
machine factors: 

- Us e of an accumulating head shear 
- Shearing speed 
- Machine travel speed 



If the trees are to be removed from the 
stand, the number of trees the feller-buncher col
lects into a bunch affects machine and system pro
ductivity. Small bunch sizes may result in high 
feller-buncher productivity but low skidder or 
forwarder. production, so the· system must be bal
anced accordingly. 

This simulation study was limited to plan
tations of small-diameter, uniformly spaced soft
woods. Spacings were from 1.0 to 2.5 m. All 
stands ~ere assumed to have an initial basal area 
of 35 m2/ha, giving an average tree diameter of 
6.7- to 16.7-cm dbh. Work with slash pine 
(Collicot and Strickland 1968) showed the best 
growth to be in stands thinned to a residual basal 
area (BA) of 100 sq ft/acre (23 m2/ha), so a 
thinning intensity of 33 percent (one-third of the 
initial trees) was simulated. 

It is almost mandatory to clear a strip or 
machine corridor to get into the stand, but it is 
felt that thinning by strips results in poor form 
and growth. Two thinning patterns, strip-only and 
strip-with-herringbone-thinning-between, were 
tried. These two patterns are feasible alter
natives for mechanized thinning of closely spaced 
plantations. The strip-with-thinning-between is a 
compromise that requires fewer clearcut strips and 
leaves a more uniformly thinned stand but still 
has corridors in which the machine can operate. A 
list of the assumptions made .and values used in 
the simulation can be found in the Append·ix. 

Earlier investigations indicate that accumu
latinq shears, faster shear rates, and faster 
travel speeds increase feller-buncher productivity 
(Newham 1970, Winsauer et al. 1984). To develop 
equations relating machliieproductivity (trees/ 
hour) to these and other significant factors, sim
ulation runs were made using various machine rates 
and stand spacings. Trees/hour, tonnes/hour, 
trees per bunch .. and percent of total .time spent 
shearing, traveling, etc .• were recorded for each 
run. Then regression models were proposed and 
equations developed. Finally, test runs were made 
to verify the equations and refinements made as 
necessary. 

The simulation model was written in the simu
lation language GPSS (General Purpose Simulation 
System) (Schriber 1974). The simulated thinnings 
were carried out on the Sperry 1100/80 at Michigan 
Technological University, Houghton, Michigan. 

PRODUCTIVITY REGRESSION MODEL 

For a feller-buncher with a chassis-mounted 
shear, the following prediction equation for pro-
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ductivity while strip thinning was developed based 
on 55 simulation runs: 

Productivity 
(trees/hr)= 22.9 

+ 8.45 ave. travel speed (k/hr) 
+ 3.17 ave. shear speed (trees/min) 
+ 37.9 accumulator size (trees/load) 
- 3.27 accumulator size2 
- 4. 74 backup di stance (m) 
+ 2.52 ace size x shear speed 
- 1.31 bunch distance (m) 

Multiple correlation coefficient - R2 = .95 

Standard error of estimate (S.E.E.) = 18.16 

Productivity 

Sample Calculation -
For Strip-Only Thinning 

(trees/hr)= 22.9 
+ 8.45 X 5 k/hr 
+ 3.17 x 5 trees/min 
+ 37.9 x 4 trees/load 
- 3.27 x 16 (trees/ 

load)2 
- 4.74 X 10 m. 
+ 2.51 X 4 X 5 
- 1.31 X 10 m 

22.9 
42.2 
15.8 

151.6 

- 52.3 
- 47.0 

50.2 
- 13.1 

= 170.3 trees/hr 

As you can see, the feller-buncher produc
tivity rate was about 170 trees/hr for average 
conditions. The production rate ranged from less 
than 50 trees/hr (no accumulator head, slow·travel 
speed, and long backup distance) to more than 400 
trees/hr (accumulator holding eight trees, fastest 
shear, and no backup di stance). 

Productivity in terms of tonnes/hr can be 
determined from the trees per hour and the size of 
the trees; for example, 170 trees/hr would be 4.3 
tonnes/hr for· 6.7 cm trees, or about 15 tonnes/hr 
for 16.7 cm trees. 

DISCUSSION 

Several interesting facts came to light while 
testing and refining the prediction model. 

1. Although tree spacing is a significant 
variable where wide spacing is used (Ashmore et 
!}_. 1983, Bradley 1984), adding a tree-spacing 
term did not improve the fit of the model to the 
data. Because of the close spacings in the stands 
considered (1.0 to 2.5 m), tree spacing had little 
effect on productivity. 



2. Tree diameter did not directly affect 
trees/hr felled. The trees are small enough {max
imum 16.7 cm) that positioning and shear time de
pend upon the hydraulic capacity rather than stem 
diameter. Tree diameter does have a major, indir
ect effect--for a given accumulator head size, the 
average number of trees/load depends upon average 
diameter at breast height (dbh). The same size 
accumulator may collect eight small {6.7 cm) trees 
for a load of 200 kg but average only 3.3 large 
(16.7 cm) trees per load {approximately 300 kg). 

3. As the sample problem shows, the trees 
per accumulator load greatly influenced the pro
duction rate. It is not a linear effect, how
ever--a change from no accumulator head (one tree/ 
load) to two trees per load can increase produc
tion rate by 50 trees per hour while a change from 
7 to 8 trees per accumulator load shows little 
improvement. 

4. Another significant effect on production 
rate is the strong interaction between shear speed 
and accumulator capacity (fig. 2). Although pro
ductivity would be expected to improve with a 
higher shear speed or with the addition of accumu
latinQ ability, I did not expect such a great 
cumulative increase. 

When an accumulator head is used, travel is 
reduced; therefore, a greater percentage of the 
time is spent actually. shearing trees. And of 
course, the more time spent shearing, the greater 
the effect of changing shear speed. 

OTHER VARIABLES: 3oo l 
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Figure 2.--Feller-buncher productivity--strip 
thinning in dense softwood plantations. 
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Accumula- Travel Shear 
tor size Average time time 
(trees/ travel (percent (percent 
load) eer tree (m} total) total} 

1 {no ace) 30.8 51.9 23.4 
8 4.5 20.6 70.8 

Although it may not be possible to develop a 
machine that can reach the theoretical 8 trees per 
load and still operate without damaging the close
ly spaced remaining trees, it is important to note 
that an increase in shear rate along with an in
crease in the number of trees per load would be 
much more effective than an increase in either 
factor by itself. 

5. Another variable that was more important 
than anticipated was the "backup" distance. The 
original assumption in the model was that the 
machine working in the narrow strips would shear 
the tree(s), "back up" one tree length {10 m), 
drop the tree{s), then drive forward over the 
downed tree{s) to the next tree. If this backup 
distance could be reduced or eliminated by a new 
machine design, productivity would be increased. 
On the other hand, as the "backup" distance gets 
longer, it becomes more and more important to have 
an accumulator head. 

6. A2slightly higher correlation coef
ficient, R, could have been obtained by adding 
other terms involving combinations of backup 
distance, accumulator size, shear speed, and trav
el speed. However, these additional terms did 
not increase the R value sufficiently to warrant 
the increase in model ·complexity. 

7. The last factor in the equation, 11 bunch 
distance," is the extra distance the feller
buncher operator will travel to create larger 
bunches for the skidder or forwarder. The extra 
"bunch distance" was selected as a variable to 
make it independent of stand spacings and other 
variables. In small-tree stands where it is 
costly to remove the wood, it would help to have 
the stems bunched and ready to skid. The feller
buncher can do this, but at what cost? To deter
mine the effect the operator•s decision has on 
productivity, runs were made simulating various 
tlbunch distances. ti A regression equation was 
developed relating the number of trees/bunch the 
feller-buncher collected for the skidder to the 
choice of bunch distance. Two other major factors 
affected bunch size--stand spacing and accumulator 
head size. 

Trees/bunch= 7.13 

R = .91 

- 3.56 spacing (m) 
+ 0.527 accumulator size 

{ trees/1 oad) 
+ 0.613 bunching distance (m) 

S.E.E. = 1.46 



Test runs were made varying "bunch distance11 

from Oto 20 m. Trees per bunch varied from one 
(no bunching) to 22; the largest bunch was in the 

_1-m stand thinned with a machine with a large 
accumulator head and an operator willing to back 
up an e~tra 20 m to increase the bunch. This 
increase in bunch size can decrease feller produc
tivity by 25 trees/hr. 

THINNING IN A STRIP-WITH-HERRINGBONE PATTERN 

The strip-with-thinning-between pattern 
selected for simulation was to cut a strip every 
sixth row and.to thin the intervening five rows in 
a herringbone pattern. 

The distance traveled per tree is greater 
when using the herringbone pattern, making travel 
time greater and overall productivity less than 
for strip-only thinning. When no accumulator head 
is used, the distance per tree increased about 
10 percent, while productivity (trees/hr) de
creased 5 percent (table 1). 

The greatest loss in productivity is caused 
by the lack of full utilization of the accumulator 
head. The machine must leave the strip, and ft. 
would not be feasible to try to maneuver into the 
between-strip areas with the accumulator head 
already partially loaded. Therefore the accumula
tor loads are only 60 to 70 percent as large as 
those in the strip~only thinning. This results in 
a net productivity loss of up to 50 trees/hr. 

At the same time, the number of trees 
collected in a bunch for removal from the stand is 
much larger when thinning between. Because of 
more trees to be cut from any strip location when 
no accumulator head is used, the bunches are twice 
as large as in the strip-only sit~ation, and are 
50 percent larger when a large accumulating head 
1s used. The possibility of more efficient skid
ding could offset the slightly higher felling 

costs, particularly in the case of a non
accumulating head feller-buncher. 

The bunch size when thinning between strips 
depends upon stand spacing and backup distance but 
not upon accumulator size for the· stands and ma
chines simulated. Some care would have to be 
taken, particularly in the closest spacings, to 
prevent the bunches becoming so large as to ob
struct the passage of the feller-buncher. 

CONCLUSIONS 

New and better ways to mechanically thin 
closely spaced softwoods need to be developed. In 
addition to the need for small, maneuverable ma
chines, the most important machine concepts to ex
plore and develop appear to be ways of cutting 
and/or collecting multiple stems at once. If this 
can be developed in conjunction with a faster cut
ting head, the production rates .could be greatly 
increased. 

Another area of possible improvement would be 
to find some way of stacking the stems or dropping 
them. fmmedi ately at ·the stump and yet not hinder 
forward motion of the feller. If the backup and/ 
or positioning travel the feller goes through to 
drop and/or bunch the felled trees can be elimi
nated, efficiency would noticeably improve. Still 
another possibility would be to have the felling 
machine do no bunching other than what is done 
while cutting, followed by a 11clearing 11 machine 
that could sweep through the strip rows and remove 
the felled, unbunched wood from the stand. 

APPENDIX 

Tables 2 to 4 contain the assumptions and 
data used in the simulation model. For a more 
complete discussion of input values, see Winsauer 
et .!l· 1984. 

Table 1.--Comparison of thinning in a strip-with-herringbone and strip-only pattern. 

No ace headl 

1-m spacing 72 76 20 10 1.0 1.0 33 30 
2.5-m spacing 69 73 9 4 1.0 1.0 36 32 

Large ace head 

1-m spacing 172 221 23 15 5.0 8.0 9 5 
2.5-m seacing 120 152 9 6 2.5 3.3 18 11 

lather parameters values - shear speed= 5 trees/min, travel speed= 5 k/hr, 
backup distance= 10 m, and bunch distance= 10 m. 
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Table 2.--Initial stand characteristics. 

Assumptions 
Species 
Stand structure 
Terrain 
Strip length 
Basal area 
(before thinning) 

Tree yolume 
(m3)l 
(ft3) 

Tree height (m) 
(ft) 

Wood density 
(9reen basis) 
(kg/m3) 
(lb/ft3) 

Thinning intensity 
(% trees removed) 

Variables 
Tree spacing2 

(m) 
(ft) 

Ave. tree dbh3 

(cm) 
(in) 

Stand density 
(trees/ha) 
(trees/acre) 

Softwood (generalized) 
Plantation - square spacings 
Flat 
100 m 

35 m2 ha (150 sq ft/acre) 

0.021 + 0.00048 x dbh2 cm) 
0.73 + 0.109 X dbh2(in) 
10 
33 

600 
37 

33 

Range 

1.0 to 2.5 
3.3 to 8.2 

6.7 to 16.7 
2.6 to 6.6 

1,600 to 10,000 
648 to 4,050 

!volume equations were developed from com
bined data of several softwood species (Winsauer 
and S~einhilb 1980). 

For each st-and spacing, f"'raQP. tree dbh 
selec3ed to give a B.A. of 35m ha. 

Individual trees dbh selected from a dis
tribution with a range average stand dbh .!, 2 cm. 

Table 3.--0perational factors. 

Assumptions 
Chass1s-mounted shear: 

Feller must move to each tree to fell it. 

To reach a tree outside the strip, it must 
back up an equal distance for maneuvering. 

All felled trees will be laid in the strip. 
The feller will back up, drop the trees, and 
drive over them. 

Maximum distance the feller will back up to 
add to a bunch is 20 m (65 feet). 

Desired bunch size for 
economical skidding 

(sum of tree diameters) (cm) 200 

Thinninq patterns: 

(in) 80 

Strips-only or strips 
with herringbone thinning 
between strips (fig. 3). 
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XX X X XX XX X X 
XX XX XX XX XX 
X X X X X X XX XX 
XX XX XX XX XX 
XX XX XX XX . XX 
XX XX XX XX XX 
XX XX XX XX XX 
XX X X XX X X X X 
XX X X X X X X X X 
XX X X XX XX XX 
X X X X XX XX XX 

SINGLE ROW CLEAR CUT STRIPS 

X 
X 
XX 
X X 
X X XX XX 

X XX X X 
X X X X X 
XX XX X X 
XX X XX X 
X X XX XX 

X XX X ~ X 

HERRINGBONE THINNING• OF FIVE ROWS 
BETWEEN CLEAR CUT STRIPS 

Figure 3.--Thinning patterns to achieve a 33 per
cent tree removal. 

Table 4.--Machine characteristics. 

Variables 

Shear accumulator 
Capacity - total. sum 
of tree diameters (dbh) 

(cm) 
(in) 

Average travel speeds2 
Chassis-mounted shear 

(k/hr) 
(mph) 

Average posi~ion and 
shear time 
(min/stem) 

Average drop time 
(min/load) 

No accumulator to 551 
No accumulator to 22 

2.5 to 10.0 
1.5 to 6.0 

.1 to .2 

.2 

1Maximum size accumulator can hold up to 8 
small but only 3 to 4 large trees. 2Individual travel speeds taken from normal 
distr!bution. 

Individual shear times selected from normal
ized empirical distribution multiplied by average. 
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RECENT ADVANCES IN OFF-ROAD FOREST VECHICLE 

DEVELOPMENT IN SCANDINAVIA l) 

Esko Mikkonen 2) 

Abstract. Due to. historical background and forest ownership structure, 
the shortwood harvesting systems have been prevalent in Scandinavia. 
Research and development work in mechanization ·of harvesting has there
fore been concentrated on the machines and methods applicable to the 
shortwood systems. 

The future development in the short run seems to follow the same 
line, though there are new materials and technologies being introduced; 
e.g. aluminium frames, advanced hydraulics, electronics, automation and 
robotics. 

New requirements are set, however, for decisions regarding produc
tivity and costs of the machines for harvesting thinnings. These are 
environmental issues, working conditions and safety. They will affect 
the machine design in the future, as will the ever increasing interna
tionalization of the forest machine manufacturing business. 

INTRODUCTION 

Shortwood systems have been traditionally 
used in the logging and transportation of timber 
in Scandinavia. This is due to the large number 
of forest owners and the small size of their wood
lots where extensive large-scale operations cannot 
be performed. The number of wood sales have thus 
been large. The timber measurement procedure ap
plied to shortwood systems is widely accepted. 
Labour intensive logging methods have been used 
because the unit costs of the manual methods were 
lower than those of the mechanized methods till 
the late 1970's. 

Logging and transportation operations have 
been managed and per£ ormed either by the timber 
buyer or the seller in many farm forest operations. 

Forestry was traditionally a part of the farm 
economy. Only in Sweden a larger share of forest 
land is owned by the forest industry companies. 
State forests are generally located in remote and 
environmentally sensitive areas where full-scale 
operations are not allowed. The forest ownership 
structure has changed. There are more urban 
forest owners who obtain their living from other 
professions than agriculture and forestry. 

1) Paper presented at the joint conference COFE/ 
IUP'RO -1984. Fredericton, New Brunswick, Canada, 
August 17. 

2) Doctor of Forestry. Metslteho, The Forest 
Work Study S~ction of the Central Association of 
Finnish Forest Industries. Senior Research 
Officer. Fabianinkatu 9 B, SF-00130 Helsinki, 
Finland. 
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Another reason for the wide use of shortwood 
systems has been limited capability of the mills 
to handle tree lengths or full trees. This has 
restricted the development of new logging methods 
and machinery. 

Finland and Sweden are countries where short
wood systems have reached a pre-eminent position. 

The research and development of equipment and 
machinery as well as methods has almost entirely 
supported shortwood applications. 

One can find two clearly different lines of 
mechanization in logging and hauling of timber. 
The other is based on the use of typical farm 
tractors in forest operations and farmers' wood 
deliveries. In the other, almost everything, from 
whole tree logging for stationary wood handling 
terminals to small tractor operations, have been 
tried. Here, the shortwood logging with proces
sors, harvesters and forwarders has established 
itself as the prevalent method. The share of the 
last mentioned line bas increased during recent 
years. 

Other features typical to Nordic logging are 
the large share of selective thinnings, vast areas 
of bogs, snow problems caused by the long and 
often severe winters, etc. 

In the next chapters I will try to outline 
the present situation of hauling wood and its 
mechanization in Finland and Sweden. The logging 
is also dealt with as long as the off-road machin
ery is concerned. 

Finally, the effects of new technology on 
Nordic off-road forest machine design will be dis
cussed. 



Figure 1. A Typical farm tractor of the early 
1970 1 s in forest operation 

CURRENT METHODS AND MACHINERY 

Farm tractors in forestry 

As earlier mentioned there are two separate 
lines of mechanization. First, a few words about 
farm forest operations . 

There are nearly a half million farm tractors 
in use in Scandinavia. A great number of them are 
also used in logging operations every year. The 
following methods are applied. 

(1) Felling, delimbing 
and bucking in the 
woods 

+ 
Forwarding by farm 
tractor 

(2) Felling and Tree length Bucking at 
de limbing + skidding + landing by 

power saw 

(3) Directional Delimbing and Forwarding 
felling + bucking by farm + by farm 

tractor mounted tractor 
processor 

Figure 3. Valmet forwarder of the early 1970's 
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Figure 2. Modern Valmet 802 farm tractor equipped 
for forwarding wood 

Method 1 is most common. 
be equipped with a winch, 
hydraulic loader, and a forest 
have driven axles and boggies. 
a timber sledge can be used. 

A farm tractor can 
skidding grapple, 
trailer which can 

During winter time 

These methods are applied in about 20 - 25 
per cent of the total volume harvested yearly in 
Finland. In Sweden the figure is somewhat smaller. 

Farm tractors are bigger than earlier, they 
have four wheel drive, a turbocharged engine, 
power shift transmission and a safety cabin. 
Regardless of development, farm tractors are still 
primarily designed to be used on fields and not in 
the woods. Therefore, they can be used in good 
terrain only under favourable conditions if high 
productivity is maintained simultaneously. This 
is not the case, however, in many farm forest 
operations where a farmer tries to get extra work 
hours for his otherwise underemployed tractor . 

Figure 4, Modern Bruunett mini 572 forwarder is 
equipped with double boggies 



Farm tractors are not used in forestry for 
other tasks than hauling and transportation of 
wood. In the picture review one can see the 
recent development of the Nordic farm tractor for 
forestry (Fig. 1 and 2). 

Off-road vechicles in harvesting 

The most common off-road vechicle in Scandi
navian forestry today is the forwarder. Other 
vechicles such as skidders, excavators, bulldozers, 
snowmobiles, etc., are rather rare. The design of 
the forwarder is based on a wheeled construction. 
Other design principles such as tracks or air 
cushions are not generally used. 

As such, forwarders are used for hauling logs 
and short pulpwood. They are basic machines for 
several applications like feller-skidders, 
processors and harvesters. Forwarders are used to 
pull forestry equipment; e.g. planting machines 
are built on forwarders, etc. 

For hauling timber, three size classes of 
forwarders can be found. Classifield by the gross 
vechicle weight, heavy forwarders weigh 25 - 33 
tonnes, medium sized 15 - 25 tonnes and light 
weight forwarders 10 - 15 tonnes, when fully 
loaded. 

Forwarders are used in the following logging 
methods: 

(4) Manual shortwood cutting + Forwarder 

(5) 

(6) 

(7) 

(8) 

(9) 

Manual felling + Processor at + Forwarder 
strip road 

Feller-buncher + " + " 
Harvester + Forwarder 

Feller-clambunkskidder + Delimber at landing 
(Forwarder frame) 

Manual felling + Forwarder equipped with 
a grapple saw 

Feller-bunchers are the only specially built 
machines in which forwarder chassis are not used 
as the machine base. 

Methods number 4, 5 and 9 are also used in 
thinnings if the forwarder size is approriate. 

Medium sized and heavy forwarders can be 
equipped with a long-reach hydraulic loader. 

Typical features for a modern forwarder are 
articulated steering, hydraulic-mechanical trans
mission, baggies both in front and rear, hydraulic 
loader with long reach, and ergonomically designed 
safety cabin in which all the operator functions 
are easy to perform. 
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The modem forwarder is a highly specialized 
machine which has undergone tremedous development 
to become the versatile machine it is today. The 
picture review features some of the development 
trends during the past years (Fig. 3 and 4). 

CHALLENGES OF THE FUTURE 

The social environment for fores try is 
changing rapidly. The number of urban forest 
owners is still increasing and for them, other 
aspects, other than wood production, are more 
important in forest owning. If wood is to be 
harvested it has to be done more carefully than 
to-date. This creates an urgent need for devel
opment of lighter and environmentally acceptable 
harvesting technology. The volume from thinnings 
will increase greatly if all the activities needed 
for the right forestry measures and achievement of 
production goals are to be met. For this reason 
there is a special need to develop selective 
thinning technology. 

The costs of human labour have increased fast 
due to high social security costs. It has been 
prof it able to mechanize logging. Another reason 
has been the effort to make the logging work more 
productive and easier, and also to raise the 
safety of the forest work. 

Energy crises have created requirements that 
the wood raw material has to be utilized better 
than earlier. New technology applicable for it, 
is to be developed. The optimization of raw mate
rial utilization requires full trees or at least 
tree lengths, to be transported to the mill. 

The huge increase in productivity of forest 
machines has decreased the home market for the 
machines during recent years. This in turn means 
that the forest machine manufacturing business 
must internationalize its activites in order to 
maintain the same volume of sales. The problem is 
how to fit the production for the international 
market. The next question is whether the short
wood systems widely used in Scandinavia, but not 
elsewhere, are the right ones. 

According to the facts above the fallowing 
requirements for the forest machines of the future 
can be set: 

(1) Machines must be lighter and their transport 
payload has to be increased 

(2) Thinning machines have to be smaller and 
lighter 

(3) Damages to the growing stock caused by the 
machines have to be minimized 

(4) Forest work must be safer than earlier, i.e. 
less accidents and not cause permanent inju
ries or diseases i.e. back injuries, white 
finger disease, etc., to the workers 



(5) Increase in real machine costs has to be 
stopped i.e. the productivity must be raised 

(6) Methods and machines to be developed must not 
prevent better utilization of the raw 
material 

HOW TO MEET THE CHALLENGES 

Forest machines can be constructed lighter 
and their transport capability increased in two 
ways: 

to design them better 
to use lighter materials 

For the first task the use of the CAD/CAM 
will provide good help for the designer. 

New construction materials such as vacuum 
steel, aluminium (Fig . 5), modern plastics, carbon 
fibers and ceramics will decrease the weight of 
the machines considerably. It is estimated that 
the forest machines could weight 30 - 40 % less 
than today. Some experiences of the new materials 
are already now available. The decrease in weight 
will increase the load by the same amount (fig. 6). 

For thinnings a wholly new machine size 
come into use. Its dimensions must fit 
thinning instructions of various stands. 
ideal new machine could be designed for all 
of harvestings, including clear cuttings. 

must 
the 
The 

types 

If the machine is equipped with tracks (Fig. 
7) or wide profile tires the ground damages will 
be negligible. 

The movements of a long reach loader can be 
controlled by a microprocessor with programmes 
applied in robotics. A microprocessor controlled 
transmission will a.llow even traction and thus 
minimize tearing of the ground surface. 

Figure S. Aluminiun frame of the Ponsse forwarder 
has reduced the gross weight considerably 
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-5 Now 

Figure 6. Relative weight reduction curve of the 
professional chain saw and the weight reduc
tion possibilities for forwarders 

Redesign of the cab and its better suspension 
will decrease whole body vibrations. Better ergo
nomic design of the operator seat, panels and 
lever positions will prevent fatique. 

The increase in machine costs and thereby the 
unit costs of harvesting can be slowed down by 
utilizing automation. Applications in forest 
machines are for instance 

automatic lubrication systems (Fig. 8) 
microprocessor controlled loader movements 
remote control and automatic driving systems 

The machine prices can be kept down by manu-
facturing longer series. This requires interna
tionalization, however, because the home markets 

Figure 7. Farmi-Track is a modern tracted for
warder for thinnings 



l Control unit 
2 Magnetic valve 
3 Hydraulic pump 
4 Body pipe 

5 Dosing modules 
6 Lubrication pipe 
7 Signal light 

Figur e 8 . An automat ic SAFEMATic™ lubrication 
syst em for vechicles 

are shrinking due to faster productivity increases, 
t han the growth of the business. The international 
marketing must be taken i nto account in designing 
special methods and machines, as forest machines 
are. 

A good example of a new application of the 
proven method and machines is the part tree method 
with forwarders equipped with a grapple saw. This 
combination utilizes the raw material much better 
than earlier methods . 

CONCLUDING REMARKS 

There will be no drastic change in the Scan
dinavian harvesting technology in the short r un. 
Shortwood systems will stay dominant . They will 
be devel oped toward utilizing more part tree 
methods. Special machines and applications of the 
current machines (Fig. 9) for this will be devel
oped according to the facts stated above. 
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Figure 9 . Forwarders of the future will be 
lighter and smaller. Norcar is one example 
of them 

In the longer run the use the tree length or 
full tree systems, at least in some part of the 
harvesting , will be reconsidered . Better utili
zation of the trees will require all the parts of 
the trees to be transported to the mills . 
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FOREST OPERATIONS IN NORTHERN CHINA 

Li Guangda, Associate Professor 
Department of Logging and Log Transp~rt, Nor~heast College of Forestry 

People's Republic of China 

SUMMARY 

Beginning in the 1950's, Northeast 
China's logging operations achieved 
significant successes in the development 
of improved systems and technology for 
logging. The logging operations changed 
from manual/animal to mechanized, from 
short-wood to tree-length, from seasonal 
to year-round. After decades of 
exploitation the surviving forests are 
limited mainly to the more inaccessible 
steep regions. Tractor skidding has 
been preferred in the Northeast, but 
cable yarding is getting wide use. As 
terrain transport distance is getting 
longer (1-1.5 km), more than one type of 
extraction has to be used for log 
transport from the stump area to the 
roadside landing. Existing combinations 
of off-road transport are described. 
The trees to be ·harvested are getting 
smaller and the plantations are 
maturing, equipment for thinning is 
under development. 

China contains about 120 million ha 
(296.4 million acres) of commercial 
forest, 16 million ha (39.5) of thinly 
stocked forest and 4.5 million ha (11.1 
million acres) of plantation. The 
forest cover is only about 12.7i of the 
total land area. Most forests grow on 
inaccessible mountainous areas, 
unsuitable for agriculture. In 1949, 
the timber production amounted to 5 
million cubic meters. However, as 
economic construction developed, the 
need for timber increased rapidly. 
During the last ten years, the annual 
timber production in China has been 
estimated at 40 million cubic meters. 
This figure represents only that part of 
timber distributed by the special 
state-owned company. The actual annual 
cut is much more, perhaps three or five 
times. 

Being one element of an integrated 
forest management plan, forest 
harvesting in China is mainly undertaken 
by state-owned enterprises, called 
forestry bureaus, witn annual harvest 
quotas of 100,000-500,000 cubic meters, 
while the collective farmers in South 
China also cut timber on a smaller 
scale. The timber production has been 
concentrated in Northeast China, 
including Heilongjiang and Jilin 
Provinces as well as the Inner Mongolian 
Autonomous Region, where most of China's 
forests, about 60% of total forest 
resources, grow. Timber production in 
the Northeast accounts for about 40-50% 
of the total. Mature and overmature 
mixed coniferous-broadleaved stands 
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constitute the main part of the fore~t 
resources to be harvested with red pine, 
birch and larch being the dominant 
species. Most terrain of this region is 
gentle with an inclination of less than 
25 degrees. The stand yield is about 
100-200 cubic meters per ha with the 
average tree-length volume 0.3-0.7 cubic 
meters. The frost-free period amounts 
to 120-140 days per year. Due to 
continuous intensive harvesting, the 
annual cut has exceeded growth, and 
timber harvesting has been transferred 
from gentle to more steep terrain. 

Before 1954, logging operations in 
Northeast China were carried out 
manually, felling with one-man 
curve-handle crosscut saws and axes! 
delimbing with axes, crosscutting with 
saws and skidding with horses and oxen. 
All logging operations were conducted 
only in the cold season, taking 
advantage of the frozen ground covered 
with ice and snow to use sledges for 
timber extraction. The timber was 
loaded onto a rail car manually and then 
transported to concentration yards by 
narrow-gauged railway cars. From 1955 
crawler skidders (KT-12 and later . 
TDT-40) were introduced from the Soviet 
Union which made possible tree-length 
harvesting and year-round operations. 
Since then, manual shortwood harvesting 
and seasonal operations were almost 
replaced in the Northeast. Chainsaws 
were used for felling and bucking while 
axes were still used for debranching. 
Winches with stationary wooden booms 
were employed for cross-hauling loading. 
During the period from the end of the 
1950's to the beginning of the 1960's, 
ice-snow chutes were widely developed 
due to lack of fuel for skidders. About 
501 of the timber was extracted manually 
from the stump area by gravity along 
these chutes in 1960. Afterwards, the 
fuel supply improved and machinery 
operated again. In 1980, the proportion 
of mechanized extraction amounted to 97i 
in Heilongjiang Province. From 1982, 
however, animal skidding has risen 
again, constituting 11.2i in 
Heflongjiang, because in some diff!cult 
terrains the animal skidding cost is 
lower than tractor skidding. The 
proportion of seasonal logging has also 
increased rapidly. Timber, produced in 
the cold season, amounts to more than 
80% of the total of the annual cut in 
some enterprises. The productivity of 
skfdders in winter is 50% higher than 
that in summer when the bearing capacity 
of forest ground is low, and muddy 
skidding roads have to be filled with 
branches or even timber crossties to 
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meters per cubic meter of log produced. 
Although in some forestry bureaus 
logging operations are carried out 
seasonally, long distance transport 
continues year round. The tree-lengths 
skidded to the roadside landings must be 
piled, which results in value loss due 
to deterioration of wood quality and 
tfeing up of funds. Logs are usually 
not debarked and transported in 
tree-length form to depots. 

All logging machines used in the 
Northeast are made in China. The first 
c ha i n saw was i n t ro du c e d i n 19 5 9 , mo de 1 
051, and now four models (051, GJ85, 
CVS, YJ4) are manufactured in China. In 
spite of the high level of noise (110 
decibel) and vibration (20-259), the 051 
chainsaw is popular wfth the loggers of 
Northeast China. It fs distinguished by 
its' high offset handle bar which 
enables the operator to fell trees 
without bending down, reducing fatigue 
significantly. The wire rope recoil 
s tarter c an be re mo v e d and s to red i n a 
pocket after use. The chainsaw is 
powered by a 2-cycle 3-hp gasoline 
engine and fs hand oiled. It weighs 
11.5kg (251 lbs). The sawbar head can be 
rotated 360 degrees each way, so ft can 
be easily changed from felling 
(horizontal) position to bucking 
(vertical) position or vice versa 
without rotating the whole saw body. 
However, it cannot be used for limbing, 
which is still done by axes. Models CY5 
and YJ4 are conventional chainsaws with 
short handles.· 

In Northeast China, tractor skidding 
is preferred. Two types of skidders are 
used. One .is the Jicai 50 crawler, the 
other 1s the .Jfcai 80 wheeled skidder. 
The crawler skidder, most popular fn 
this region, is powered by a 50-hp 
diesel engine through a five-speed 
transmission. Equipped with a single 
drum winch and frame bunk on the rear, 
which can be raised and lowered 
hydraulically to carry the front end of 
the tree-length off the ground, this 
machine has been widely used for more 
than 20 years. It was specially . 
designed for.skidding in forest terrain, 
and has a skidding capacity of 8-10 
cubic meters in the winter. The Jicai 
80, a 4-wheel drive skidder, was 
introduced in recent years by the same 
plant. Equipped with an 80-hp diesel 
engine and 10-speed transmission, as 
well as bunk and winch on the rear, this 
articulated skidder travels much faster 
than the crawler and is mainly used for 
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long distance skidding or secondary 
offroad transport on modulate terrain 
(less than 20 degrees), while the 
crawler works on steeper terrain. Both 
crawler and wheeled skidders use chokers 
to attach tree-lengths to the winch 
cable. Logs are usually skidded 
downhill to the valley floor, where the 
for~st roads are located. Cable yarding 
has also been increased in recent years, 
as the forest resources located on 
gentle terrain has been largely 
harvested and the cutting has moved to 
steep slopes (more than 25 degrees) 
where the remaining stands grow.· All 
yarders used in China are 
semistationary, mounted on sledge legs 
and powered by·engines ranging from 25 
to 70 hp. Both skyline and highlead 
systems are used for extraction~ with 
priority given to the first one. 

Although over 10,000 km of narrow 
gauged railways and thousands of forest 
roads have been built during t~e last 
decades the denslty of the forest road 
network'is still limited due to the 
difficult terrain and lack of capital 
investment. This resuslts in extremely 
long offroad transport distances (1-1.5 
km). To solve this problem, some 
forestry enterprises have employed 
measures such as relay or secondary 
off-road transport. Timber fs 
transported from stump area to roadside 
landing by combinations of 2 or 3 types 
of terrain transport. The existing 
combinations of off-road transport can 
be described as follows: 

( 1) 
( 2) 

(3) 

(4) 

( 5) 

(6) 
( 7) 

Skyline+ wheeled skidder 
Crawler skidder + skyline 

+ wheeled skidder 
Crawler skidder + wheeled 

skidder 
Highlead cable system+ wheeled 

skidder 
Highlead cable system 

+ crawler skidder 
+ wheeled skidder 

Crawler skidder + cable-railway* 
Skyline+ cable-railway 

Although China has manufactured 
front end loaders, due to their lack of 
adaptability the main log loading 
equipment in the Northeast is still the 
simple stationary devices. A set of 
blocks is hung in two gin poles 
supported in an inclined position by 

*The cable-railway operates like a 
pendulum. When the loaded car goes 
downhill, the empty car is pulled 
uphill. 



guylines. Cable from the winch of a 
tractor or yarder is used for cross-haul 
loading, with the mainline attached to 
the winch cable. In some places simple 
cable cranes are also used for log 
loading. A winch-operated overhead 
cable is strung between two wooden spars 
across the road. A carriage rides on it 
a n d 1 if ts 1 o gs to be 1 o ad e d • 

After loading, tree-lengths are 
hauled by narrow-gauged railway cars or 
trucks 30-100 km to log yards, where 
they are unloaded, bucked, sorted, 
stacked and distributed to users. Log 
yards are actually rail reloads. 
Facilities in log years are more 
permanent. The level of operation 
mechanization is higher than that of 
forest operations. Winch-operated 
spar-cable systems or gantry cranes are 
u s e d fo r u n 1 o a d i n g • Po rt a b 1 e e 1 ec tr 1 c 
chainsaws are widely used for bucking, 
while a set of fixed circular saws is 
also used. Most yards use conveyors for 
log sorting. Winch-operated A-frames 
and bridge cranes are used for stacking 
a n d 1 o ad i n g o n to r a i 1 ro a d c a rs • 

The forestry enterprises in the 
Northeast are all comprehensive, 
undertaking planting, tending, 
silviculture, harvesting and sawmilling. 
Most forestry bureaus have sawmills 
nearby log yards, consuming 10-50t of 
timber produced by the bureaus. There 
are also plywood and wood-based panel 
mills in some forestry bureaus. 

Attention has been paid recently to 
utilization of logging residue, which 
were left in the site in the past. 
Utilization of branches, twigs and 
leaves has just begun. Some are used to 
support local fuel needs, while large 
branches are turned by mobile chippers 
into salvage materials suitable for pulp 
and fiberboard. Utilization of logging 
residue will be expanded in the near 
future, because the forest resources to 
be harvested are declining. 

Most of the logging machines used in 
the Northeast were developed more than 
20 years ago. Their technical-economic 
indexes are behind modern standards. 
These machines cannot meet the needs of 
ergonomics; and operation safety. For 
instance, the 051 chainsaw, designed in 
1959, has an excessive weight and 
relatively low cutting efficiency. The 
level of noise and vibration is much 
higher than that of overseas chainsaws. 
The "Jicaf 50 skidder, developed in 1964, 
has a poor cab, where the operator 
suffers severe cold and heat in the 
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winter and summer respectively. In 
particular, there is no protective 
structure, such as ROPS (roll-over 
protective structure), FOPS {falling 
object protective structure) or OPS 
(operator protective structure). These 
machines need to be replaced. Forestry 
machinery plants have worked on 
developing new machines, which are going 
to replace the existing old ones. The 
new modified model GJ85 chainsaw's 
vibration has been decreased from 25g to 
5.29g. A mobile yarder with tower is 
under development to meet the need in 
harvesting timber on steep slopes. 
Equipment for thinning has also been 
developed, such as the Yinglfn 35 and 
Yinglin 55, both articulated wheeled 
skidders. The Yinglin 35 is equipped 
with a hydraulic grapple. 

In 1976 and 1980 a small amount of 
modern logging machines was imported 
from Finland and the United States, 
including feller-bunchers, 
feller-skidders and processors, which 
have been tested in Northeast China. 
Results tndicated that this expensive 
sophisticated machinery fs not suitable 
for th·e present stage of development in 
China despite its high efficiency. 
China is a developing country with 
abundant labour-resources and extremely 
low labour cost (about 40-50 times lower 
than that in industrialized countries). 
Considering the social and economical 
point of view, for the time being ft is 
not desirable to develop such 
complicated machines. However, economic 
construction in China has been 
developing rapidly since 1980, the 
employment situation is improving and 
the wage rate is increasing, so the time 
for using these machines will come 
eventually. 

The tree-length harvesting system, 
i • e • bo th s k i d di n g and ha u 11 n g f n 
tree-length form, will remain 
pre dominant. However, in some 
particular places, where the forest 
resources are scattered and terrain is 
difficult, short-wood animal skidding 
and skidding by fee-snow chutes may be 
used to a certain extent. Because the 
period, when economic profftabilfty was 
neglected, has gone never to return. 
Both seasonal and year-round operations 
will remain. 

Forest roads are essential not only 
to log hauling, but also to all forestry 
activities. Silviculture and management 
cannot be undertaken without roads. The 
density of the forest road network in 
Northeast China is expected to increase 



from 3.5 to 10 m/ha. The existing 
narrow-gauged railroad will be 
maintained while truck roads will be 
built. 

The main problem in silviculture 
involves cutting and regeneration. 
Emphasis had been put on cutting in the 
1950 1 s and 1960's, while regeneration 
had been neglected. Afterwards 
selective cutting took the place of 
clearcutting on the majority of areas 
harvested while natural regeneration was 
relied upon in many areas. However, 
selective cutting is falling into 
disfavour because of misapplication and 
unsuitability. Often noncommercial 
species tend to take over in preference 
to the desired commercial species, and 
regeneration is difficult. Therefore, 
the preferred system is now 
clearcutting, followed by planting. 
Clearcutting is often done in strips 
ranging from 50-200 m with an area 
restriction of 5-10 ha. Even with 
planting, it is difficult to get the 
desf.red species to dominate the young 
stands. This is particularly true in 
the broadleaved-coniferous mixed forest 
b ec au s e bi re h an d o the r spec fe s q u f c k 1 y 
invade the cutover areas and compete 
with planted trees. So the predominant 
planted species is not the well-known 
red pine, but larch, which is easier to 
regenerate though not as commercially 
important as the red pine. Many forest 
scientists are working on regeneration 
of the valuable species - red pine. 
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THE FELLER FORWARDER CONCEPT AND ITS APPLICATION1 

2 John Kurelek, P. Eng. 

Abstract. The feller-forwarder concept has been 
implemented into a well-developed full-tree logging 
syste~ particularly suited to poor stands and rough 
terrain. It offers a very high man/day productivity 
and a tidy operation at a low level of mechanical 
complexity. Its application requires close atten
tion to stand and terrain characteristics. 

Intensive development of the feller
forwarder was begun in North America in 
1976. By 1980, it was making inroads as 
a preferred full-tree system. This growth 
has now been almost stopped as machine 
costs have jumped, labour is generally 
easily available, and wood harvest volume 
needs reduced. 

There are approximately 75 machines 
out in the field, some now six years old, 
and most users consider the concept to 
be their best system. They would serious
ly consider it for additional capacity or 
equipment replacement. 

Its preferred advantages are listed 
as: 

- a high man/day productivity 

- low wood cost 

- clean wood 

- low biomass loss 

- clean, low disturbance site effect 

- good worker job quality 

- simple mechanization 

If we accept the SAE definition for 
our purposes here, then the operation is 
simply to drive to the tree, fell it onto 
the machine, and haul it to roadside. 

The practical applications to date em
body a fairly large four-wheel drive 
vehicle, a multiple tree-collecting 
felling boom, and a dumping container. 

1Paper presented at the COFE/IUFRO 
Symposium - 1984. Fredericton, New 
Bruns~ick, Canada, 15-18 August. 

John Kurelek is a mechanical engineer 
doing forest-related equipment analysis 
and design in independent practice in 
Brantford, Ontario, Canada. 

191 

Although it is a simple procedure 
requiring the introduction of little com
plexity into the woods, it did require 
some components that were not available, 
namely, a multiple tree-gathering head, 
and an off-road vehicle capable of carry
ing full trees off the ground. Early ex
periments hence usually persisted in 
felling the tree into a holding rack for 
the butts only, allowing the tops to drag. 
Such ideas offered small machines and 
good manoeuvrability, but, unfortunately, 
never solved the problems of having to 
break static sliding friction with every 
tree-to-tree move and the load distur
bance of repeated arm opening and closing. 
The needed componentry came during the 
early 70's in answer to the impetus for 
stump area harvesters and feller-bunchers. 
Trees could be accumulated in a swinging 
boom-type felling head, and large wheels 
were operating to the stump. 

The intrinsic advantage of a feller
forwarder, at first, seems to be that it 

. saves material handling; but, besides 
that, it probably does well at both the 
felling and the wood transport functions 
as well. 
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A good way to examine the economics 
of this sequential multi-function machine 
is to look at it separately, first, as a 
feller-buncher, and then, as a self-
loading forwarder. The machinery pro
vided can be identified as: that for 
felling only; that for forwarding only; 

:and that which works at both. 

Engine . 
Wheels & Drive 
Chassis 
Cab & Controls 
Boom 
Felling .Head 
Bunk 
Dump 

Felling 
~ 
y 
¥ 
y 
y 
¥ 

Forwarding 
¥ 
¥ 
y' 
y 
y 

As we g·et into this, we see that 
there is very little that does not work 
at both operations; and, even then, the 
temporarily extraneous components or 
abilities are sometimes of advantage. 
For example, the bunk would not be needed 
if bunches were built on the ground, but, 
particularly in sparse stands, it assists, 
felling in that the operator always has 
a place to put his trees. 

We may question whether felling re
quires the amount of installed power that 
forwarding does, but this can be answered 
by balancing the design: very adequate 
felling capacity can be used as the guide 
to horsepower while letting the load size 
and forwarding speeds follow. 
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The forwarding functions demand a 
large machine, not only long enough to 
hold at least one tree, but with space to 
take the trees from a long strip and haul 
them at a low man/day rate. The forwarder 
should be made of tough components and be 
physically over-powering in its surround
ings. Thus, forwarding stipulations 
would lead us to a very large machine, 
stopping only as its components become 
special and exorbitantly expensive. 
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The felling function can often be 
done by a very small machine, but, as ev
ident in the feller-buncher business, the 
larger the trees; the more rugged the 
terrain, and the more we want to help 
subsequent operations with large well
placed bunches, then the bigger the fell-
ing equipment needs to be. . 

The relative importance of thes~ 
factors is not easily pinned down, and 
at this stage we can only observe that 
the optimum machine size would vary with 
locations. In addition, small plots and 
frequent moves often stipulate size to be 
kept at the minimum that can be made to 
work. Fortunately, many areas with rough 
terrain do not have road width restric
tions·, and to some extent, machine width 
can be varied to suit at the time of 
application. 
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Feller-forwarders handle grades and 
side slopes better than was proposed at 
the beginning of their development. The 
relatively long wheel base helps neutra
lize short pitches when working up and 
down grades; and such operation is usually 
limited by the coefficient of traction on 
the way up, and the operator discomfort 
a\ perhaps 40 percent on the way down. 

Side slopes are more detrimental to 
feller-forwarder operation and, for os
cillated chassis configurations, what 
can be handled depends on roughness and 
how well the machine balance is arranged 
in the fore and aft direction. 
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Tailoring wheel base to tree height, 
reference to stump hole combinations, 
machine width, and experience are all 
important in making side slope applica
tions. Of course, just like any other 
stump area logging machine, feller-forwar
ders need to be designed to quickly go 
back to work after taking a tumble. 

Rolling resistance and flotation are 
very pertinent to feller-forwarders, es
pecially when we make comparisons with 
skidder systems. 
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Since we would like to move the 
product from stump to roadside with a 
minimum of energy expended, the load is 
carried on rubber-tired wheels rather 

·than allowed to partly drag on the ground. 
The numbers are clearly favourable when 
making comparisons with grapple skidders. 

To be competitive in mobility with 
other systems, feller-forwarders have re
latively large wheels. The large diameter 
deals more easily with terrain roughness, 
logs, and stumps. The larger cross se~-



tion means that the carcass can be made 
more robust for traction transmission and 
puncture resistance while achieving ground
conforming contact better than most smal
ler tires. 

A typical feller-forwarder with a 
13-metre boom swath width would have a 
total tire width of two metres, and, ex
cept for locations near the road, would 
travel a given swath area only twice. 

l._,,. ______ 13,,, ______ _ 

The feller-forwarder, with its long
reach boom and easily controlled travel, 
is mechanically suitable for thinning and 
sorting operations. Calculations indicate 
that there will be little productivity 
loss if at least 200 trees per hectare 
are taken, and provided the remaining 
trees are in straight strips, or number 
150 or less per hectare. 

Work on sorting suggests that the 
felling head can pick out randomly located 
trees, sorting for size or species with 
little productivity loss, provided all 
trees are taken. Bearing in mind that the 
felling head has two compartments, simply 
throwing accumulations to one side or the 
other can be a good start toward subse
quent sorting at the landing. Ideas for 
separating bunks and clamps have also 
been proposed. 
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The product needed affects the via
bility of feller-forwarders as well. 
Full~tree chips are the best follow-up. 
Chipper knives run much longer between 
changes, almost no limb and top material 
is lost; if cut, even very small trees 
always come to roadside, and .a large for
warder load equals a trailer load of chips. 

If trees are to be delimbed and pro
cessed, it is necessary to have mechan
ized equipment capable of feeding from 
the large well-packed piles put down by 
the feller-forwarder. If the forwarder 
is working close to the delimber, much 
wood can be concentrated in a small area 
by continually feeding the delimber with 
more full trees as it piles its output 
of delimbed trees. 

In most cases, the felling and for
warding is followed by delimbing and 
bucking. 

The recent availability of disc saws 
has altered feller-forwarder mathematics 
by allowing a smaller machine to take 
lumber-size trees, and by theoretically 
reducing the felling and loading portion 
of each cycle. The relatively high en
gine,horsepower installed is useable by 
the disc to sustain rapid tree cutting. 

Feller-forwarders are operating 
mainly in the Canadian boreal forests 
and in the North Eastern U.S.A. Some 
operations have also been carried on in 
the U.S. South East. 

Feller-forwarder operators are 
usually taken from skidder crews, since 
that is what they are replacing, and they 
like the concept. Except for serviceing 
and maintenance, men are not required to 
work outside of the cab, and it is a com
paratively safe job. Man/day productivity 
is often high: 100 to 200 cubic metres 
per 8-hour shift. Job satisfaction op
portunities are good. 



CENTRALIZED TREE PROCESSOR SYSTEM FOR OPTIMIZING THE VALUE OF OUTPUT PRODUCTS 1 

C-G Wachtmeister2 

INTRODUCTION 

Sweden is not well-known for its longwood 
logging operations. In fact the using of full 
tree- and stem methods in large scale forestry 
has dropped from 15 % in 1970 to 1 % in 1982 
(Brunberg 1984). The extraordinary development 
of our logging operations has been undertaken 
within the shortwood methods. Our shortwood 
harvestors are now in action over a wide variety 
of· conditions and the performance is high. 

There have, however, been serious attempts 
to question this development. Those who have 
criticized the massive investments in shortwood 
systems have the following main reasons to support 
longwood logging: 

1. Longwood logging with central processing makes 
it possible to handle logs with flexible sort
ing and highest possible output value. 

2. Central processing makes it possible to work 
in an industrial environment with high rate 
of production away from difficult terrain
and weather conditions. 

3. It is easier to introduce modern equipment 
such as scanners, computers and robots in a 
central plant than in mobile systems. 

4. Full tree methods utilize valuable forest 
residues better than shortwoo~ methods. 

Approximately 1/3 of the Swedish clear-cut 
area is located where conditions are suitable for 
longwood systems. Less than 10 relatively small 
processing plants are in operation in the south
ern part of the country. I would like to present 
some results from four years of operation with a 
plant built by the Swedish Forest Service. My 
presentation will focus on how we technically 
try to optimize the value of each stem. 

I also want to put forward-a few experiences 
concerning the marketing and distribution of 
lumber further down the market channel. 

LOGGING SYSTEM AND MARKET CONDITIONS 

The plant is located in the centre of a 
forest distr!c§)with an annual clear-cut volume 
of 140 000 ms • Pine and spruce ac§ount for 95 % 
and the medium stem volume is 0.40 ms. The trees 
are felled, logmadelimbed and transported 35 Ian 
to the plant. Our ,aximum net truck load is 
restricted to 32 ms. 

1) Paper presented at the IUFRO Conference -
1984. Fredericton, N. B. Canada. 

2) C-G Wachtmeister is research assistant 
at Linkoping Institute of Technology. S-581 83 
Linkoping Sweden. 

3) m3s = solid wood under bark. 

The organization of the work at !=he plant ·.is 
built· .on a high degree of self-supervising. It is of 
great importance that close contact is established 
between the logging units, the plant and the market
ing of the produced products. To a certain extent 
we try to let the demand of logs direct the selec
tion of logging areas so that species and tree-size 
suit current markets. 

The idea of this plant is to meet and extend 
the demand of custom-made deliveries to the saw
mill industry in the area. Pulpwood and special 
assortments (veneers, poles, sleepers) are sold to 
various customers. In figure 1 are shown the prin
ciples of shortwood and central processing systems. 

Saw-mills 

Forest ··----=~~;;__---------Pulp-mills 

Spec. industry 

..saw-mills 
Forest·----- Centr al pro- Pulp · lls 

cessor plant -mi 

Spec. industry 

Figure 1. -- Principles of shortwood and 
longwood systems. 

The plant is located in an area in the south 
with a heavy concentration of wood processing 
companies. Within 35 miles there are 50 mills and 
approximately half of the Swedish prefab-house 
capacity. The mills have to a great extent special
ized their production, and they have in many cases 
found profitable market shares. Accordingly the 
demand for sawlogs in.the area is high and differ
entiated. We account for about 10 % of our cus
tomers' requirements. 

The saw-mills can order logs from the plant 
which suit the demand of their lumber customers. 
The possibilities to produce these specified logs 
are restricted only by plant productivity and 
forest conditions (quality, volume, species). Two 
examples of specifications from our saw-mill cus
tomers are shown in table 1. 

Table 1. -- Two types of specifications from saw
mill. 

Type 

Quality 

Length 

Top diameter 
Quantity 

Specification 
easiest to meet 

Sawlogs, spruce 

V or better 

49 dm 

16-21 cm (ub) 
1 000 m3 

Delivery time As produced 
during season 

Specification more 
difficult to meet 

Sawlogs, pine 

Max 40 % VI, 
remainder V 
30 %, 31 dm 
40 %, 36 dm 
30 %, 45 dm 
14-15,9 cm (ub) 
500 logs 
1 month 



In these cases the saw-mill has taken ad
vantage of the possibilities concerning the qual
ity, the diameter, the length and the delivery 
time of its raw material. The delivery time is 
not the least essential as direct trucking of 
lumber to customers in Europe is frequently used 
nowadays. 

THE HJALTEVAD PLANT 

Now back to our plant. It consists of three 
main sections: 

- feeding table 
- scanning and bucking section 
- sorting line. 

The duty of the operator at the feeding 
table is to keep the plant supplied with fault
free timber stems. Using a grapple saw he can, for 
instance, cut off decayed portions and lar.ger 
root buttresses. Small diameter or decayed pulp
wood stems can be sorted out at the feeding table 
and handled in a separate bundle cutter. 

Lengths and diameters are measured auto
matically in the scanner. The accuracy is as high 
as that obtained in wood value measurement of 
logs, namely± 2 mm in diameter and± 15 mm in 
length. The conveyor moves at a speed of 60 m/min, 
and the average length of the stems is 16 m. 

The bucking process is controlled and moni
tored by two operators who releive each other 
in 2 hour periods. The operator determines the 
quality of the stem in the bucking section. As 
it moves transversely towards the operator the 
stem can be made to roll to allow examination of 
the whole of its outside surface. 

In order to mark the length of the measured, 
but not yet cross-cut stem, ther~ is a row of 
lamps. As the operator looks for the quality 
limits the lamps light up above it. In our plant 
crooked stems are best observed from the root 
end in a mirror. 

The operator can either decide what each 
stem will yield by combining length- and diameter 
values, presented in front of him, or confine the 
decision to the electronic optimizing equipment. 
More of this later. 

Cross-cutting by two saws, and subsequent 
sorting, is controlled by a process computer. 
Position of the cutting point is controlled by 
slowing down the conveyor from 60 m/min to 6 m/min 
just before the predetermined length is reached, 
at which point the conveyor stops. A photocell 
starts a pulse counter by means of which the 
trimming allowance can be varied. The sorting 
line allows sorting into 18 pockets. The logs are 
then placed in stacks, one for each customer. 
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The plant is served by a 17 ton high-lift 
truck which unloads the incoming trailers and 
empties the sorting pockets. The production capac
ity of the plant, operating on one

3
shift, is 

250 000 stems per year or 75 000 ms. 

Operating experiences 

The cross-cutting accuracy - which in the be
ginning was not quite satisfying - has now stabil
iz~d at± 10 mm after complementary installations. 
The mechanical breakdown time of the plant is 20 %. 

When designing the bucking section, where the 
main value is produced, the following should be 
kept in mind. The operator must sit close to the 
stem - not further than one metre away. While a 
close view is needed for judgement of quality he 
must also have a certain perspective view of the 
stem in order to see crooked ones properly, if 
these are not observed in any other way. We have 
not yet found a satisfactory answer to the problem 
of these two opposing requirements. The lighting 
in this section of the plant must be uniform and 
without reflections. A perfect environment would, 
therefore, involve carrying out this work indoors, 
with the operator able to move freely along the 
length of the stem. 

The technical design of the plant has ·not 
limited flexibility of operation. On the contrary, 
we can commence production of a special size or 
quality the moment an order is received. Informa
tion is routed quickly to very few people, a fore
man and an operator in fact, and this is where the 
strength och the central processing lies. · 

Product. output 

The system has now been in operation for four 
years. During this time we have closely followed· 
output of production and prices. It is of interest 
to what extent the customers have utilized the 
possibilities to order custom-made sawlogs, and if 
the central processing system is profitable to the 
forest ·owner. It is natural to compare central 
processing output to those volumes produced from 
the forest district with other logging methods, 
i.e. manqal chainsaw- and mechanized shortwood 

:_ . systems • · 

The revenue from logging of coniferous forests 
is highly dependant on how flexibly different as
sortments can be produced. From figure 2 we can 
learn that during a period before the plant was 
built the same forest district produced 3/4 of the 
volume as bulk-sawlogs. The rest was delivered as 
pulpwood and special assortments. During the period 
after the plant was taken into operation the mobile 
systems have produced less sawlogs and more sp·ecial 
assortments. The installation of the central pro
cessing system has in fact partly influenced opera
tors and supervisors of the other logging systems 
to produce products of a higher value. 
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Figure 2. -- Product output from sorting in 
forest logging, 1976 - 1983. 

The product output from the plant has devel
oped with the changing demand for specifications. 
Figures 3 and 4 show product output for pine and 
spruce respectively. Bulk-sawlog volumes have 
dropped to 1/4 of total volume, and they have 
been replaced by specifications. The demand for 
these products has been steady and rising. At 
present (spring 1984) they account for about 50 % 
of total output. Specifications of spruce are 
more frequent than of pine because end-users in 
the building industry can ea_sier utilize special 
lengths of spruce. The local industry for poles, 
veneers and sleepers has been ablo to order raw 
material in bigger lots and with easier access 
than at forest roadside. The differences in 
pulpwood output over the years are due to fluctua
tions in price and decayed sprucewood (delivered 
as pine pulpwood). 
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Rigure 3. -- Product output from central 
processing, pine. 
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Figure 4. -- Product output from central 
processing, spruce. 

One question of interest can now be risen. 
Has the "picking out" of specifications influenced 
the value of bulk-sawlogs so that the total value 
is equal to or lower than without specifications? 
Our analysis shows only one significant difference 
in value-setting factors, namely the diameter 
distribution of sprucelogs. Figure 5 shows that the 
"picking out" of specifications has been more 
frequent in middle diameter classes which means 
that output of small and big bulk-logs is slightly 
higher than in normal logging. The value of this 
deviation has only a marginal negative effect on 
total output value. 
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Figure 5. -- Diameter distribution of sawlogs from 
central processing and forest logging, 
1982 - 1983. 

Is central processing beneficial? 

Of course, this question cannot be answered 
in general. An easy way out would be to list the 
advantages and disadvantages of longwood and short
wood logging without talking of econimic results. 
I want to try the other way. 



In Sweden there are two different situations 
in which central processing is used: 

1. Forest owner operated plant with diversified 
product output. 

2. Saw-mill integrated plants. 

The Hjaltevad Plant described above belongs 
to the first category. 

All other longwood systems (about five) are 
built in integration with saw-mills. One of these 
plants, with a similar annual production to 
Hjaltevad, is described in literature (Eliasson 
1983). Full tree systems with processing at upper 
landing or at a central plant have been compara
tively analysed at Skogsarbeten (Jonsson 1982). 

Regardless of market situation or owner 
objectives it is a fact that central processing 
systems, working with one tree at a time, need 

- large coniferous trees,> 0.30 m3s and 
- short transportation distances, < 50 km 

to economically compete with shortwood harvestor 
systems. 

In the Hjaltevad case we have compared the 
economic result with that from the forest logging 
operations of the same district. It is important 
to observe that the volumes delivered at roadside 
in this case are paid with comparatively high 
prices due to large volumes and intensive market
ing. The economi3 output shows a small deficit of 
about CAD 0.75/m during the first years of opera
tion and a zero result at present times. Our 
experience is that the system is more profitable 
to the forest owner during lumber market depress
ion times because saw-mills then need to specify 
their products better. We have also found that 
many saw-mills have an inadequate knowledge of 
the end-use market of lumber, due to a complicated 
distribution system. 

If a co-operative of forest owners would set 
up a system similar to Hjiltevad (as in a few 
cases in Norway and W Germany), and use its advan
tages properly, the system would be profitable if 
compared to today's logging forms and log prices. 

In the above mentioned report (Eliasson 1983) 
from a saw-mill integrated central processing 
operation, stems have been processed for nearly 
20 years. The mai~ issue of the report is to cal
culate the economic result of full tree processing. 
The full tree system is estimated to be profitable 
under current conditions as compared to mechanized 
harvesting. The author points out that costs for 
log handling and inventories can be reduced when 
the plant is integrated with the mill. 
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The residues (about 20 % of stemvolume) are 
calculated at a zero result which means that the 
revenue comes from a better utilization of saw logs. 
This value, obtained by central processing, is 
divided into three categories: 

1. High technical precision (cross-cutting accuracy, 
elimination of crooks). 

2. Optimization of raw materials. 

3. Integration values through flexibility to 
market conditions. 

In his analysis, Jonsson (Jonsson 1982) states 
that full tree logging with central processing 
costs about 60 % more than if the processing is 
done at the upper landing. For the conditions used 
in the analysis it is unlikely that higher wood 
output value would cover these costs. Jonsson 
discusses a combination of shortwood and lorigwood 
methods in which a shortwood harvestor processes 
the small trees beforehand so that the plant only 
handles the valuable trees. In the Swedish Forest 
Service we have made promising studies of this idea, 
and we expect to generate·more results this year. 

Optimized sorting 

Compared to mobile systems central processing 
plants can utilize modern electronic equipment more 
effectively. It is primarily due to the fact that 
the computer receives correct data from the entire 
stem and not only an estimation of taper etcetera. 
In Hjaltevad we are faced with an extremely diver
sified production with over 50 possible assortments 
to combine for highest possible output. Regardless 
of how skilled the operators are it is impossible 
to beat a computerized calculation as a means of 
improving the sorting. 

Our program has not yet been in regular ope
ration due to technical difficulties. It is based 
on linear programming and uses a specific logic 
to minimize the processing time. When the maximum 
alternative is calculated it is presented to the 
operator on a monitor and by the lamp row above the 
stem. Thereafter a pocket-search program destinates 
the different assortments. As specifications some
times overleap each other we have a system of pri
ority where the delivery time of each specification 
influences the sorting. If two specifications have 
the same delivery time (time left to contract dead
line) and volume they will be chosen every other 
time. 

In our tests of the economical output of the 
optimization equipment we have found that in com
parison with our extremely skilled operators it 
increases the total wood value by 2 - 4 %. However, 
the electronic equipment can in no way replace the 
operators. We regard it as a complementary support. 



It is especially suited for "difficult" stems 
where the calculation of the cutting points is 
tedious for the operators. In difficult and rare 
situations, e.g. large pines of high quality, 
the program is slower than the operator to come 
up with an acceptable solution. 

2 - 4 % does not sound so much, but it means 
in fact that such equipment, with our production 
capacity, has a pay-off time of less than a year. 

DISCUSSION 

It is a fact that the development of logging 
equipment in the 60-ies and 70-ies to a great 
extent has been focused on the pulpwood assort
ment. This means that we have developed shortwood 
machines which ·in the same operation and with the 
same speed have processed the tree into sawlogs 
and pulpwood. The pulpwood, being the low-value 
assortment of the two, has therefore forced the 
productivity with suboptimal results for the saw
logs. 

Today new and cheaper methods are developed 
such as tree-section logging (bucked tree-sections 
with limbs on) for the pulpwood- and energy-frac
tion of the tree. Various concepts of bundle
delimbing of small trees and tree-sections are 
tested today. This development is interesting, 
but dependant on the pulpwood industry and its 
flexibility to handle trees. Restrictions on full 
tree methods are introduced today in certain areas 
because of biological reasons. 

In 1982 the shortwood harvesters accounted 
for 21 % of the final felling volume in large 
scale forestry. This method is predicted to in
crease its efficiency by 3.5 % per year and ac
count for over 50 % of the volume in 1990 ( 
Ericson and Radstrom 1984). The recently intro
duced one-grip harvesters have captured the minds 
of many production-oriented foresters. Unfortu
nately these machines are not as suitable as the 
traditional two-grip harvesters concerning the 
treatment of wood value. One-grip harvesters are 
extremely efficient in thinning operations but 
should at present not be used in stands where 
sawlogs are produced. The development of equip
ment to improve output value on mobile machines 
has for the moment stopped. Let us hope temporar
ily. 

This line of development ought to bring new 
solutions to the logging of sawlog assortments. 
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In this work we have to carefully penetrate where 
and how the crosscutting should be done. A better 
definition of forest stand population with respect 
to quality and size is a primary condition. It 
should be possible to correctly determine the 
stem form (taper, crook) and quality. The develop
ment of X-ray or computed-tomography equipment for 
this purpose is interesting, but at present only 
suited for research purposes. Precise cutting with 
flexible allowance must also be possible. 

It is obvious that longwood methods and central 
processing have lost all practical importance in 
Sweden. The economic results have not been good 
enough to convince foresters and machine manufactu
rers. It has been much easier to develop equipment 
to increase productivity rather than product value. 

Another factor is that the saw-mill industry 
has not forced forestry to produce specified and 
high quality logs. Competition for sawlogs has been 
too strong to raise questions about product quality 
and length specification. The saw-mill structure is, 
however, changing, and there are already areas where 
mills do not have to buy every log produced. If 
this development continues there is a value for the 
future in the alternative logging systems. 

We must not proclaim that central processing 
is the only solution to increase forest product 
value, but it is a valuable and future-oriented 
method to develop further. Therefore it is necessary 
to build new plants and to document and discuss their 
results. 
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RATIONALIZATION OF WOOD DELIVERY BY ROAD, RAILWAY AND WATER IN 

SOUTH-EASTERN FIMLAND1 

Reino E. Pulkki2 

Abstract. A paper briefly outlining a project dealing 
with the coordination of wood procurement and water trans
port. Factors which had to be taken into account are cover
ed. A heuristic simulation system used for aiding long
distance transport decision-making is also introduced. 

INTRODUCTION 

This paper briefly outlines a project cur
rently in progress dealing with the coordination 
of the variations in wood procurement and water 
transport. As viewed from the firm, wood procure
ment begins with wood purchasing and ends with 
delivery of the wood to the mill. Hillyard han
dling and inventories can also be held as a part 
of wood procurement. Wood can be purchased as 
standing trees, at roadside or delivered to the 
mill. When viewed by a Finnish firm, the wood 
procurement courses of action open to it are shown 
in figure 1. The courses of action open to the 
forest owner, whether State or private, are pre
sented in figure 2. During the i982-83 harvesting 
year the distribution of all industrial cuttings 
was as follows: stumpage sales from private for
ests 52.8 %; delivery sales from private forests 
26.2 %; company forests 9.0 %; and State forests 
12.0 %. Almost all wood harvested from State 
forests was by the delivery sale method; 95 % 
during the years of 1982 and 1983. 

What do we mean by rationalization? Hakkarainen 
(1978) states that rationalization is orderly and 
continuous development meant to increase produc
tivity and to make work more meaningful. It is 
achieved through scientific and technical means. 
Rationalization helps in keeping pace with devel
opment, adapt to changes in the environment and 
means orderly development of operations. 

Long-distance transport is limited in the 
study to cover the transport of wood raw material 
from the forest, at roadside, to its place of 
utilization. It includes all possible combina
tions of transport methods irrespective of the 
distance, and includes all terminal operations and 
intermediate storages. Extended primary transport 
from the forest to a long-distance transport ter
minal or directly to the mill is also held as 
long-distance transport. Long-distance transport 

1Paper presented at the joint conference 
COFE/IUFRO - 1984. Fredericton, New Brunswick, 
Canada, August 17. 

2 Lie.Sc.For., National Board of Forestry, 
Engineering Dept., Office for Transport Econom
ics, P.O. Box 233·, SF-00121 Helsinki, Finland 
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Fig. 1. Wood procurement courses of action open 
to a wood purchaser in Finland. 

can also include the transport of finished pro
ducts to the market, however as apparent from 
above, it is not included in the study. The pos
sible combinations of long-distance transport me
thods available in south-eastern Finland are also 
presented in figures land 2. In the study initial 
transport to the water or railway network and ter
minal operations are included in water and railway 
transport. 

The study is limited to the Vuoksl, Janisjoki, 
Kiteenjoki-Tohmajoki and Hiitolanjoki watersheds 
and is referred to as the Saimaa area. The Saimaa 
area is very similar to the south-eastern Finland 
wood procurement area, with the exception that the 
latter area follows municipal and not watershed 
boundarie~. The total area of the Saimaa area is 
56 075 km, while that of the south-eastern Finland 



Fig. 2. Courses of action open to a wood seller 
in Finland. 

2 wood procurement area is 56 490 km. Although this 
paper deals with south-eastern Finland, the Salmaa 
area, which is the area under study, can be held 
as being more or less the same area. 

The purpose of ~he study is to develop a sys
tem which.can be used in solving transport problems 
and in formulating transport policies in an ever
changing environment. Since we have seasonal and 
multi-year cyclical variations, combined with de
velopments in the forest industry, transport net
works, harvesting techniques and the forest itself, 
we see we have a very complex problem. The problem 
is further aggrevated when you have many different 
wood purchasers with plants at many locations com
peting for the same wood and a very large number 
of wood sellers: for example, there are more than 
340 000 private and company forest holdings in 
Finland, with the average size being about 48 ha. 
If only private forest owners are taken into ac
count the average size is about 33 ha. Since there 
are so many variables which must be accounted for, 
it is inconceivable to use linear programming or 
other such related operations research methods. 
Due to this, a heuristic simulation system had to 
be developed. A set of models were formed of the 
transportation environment in the area. The models 
were tested and then used to mimic (i.e. simulate) 
wood transport in the area. The results were used 
as a heuristic tool to stimulate further discussion 
and finally to aid in decision-making. Simulation 
itself is not an optimization tool. However, in
formation gained through simulation can be used in 
optimization models. In the study we are striving 
to minimize the cost of wood procurement in a dynam
ic environment, while also accounting for its 
impact on the wood processing costs and product 
yield. 
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FOREST INDUSTRY IN THE AREA 

In the area we have a wood industry ranging 
fsom small portable sawmills using a few hundred 
m of wood for domestic use, to large integrated 
wood processi~g complexes capable of using in ex
cess of32 M{m )/a. If sawmills using in excess of 
5 000 m /a are only accounted for, we find that 
there were 40 sawmills in operation in the area in 
1983. There were also 19 wood-based panel mills 
(13 plywood, 5 chipboard and 1 particle board mills) 
and 10 pulp and/or paper mills in operation in the 
area. Wood processing mill locations are shown in 
figure 3. In all, we can locate 37 separate wood 
processing centres/points requiring various volumes 
of wood. Wood volumes used by the forest industry 
in the area since 1979 are shown in table 1. The 
majority !57 %) of the centres/points use less than 
100 000 m /a. The mills in the area account for 
about 25 % of.industrial wood consumption in Finland. 
During a peak year, total annual consumption of in
dustrial roundwood ,nd forest chips is now slightly 
greater than 13 M(m ). Mill residues are also used 
to a large extent but are not included in the study. 

tP *' m mq, 

·---·~""""""'· -~~-""'--___ ,,,._ __ 
--cma11...,..__ _.,_.c.-1i,._ . ..,.__ 

Fig. 3. Major road network in south-eastern 
Finland and mill locations. 

Note: - m3 !s solid volume, bark included 
- M(m) is mega {million) cubic metres 



Table 1. Volumes of wood delivered to mills in 
south-eastern Finlind by wood assortments 
(includes imported wood). 

J 
Year Hill delivered "'00d volume, (1000) 111 

SOft- Hard- Other Other Forest Indus- Total 
wood wood soft- hard- chips trial 
logs logs wood wood residue 

1982 3 752 692 l 297 l 742 1a1 . l JSl 11 021 
1981 4 130 805 3 293 2 618 192 l 186 12 224 
1980 S 063 934 l 422 2 449 J9 1 699 lJ 506 
1979 4 BOO 684 2 896 2 170 J7 l 319 11 906 

1volume of imported wood in 1982 was 1.296 M(m3). 

WOOD PROCUREMENT CHARACTERISTICS 

The tot~l land area in south-eastern Finland 
is 45 243 km and the lake coverage is 19.9 %. 
From the 7th national forest inventory (Kuusela and 
Salminen 1983, Uusitalo 1983), the annual allowable 
drain )or the area can be estimated to be about 
15 M(m ). Total drain {industrial, fuelwood and 
domestic consumption, wood export, logging resi
dues, floating losses,and3mortality) in the area 
during 1981 was 13.88 M{m) (Huttunen 1983). 

In Finland, 98 % of the volume logged is by 
the shortwood method (Salminen 1983). In the short
wood method the various wood assortments are cut in 
the stump area and in most cases a forwarder is 
used for forest (primary) transport. The use of 
agricultural tractors is more or less restricted to 
farmers who harvest their own wood and sell by the 
delivery sale method. Forwarders account for about 
88 % of forest transport, while agricultural trac
tors and skidders account for about 10 % and 2 %, 
respectively (Vesikallio 1981). At the end of 1981 
about 20 % of the annual volume harvested by com
panies and the State was by mechanical means; about 
16 % of the total harvested volume (Vesikallio 1981). 

The average composition of wood costs by wood 
assortments delivered to the mill in south-eastern 
Finland is presented in figure 4. Stumpage forms 
the major part of the wood cost at the mill for 
logs, while extraction and long-distance transport 
form the major part for pulpwood. The average 
stumpage rates for the area during the 1982-83 
harvesting year were as follows: 

- pine logs 
spruce logs 
hardwood logs 
pine pulpwood 
spruce pulpwood 
hardwood pulpwood 

- 160.81 FIM/m3 
131.34 II 

153.45 II 

78.52 II 

78.01 II 

60.46 II 

Note: - 4.40 FIM equals about 1.00 CAO 
- 1.00 FIM equals 100 p 
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Fig. 4. Average composition of wood costs by wood 
assortments delivered to the mill in south
eastern Finland. 

LONG-DISTANCE TRANSPORT INFORMATION 

Table 2 presents the volumes delivered to mills 
in south-eastern Finland from 1972 to 1982. As can 
be seen, the variations in the volume of wood deliv
ered to mills in the area have been quite large in 
past years. This is due to market conditions, with 
cycle peaks occurring during 1974 and 1980. The 
largest change between successive years occ~rred 
between 1974 and 1975; a reduction of 6 M(m) or 
38 % from the volume delivered during the preceding 
year. Also apparent is that the volume delivered 
by tractor has decreased steadily and is more or 
less insignificant in the area today. The volume 
delivered by water transport has remained fairly 
steady and the annual variations in total wood re
quirements have not had too much effect; the coef
ficient of variation (CV) is only 7 %, compared to 
30 % for both truck and railway transport. The 
variation in railway transport is due to the com
bined effect of annual wood requirement variations 
and tariff policies; if the tariff schedule overly 
increases compared to the other methods, wood is 
easily transferred to truck transport. Truck trans
port seems to be the method which picks up or looses 
wood most readily, with changes in wood requirements. 

The average transport distances and average 
direct transport costs for the long-distance trans
port methods available are presented in table 3. 
The values given in table 3 do not include initial 
transport to railway or water transport terminals. 
The per cent and absolute cost increases in average 
direct transport costs, excluding initial transport 
to the terminals, from 1972 to 1982 were as follows: 

- tractor transport 18.2 %/a 116.4 p/(m3·km) 
- truck II 10.9 ti 22.8 II 

railway II - 11.5 II 6.9 II 

water II 11.6 II 4.8 II 

- wholesale price index - 12.8 

When transport distance is also accounted for 
we obtain the transport output. Since the average 
transport distance is longer for both water and 
railway transport, their share of the transport 
output is larger than for mill delivered volume. 
During 1982, the shares of transport output for 
truck, railway and water transport in the area can 



Table 2. Volumes of wood delivered to mills by 
transport method. 

Y'oAr Transport method 

Tractor. Truclc Railway Water Total 

1000 I 1000 I 1000 ' 1000 I 1000 ' 3 3 3 3 3 
m m m m m 

1982 2 0 S 761 so 1 340 11 4 518 39 11 621 100 
1981 3 0 6 202 Sl l 742 14 4 277 JS 12 224 100 
1980 31 0 6 689 so 2 264 17 4 522 33 13 506 100 
1979 2S 0 5 68S 48 1 764 15 4 432 37 11 906 100 
1978 26 0 4 406 47 1 155 12 3 896 41 9 483 100 
1977 35 0 4 004 40 1 663 16 4 430 44 10 132 100 
1976 43 0 3 368 JS 2 338 24 3 '999 41 9 648 100 
1975 79 1 3 413 35 2 066 21 4 246 43 9 804 100 
1974 122 1 8 306 52 2 623 17 4 778 30 15 829 100 
1973 2S9 2 4 880 42 l 447 13 4 896 43 11 482 100 
1972 210 2 3 936 41 915 10 4 514 47 9 581 100 

i 78 S 150 l 756 4 401 11 383 
s(+/-) 86 l 540 528 312 l 981 

CV 110 30 30 7 17 

be calculated to be 23, 22 and 55 %, respectively. 
For the country as a whole the corresponding values 
were 46, 21 and 33 %. 

In water and railway transport, initial trans
port by truck or tractor is required in almost all 
cases. In south-eastern Finland the average mini
mum distance to a water transport terminal is 25 km, 
while to a railway terminal it is 26 km. There are 
88 water transport and 88 railway transport termi
nals servicing the area. Figures 3, 5 and 6 pre
sent road, water and railway transport networks and 
infrastructure available. 

Inland waterway channels are classified into 
four classes: 

Is 
Us 

- IIIs 
IVs 

deep channels depth~ 4.2 m 
main channels 2.4 m, depth< 4.2 m 
side channels depth< 2.4 m 
floating channels specified under floating 
regulations for each watershed but unmarked 
on inland waterway maps 

The shallowest marked channel can be held to 
be 1.2 min most cases. All channels have a 0.6 m 
safety margin, which can be added to the above 
values to get the actual channel depth. The channel 
depth in inland waterways is measured from the low
est water level during the navigation season (NWoav). 
The minimum water depth required in bundle floating 
is 3.0 m. However, a depth of 2.5 mis generally 
sufficient in the upper reaches of the waterway. 
Of all marked inland channels in Finland, 48 % lie 
in the Saimaa area, while the corresponding value 
for all inland channels is 35 %. The distribution 
of channels by classes in the Saimaa area is as 
follows (TVH 1979): 

Is ( ~ 4.2 m) 
Ils (2.4 - 4.1 m) 

- Ills (0.0 - 2.3 m) 
- total marked channels 

IVs (O.O m - ) 
- total channel length 

755.4 km 
l 123.l km 
l 036.7 km 
2 915.2 km 

3i7.9 km 
3 233.1 km 
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T~ble 3. Average long-distance transpo1t distances 
and average direct transport costs in 
Finland. 

Year Tractor Truck Railway Water 

J J J J 1cm p/(m•km) km p/(m •km) 1cm p/(m•km) lcm p/(m •km) 

1982 10 143-2 74 35.3 297 10.4 226 1.2 1981 13 101.1 7S 34,2 289 9·. 7 249 6,5 
1980 17 64,2 81 26,1 22S 10.1 253 6.6 
1979 14 75.5 84 23,0 246 9.0 236 s.o 1978 21 51,3 88 19-7 248 7,4 239 4,5 
1977 16 48.7 81 20.2 2S0 7,2 231 4.7 
1976 19 61.1 82 19,S 232 6.9 249 4,3 
1975 16 66.2 72 19,8 178 7,3 243 4,2 
1974 17 46.J 71 16,9 174 5.6 205 2.8 
1973 18 34,8 67 14,0 237 3,6 211 2.~ 
1972 22 26.8 64 12,5 214 3.5 209 2,4 

1The direct costs for railway and water transport 
do not include initial transport to terminals. 
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Fig. 5. Water transport network in south-eastern 
Finland. 

The total length of mainline railway servicing 
the area is about l 400 km. The length of public 
roads in the area in 1982 was 14 531 km (TVL 1983). 
Unfortunately, an accurate estimate of the length 
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Fig. 6. Railway transport network in south-eastern 
Finland. 

of private roads in Finland today is lacking. Wiiala 
(1962) estimated that there were 375 000 km of pri
vate roads in Finland in 1~61. If we add to this 
forest roads built since 1961 {about 75 000 km), we 
obtain a private road estimate of 450 000 km. If 
we assume that about 20 I of private roads have 
been built in south-eastern Finland, since 20 % of 
public roads lie in the area, we can estimate that 
the total road length is about 105 000 km. This 
gives us a road density of 23 m/ha. Wiiala (1962) 
stated that the average road density in Finland in 
1961 varied from 10 to 30 m/ha, with public roads 
forming 10 to 15 I of all roads. Calculated from 
above we get the share of public roads in the area 
to be 12.6 I. 

From the above we can see that the area is well 
serviced by all three transport methods. For wood 
harvested in the area, truck transport is used main
ly·for road distances from· 4 to 120 km. With pre
sent tractor payment rates, extended primary trans
port should not be used for distances greater than 
5 to a·km, depending on wood assortment. Depending 
upon wood assortment and time delay factors (e.g. 
interest cost), bundle floating in the area begins 
to be competitive with truck transport once a truck 
transport distance of 40 km is reached. This 
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exceptionally short distance is due to the dense 
water transport network in proximity of the larger 
wood using centres. On the other hand. small saw
mills rely only on road transport. Vesikallio and 
Salminen (1978) state that in Finland on average. 
the transport of logs by truck transport and water 
transport compete with one another over distances 
of 90 to 200 km, after which floating is cheape~t 
in all cases. For pulpwood the corresponding dis
tances are 60 to 120 km, after which floating is 
cheapest. 

In south-eastern Finland, railway transport is 
not used to as great an extent as truck or water 
transport to delivery wood harvested in the area 
to mills in the area. Of railway delivered wood, 
25 % was imported wood (mainly from the Soviet 
Union) and 30 % was from other watershed areas. 
Similarly, of wood dispatched from railway terminals 
in the area, the majority (64 $) was transported to 
mills outside the Saimaa area. In the area, railway 
transport cannot compete with truck transport in any 
situation where the road distance is less than 130 
km. Railway transport is more expensive than water 
transport in all cases. 

FACTORS AFFECTING LONG-DISTANCE TRANSPORT POLICY 

General 

When choosing the optimum employment of trans
port methods, a firm wants to achieve the best over
all economic result over the long-term. The inven
tory policy has a direct effect on the transpor~ 
methods applicable. For example, if a firm wants 
to take a large risk of running out of wood, but 
keep holding costs at a minimum, it would choo~e 
minimum inventories and thus hot-logging techniques; 
for which road transport is most appropriate. In 
any decision on the most appropriate inventory the 
following factors must be accounted for: 

1) holding costs - i) interest costs 
- ii) storage costs 
- iii) handling costs 
- iv) insurance cost 
- v) depreciation/deterioration 

cost 
2) set-up costs or ordering costs 
3) shortage or penalty costs 
4) production costs and purchase prices 
5) lead-time (e.g. for raw materials the period be

tween order and arrival) 

Unfortunately, in past years too much attention 
has been focused on on interest costs alone and thus 
the favouring of minimum inventories and hot-logging 
techniques. As will become apparent, hot-logging 
techniques are only applicable where we have certain
ty in wood procurement. 

Although it is best to view the available trans
port methods as forming an integrated transport sys
tem, it is also beneficial to view the methods as 
competitors. In this way competition ls stimulated 
between the methods and thus costs are kept better 



in line. If one method becomes more competitive, 
the others must follow suit or loose their share 
of the transport volume. When deciding on the most 
appropriate share of transport methods we have both 
business economic and national economic factors 
which must be taken into account. 

Business economic factors 

Since private forests form the major source 
of wood used by the forest industry, the timing 
when wood becomes available is an important factor. 
Most wood sales occur during the fall and it is 
difficult to predict how wood sales will develop 
in the next harvesting year. This is the· case to
day where the industry requirements are much larger 
than the volume of wood coming up for sale. Wood 
shortages at the mill are common at many Finnish 
mills today. The problem of stimulating the desire 
of private forest owners to sell wood is under seri
ous scrutiny nowadays. A general observation has 
been that companies which have resorted to the use 
of minimal inventories have been the ones most sus
ceptible to wood shortages; excluding mills with 
small wood· requirements. Mills which have relied 
largely on water transport and thus larger inven
tories, have been able to ·· draw on wood stored in 
water storages. Living hand to mouth also results 
in transport without regard to cost, since wood 
must be transported directly to the mill once it 
becomes available. 

Although in past years there has been an at
tempt to schedule harvesting operations uniformly 
throughout the year, 68 I of commercial cuttings 
still occurred during November to April in the 
1982-83 harvesting year: i.e. during the winter 
season. ·ouring the 1981-82 harvesting year the 
corresponding value was 63 I. The spring break-up 
period in April-May also has its effect on uniform 
wood supply. Also, wood must not be stored-in the 
forest during late spring and summer due to insect 
damage directly to the wood and to surrounding 
stands, and damage due to blue stain fungi. If 
wood must be stored, water·storage is generally 
held as the best method. Also, due to the above 
variations in wood supply, the difference between 
average size of inventory required for 100 I road 
transport and, for example a 50/50 mix of road 
and water transport, is only about 1.5 months. 

The harvesting methods in use also have an 
effect. All solutions in wood prQcurement should 
fit into the entire chain and not cause unreasonable 
cost elsewhere. In most cases transport forms a 
service function and must meet the demands imposed 
upon.it by the wood assortments required at the 
mill and· the conditions prevalent at the forest 
end. Seldom is wood harvested in a form to mini
mize only transport costs. 

Due to the many factors mentioned above, the 
transport method giving the lowest direct cost is 
not always the one chosen. However, direct cost 
forms one of the basic criteria in transport method 
choice. The direct cost of truck transport to the 
mill is straight-forward; we have costs of loading, 
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transport to mill and mill receiving. When dealing 
with railway or water transport we have many addi
tional cost components. In both methods we have the 
additional cost of transport from the forest to the 
terminal, as well as terminal operational and main
tenance costs. In bundle floating we also have the 
additional costs of bundle bindings, bundling and 
raft formation. 

In bundle floating 40 to 60 % of the total di
rect cost is due to initial transport to the termi
nal, while terminal operations account for 15 to 
20 %. The actual bundle towing operation only ac
counts for 20 to 30 % of the total direct cost, 
while the corresponding value for mill receiving is 
5 to 10 % {Uiton kehittamisryhma 1980). From the 
above we can see that 70 to 80 % of the total direct 
bundle floating cost occurs over approximately 15 % 
of the total distance for the method. 

Road transport is the most flexible of the 
three methods. This is because we are dealing with 
small truck-load units. In railway transport, dis
counts can be achieved by dispa~ching larger volumes 
of wood at a time (e.g. l 000 m per train load) 
and throughout the year. Time is also spent in 
transporting the wood to the railway terminal. Water 
transport has the largest delay time of the three 
methods. One reason is due to seasonal factors; 
the waterways freeze over during winter and floating 
is only possible for 5 to 6 months between May and 
November. The navigational period for water trans
port can be extended through the use of barges. 

As mentioned earlier the additional cost due 
to interest on the wood investment has been given 
considerable attention. For sm~ll unintegrated 
operations road transport is solely relied on. For 
small firms only a small buffer inventory is requir
ed and they are flexible to market demands and wood 
supply. Since they have a low capital investment, 
as opposed to a pulp and paper mill, wood shortages 
do not pose a serious- consequence, when compared to 
a pulp and paper mill. Also, the area from which 
wood is procured ls quite small and thus suited to 
road transport. The cost of interest thus forms 
a much.larger criteria for smaller firms. 

When dealing with a large mill complex and thus 
large wood requirements, the importance of solely 
interest cost decreases. A buffer storage is re
quired to ensure against wood shortages. Wood stor
ages are also helpful to even out discontinuity be
tween wood demanded and wood available on·the mar
ket. Trying to juggle 340 000 forest3owners to sell 
or not sell an additional·S or 10 M(m) from one 
year to the next is near to impossible, as· apparent 
from the recent difficulties experienced in wood 
sales from private forests. As mentioned earlier, 
the seasonal nature of cuttings also results in 
wood inventories. Another point to remember when 
dealing with large wood volumes is that, even though 
truck transport is the quickest method to get a load 
of wood to the mill, the movement of an entire in
ventQry by the other methods can be competitive with 
truck transport. For example, the average raft3size 
on Lake Saimaa is slightly larger than 20 000 m: 
i.e~ over 500 truck loads. To ensure against wood 
shortages Eskelinen and Peltonen {1977) state that 



the optimal inventory for a Finnish firm is 40 to 
45 % of the annual wood requirement: i.e. 4.8 to 
5.4 month wood supply. Assuming uniform purchasing 
and harvesting operations throughout the year, the 
majority (about 90 %) could be stored as standing 
inventory. Since there is usually limited space 
at millyards, bundle floating allows an excellent 
opportunity to eleviate millyard congestion. 

The choice of a long-distance transport method 
in south-eastern Finland also assumes that the me
thod services the point of dispatch and the desti
nation. Once wood is transferred from road trans
port to railway or water transport, it should be 
delivered by that method to the destination. This 
is due to the high interface costs when transferring 
from one method to another. For example, lifting 
bundled wood out of water ,nd onto truck costs from 
7 to in excess of 10 FIM/m, depending upon the 
conditions. This is equal to about a 30 to 40 km 
marginal increase in truck transport distance. 
Generally, road transport can be used in all cases 
except when extraction occurs in island or shoreline 
forests accessible only by water. 

Certain poorly floating wood assortments, for 
example chips, fresh hardwood pulpwood, birch logs 
and small diameter fresh softwood pulpwood, limit 
the use of bundle floating if additional buoyancy 
or barges are not used. The extent of wood deteri
oration has a direct effect on the final product 
value and processing costs. Generally, if wood must 
be stored, it should be stored in water to minimize 
deterioriation due to fungi and insects. Wood stor
ed on land (i.e. at roadside, railway terminal or 
millyard) would have to be continuously sprinkled 
with water or chemically treated. In bundle float
ing 10 to 15 $ of the bundle is above the water's 
surface and thus subject to wood damaging agents. 
Storage also has effects on barking, pulping pro
cesses, chemical requirements, pulp quality and 
yield, and yield of side products (e.g. pine oil 
and turpentine). Direct delivery of wood to the 
mill would give the best results, but if storage is 
required, water storage gives the best results 
(Vesikallio 1979). 

By service we mean the period when a method 
can be used. As mentioned earlier, the use of water 
transport is limited to the navigational season. 
Dependability reflects the susceptiblity of a me
thod to environmental and external factors. 

National economic factors 

When examining transport methods from a na
tional economic point of view one must account for 
the investment required to establish, maintain and 
operate the different transport networks. Other 
factors which must be accounted for are: produc
tivity of labour and capital, consumption of fuel 
and lubricants, effect on the environment, domes
tic share, dependability, etc. 

Heikkero (1979) makes a comparison between 
the balance of expenditure and income for the State 
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by transport method. According to Heikkero (1979) 
in 1977 70 $ of the State's expenditure on truck ' 
transport was recovered through taxes directly re
lated to truck transport. To cover expenditures 
fully, truck transport tariffs would have had to 
been increased by 5 %. The corresponding values 
for railway transport and floating were 40 $ and 
20 to 40 %, respectively. Table 4 gives the net 
costs to the State by transport methods. It must 
be pointed out that the cost for floating is larg
er than it would be if the channels were only used 
for floating. This is because channels are built 
to a higher standard to accomodate inland vessel 
transport. 

Table 4. Net costs to the State by transport 
methods after expenditures and revenues. 

Hethod Net cost to ·state, National economic 
3 accident cost, 

p/(m • 1cm) 3 
p/(m • km) 

Truck transport 1.2 o.so 

Railway transport s.a 0.04 

Inland vessel transport 1.0 --
Bundle floating 1.0 --

(Pertovaara 1982) 

Uiton kehittamisryhma (1980) and Pertovaara 
\1982) give the additional information listed be
low, comparing the transport methods from a nation
al economic point of view: 

- depending upon conditions, the man-d!y productiv
ity in floating is 7 000 to 25 000 m • ~m and 
for truck transport it is about 5 000 m "km; a 
corresponding value for railway transport is not 
available 

- the productivity for capita! invested in floating 
equipment in 1980 was 265 m ·km,1.00 FIM, while 
for truck transport it was 35 m "km/1.00 FIM and 
for railway transport (capital cost o~ railway 
cars only included) it was about 28 m ·km/1.00 FIM 

- the use of fuel in actual transport by truck is 
19 times greater than for bundle floating per 
m "km, while for railway transport it is 3 times 
greater 

- when taking into account energy required for actual 
transport, transport network construction and 
maintenance, and building the actual transport 
equip,ent, the energy requirements (oil equivalent, 
kg/{m "km)) for truck and railway transport, and 
floating are 0.042, 0.040 and 0.003, respectively 

- a decrease in the trade bal!nce of 20 million 
FIM/a would result if 5 M(m )/a were transferred 
from water transport to truck transport; inflated 
to today's costs about 30 million FIM/a 

- the domestic share of floating is 85 %, while 
for truck transport it is 30 $ 

- the environmental effect is only significant in 
free-floating; in bundle floating little water 
surface area is required and loss of bark and 
leeching of chemicals into the water is minimal 
due to bundling, however there is a local effect 



at large dumping terminals and millyard storages 
- transferring wood to roads, from either railway 

transport or bundle floating, would result in 
greater environmental effects and roadways would 
be further stressed hear built-up areas, thus 
resulting in increased traffic risks and road 
wear 

- land storage of unbarked wood in the summer can 
cause damage to surrounding stands, while water 
stored wood generally has little effect, unless 
large quantities are stored ~nbarked near conifer
ous forests over a long time since 10 to 15 $ of 
the bundle volume is susceptible to insect .damage 
unless the bundles are rotated or sprinkled with 
water 

- the majority of waterway channels are usable for 
floating with little or no improvements required; 
also maintenance of waterways is minimal since 
they do not wear with use 

- a waterway transport network is the most depend
able method in times of crisis; e.g. energy supply 
problems 

RATIONALIZATION WOOD TRANSPORT IN PRACTICE 

As mentioned in the introduction, there are 
many firms with mills at different locations pro
curing wood in the area. In floating, the irration
al operation of many different firms on the same 
channels became apparent quite early in industrial 
wood procurement as we know it today. Thus, the 
Kymi Floating Association was formed in 1873 
(Seppanen 1937). In the Saimaa area, Pielis Elfs 
Flotnings Aktiebolag Oy was formed in 1886 by two 
companies floating on the Pielis River. Gradually, 
a number of floating associations and companies 
were formed in the area. In 1930 the Savo Floating 
Association and Northern Karelian Floating Associa
tion were formed, and are still in operation today. 
The two associations are responsible for floating 
in the northern half of the area and at two channel 
bottlenecks in the southern half (cooperative float
ing). Rationalization of private floating in the 
southern half of the area has also occurred and 
only two companies, Tehdaspuu Oy and Enso-Gutzeit 
Oy, have floating operations today. Floating 
associations are non-profit organizations who trans
port wood in an area and distribute costs to the 
member companies according to their share of the 
transport output. In the private floating area, 
contracts are made between companies with floating 
operations and other companies with wood to be 
transported. 

Tehdaspuu Oy, which started operations in 1968, 
was another step in rationalization of wood procure
ment in the area. It is responsible for procuring. 
wood for four separate companies. This cooperative 
venture allowed the elimination of overlapping or
ganizations. Cross-hauling by the four companies 
could also be eliminated. 

Tehdaspuu Oy and Enso-Gutzeit Oy, the two 
largest wood procurement organizations in the area, 
also employ optimization models for aiding long
distance transport decision-making. The decision 
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areas are generally based on municipal areas and 
empl~y average costs from the areas to mills. 
Metsateho, the Forest \York Study Section of the 
Central Association of Finnish Forest Industries, 
has also developed a number of mathematical methods 
for wood procurement optimization (Eskelinen 1984, 
Eskelinen and Peltonen 1982, 1980 and 1977). Al
though the methods give valuable information and 
are helpful in long-distance transport decision
making, they are subject to the limitations mention
ed in the introduction. To make the methods oper
ational, since they are based mainly on mathematical 
programming techniques, simplification of the pro
blem and averages for areas must be used. Gillam 
(1969) states that mathematical programming is only 
applicable to hypothetical problems and is of little 
use in practice. Also, a clear picture of the over
all transport situation is not easily available from 
the above methods. 

Other rationalization has occurred, resulting 
through practical experience and research. There 
have been major developments in truck transport to 
keep it competitive. This is apparent from the 
section on long-distance transport information. 
Although railway transport and floating should be 
less susceptible to inflationary pressures than 
truck transport (Vesikallio and Salminen 1978), the 
rate of increase in truck transport from 1972 to 1982 
was slightly less. In railway transport, special 
cars have been developed and unnecessary terminals 
discontinued. Improving the condition of terminals 
in use has also been another important development. 
In water transport, floating operations have been 
concentrated into the main channels, and terminal, 
towing and transfer facility operations developed. 
The use of redundant terminals have been discontin
ued and today, based on average minimum distance to 
terminals, the optimum terminal distribution has 
been reached. Only in some individual cases are 
terminal location improvements required. Any reduc
tion in the number of terminals today would result 
in excessive increases in initial transport dis
tance, while additional terminals would have no 
significant effect on reducing the average distance 
to terminals. Increasing the flexibility of water 
transport through the use of barges is also under 
investigation. 

DATABASE FOR SIMULATION EXPERIMENTS 

This section briefly introduces a database 
based on the uniform coordinate system. The uni
form coordinate system is a grid system (perpendi
cular intersecting lines) based on the Gauss-Kruger 
map projection. In. Finland, one projection corridor 
is used to cover the entire country. Thg centre
line of longitude for the corridor is 27 E. This 
corresponds .to the grid centrgl meridign ·which is 
500. Lines of latitude of 60 N and 64 N intersect 
the grid central meridian at grid lines 6710 and 
7100. By using the uniform grid coordinate system, 
all grid squares have the same area since the effect 
of the earth's curvature is eliminated. Storage of 
data at uniform coordinates is simpler and its use 
in simulation models made possible. 



·.!: . : .-'. 

A grid with a 2.5 km interval between grid 
lines was chosen in the study. The scale of the 
map mosaic covering the area was 1:200 000; the 
distance between map grid lines was 1225 cm. Each 
grid square covers an area of 6.25 km and it forms 
the basic unit of each information matrix having 
dimensions of 144 x 114 (1 x w). Due to the shape 
of the watersheds under study, 9 048 of the total 
16 416 squares lay in the study area. Figures 3, 
5 and 6 were drawn from hard copies of information 
matrices. The Y and X axes of the computer print
outs are not of the same scale due to the differ
ence between character density per line and line 
density. Thus, figures 3, 5 and 6 show the area 
to be more elongated than it actually is. 

When registering the transportation system 
information the map area covered by each grid square 
was examined. If it did not lay in the study area 
it was labled according to whether it was in an
other area of Finland· or in the Soviet Union. Other
wise the presence of the following features was 
recorded: 

1. roads 
11. highway network 

111. class I (primary national) highway 
112. class II highway 
113. unsurfaced highway 

12. community road 
121. bound surface 
122. unsurfaced 

13. private road 
2. railway network 

21. actual railway 
22. railway terminal 

221. terminal with stationary crane 
222. terminal without stationary crane 

23. railway spur 
3. water transport network 

31. water transport channel 
311. bundle floating channel in use 
312. bundle floating channel not it use 
313. free-floating channel 

32. bundle transfer facility 
321. bundle crane/track 
322. lock 

33. water transport terminal 
331. bundle dumping terminal in use 

3311. dumping ramp only 
3312. ice storage area only 
3313. dumping ramp and ice storage area 

332. bundle dumping terminal in sporadic use 
333. abandoned bundle dumping terminal 
334. harbour 

4. watershed 
5. water coverage percentage 
6. mill 

61. sawmill 
62. wood-based panel mill 

621. plywood mill 
622. particleboard mill 
623. chipboard mill 

63. pulp and/or paper mill 
7. district forestry board 
8. municipality 

Additional information relating to the area 
was also gathered: for example, annual allowable 
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drain by wood assortments and district forestry 
boards, wood volumes dispatched from terminals, in
dustrial cuttings, wood consumption at mills, channel 
costs, etc. 

The storage of the above data for each grid 
square is only possible with a computer. With the 
data readily available in digital form, information 
matrices could be developed. Simulation models and 
experiments could be easily devised and used in a 
heuristic manner to help in long-distance transport 
evaluation and decision-making. A set of transport 
route search algorithms were devised for the system. 
A series of costing subroutines also allows the de
termination of actual transport costs. By entering 
the grid coordinates of the source and destination, 
and the wood assortment to be transported, trans
port between the two points by all transport methods 
is simulated and pertinent information produced. 
This is done with the aid of a master program com
bining the above mentioned information and sub
routines. 

Due to the nature of this paper, further explan
ation of the above heuristic simulation system is not 
possible. A major report dealing with the above will 
be published by the author in the near future. 

SUMMARY 

Since long-distance transport occurs in a dy
namic environment with the presence of uncertainty, 
decision-making is very difficult. Rationalization 
of wood delivery has occurred in many areas; from 
the consolidation of wood procurement operations, 
to the actual development of each method. When 
deciding on the proper use of long-distance trans
port methods there are both business economic and 
national economic points of view. Generally the 
following business economic factors must be taken 
into account: 

1) availability of wood for purchasing 
2) harvesting schedule (i.e. availability of wood 

at roadside) 
3) harvesting methods in use and costs 
4) direct transport costs 
5) time required for transport of wood from forest 

to mill 
6) technical factors in regard to presence of suit-

able transport routes and effect on wood quality 
7) wood holding costs at the mill 
8) dependability and service provided by each method 
9) wood demand at the mill 

In regard to national economic factors, the 
competitiveness of each method depends mainly on the 
productivity of various resources: for example, 
labour, energy and capital. A transport method's 
effect on the environment is another factor. The 
ratio between domestic and imported materials re
quired by each method is also important. The de
pendability and applicabiltiy of each method in 
uncertain conditions should also be accounted for. 

Mathematical programming techniques have been 
used to a wide extent in aiding transport decision-



making. However, use of the methods is limited due 
to the very large number of variables involved and 
uncertainty. 

This paper has outlined the environment and 
factors which had to be accounted for in a study 
dealing with the development of a system to help 
in the coordination of the variations in water 
transport and wood procurement •. The system, a heur
istic simulation system, was briefly introduced. A 
detailed description of the system was not possible 
due to the nature of the paper. However, since all 
information. relating to the transport syst~m in the 
area is readily available, transportation problems 
can be readily simulated, and the information used 
in problem solving and decision-making. A system 
of this type is also applicable in solving other 
problems related to forestry or in fact, any other 
field with a geographical distribution. 
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CONTROL OF WOOD DELIVERY AND ASSOCIATED WOOD INVENTORY IMPLICATIONS IN NEW ZEALAND 1 

J.E. Galbraith2 R.N. O'Reilly3 

Abstract. - The experience of controlling wood deliveries and managing log inventories at the 
N.Z. Forest Products Limited, ICinleith mills is described. There are a number of geographical, 
organisational and climatic factors which allow close control of wood flow and minimal wood 
inventories at Kinleith. Operations research techniques were first applied to aid the management 
of the wood flow in 1965 and there have been a number of studies since to further refine control 
of the system. 

Minimal inventories, equivalent to only a few days of usage, offer significant advantages in 
fresher wood, reduced handling costs and capital servicing. However, the resulting flow system is 
very dynamic and requires considerable short term control effort. 

Key components of successful wood flow control were found to be: 

understanding the variability of the wood supply and demand and, where possible, improving 
forecasting. 

a system of short term (weekly) review and controlo 

reasonably accurate estimates of inventories. 

In the final analysis, control actions are a compromise between the need to return the system 
to target as soon as possible and the need to preserve some stability in wood production and 
delivery rates and hence maintain efficiency. 

INTRODUCTION 

The management of wood flows in a forest 
harvesting and utilisation operation has many 
similar characteristics to the management of any 
material supply, handling a..,d processing 
system: 

there must be an overall balance of inputs 
to outputs. 

- there are a number of processes within the 
operation, working at variable rates, and 
these too must be balanced. 

- buffer stocks, or inventories, are held 
between the different processes to allow 
them to operate as independantly of 
upstream or downstream variation as 
possible. But the levels of the 
inventories must be economically examined 
and justifiedo 
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August. 

2 John Galbraith is Director, New Zealand 
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3 Ron O'Reilly is Lecturer in Forest 
Engineering and Harvesting, School of Forestry, 
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Many of the common business techniques of 
simulation, linear programming, inventory 
control, queuing theory, etc., can be applied to 
help improve the management of wood flows. 

The experience in the use of some of these 
techniques, plus some basic control theory, in 
managing wood flows at the N.Z. Forest Products 
Limited Kinleith mills is described. Aspects of 
research to identify the factors that affect the 
efficiency of planning and control are also 
described and the implications for management 
discussedo 

THE WOOD SUPPLY SYSTEM 

The wood supply system at Kinleith has a 
number of characteristics which allow for, and 
demand, close control of wood flow and minimal 
wood inventories. 

Geographical location. The mills are 
located within the Kinleith forest, the 
ma in source of supply, and other sources 
of wood are relatively close. Average 
transport lead distance is a little over 
30 km with a maximum of 120 km. 

Eighty to ninety per cent of the wood 
comes from Company owned or controlled 
sources. 

There is a close integration of growing, 
harvesting and utilisation functions. 
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I 

MILLS 

FIG. 1 - KINLEITH WOOD FLOW SYSTEM 

The climate is favourable for year round 
work. 

A single species, Pinus radiata,dominates 
the wood supply. Minor pine species and 
native. hardwoods make up only 5% of the 
mix. 

The fast-grown radiata experiences quick 
deterioration after felling, by way of 
fungal and insect attack and drying out. 

For the benefit of North American readers, 
the control of the wood supply organisation 
("woodlands") extends through to the mill input, 
i.e. logs on the sawmill or chipper infeed chain 
or purchased chips on the outside chip storage 
slab. Thus the wood supply organisation manages 
the mill site log storage and handling, as well 
as delivery. Wood supply totals 2.5 million 
tonnes per annum. 

INVENTORY CONTROL 

Kinleith first took a scientific approach 
to setting target log inventory levels in 1965. 
By direct mathematical comparison of log supply 
and usage va·riation and by considering the costs 
of holding inventories, the following policy 
levels of site inventories were struck: 

PUlpwood 3,800 tonnes 
(equivalent to 1.3 days usage) 

Sawlogs 1,900 tonnes 
(equivalent to 0.5 days usage) 

These were minimum safety levels, site log 
inventories were built up on top of these levels 
Monday to Friday each week to cover five-day 
supply, seven-day usage pattern, and also built 
up to cover long holiday and Christmas periods. 
Thus the safety levels applied to the log 
inventories which should be on site on the next 
'normal' Monday morning. 
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Wood inventories were also held in the 
forest at roadside landings and on the mill chip 
piles. 

These first studies reported that the costs 
of handling inventory and of running out of 
wood, had only a small influence on the optimum 
minimum inventory level. 

In 1974, following a doubling in pulpmill 
capacity and massive- increases in finance 
interest rates (and therefore the cost of 
holding inventories) the log inventory policies 
were re-examined. This- time a simulation 
approach was used. Historical distributions of 
log -supply and usage, the costs of holding 
inventory, the costs of running out of wood and 
the costs of taking extraordinary measures to 
maintain supply, were combined in a stochastic 
simulation model. As a result, the recommended 
optimum safety levels for site log inventories 
(pulpwood and sawlogs combined) were: 

I 

7,000 tonnes 
(equivalent to one day's usage in total). 

And the chance of running out of wood was 
estimated as being once every four years. 
Despite the major changes in the magnitude of 
some of the inputs to the calculations, there 
was remarkably little change to the total 
inventory policy levels as a proportion of 
usage. The sensitivity of the optimum inventory 
level to changes in the various inputs was 
tested. It was found that the optimum levels 
were primarily a function of the patterns of 
variation in supply and usage, and were not at 
all sensitive to the cost of capital, the cost 
of running out, or the cost of handling 
excessive inventories. 

A similar simulation approach to setting 
optimum inventory levels was subsequently 



applied to an Eastern Canadian pulpmill and 
similar principles emerged, i.e. that optimum 
inventory levels are primarily a function of the 
variations in supply and usage (Galbraith, 1977, 
Galbraith and Meng, 1981). 

These findings are not too difficult to 
rationalise. For a reasonably balanced wood 
flow system, there will be a level of buffer 
inventories which will reduce the chance of 
running out of wood, and of overstocking, to an 
acceptably low level. At this level, the costs 
of such consequences are reduced by the same low 
level of probability. 

Returning to the Kinleith experience; 
policies for log inventories were then set as: 

Site: 
Pulpwood 4,000 tonnes { 1. 4 days usage) 
sawlogs -

summer 1,875 tonnes co.s days usage) 
winter 2,500 tonnes (0.7 days usage) 

Forest: 
Pulpwood 15,000 tonnes (2.6 days usage) 
Sawlogs -

summer 5,000 tonnes (1.4 days usage) 
winter 7,000 tonnes (2.0 days usage) 

The forest log inventories were not set by 
scientific means, but rather by experience. At 
levels below those set, it was found that 
loaders spent an excessive amount of time 
shifting, and truck utilisation dropped off. 
Any loss in efficiency in loading and trucking 

WOOD 

would quickly negate the relatively small gains 
in reducing capital invested in inventory at 
this lower cost stage. 

In addition, buffer stocks of chips were 
held on site on outside chip storage slabs. 

PRODUCTION CONTROL 

Classic inventory theory speaks of 
'inventory control', i.e. the direct management 
and manipulation of inventories. In the wood 
supply system however, inventory control is a 
misnomer. Since wood inventories can generally 
not be manipulated by selling off excess or 
buying in to make up, it follows that the only 
effective action is to deal with the cause, not 
the symptom. 

Fluctuations in inventories are a result of 
imbalances in supply and demand. Since the wood 
supply manager can generally not influence 
demand, if he is going to try to adhere to 
inventory policies he must have an effective 
method of production control. 

A forma 1 system of log production control 
was introduced at Kinleith in 1976. The basic 
planning horizon was set at one week. Log 
inventories in the forest were estimated at the 
end of each week and inventories on site were 
estimated daily. 

The simple arithmetic basis for determining 
target log production for the week was: 

SUPPLY 

DEMAND TOTALS LOG PRODUCTION SOURCES TRANSPORT (i) (ii) (iii) (iv) .... 

- -- -(i) - -- -
(ii) 

THIS LAST 
WEEK WEEK 

(iii) OPEN STOCK ... . .. 
PRODUCTION ... . .. 
TRANSPORT . . . . . . 

(iv) CLOSE STOCK • . . . . . 
g) 
en en 
5 (v) u 

§ 

TOTALS 

FIG. 2 - PRODUCTION CONTROL MATRIX (for weekly planning and control) 
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Forecast demand, plus target (policy) site 
and forest inventory, less actual 
beginning inventory. 

and for determining target log transport 
(delivery) was: 

Forecast demand, plus target site 
inventory, less actual site inventory. 

These targets were then entered on a 
production control matrix board (fig.2). The 
matrix was broken down into the different log 
classes and log sources and discussed among the 
wood supply management people at the beginning 
of each week. At the same time, using measured 
delivery information and inventory change 
estimates, the actual productions and deliveries 
for the previous week could be compared to the 
plans for the previous week. 

The advantage of the system was that it 
very closely linked forecast demand and planned 
supply, and kept log inventory targets as objec
tives each week. It also gave quick assessment 
of the effectiveness of control. The feedback 
loop linking supply and demand was very short 
and reactive. 

Experience showed that the system was just 
too dynamic to be controlled this closely. 
Fluctuations in. demand in particular sometimes 
caused actual inventories to move significantly 
away from target within a week. Target 
inventories (particularly on site) were quite 
low compared with weekly demand, and it didn •t 
take much of an imbalance in flow to cause a 
major inventory movement. 

When this happened, it became unrealistic 
to expect the system to be returned to target in 
the next week. 

At each processing stage of a wood flow 
system, the general objective of its management 
is to achieve stability and securityo Apart 
from the fact that people generally like to be 
stable and secure, it also helps to improve 
efficiency. A logging crew, for example, cannot 
be expected to operate efficiently if it is 
constantly being required to move its output up 
and down, and jump from area to area. As noted 
before, loss.es in efficiency can quickly negate 
gains in e.g. inventory costs. 

Yet if wood flows are to be kept in 
reasonable bala.~~e, and if the obvious benefits 
of optimum inventory levels are to be achieved, 
some degree of production control must be 
exercised. 

The compromise was to move away from the 
objective of returning to target inventory 
levels necessarily in one week and to take a 
longer time horizon, appropriate to the size of 
the adjustment required. 

214 

This introduced another level to the 
planning process ,. a set of programmed 
productions and transports which were an agreed 
plan of action, often different to the target. 
The program figures represented the compromise 
of moving the system back toward target, but at 
a pace acceptable to the production management. 

In summary, the three levels of weekly 
production planning and control data were then: 

Target - a strict arithmetical calculation 
of demand, plus or minus an· inventory 
adjustment to return inventories to 
target. 

Program - an agreed plan of action, often 
different to target, but normally 
reflecting a move toward target. 

Actua 1 the actua 1 product ions and 
deliveries at the end of the week, which 
could be compared to program to test the 
ability of area management to adhere to 
agreed plans. 

EFFECTIVENESS OF CONTROL 

In 1978 author O'Reilly began studying the 
wood flow system at Kinleith to identify its 
particular relationships. As an outside view it 
gave an interesting assessment of the 
effectiveness of the production control. 

While numerous texts describe the 
techniques used in modelling (e.g. Daellenbach 
and George, 1977), there are few examples of the 
application of such techniques to the modelling 
of wood flow. L8nner (1968) and Newnham (1975) 
both applied linear programming to a wood supply 
problem to minimise the total cost of wood 
supplyr however, both assumed a· fixed mill 
demand situation. Hewson ( 1960) studied the 
dynamics of inventory using simulation in a 
variable demand situation, although his model 
allowed only restricted variation in both supply 
and demand. The above studies also suffer from 
a fault common to most forest operation models, 
which is to emphasise planning, with little 
thought to control: "To a considerable extent, 
control of operations has been left to operating 
personnel. The result is that planning and 
control have largely been done- in isolation from 
one another, with little feedback from control 
personnel to planning personnel and even less 
attention by planners to the special problems of 
operational control" (Dykstra, 1981). The 
important characteristic of this operation is 
that the planning and controlare purposefully 
linked, and thus in the research into the 
system, this connection is of prime importance. 

The wood flow system at Kinleith was 
modelled to represent the planning and control 
activities under normal conditions (i.e. no 
major strikes or mill shutdowns). In the 



models, the relationships between the various 
stages in planning and control (i.e. demand + 
target + program + actual, for both wood 
production and wood transport) were derived, 
measures of variability were included in the 
models to reflect the real-world variation 
experienced. 

Historical data was used to validate the 
model and then to study the significant 
relationships within the systemo 

Some important results of the study were : 

The major inputs to the planning and control 
system are 

The estimated log inventories in the 
forest and on site at the beginning of the 
week. 

Forecast demand for the different wood 
classes, expressed on a weekly basis. 

(i) Estimates of inventories : 

The accuracy of the estimates of log inventories 
are important on three counts 

log inventories are a component of the 
formula for calculating required log 
production and deliveries for the week 
ahead. 

log deliveries are measured by weight 
coming on to the Kinleith site. Mills on 
site are fed directly from trucks or from 
stockpile. Therefore the actual input to 
a mill is assessed from the daily haul 
plus a stock adjustmento 

log inventories are also a component of 
the formula to calculate actual production 
and delivery. 

Estimates of log inventories on forest roadside 
landings were known to be coarse and prone to 
error, depending on the experience and skills of 
the 20 or so different people making the 
estimates. 

Log inventories on site were also estimated by 
eye but generally by the same one person and 
were independantly surveyed each month by 
volume measurement of the log piles. 

Although there was more confidence in the 
estimates of the more critical site log 
inventories, there was a general requirement to 
improve estimating, as errors could not only 
result in incorrect planning, but also compound 
the problems of control. 

(ii) Estimates of demand 

Each week the wood-using mills provided 
estimates of log demand for the coming week. 
For most of the mills the model showed that 
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there was reasonably good correlation between 
actual usage and forecast demando However, for 
one mill, unfortunately the largest user, 
forecasting was very poor and the model in fact 
showed little correlation between what it 
actually used and what it said it would need. 
Forecast demand was often set at or near mill 
capacity and so variation was normally in one 
direction - down. Being such a big user, the 
result was that log inventories in that class 
would often move very rapidly up, certainly at a 
faster rate and to a level beyond which the 
weekly control system could cope. The downward 
fluctuations were due to intemal mill factors 
which are not within the control of the wood 
supply personnel. 

Wood supply was then faced with an extended 
period of production control to try to bring the 
system back to target, often taking many weeks. 
The study added weight to the long term 
complaint of the wood supply people - the need 
for more reliable forecasting of demand. 

In recent years forecasting improved as mill 
production became stable and as more realistic 
mill production targets were set. 

Another interesting use of the modelling 
was to assess the effectiveness of wood flow 
control. As an example, the general finding was 
that there was reasonable correlation (though 
lower than expected) between actual and 
progranmied log production o However, the 
performance of the transport phase was more 
significantly influenced by the forest log 
inventories, i.e. the wood available to haul, 
than the progra~, i.e. what was required to 
haulo 

The transport phase, despite planning 
targets, was tending to work to move forest 
inventories, particularly if they, were above 
target, and this in tum encouraged log 
production. This latter was a natural tendency 
of the production crews - somebody obviously 
wanted their wood! 

The result was that the site inventories 
would build up and not until the log yard filled 
would transport s·low and in tum slow 
production. The system was being driven by the 
supply end, not the demand end. Reaction to 
variation in demand and to inventory 
fluctuations was too slow as a consequence. 

The solution was to put a lot more 
attention into requiring transport to hold to 
plan. If transport was reacting more quickly to 
demand this in tum would demonstrate, quickly 
and practically, the demand pattern to the 
producers. This helped reinforce, in a 
practical way, the message coming out of the 
weekly production control planning meetings. 
This was successful and, apart from taking a lot 
of inertia out of the control system, tended to 
push more inventory fluctuation out to the lower 
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cost forest end. 

Figures 3 and 4 show the actual pulpwood 
log inventory levels in the for est and on the 
site for the years 1981 to 1983. Some 
observations 

(i} Three planned inventory buildups occur 
each year: 

in December to cover the reduced 
deliveries during the holiday period 

in April and either September or 
October as a result of planned 
maintenance shutdowns on pulpmill 
equipment. 

These planned buildups are superimposed on 
the target inventory levels and the 
objective is to get inventories back to 
target as soon as practicable after the 
event. 

(ii) The shape of the inventory profiles shows 
the tendency for the inventories to build 
up rapidly, generally due to a shortfall 
in usage, and then taking a considerably 
longer period of production control to 
bring the inventories back to target. 

(iii) Comparing years 1981 and 1982 illustrates 
the effect of using transport more eff ac
tively in the control procedure. In 1981 
a series of mill production problems in 
February and March, followed by an 
extended maintenance shutdown in April, 
caused a significant drop in usage. 
Because the transport phase did not react 
quickly enough to the reduced demand, site 
inventories continued to build up to the 
point where the mill yard was full. 
Through all this the forest log 
inventories did not move much at all. 
Thus the problem was carried at the 
highest cost stage, and incurred 
significant costs of handling excess 
stockpiles on site. 

In 1982, when a similar pattem of reduced 
demand occurred, transport was controlled 
more effectively to match demand on site 
and most of the buildup in inventory was 
taken at the forest end. 

As a final word on the effectiveness of the 
overall wood control system, the mills have 
never (barring major industrial action) run out 
of wood, and the system has operated with a site 
log yard which will hold at most only five days 
usage. 

SUMMARY 

over the past 19 years at Kinleith, a 
process of scientific investigation, evolution 
and experience has produced a production control 
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system which has successfully maintained wood 
supply with minimal log inventory holding 
facilities. The basis of control is a weekly 
planning and control procedure involving 
management directly concemed with wood supply. 
A series of optimum log inventory levels have 
been calculated which minimise the expected 
total cost of holding inventories (including the 
costs of running out of wood} and these optimum 
levels are used as planning targets. The 
procedure moves through the stages of: 

TARGET = Forecast demand 
+ target inventory 
- actual inventory 

PROORAM = Agreed plan of action, moving 
toward target 

ACTUAL = Actual performance at week end 
which can be compared with 
program. 

Key inputs to the procedure are forecast 
demand and inventory estimates and it is 
important that these are as accurate as 
possible. 

Close control of the transport (delivery) 
phase proved to be the most effective way of 
controlling the higher cost site inventory 
levels and influencing log production. 

With the above procedures it has been 
possible to maintain a log supply of 2.s million 
tonnes p.a. of a variety of different log 
classes, with a safety site inventory of only 
one day's log supply and a maximum site log yard 
capacity of only five days supply. 
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EFFECTIVE FOREST ROAD PLANNING FOR FOREST 

OPERATIONS AND THE ENVIRONMENT1 

Yasushi Minamikata2 

It is now the most important to minimize the influence of 
forest road construction on the forest environment. In this 
paper, methods to estimate the total length of forest roads in 
a planning area, to locate the roads as a networks, and to 
select the optimum route of the main forest roads etc. are 
presented. 

INTRODUCTION 

About sixty seven percent of the land area of 
Japan is covered with forest from the sub-tropical 
zone in the south or at low altitudes to the sub
frigid zone in the north or at high altitudes. The 
average temperature in the summer season is fifteen 
degrees and the average annual rainfall is 2,000 
millimeters. Such a warm and rainy climate favors 
the growth of trees and the appearance of artifi
cial forests· might be traced back to about 400 
years ago. Thirty nine percent of the forest area 
is now made up of artificial forests and the domi
nant species are Japanese cedar, cypress,and larch. 
The Forest Agency in the long-range plan intends 
to enlarge this to fifty two percent by 2,025 A.D •• 

It takes more than two centuries for forest to 
recover from the damage caused by harvesting and 
revert to useful softwood forest again. In con
trast the regeneration periods if artificial me
thods are used in less than seventy five years. 
However, in comparison with natural regeneration, 
artificial regeneration requires a lot of labour 
for planting, weeding, pruning and thinning. 
Usually, 200 to 400 men per hectare are said to be 
required through the entire regeneration periods, 
though this varies with tree species, regional 
customs, etc •• 

Generally speaking, the greater the labour 
required in stand establishment and the higher the 
labour cost, the more significant will be the road 
network in the forest. The Forest Agency there
fore, in the long-range plan, calls for the opening 
up 440,000 kilometers of roads in the forest area, 
equivalent to eighteen meters per hectare when 
public roads passing through the forest area are 
included. But so far this has not been achieved 
and the present densities are very low compared·to 

1Paper presented at the conference COFE/IUFRO 
- 1984. Fredericton, N.B., Canada, 15-18, August. 

2Yasushi Minamikata is associate professor of 
Faculty of Agriculture, University of Tokyo, Tokyo, 
Japan. 
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the target. In such circumstance, the demand for 
the expansion of the forest road system becomes 
greater. 

On the other hand, there is a tendency to 
emphasize the influence of forest road construction 
on the ecosystem or natural environment of the 
forest. Opening up forest roads occasionally 
causes land slides sometimes on a large scale, so 
that it is very important to assess not only the 
economic effects of road construction on forestry 
but also the various impacts acting on the environ
ment of the forest before building a dense road 
network. 

DETERMINATION OF THE TOTAL 
LENGTH OF FOREST ROADS 

There are three kinds of forest road in Japan, 
first, second and third class. The former two 
classes are forest roads for ordinary logging truck 
use. First class roads are trunk roads within the 
forest road network. Second class roads are the 
most popular and the total length constructed 
annually is far greater than that of first class 
roads. Third class roads are roads for the use 
of light types of vehicle with engine capacities 
less than 500 cubic centimeters. The main stan
dards of the geometrical design are shown in 
table 1. 

Table 1.--Standards of main geometric design of 
forest roads in Japan. 

Road Design Width Shoulder Radius Grade 
class· speed 

(km/hr) (m) -(%)--
1st 40(30) 4.0 0.5 60(40) 7(10) 
2nd 30(20) 3.0 0.5(0.25) 30(20) 8( 12) 
3rd 20 2.0 0.5(0.25) 15 ( 12) 9(14) 

The figures in parenthesises are allowable 
values under the special conditions respectively. 



Forest owners, including The National Forest 
Service, wish to increase the total length of road 
in their forest area as quickly as possible, so 
the length of third class roads opened annually is 
equivalent to or greater than the total length of 
first class and second class roads. The reasons 
are that low class roads are not expensive to con
struct and, if necessary, they can be upgraded in 
the future. 

Under such circumstances, it is considered 
that it is time to introduce a new idea into the 
road network system, i.e. the compound road· system 
which is composed of more than two kinds of forest 
road, not only high class roads but also low class 
roads (Minamikata 1977,1983). In this system, two 
kinds of forest road densities should be calculated 
first. One is the density of high class roads(dc) 
at which the production costs of the two logging 
systems shown in figure 1 are equivalent to each 
other. The road system should be changed from the 
high class to the low class one once this density 
is reached. The other is the target density (dL). 
The formulae to calculate forest road densities are 
as follows and include various factors such as the 
average volume to be harvested in cubic meters per 
hectare (V), labour costs in yen per hour (Cw), 
labour consumption in men per hectare during the 
plantation period (Nw), and non-productive wage 
owing to the lack of forest roads., e.g. to account 
for the walking time from the road side to logging 
site. 
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<ic db d1 

Forest road density (m/ha) 

Figure 1--Concept of compound road network system. 
H: logging system with high standard roads 
and long span cable yarding. L: logging 
system with low standard roads and short span 
cable yarding. 
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q = (p - d0 ).d0 + (2500 V•(1+11)•( aH •(1+1li-t) 

- a L • ( 1+ Tl~ )) ) / ( rH - r L ) 

r: unit cost of road construction (yen/m), 
S: walking speed of labours (km/hr), k : 
the coefficient of the increment of the 
walking distance, and a ,a : coefficient 
related to the· prehauling cost, d: dens
ity of public roads in the forest area. 

The length of each class of road to be planned 
should be calculated from the densities of forest 
roads. From the point of view of the expansion of 
the forest road network, high class roads should be 
constructed until the point (de) attained. After 
that, the construction of low class roads should be 
continued until the target density (dL) is reached. 

COMPUTER LOCATION OF 
ROAD NETWORK IN OUTLINE 

The overall planning of the forest road net
work consists of two main processes. One is the 
determination of the forest road length to be con
structed, and the other is the location of the 
optimum route of the network. The former can be 
obtained by calculating the densities of each road 
class. As for the latter, there have until recent
ly been no theoretical methods. Therefore, route 
location-is left to the individual engineer in 
charge of the planning of forest roads. This ought 
to be a person of experience as it is desirable 
that route location is entrusted to an expert. But 
it seems to be almost impossible to maximise the 
effect of forest roads throughout the planning 
area. 

A theoretical method to locate forest roads 
has been developed recently (Kobayashi 1983) and 
has proved to be applicable to network planning in 
mountainous regions. The operational flow chart 
of the planning system for route location using a 
computer is shown in figure 2. "A" in the figure 
represents the preparation of the data and is divi
ded into three parts. The first is the process to 
produce a digital terrain model of the planning 
area and to define values such·as the construction 
cost of roads, the cost of prehauling and the cost 
of the unproductive labour. The second is the 
process to prepare data concerning the condition 
of the existing road system in the planning area. 
The third is the process to obtain the.data such as 
the timber volume to be harvested and the amount of 
labour per hectare needed for stand establishme~t. 
"B" is the process to calculate the road length 
required and to estimate the investment effect of 
road sections. "C" outputs the results. 

The planning system for route location is based 
on the mesh analysis method. Using this method, 
the forest road is extended section by section. 
Extensions consisting of roads along the sides of 
the grid or along the diagonal except the direction 
along which the route has already been laid are· 
considered and road section which has the highest 
economic effect will be selected as the next route 
section to be extended. The procedure is then 
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Figure 2.--0perational flow chart for planning system for 
road-route location with an electronic computer 

repeated from the new starting point. The route 
location, using a computer as mentioned above, will 
be continued until the length of the forest road is 
equal to the target length in the planning area. 

ROUTE PROJECTION FOR TRUNK ROADS 

Long forest trunk roads often pass through two 
or three water-sheds. As a matter of course, there 
is a high probability that they will pass through 
high altitude and cross steep mountain slopes and 
have a serious impact not only on the forest 
environment but also on the scenery. 

As a result, this method can provide the planner of 
the forest road network with an optimum location 
for the road route. 

The results of this method may not be accurate 
enough due to the limits imposed by using mesh 
analysis. But the planner, using the results shown 
in figure 3, will be able to make a plan confident
ly or objectively on a terrain map of the planning 
area to the scale of 1/50000 or 1/25000. This is 
the great merit of a computer aid for route locat
ion. 
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Until about ten years ago, forest road engi
neers did not pay enough attention to the environ
mental damage caused by opening up forest roads or 
to construction techniques designed to minimize 
disasters. A lot of damage occurred to the forest 
environment. This led to or stimulated the move-

17 19 21 23 25 

------------------------------------------------ -------
Figure 3.--Results of computer location of road network. 

R:existing roads, Figures:order of construction. 

221 



ment for nature protection , and made us r ealize the 
necessity of establishing new methods to find the 
best route which might cause minimum damage to the 
forest environment . 

Nowadays, route location for long trunk forest 
roads is carried out using the mesh analysis 
method as follows (Minamikata 1983) . 

The planning area , which might be the service 
area for the road, is covered with rectangular 
grids 500m by 500m and each grid is number ed . 
After this process, the following items are esti
mated and scored for every grid . 

Estimation category A: factors related to the 
conservation of forest land , such as the land 
slope, calculated from the altitude of the grid 
corners, classified into five grades (less than 15~ 
15° - 25~ 25° - 35°, 35• - 45°, more than 45• ) , the area 
ratio of landslides to the grid area , classified 
into three grades (less than 2 %, 2 - 10 %, more 
than 10 %) , existence of fault lines or a fracture 
zone , classified into three grades (none in or 
around the grids, none in the grid but around, in 
the grids) and the existence of creeping land 
classified into the same grades the previous 
factor. 

Estimation category B: factors related to 
nature conservation such as the designation of 
protection forests , National or Prefectural Parks , 
and existence of significant species of floura or 
fauna. Scoring of these factors is adjus ted 
according to the type of forest in the grid, For 
example, in a grid containing National Park forest 
the scores for the category would be increased , 
etc •• 

Estimation category C : factors related to 
forestry such as the volume of timber per unit 
area , artificial forest or not , and stand age . 

The next step in the route projection is the 
calculation of a total score for each road section 
from the mesh i to j which are connectable. 

Defining (Eelij and (Ef )ij as the sum of 
scores included in category A and B, and category 
C for grid i and j respectively, the total score 
for the same road section from grid i to j, (E t )j j , 
is given by the following equation. 

k + ( E f ) i j • k f ) • (Di j • ( 1 +S ij - M) /M) r 

where ke: the weight for categorys A and B (envi
ronmental factors), kt: the weight for the cate
gory C (forestry factors ) , kr : the weight for the 
construction cost of roads , Dij : distance from mesh 
i to j (rectangular direction : 500m, diagonal di
rection : 500 \/2m), Sij : the !!Verage gradient between 
mesh i and j in percent , and if Sij is less than M, 
then (Sjj - M)/M is taken as zero. 

The optimum route for the forest road is shown 
as a series of grids by using the shortest path 
algorithm from the theory of graphs (Iri 1976) . 
Up to five terminal points of the road may be pre
appointed . As a result, routes equal in numbers to 
the combination of the start points and end points 
will be generated . It is also possible to appoint 
some points through which the road has to pass . 
The final route will be chosen from these alter
native routes, which will have the minimum total 
score for (Et )ij. 

Figure 4 shows the series of grids as an out
lined location of the forest road . The dotted line 
shows the result in the case that intermediate 
points are preappointed. The topographic map 
overlapped with the series of the grids as an out
lined location of the forest road will be very 
helpful for the road engineer to make a route 
projection within or along the series of grids or 
in adjacent grids on the contour map. This method 
is useful and sufficiently accurate for route 
location on the map . 

If the final route passes through grids with 
high scores, attention must be payed to the design 
and construction of the road sections and it must 
be made clear what kinds of countermeasures should 
be adopted . Furtheremore , some countermeasures to 
maintain scenic beauty should also be indicated for 
those places which can be seen from several view 
points within a four or five kilometer zone on both 
sides of the final route. 

Figure 4, --Contour map overlaped with the series of grids 
showing the best route for the forest road. 
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SOME CONSTRUCTION TECHNIQUES FOR 
PREVENTING THE FOREST LAND FROM DAMAGE 

The main machine for the earth work 

The construction of high standard forest roads 
is often accompanied by a large amount cut and fill 
works, especially in steep terrains . I t usually 
results in a lot of waste material being produced 
along the route . Until recently an angle-dozer had 
been tne major machine for earth work of this type 
and it could only push the residual soil or rock 
outside the right of way to the down slope, the 
vegetation on the mountain side below the formation 
line of the road was injured or killed by the 
dumped material . This aroused a lot of emotion. 

About six or seven years ago, the angle- dozer 
was replaced with the back-hoe, which is nowadays 
the most important machine for earth work and it 
can treat waste material efficiently without t he 
accompanying serious damage to the forest environ
ment . Cutting works on steep mountain sides are 
carried out with this machine and the waste 
materials are removed by dump truck to a special 
disposal area on a gentle slope (figure 5) . The 
angle-dozer is only used as a supplemental machine 
for earth work at present. 

The road side and occasionally the foot of the 
disposal area are strengthened by concrete or con
crete block wall . 

Slope seeding 

Grass seeding has become a very common treat
ment for slope stabilization during t he final stage 
of forest road construction. Usually, grass seeds 
are sprayed by compressor on the slope together 
with a base material which consists of wood fibers, 
adhesive and fertilizing materials, or the slope is 
covered with many sheet of wood fiber mat holding 
grass seeds and the fertilizer (figure 6) . 

The surface erosion control is indispensable 
from the view point of land protection in order not 
only to prevent the slope from erosion, such as the 
formation of small gullies, but also to improve the 
appearance of the road side. 

Figure 5. - -Earth work with the back- hoe and dump 
trucks. 
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Figure 6,-- Slope seeding covered with straw blind . 

Cut slope in rocky places are usually left 
alone , but they are covered with cement mortar 
reinforced with metal net if there is the possi
bility of dangerous stone fall in the winter 
season . The bank slope of the disposal area is 
also sprayed with mixed grass seeds to protect 
against rain- wash. 

Drainage 

The control of both stream water and run-off 
flowing down the road surface is very important to 
keep the road base and road surface in good condi
tion . The road surface should be periodically re
shaped with a motor-grader to reshape dips. But in 
Japan, the resources for road maintenance are often 
not enough to keep forest roads in good condition. 
Therefore the control of water or the road surface 
becomes more and more important , especially in 
view of the high rainfall in Japan. 

Various type of open- culverts have been deve
loped and are coming into wide use. They are 
usually installed at about a thirty degrees angle 
down grade. They have proved to be very effective 
for intercepting runnoff flowing down the road 
surface . The open- culvert on the road sueface 
might be spaced in acc_ordance with the grade of the 
road as shown figure 7, 
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Figure ? . --Spacing standard of the open-culvert 
on the forest road surface. 



LONGITUDINAL GRADE OF ROAD 

In order to build up a road network as quickly 
as posSible, it is practical to construct branch 
roads of a low standard. The standards of road 
grades at present in force are shown in table 1. 
This shows that the lower the road standard, the 
steeper the longitudinal grade of the road which 
can be adopted. In keeping with such a standard, 
most low standard roads, which must be in. the 
majority, may be constructed with a steep grade. 
This results in the erosion of the road surface or 
the road bed, and land slide of the slope along the 
route is frequently caused by water flow running 
down the road surface along wheel dips. This is . 
especially so in places where precipitation is high 
and terrain is steep. It indicates the necessity 
to reconsider the standard of the longitudinal 
grades of forest roads, considering that sixty five 
percent of damage to forest roads in mountainous 
areas is brought about by water flow on the road 
surface. 

Low standard forest roads should not only be 
in low cost but also should be highly resistant to 
erosion. These conditions will be satisfied by 
keeping the longitudinal grade gentle for low 
standard forest roads, for example under five 
percent. On the other hand, steep grade as are 
adopted for low standard roads i.e. ten to fourteen 
percent may be permitted for forest roads of high 
standard,.if necessary because of terrain condi
tions,· and in exchange for using steep grades, the 
road surface of high standard roads should be.paved 
in order to prevent the erosion or destruction 
caused by rain-wash on the road surface. Because 
high standard roads are to be permitted to budget 
the necessary funds for their construction. 
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Considering that about ten percent of forest 
roads with high standard have been paved, the 
paving of the main forest roads are no longer only 
a dream, on the contrary, it seems to be an 
essential treatment for main forest roads from the 
view point of land protection. 
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INTERACTION OF HARVESTING AND STAND ESTABLISHMENT IN 
HARDWOODS IN EASTERN NORTH AMERICA1 

John C. Lees2 

Abstract.-Harvesting methods affect the ease or diffi
culty of subsequent hardwood· forestation.· The trend in east
ern North America is to clear-cutting and mechanization. 
There are problems associated with the existing, often 
decrepit hardwood forest and the new forest for the next 
rotation, and with a seeming overabundance of natural regen
eration to less valuable species. New designs for logging 
equipment are required if thinning and shelterwood systems 
are prescribed. 

INTRODUCTION 

Silviculture is the art and science of grow
ing trees in forests to fulfill a management 
objective. Harvesting is a silvicultural treat
ment that usually meets such an objective and 
yields a wood product. Other objectives that may 
be met are improvement of wildlife habitat, 
salvage of damaged stems, control of snowmelt, 
creation of recreation opportunities such as 
skiing and hiking, and wood fibre production. 

In production forestry, when the object of 
management is a sustained yield of wood products, 
harvesting methods interact most importantly with 
the relative ease or difficulty of stand estab
lishment and reestablishment. Delays are costly. 
Instant forestation is the ideal, so that the 
annual allowable cut effect may be applied and 
more mature merchantable timber cut. When con
sidering hardwood harvesting in the mainly mixed 
forests of eastern North America, an understand
ing of ecological succession and the silvics of 
species (pioneer, successional, and climax) per
mits certain predictions about stand establish
ment to be made, and to be made confidently. 

In industrial forestry, and to a lesser 
extent in private nonindustrial forestry, the 
harvesting method of choice is clear-cutting, 
whether in large blocks, small patches, or strips 
(Marquis 1965). What is not merchantable is left 
standing, cut and left lying, or moved to trail
side or landing and left lying. These residues 
from harvesting interact with stand establishment. 

In general, it can be predicted that 

1. Cutover hardwood and mixedwood stands 
will regenerate naturally to a higher 
proportion of pioneer (intolerant) hard
woods. 

1 Paper presented at the conference 
COFE/IUFRO - 1984. Maine, USA and New Brunswick 
Canada, 12-18 August. 

1 Jolm C. Lees, Research Scientist, Maritimes 
Forest Research Centre, Fredericton, New 
Brunswick, Canada. 
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2. In the altered state of a clear-cut, 
advance growth regeneration will begin a 
recovery from logging damage. 

3. Sprouting species will regenerate from 
cut stumps and root suckers. 

4. Sprouts and surviving advance growth 
seedlings will dominate the regeneration 
scene at first. 

5. Viable seed stored in the organic soil 
layers will germinate. 

6. Light seed will be dispersed from the 
uncut stand margin and from standing 
residuals. 

7. Heavy seed will be dispersed on the uncut 
stand margin and under standing residuals. 

8. Competing ground vegetation will pro
liferate vegetatively and then from seed. 

9. Aggressive pioneer species quickly invade 
unoccupied areas. Successional and climax 
species, which are nonsprouting and not 
present in the surviving advance growth, 
will follow later. 

There should be no mysteries here. These 
sorts of predictions can also be made for forest 
types on the other side of the world. The silvics 
of the species harvested and to be reestablished, 
(table I) interact with stand establishment. This 
information from Leak et al. (1969), for example, 
would be a useful prediction tool in this region. 
It was collected for use in a guide to the silvi
culture of the northem hardwoods and forms the 
basis of the guide as modified for Maritime wood
lot owners (Lees and Embree 1983). 

Harvesting methods change as advances are 
made in forest engineering technology. The trend 
in the Northeast is to greater mechanization and 
to shorter rotations. The new hardwood forest 
will be managed as if it were a plantation, but 
the old hardwood forest still creates many har
vesting problems. (Today's new felling head on a 
mechanical harvester may be on tomorrow's scrap 



Table 1. Silvical characteristics of the important species in the beech-birch-maple and associated 
types* 

Seeding Effective1 · Minimum 
Shade Relative frequency, seed seedbed Sprouting · Delayed 

Species tolerance growth rate good crops dispersal requirements vigor germination 

Years Tree heights 

Sugar Tolerant Medium 2-5 2-3 Light litter Moderate Possibly a small 
maple proportion 

American Tolerant Medium 2-3 0-1 Light litter Abundant root None known 
beech suckers 

Yellow Inter- Slow to 2 2-4 Mineral soil or Very low None known 
birch mediate medium mixed mineral-

humus 

Paper Intolerant Fast 2 2-4 Mineral soil or Moderate to None known 
birch mixed mineral- low 

humus 

White ash Inter- Medium to 3-5 2-3 Light litter Moderate to Up to three-fourths 
mediate fast high germinate second 

spring 

Red maple Inter- Medium to 1 2-3 Light litter Very high Small proportion 
mediate fast germinate second 

spring 

Aspen Intolerant Fast 4-5 Continuous Abundant root- None 
moisture suckering 

Red spruce Tolerant Medium 3-8 2-4 Moist humus or None known 
mineral soil 

Eastern Tolerant Medium 2-3 2-4 Moist humus or None known 
hemlock mineral soil 

1 Effective seed dispersal means that roughly 50 to 75 percent of the seed falls within.·the given distance. 

*Reproduced from "A silvicultural guide for northern hardwoods in the Northeast" with permission of the 
authors (Leak et al.). 

heap, and the harvester retooled as a 
self-loading forwarder.) 

In the Canadian Maritime Provinces, Rowe 
(1972) describes 13 Forest Sections of which 11 
have an important hardwood component. Hardwoods 
comprise one-third of the forest resource. In New 
Brunswick, there are about 170 million m1 of 
hardwood·s. (Baskerville 19761 ) with a theoretical 
annual allowable cut of 2.8 million m1 of which 
only 45% is currently harvested. In Nova Scotia, 
there are 75.6 million m1 of hardwood of which 
only 40% of the annual allowable cut is currently 
harvested. Hardwoods occur in predominantly 
mixedwood cover types which when logged for 
softwood production tend to regenerate to the 
increasing proportion of pioneer hardwoods 
previously mentioned. Thus, while Maritime 

1 Baskerville, G.L. 1976. Hardwood research 
in the Maritimes. Unpublished manuscript. 
Maritimes Forest Research Centre, Canadian 
Forestry Service, Fredericton, N.B. 
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hardwoods are underutilized, quality is rapidly 
declining and softwood and hardwood ·managers are 
now faced with increasing areas of decrepit 
high-graded hardwood, damaged hardwood residuals, 
and increasing areas of vigorous pioneer 
hardwoods, many of stump sprout origin. 

Lack of orderly use of the hardwood forest 
for production, protection, and amenity in the 
Maritimes; low demand .. levels; unreliability of 
markets; distance between quality hardwood use 
and quality hardwood producers, or between low 
quality hardwood use and pulpwood stands are 
recurring features of problem analyses (West 
1976'; Lees 1982). Short-term production demands 
are unpredictable. Short-term utilization trends 
of even the traditional quality forest products 

'West, a.c. 1976. The New Brunswick hard
wood problem. Report to Maritime Section, Canad
ian Institute of Forestry, (Unpublished). Sp. 



depend on widely fluctuating markets, transporta
tion costs, and costs of woods operations. Long
term demands can be ranked with only vague pre
dictions of unprecedented world consumption of 
hardwood products and the sustained importance of 
quality. Better markets would mean more complete 
utilization, a better integrated woods operation, 
and better silviculture. There are management and 
silvicultural problems associated with the 
existing, slow growing hardwood forest and also 
with the new forest to be established for the 
next and future rotations. 

Research and development work now underway 
in eastern North America includes those problems 
of utilization of logging residues, natural 
regeneration responses to complete clear-cutting, 
and growth responses of hardwoods to juvenile 
spacing and fertilizing of ~verdense natural 
sapling stands. 

Logging Residues 

In a review of literature about hardwood 
silviculture and management, it was reported 
(Lees 1978), 

"The hardwood fogging residue following conventlonal 

harcwood sawlog operations In the Appalachians Is des
cribed In a case-stua,, by Craft (1976). His example wlll 
serve to 11 lustrate the sorts of mater I als generated by 
conventlonal logging In hardwoods: 

After the merchantable timber (12 Inches dbh and 
over> was felled and removed, a typical acre within the 
18-acre sanp I e b I eek was se I ected for c I ose study. The 
f I rst treatnent was the remova I of a I I topwood res I due. 

All sound material that would give a straight or nearly 
straight piece at least 6 Inches fn ,.,ameter by 4 feet 3 
Inches long or longer was removed and dec,,.ed for sawing. 
The rema f n Ing topwood mater I a I was stored for ch I pp Ing. 
The second treatment was the fel I fng and skidding of al f 
residua! trees that were 6 Inches dlaneter at breast 
height or larger. The final treatment was the fell Ing 
and skidding of all trees below 6 Inches dbh which were 
weighed and pl fed for chipping. The total weight of all 
residues recovered from one acre was 69.3 tons! Topwood 
residue yielded 11 tons of sawable logs. Resfdual trees 
yielded 14.9 tons of sawable bolts and the wefght of 
merchantable logs harvested from the 18 acre unit was 
about 40 tons per acre. Thus, for every ton of mer
chantab le logs harvested about 1.a tons of res I due 
remafned. The test sawing operation produced a.2 tons 
of chlppable slabs and edgings and 2.6 tons of sawdust. 
The chfp yfeld was not assessed.n 

The problem of generating logging residue in 
hardwood and mixedwood stands is so serious that 
Martin (1976) prepared a logging residue yield 
table. Martin reports that the independent vari
ables i.e., type of cut, products removed, basal 
area per acre, and stand age explain 95% of the 
variation in residue volume per acre. The yield 
table was prepared to show the probable residue 
volumes for different cutting practices at var
ious levels of residual basal area, and stand age. 

Logging residues are also being studied in New 
Brunswick by B.s. Chisholm, Valley Forest 
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Products, and G.D. van Raalte, Maritimes Forest 
Research Centre (1980). Four logging intensities 
have been sampled 

(a) Koehring feller forwarder (no clean-up) 
(b) Koehring feller forwarder (clean-up) 
(c) Conventional cut and skid (no clean-up) 
(d) Koehring feller forwarder+ conventional 

cut and skid oversize hardwood and soft
wood (clean-up) (table 2). 

Table 2. Summary of logging production and costs 

Treat- Production Cost/tonne 
ment 

(a) 419.7 tonnes (chips) $ 7 .44 
(b) 424.7 + 8.4 tonnes 8.26 + 13.92 

(chips) (clean-up) 

(c) 319.2 tonnes (round 6.95 + 3.70 
wood) (estimated chip-

ping cost) 
(d) 367.7 + 22.9 tonnes 

(hardwood round wood) 7.99 + 12.57 + 
+ 14.5 tonnes 

(softwood round wood) 4.50 + 13.61 
(clean-up) 

Clean-up (b) $13.92 and (d) ~13.61 was 
costly. Because the roadside chipper has a screen 
for twigs, leaves, and loose bark, this discarded 
material was measured for one vanload of chips. 
It amounted to about 5% of the total feed. This 
is a significant proportion of the total biomass 
produced on these hardwood sites, and lost 
through processing in. this way. 

Regeneration Responses 

My silvicultural studies in the Canadian 
Maritime Provinces include some examples of the 
sorts of interactions with which we are concerned 
today. Contemporary industrial clear-cuts were 
sampled beginning in 1977. When 10 clear-cuts 
were assigned to three original stand types; i.e. 
shade tolerant hardwoods, intermediate, and shade, 
intolerant, a large proportion of the natural 
regeneration (25-90%) was composed of the less 
valuable pioneer and successional species such as 
red maple, grey and white birch, and poplar 
(table 3). 

A further examination of this regeneration 
in 10, 4-m2 quadrats under the uncut stand, on 
the stand margin, and in the open clear-cut 
showed significant(!_ Q ~ 0.05) differences in 
numbers and origin • .Regeneration of the more 
valuable shade tolerant sugar maple, ash, and 
beech in the open was mainly vegetative, (fig. 
1). The heavy-seeded sugar maple germinated on 
the stand margin, the light-seeded birches also 
in the open, and red maple and white ash were 
intermediate. 

Regeneration responses to pulpwood logging 
systems at Pokiok, N.li. are compared in table 4. 



30 SUGAR MAPLE 30 RED MAPLE 

20 20 

10 10 

STAN.D MARGIN OPEN STAND MARGIN OPEN 

WHIT.E ASH BEECH I SEEDLINGS 
30 

~ STUMP SPROUTS 
20 I ROOT SPROUTS 20 

10 10 

STAND MARGIN OPEN STAND MARGIN OPEN 

30 YELLOW BIRCH 30 WHITE BIRCH 

20 20 

10 10 

STAND MARGIN OPEN STAND MARGIN OPEN 

Figure 1. Number of stems and their origin per 40-m2 transect (0.004 ha). 
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Table 3. Proportions of regenerating species (percentages) 

Stand 
type Location 

Sugar 
maple 

Red 
maple 

Yellow 
birch 

Tolerant Nashwaak 3 40 7 
St. Croix 18 8 29 

Intermediate Crowhill 8 21 
Acadia 59 

Intolerant Coles Island 73 
Anagance 40 

Table 4. Percentage composition of natural re-
generation by species and sprouts, Pokiok, 
N.B. June 1979 (n, 100 4-m2 quadrats) 

HarvestiBS sistem 
Conventional Koehring 
chainsaw cut machine cut 

% % 
Species Regen. Sprouts Regen. Sprouts 

Sugar maple 2 100 10 95 
Red maple 51 44 20 93 
Yellow birch 3 44 5 60 
White birch 18 15 23 58 
Beech 10 92 
Poplar 1 25 4 8 
Softwoods 20 5 
Pin cherry 6 23 
All 100 28 100 54 

A Koehring feller-forwarder produced a 54% sprout 
regeneration component after two years, the con
ventional chainsaw-and-skidder operation only 28%. 

On another Valley Forest Products Koehring 
operation at Napadogan, N.B. a sample of 30 stems 
were chainsaw-cut and paired with machine-cut 
stumps. Subsequent red maple stump sprouting was 
monitored for six years, to 1982, and is illus
trated in figures 2-4. The sprout drop-out rate 
for both chainsaw and machine-cut stumps is now 
stable, but early differences were the cause of 
some concem. Mean values (1984) are 

No. 
sprouts Height Diameter 

per stump tallest tallest 
cm cm 

Chainsaw-cut 17 95 3.2 
Machine-cut 18 260 3.2 

Height differences are now attributed in large 
measure to deer browsing. 

Logging Damage 

A logging damage study is underway in 
advance growth seedlings on a conventional 
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White 
birch 

8 
1 

36 
22 

1 

White Grey Black Total 
ash Beech Poplar birch ash 

20 17 1 4 100 
8 29 2 5 100 

20 100 
19 100 

16 10 100 
27 33 100 

chainsaw-and-skidder operation in mixed northern 
hardwoods near Canterbury, N.B. One hundred 4-m2 

quadrats in units of 10 were examined before and 
after logging in summer and fall 1982. The tall
est seedling of each species in each quadrat was 
marked on the ground before logging began and 
mapped as the seedling most likely to survive. 
Logging resulted in several changes in seedbed 
and slash cover. Four slash types, degrees of 
cover, and disturbance type were recognized. The 
commonest condition was skidding disturbance 
(26%), with a light (50%), hardwood (47%), slash 
cover. However, 62% of the 100 quadrats were 
undisturbed by skidding or slash redistribution. 
Mortality because of drying out of the organic 
soil layers was common. Many sugar maple seed
lings with only 2-4 leaves, on undisturbed sites 
did not survive the increased exposure following 
logging. Of the 375 identified tallest seedlings 
only 103 survived the logging operation. Of the 
272 losses; 

48% were "missing," 
12% were "dried out," 
10% were "smothered in slash," 
28% were "skidded over," and 

2% were "damaged in felling." 

Eighty-seven percent of the losses were in the 
height range 0-50 cm. 

The results of these and other studies are 
provided to the Cutover Response Subcommittee and 
the Hardwood Technical Committee of the New 
Brunswick Forest Research Advisory Committee, and 
to the Hardwoods Working Group of the Nova Scotia 
Forest Research Committee. In this way it is 
hoped to fine-tune predictions of the interaction 
of harvesting and stand establishment. A minimum 
acceptable height class of advance growth seed 
lings should be determined. 

Logging and Season of the Year 

The timing of harvest cutting affects hard
wood regeneration. Some species disperse seed 
earlier in the summer (red maple), others later 
(sugar maple}, and some throughout the fall and 
winter (white birch). Summer logging may inhibit 
stump sprouting while winter logging may produce 
more vigorous sprouts and suckers from reserves 
stored in the roots at that time. 
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Tubbs and Reid (1984) report that winter 
logging in northern hardwood stands resulted in 
better stocking to seedling sugar maple, yellow 
birch, and white birch. Summer clear-cuts were 
not well stocked with birch, and maples increased 
proportionately so that all cutover areas were 
fully stocked. Seed-trapping studies in Nova 
Scotia and New Brunswick on birch seed-tree areas 
and strip clear-cuts confirm the phenology of 
seeding of these species and may support Tubbs 
and Reid's observation of seed dispersal under a 
shelterwood, degree of seedbed disturbance, and 
season of logging. 

DISCUSSION 

Where such predicted responses to 
clear-cutting are unacceptable, alternative 
harvesting methods may be prescribed. Alternative 
stand establishment treatments may also be 
required. The problems are those of a seeming 
overabundance of natural hardwood regeneration to 
less valuable species. This creates a need to 
manipulate the proportions of species and their 
origin (sprout or seedling). 

The valuable, denser-wooded tolerant 
hardwoods (sugar maple, yellow birch, ash), often 
require a shelterwood for reestablishment. The 
shelterwood systems developed by Tubbs and 
Metzger (1969) for birch in the Lake States are 
now commonly prescribed for mixed northern 
hardwoods in the New England States and Nova 
Scotia. The selection system, at first applied 
to tolerant hardwoods in Ontario, may be 
attractive to the small private woodlot owner in 
the Northeast and suitable for beech-maple types 
in Quebec and the Maritimes. Narrow strip 
clear-cutting is chosen in some regions of 
Quebec, Maine, Nova Scotia, and Prince Edward 
Island to obtain satisfactory regeneration of 
more tolerant species. 

The implications for harvesting equipment 
development, of management trends to thinning, 
and "partial cutting" are far-reaching. A new 
generation of small maneuverable machines will be 
needed. The private nonindustrial forest manager 
(and there are thousands of them in every 
jurisdiction in the Northeast) will ensure a 
market for such harvesting equipment, but what 
will be the impact on advance growth, seedbed, 
planting site, and ground vegetation 
competition? 

These new harvesting systems will clearly 
interact with stand establishment costs. Research 
and development trials, field demonstrations, and 
economic analyses are now due. 
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Species names 

American beech 
Eastern hemlock 
Grey birch 
Largetooth aspen 
Pin cherry 
Red maple 
Red oak 
Red spruce 
Sugar maple 
Trembling aspen 
White ash 
White birch 
White elm 
Yellow birch 

Fagus grandifolia Ehrh. 
Tsuga canadensis (L.) Carr. 
Betula populifolia Marsh. 
Populus grandidentata Michx. 
Prunus pensylvanica L.f. 
Acer rubrum L. 
'§uercus rubra L. 
Picea rubens Sarg. 
icer"saccharllll Marsh. 
Popu°lus tremuloides Michx. 
Fraxinus americana L. 
Betula papyrifera Marsh. 
Ulmus americana L. 
Betuia alleghaniensis Britton 



INTERACTION OF HARVESTING AND STAND ESTABLISHMENT IN CONIFERS IN 

NORTHEASTERN NORTH AMERICA1 

Maxwell L._ McCormack, J r •. 2 

Abstract.~-Harvesting systems in spruce-fir forests 
have been primarily dependent on advanced regeneration._ 
Minimum disturbance of sites. 1s important to reduce 
disruption of drainage and establishment of undesirable 
vegetation •. Trends toward mechanical full-tree harvesting 
are causing problems of soil disturbance, logging residue 
reduction,. and nutrient removals. 

INTRODUCTION 

The northeastern conifer forest occurs on 
shallow glacial till soils, often with a compact 
layer at 40 to 60 cm which impedes drainage and 
root development._ Many sites have relatively 
poor drainage resulting in very high organic 
matter content and excessive moisture •. Irregular 
terrain, numerous drainage channels, and boulders 
often impede harvesting._ Many sites are 
relatively flat and favor mechanical harvesting._ 
In some regions fire has been a significant 
natural disturbance. 

Silvical characteristics CFowells 1965)· and 
si l vi cultural systems CU •. S.. Department of 
Agriculture 1983) for major conifer species 
<Table 1) have been summarized.. A s1lvicultural 
guide for spruce-fir (Frank and Bjorkbom 1973) is 
available.. Most past management has been 
dependent on natural regeneration with interest 
1n plantation culture, requiring sane site 
preparation, developing 1n recent years. 
Advanced regeneration of the spruces and fir 
establishes readily in partially shaded 
understory conditions.. However, the short-
needled species are sensitive to exposure during 
the post-harvest establishment stage and need 
good conditions for satisfactory early growth •. 
Pine and fir seed crops are fairly regular and 
reliable; those of the spruces are intermittent 
with limited dispersal •. No significant viable 
seed is stored in the duff layers •. 

1Paper presented at the conference 
COFE/IUFR0-1984.. Fredericton, New Brunswick, 
CaRadij, 17-18 August 1984 •. 

"Maxwell L •. McCormack, Jr •. 1s Research 
Professor of Forest Resources and Leader, 
Cooperative Forestry Research Unit, University 
of Maine, Orono, Maine, USA •. 
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Pines may seed 1n effectively following 
harvest, but successful spruce-fir regeneration 
must be established before the overstory is 
removed •. Where there 1s unsatisfactory stocking 
of spruces, those species are reestablished best 
by planting immediately after harvesting._ 
Evenaged management 1s the rule, but spruce-fir 
stands can also be managed under the selection 
system (Frank and Blum 1978) •. 

The spruce budworm [Chorjstoneyra fymjferana 
(Clemens)] has made an impact on this forest •. 
Defoliation of dominant trees, mortality of fir, 
reduced seed crops, and establishment of 
undesirable vegetation 1n defoliated stands have 
complicated harvesting operations and scheduling •. 
There are very few pure stands except on poor 
sites and 1n plantations.. Consequently, 
postharvest1ng conditions usually include a 
period of development by aggressive pioneer 
broadleaf vegetation which interferes with 
conifer regeneration, especially-on good sites •. 
Species which pose serious problems include red 
raspberry <BY.bJ.Ls jdaeys L..> which forms a dense 
uniform cover.. Red maple ~ rubrym L • .> and 
mountaf n maple ~. spfcatum Lam • .> are vigorous 
stump sprouters •. Aspen <Popy]ys tcemy]ojdes 
Michx • .> and beech ~ grandi foJ ia Ehrh • .> 
produce large quantities of root sprouts, and the 
bf rches <BetyJ a papyrifera Marsh •. , .a. 
popy]jfo]ja Marsh • .) are prolific seeders •. Stored 
seeds of raspberry and pin cherry ~ 
pensy]yanica L.f •. > frequently provide rapidly 
established cover which excludes conifers •. These 

~ competitors have been chJracteri zed by Leak .n 
A]. (1969), and Lees provides pertinent 
insight •. 

3Lees, J.C. Interaction of harvesting and 
stand establishment 1n hardwoods 1n eastern 
North America.. Draft paper prepared for 
conference COFE/ IUFRO 17-18 August 1984 •. 



Table 1 •. Selected regeneration characteristics of important conifer species in northeastern North 
America •. 

· Regeneration 
method Effective Consistent 

advance seed Easy to 
Nat •. Plt •. Species regen •. supply establish 

• 0 Red spruce ~..t:WW)j Sarg • .) • 0 0 

• • Black spruce ce •. mufs1aa CMill.J s •. s.p.J • () () 

• () White spruce Cf •. g]au,a (Moench) Voss) () 0 () 

• 0 Balsam fir CAJ2w bal5amga <L~J Mfll.J • • () 
() • Red pine c.E.1.n.Y.i C~5fDQH. Aft._) 0 () • 0 () Whfte pine {f ._ 5:ttQb!.1$ L •. > () () • 0 () Jack pine {f •. lHIDk5i ADI Lamb • .) 0 () • 0 () Tamarack ~ lAtf,foa CDuRoi> K •. Koch] 0 0 () 

0 = Little or no use 

Q = Low use,. weak characteristic 

() = Moderate use and characteristic 

• = High use, strong characteristic 

Presence of shade tolerant undesirables in 
the forest understory, combined with their 
potential for rapid establishment following 
disturbances, results in an explosfon of 
competing vegetation which effectively prevents 
conifer establish~~nt or suppresses development 
of advanced regeneration on the better sites •. 
Partial cuts ·often result in sufficient ground 
disturbance to facilitate early establishment of 
undesirables~. The shallow rooting of spruce and 
fir makes lateral root systems vulnerable to 
machinery damage. and windthrow.. Partial cut 
harvests fn older, well-developed stands can, 
thereby, result fn losses of residual, future 
crop trees and the turned up soil provides 
seedbeds for advanced development of undesirable 
species •. However, properly timed entries for 
partial, light removals from below can be 
successful •. Shelterwood cuts, administered in a 
way to retain the best quality and spacing of 
residuals, provide good potential for 
establishing natural regeneration •. 

HARVESTING SYSTEMS 

Years ago, horse logging with water 
transport was common •. A transftfon has taken 
place from shortwood to tree-length systems and, 
more recently, to full-tree removals by large 
feller-forwarders and in-woods · chipping. 
Different postharvesting site conditions and 
vegetation dynamics have accompanied this 
transition •. Trials with high lead cable systems 
have provided some biological advantages, but 
high costs have deterred their development fn the 
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region •. As we proceed with equipment development 
and modification, programs to improve operator 
knowledge and understanding become an essential 
component of total harvesting systems •. 

When considering establishment of the next 
crop we must consider' impacts of mechanical 
harvesting on the natural systems and 

. consequences of residue redfstributfon. All 
appraisals and projections must recognize 
differences in site quality._ Changes in the 
natural system and subsequent sflvicultural needs 
depend on the extent of harvesting (1.~ •. partial 
cuts of various intensities vs •. clearcutting) 
and management objectives for culturing resf.dual 
stands, or for establishing regeneration 
naturally or artificially._ 

Much depends on the characteristics of the 
stand to be harvested and ft is important to 
anticipate future stand development prior to 
harvest •. Special attention must be given to 
existing and potential vegetation problems •. 
Also, a careful appraisal of physical site 
conditions is essential •. 

Moisture relationships, especially drainage, 
are critical determinants of site quality._ 
Disruption of drainage patterns in shallow soils 
by equipment ruts can cause serious, long-lasting 
damage •. Though some benefits to regeneration 
from full-tree harvesting have been described 
(Saltarelli 1980), recent trends toward full-tree 
remov·als and roadside mechanical del1mbfng have 
prompted concerns about harvesting residues and 
their management •. · The values of residues fall 
into three general categories: 



(1) Providing desirable microhab1tat and 
protection for seedlings, 

(2) Adding organic matter (OM) directly to 
the soil, and 

(3) Composing an important part of the 
nutri ant cycle •. 

Advanced regeneration of spruce and fir has 
high value and provides an opportunity to have 
the next stand in place before final harvest. 
One of the most valuable assets in the Acadfan 
spruce-fir forests 1s a bountiful supply of 
desirable advanced regeneration (Smith 1981) •. If 
regeneration in place immediately after harvest 
is compared to the cost of site preparation and 
planting, significant efforts to retain natural 
advanced regeneration are easily justified. 
Well-distributed slash can play a major role by 
protecting regeneration from browsing animals, 
dessication, and frost heaving •. Transient shade 
provides desirable temperature and moisture 
conditions •. Though not quantified in detail, 
these relationships have been observed over long 
periods of time. 

The loss of natural regeneration can be 
replaced through intensive planting programs when 
the necessary investments are made •. However, the 
loss of OM has longer-term implications •. OM is a 
source of Nin the surface horizons, but its 
physical involvement is also very important •. OM 
plays a role in soil bulk density, formation of 
macropore space, cation exchange capacity, and 
moisture retention. 

More detailed nutrient cycling information 
which is directly related to specific site 
conditions is needed •. Kimmins <1974) expressed a 
need to define rotation length in terms of an 
"ecological rotation" where soils are permitted 
to return to the preharvest ecological condition •. 
Whole-tree removals break the nutrient cycle by a 
drastic redistribution of living biomass •. This 
change is not readily remedied by simply 
replacing the nutrients lost by applying 
fertfl i zer. 

Bengston (1981) described residue removals 
in terms of dollar values of the nutrients being 
removed.. The increase in harvest yields through 
more complete removals have a much higher cost 
per unit.. Some costs are difficult to define. 
For example, small litter components (branches, 
leaves, twigs) may serve as important initial 
sources of nutrients for regeneration •. This same 
basic relationship is thought to benefit residual 
crop trees from slash remaining after thinnings 
or shelterwood cuts •. 

Alleviating nutrient losses by not removing 
the large nutrient capital in foliage might be 
accomplished through harvesting techniques which 
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leave foliage on the site. Bjerkelund (1984) has 
proposed a compromise which would leave valuable 
nutrient-rich components on the site by employing 
a "trimmed whole tree" harvest. 

STAND ESTABLISHMENT INTERACTIONS 

As experience is gained with mechanical 
systems, valuable lessons are learned •. For 
example, there is better appreciation of the 
significance of leaving unmerchantable paper 
birches during a summer mechanical clearcut of 
spruce-fir •. The apparent cost saving becomes a 
costly expense in regenerating the site to 
conifers.. Timely removals of a prol 1fic, 
undesirable seed source in the presence of an 
ideal seedbed would be a judicious move during 
harvest. 

Planned concentration of machine traffic 
provides residual undisturbed areas •. Advanced 
regeneration can be retained on undisturbed 
portions while the concentrated machine 
disturbance provides effective site preparation 
to be planted immediately after harvest •. 
Bunching of felled stems within feller-buncher 
trails which are also used by grapple skidders 
demonstrltes how this basic technique can be 
employed •. Lack of disturbance is a desirable 
feature. It enables advanced regeneration to 
develop after harvest. Machine disturbance 
damages, or eliminates, desirable seedlings •. 
Also, ft benefits undesirable pioneer brush 
species. 

Observed relationships of harvesting with 
site and stand conditions are being substantiated 
through scientific documentation (Case and 
Donnelly 1979, College of Environmental Science 
and Forestry 1979, Freedman 1981, Freedman Jtt .Al. 
1981, Lyman 1982, Smith 1984a, Weetman and Webber 
1972, Weetman and Frisque 1977, Weetman and Algar 
1983> •. Northeastern spruce-fir site conditions 
were recently appraised on 190 transects 
comprising 3.p miles of samgles across seven 
townships in northern Maine •. Conditions were 
studied on sites which had been mechanically 
clearcut between 1973 and 1982 •. 

Harvesting systems they studied included the 
use of a large, rubber-tired feller-forwarder; 
feller-bunchers on rubber tires; and feller
bunchers on lags •. Grapple skidder disturbance 
was an integral part of the feller-buncher 
systems. 

4 Observed operational procedures, Georgia-
Pacif!c Corp •. , Washington Co • ., Maine, USA •. 

Unpublished pre1 im1nary data.. 1983 Maine 
landowner study of site disturbance by 
mechanical harvesting equipment •. 



Table 2 summarizes site disturbances across 
the study._ Surface disturbances were 
differentiated between those confined to organic 
layers and those reaching mineral soil •. Less 
than half of the area was left undisturbed. 

Table 2 •. Summary of site distur
bance by mechanical h~rvesting 
done during 1973-1982 .•. 

Disturbance 
classification 

UNDISTURBED 

SCARIFICATION 
Organic 
Mineral 

RUTS 
Organic 
Mineral 

SLASH 

OTHER 

TOTAL 

Area 
affected 

---(%)---

47.7 

12.2 
1 •. 9 

8.J 
5.J 

9.J 

14 •. 1 

100.p 

Relatively thorough removal of residues and 
mechanical delimbing at roadside is reflected by 
only 9.J percent of the area covered with slash •. 
Table 3 presents selected results comparing 
winter and summer harvesting._ As expected, there 
is less disturbance from winter harvesting and a 
possible additional benefit of more area covered 
with slash •. My observations of mechanical 
harvests across northern Maine consistently show 
best development of new spruce-fir stands where 

Table 3 •. Selected comparisons of summer and 
winter ~chanical harvesting during 
1973-1982 •. 

Season 

Summer 

Winter 

Scarification 

Undisturbed Organic Mineral Slash 

----------(% of area affected)---------
39.3 13.J 2.~ 8.3 

8 •. 9 1.p 12.7 

there has been well-distributed slash, especially 
when harvested during winter •. The best young 
stands were usually attributable to harvests by a 
Beloit Tree Harvester which delimbed at the 
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stumps and travelled on lags •. The landowner 
study indicated that snow cover alone was not 
always sufficient as a protection to site •. A 
confounding factor fn data collection appears to 
be distinguishing true winter conditions from the 
beginning of spring breakup._ With respect to the 
latter, aspect of site appeared to be important •. 

The three types of equipment involved across 
the study period are· compared in Table 4 •. 
Heavier equipment tends to cause deeper ruts than 
lighter equipment and ruts can cause serious 
disruption of drainage •. Recent trends seem to be 
toward somewhat lighter, better balanced 
equipment carried on wider tires •. 

Table 4 •. Selected categories of site disturbance 
by equipment used for garvest in northern 
Maine during 1973-1982 •. 

Scar1f1catfon Ruts 
Un-

Equipment disturbed Organic Mineral Organic Mineral Slash 

-----1 of area affected-·----

Feller- 35.P 14.3 2.s 8.3 e.i 12.s 
forwarder 

Feller- 25 •. 8 19.S 2.s 9.S 1.9 10.i 
buncher 
(tfres> 

Feller- 66.P e.s 1 •. 6 9.;4 2.9 s.p 
buncher 
<lags) 

Conifer regeneration was growing best on 
good, undisturbed areas •. Disturbance of sites 
appeared to cause some loss in productivity and, 
where it disrupted the organic pad, resulted in 
barren ground which eventually developed into 
undesirable brush cover rather than useful tree 
species •. 

A study initiated in 1979 to evaluate 
mechanical full-tree removal, residue management 
and nutrient cycling on a spruce-fir watershed 
(Smith 1984a, 1984b) indicates trends similar to 
data from other studies in the region (Freedman 

.Jlt ..u .. 1981, Weetman and Webber 1972).. An 
intensive evaluation was made of harvested 
biomass and nutrient content.. Soil solutions 
have been sampled on a regular schedule to 
monitor the active nutrient cycle •. 

In evaluating the disposition of residues, 
the distribution of biomass within merchantable 
trees is important •. Table 5 shows a typical 
breakdown for a merchantable red spruce •. 
Considering green organic matter benefits and 
nutrient values of residues, it is important to 
note the proportion of the tree in small branches 
and foliage •. The harvesting system studied 
involved mechanized roadside delimbing which 
resulted in residues piled at the landings •. The 



Table S. Biomass distribution for a red spruce 
in · north central Maine, b •. h •. age = 112, 
dbh = 33.~ cm, total height= 19.3 m, live 
crown ratio= 44% (Smith 1984b) •. 

Component 

BRANCHES 
<0.25" + Foliage 
o • .2s to 111 

1 to 3" 
Dead 

TOP (4 11 March.) 

MERCH.STEM 

TOTAL 

Oven dry 
weight 

(kg) 

47.35 
15 •. 47 
16.94 
32 •. 60 

2 •. 91 

312 •. 92 

428 •. 19 

11 •. 0 
3 •. 6 
3 .9 
7 •. 6 

o.~ 
73 • .1 

fact that these residues were removed from the 
site is important •. Estimated amounts per unit of 
land area are in Table 6 •. 

Table 6.~ Estimated above-ground biomass for a 
harvested spruce-fir stand in north central 
Maine (Smith 1984b) •. 

Oven dry weight 

Stand Component 

Preharvest (trees> 

Harvest removal 

Merchantable material 

Roadside residue 

Metric 

CT/ha) 

230 

209 

152 

57 

English 

<T/a) 

102 

93 

68 

25 

Three residue management alternatives were 
applied on the treated watershed: 

Cl) Complete removal of residues; 
(2) Residues chipped and scattered, and 
(3) Residue scattered intact on the site •. 

Porous cup lysimeters at depths of 25 cm and 
50 an have been used to obtain soil solution 
samples •. Nitrate CN03) concentrations before and 
inmediately after harvest are illustrated in 
Figure 1 •. Three seasons later, concentrations 
have returned close to preharvest levels •. Soil 
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Figure 1 •. Nitrate CN03) concentrations of soil 
solutions collectea from two depths before, 
and immediately after, clearcutting a 
spruce-fir watershed in north central Maine 
Maine (Smith 1984a> •. 

drainage classes were more important than residue 
treatments (Table 7> •. This emphasizes the need to 
consider site characteristics carefully._ Most of 
the N03 change following harvest took place on 
the better drained locations •. As expected, a 
more dynamic situation exists on the better 
sites •. 

Table 7 •. Soil solution nitrate concentrations 
by soil drainage class, three months after 
clearcutt1ng a spruce-fir watershed in 
north central Maine (Smith 1984a) •. 

Sample 
depth 

(cm) 

25 

so 

Soil drainage class 

Moderately 
well CN=4) 

Poorly 
to somewhat 
poorly (N=8) 

Average 
all plots 

(N=l2) 

-------------N03 Cmg/1)-------------

18.36 O.l8 7 .J6 

12.3 0 •. 12 s .. 12 

This same clearcut watershed study measured 
nutrient quantftfes and removals in a spruce-fir 
full-tree harvest •. Using tree component data, 
comparisons can be made between full-tree and 
bole-only harvests (Table 8) •. 



Table 8 •. Estimated soil nutrient reserves and 
harvest removals for a spruce-fir stand in 
north central Maine (Smith 1984b). 

Tota1 1 
Exchangeable2 

Whole tree 
Bole only 

N P K Ca Mg 
-----------Ckg/ha)-------------

FOREST FLOOR PLUS MINERAL SOIL 
(54 cm) NUTRIENT POOLS 

6709 2770 10063 10668 36483 

322 
98 

217 159 392 211 

HARVEST REMOVALS 

46 
12 

192 
94 

423 
215 

44 
17 

1rechnicon block digest for N and P; 
nitric-perchloric extractable K, Ca, Mg., 

2 W NH4 OAc, pH 1.p, extractable K, Ca, Mg; 
Bray-Kurtz extractable P •. 

When examining the data as ratios of 
nutrient reserves to harvest removals (Table 9), 
it is possible to speculate on available 
nutrients for future rotations •. This study 
(Smith 1984b) estimated roadside residues to be 
equivalent to 13 percent of extractable Mg, 16 
percent of exchangeable P, 53 percent of 
exhangeable Ca, and 61 percent of exchangeable K •. 
If these nutrients were to be replaced by 
fertilizing, increased yields through harvesting 
branches and foliage result in relatively high 
per-unit costs for the additional biomass 
removed.. The nutri.ents in the residues could 
help to replenish the exchangeable soil nutrients 
as they are released through decomposition •. 

Table 9 •. Estimated ratios of nutrient reserves 
·to harvest removals C 1.~ •. number of rota
tions to deplete total or exchangeable soil 
nutrient reserves without additions of 
nutrients from other sources) for a spruce
fir stand in north central Maine (Smith 
1984b) •. 

Whole Tree 
Bole Only 

Whole Tree 
Bole Only 

N P K Ca Mg 
-------------Crat1os>--------------

21 
68 

TOTAL NUTRIENT RESERVES 

60 
231 

52 
107 

25 
so 

829 
2146 

EXCHANGEABLE NUTRIENT RESERVES 

5 
18 

O.J3 
l.] 

5 
12 
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Nutrients could be conserved on sites where they 
are needed by removing only merchantable stems, 
since full-tree harvests removed two to four 
times as many nutrients as a bole-only harvest 
would have. 

SUMMARY 

Harvesting systems in northeastern conifer 
forests have been primarily dependent on natural 
regeneration •. Successful spruce-fir regeneration 
must be established before the overstory is 
removed.. Harvesting systems should result in 
minimal site disturbance and the maintenance of 
advanced regeneration •. Where necessary, planting 
should be done as soon after harvesting as 
possible. 

Especially on good sites, postharvesting 
conditions usually result in dense growth of 
undesirable broadleaf vegetation which requires 
si 1 vi cultural consideration.. Physical site 
conditions must be carefully appraised before 
operations are initiated •. Properly timed and 
executed shelterwood cuts provide good potential 
for establishing effective advanced regeneration 
of spruce and fir •. 

Trends toward mechanical full-tree 
harvesting are causing problems concerning soil 
disturbance, logging residue distribution, and 
nutrient cycling._ Disturbed soil surfaces can 
disrupt drainage and provide seedbeds which 
benefit regeneration of undesirables •. Removal of 
residues, such as small branches and foliage, 
from sites results in loss of beneficial 
microhabitat for desirable seedlings, lost 
benefits to soils from organic matter additions, 
and nutrient removals. 

Exchangeable nutrient reserves are depleted 
more by full-tree harvests of spruce-fir than by 
bole-only harvests •. The availability of adequate 
quantities of Ca and K for a subsequent rotation 
is questionable •. Conservation of nutrients and 
benefits to regeneration through use of 
harvesting systems which leave nutrient-rich 
residues distributed across sites is recommended •. 
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HARVESTING FULL TREES IN THINNINGS 

- SHOULD THE LOGGING RESIDUE BE REMOVED? 

Sven-Olof Andersson 

Professor at Division of Stand Treatment, College of 
Forestry, Swedish University of Agricultural Sciences 

Abstract.--Some companies are today harvesting 
full trees in thinnings. In a short-team perspective 
this method offers certain advantages; in the long 
term the scientists do not know for sure. There is, 
howe;er, a definite trend. Certain losses of incre
ment of growing stock apparently can be expected ~f 
the logging residue is not left on the ground. This 
is what Sven-Olof Andersson concludes in the follow
ing account of investigations made by himself and 
other Nordic scientists. 

INTRODUCTION 

Logging of full trees in thinnings has 
been practiced by a number of Swedish companies 
for some years. This method can be profitable 
on a short term basis. The yield is larger 
compared to thinnings where only industrial 
roundwood is utilized. The economic outcome of 
the thinnings will also be more favourable. 
One important question remains however, how 
will the growth be influenced by the fact that 
no slash is left on the ground? 

NORWEGIAN PILOT TRIAL 

As early as 1928 a pilot study was made 
in Norway to find an answer to this question. 
A sample plot situated close to the Swedish 
border was established in a 90-year-old pine 
forest on sandy soil covered by lichens. The 
sample plot consisted of two subplots. They were 
both thinned but the slash from one subplot was 
transferred to the other which consequently 
received a double layer of tops and branches. 
In the course of time, several light thinnings 
were made in series. Here too the logging 
residue was transferred. 

The results were analysed by Professor 
Alf Brantseg in 1962. The average annual volume 
growth during the 32 year observation period 
was 0.3 m3sk* higher her hectare on the subplot 
with slash than on the subplot from which the 
slash had been removed. The difference 
corresponds to approximately 203%. !!he greatest 
growth increase amounted to 1 m sk and occurred 
after is yea~s. The growth was then !pproxi
mately 3.5 m skas compared to 2.5 m sk oa the 
subplot without slash. 

* m3sk=Cubic metres of forest (volume of the 
entire stem above the stump, including bark). 
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Figure 1.--Volume increment on plots with and 
without logging residue in the Norwegian 
experiment established in 1928. The arrow 
shows the year of first thinning. 

The subplots varied slightly as to volumes 
before and after thinning and the trial con
tained no replications. Brantseg points out 
that the growth estimates are somewhat uncertain 
on account of some difference of site class 
between the subplots. However, he is still of 
the opinion that the resuits show that removal 
of logging residue in pine stands may cause 
a loss of increment amounting to approximately 
10 %. 

In order to study the effects of full
tree methods in young thinning stands, the 
author (Professor Andersson at the Swedish 
college of forestry) established a thinning 
experiment in western Dalecarlia in 1964. 
The subject was a 42-year-old sowed pine stand 
(Pinus Sylvestris), cleaned 11 years ago, and 
ready for a first connnercial thinning. The 
number of stems were 1750 per hectare and the 



volume was 170 m3sk. It is l ocated on a mesic 
blueberry shrub ve3e tation site and the soil 
is rather fertile. 

The experiment included 3 blocks, each 
containing 3 diffe r ent treatments or plots. 
During the t h inn ings , pulpwood was logged in t he 
ord i nary way and from one pl ot in each block , 

·branches and tops we r e r emoved and spread out 
on another plot as in the Nor wegian experiment. 
Moreover, there is one plo t in each block on 
which slash has nei ther been r emoved nor added 
to as in normal logging oper ations. 3he volumes 
fe ll ed in the thinning aver aged 52 m sk/ha. 
The three plots within each block were thinned 
t o the same basal area so t~at no such differen
ces would influence the growth . At a second 
thinnin3, 10 years later , the r emoval amounted 
to 45 m sk/ha. The l ogging residue was handled 
in the same way as before . 

Figure 2 .--The mentioned sowing of pine in 
Dalecarlia at 52 years of age, immediately 
after the second thinning. The logging 
residue was removed after both thinnings. 

Pulpwood, 3 min length and with a 7-cm 
(o.b . ) min imum top diameter was cut in the first 
thinning . On one of the plots the tops and the 
living branches left as slash were ~eighed. 
The volume of the pulpwood was 52

3
m (o .b.). 

The re s idual top s amounted to 9 m /ha, green 
weight 8. 1 tons. The living branches, needl es 
incl uded, weighed 6.3 t after drying. The total 
dry weight of tops and living branches is esti
mated to be something like 10 t / ha. 

In the second thinning pulpwood was cut 
to a minimum top diameter of 5 cm (o .b. ) . 
The ~olume of the pulpwood this time was 
44 m (o.b

3
) and the volume of the r emaining 

tops 2.3 m (o.b.) . The dry weight of both t ops 
and living branches totaled approximately 4 t /ha. 
The entire dry weight of l ogging r esidue of this 
kind from the two thinning s then amounted to 
14 t/ha. 
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YIELD 10 % HI~HE~ 

Measurements after 5 years showed that the 
s t emwood growt h on all the blocks had been 
highe r on the plots where a normal amount of 
s l ash r emained than where it had been removed. 
The same applied to the following 5 year period 
and also to the whole 16- year per i od up to the 
latest measurements which were made in 1980. 

During 3hese 16 years the yie ld per hectare 
has been 12 m sk higher where branches and top s 
were l eft. This corr esponds to an approximately 
10 % higher production. Where there was a 
doubled cover of slash, t he growth had also 
been higher , but here t he r esults vary more. 

In 1964 a similar experiment was s t arted 
by Pr ofessor C. O. Tamm in an 80- year- old pine 
stand of low density a t Gall i vare (northern 
Sweden). The growth after thinning was low 
because of poor si te quality and a l ow s t anding 
volume , but during a period of 17 years the 
plots wi th slash remaining have shown a higher 
percentage of growth here a lso . The difference 
was 7 per cent. 

Figure 3 .--From the experiment in north Sweden. 
On this plot a double cover of slash was 
left a t the thinning 17 years earlier . 

GROWTH LOSSES ALSO ON FERTILE SOILS 

A series of experiments, dedicated to the 
same problem, was established by t he Department 
of Forest Research in Norway in 1972 - four of 
them in pine stands and four in spruce s tands 
(Norway spruce). According to Bj orn Tweite, 
leader of thes e experi ments , the trend is the 
same here as in Sweden . So far it i s most ob
vious in the spruce stands . 



The four Norwegian thinning experiments 
in sprue~ stands are established on good sites. 
The growth losses amount to 1.5 m3/hectare, 
which corresponds to 11 %. This difference is 
strongly significant. 

Many foresters believe it is a small risk 
of yield loss in har>Vesting full trees on good 
sites. Obviously it is not so. 

AMOUNTS OF NUTRIENTS IN SLASH FROM THINNING$ 

The slash from these Norwegian experiments 
in spruce stands contained on an average 113 kg 
of nitrogen, 108 kg of calcium, 14 kg of phos
phorus and 57 kg of potassium. The slash from 
the youngest stand contained as much as 147 kg 
of nitrogen which, in Sweden, is an ordinary 
quantity when fertilizing'in practice. 

This problem has been investigated in 
Finland also. Malkonen has examined the amount 
of nutrients lost during the first thinnings if 
the slash, including needles, is also removed. 
He has the average figures from 8 experiment 
plots in pine forests on a whortleberry vegeta
tion site where the removal was 62 m3 stemwood/ 
ha. The residue of tops and branches was the 
equivalent of 8 t of dry weight. It contained 
an average of 26 kg of nitrogen, 3 kg of phos
phorus, 14 kg of potassium and 16 kg of calcium. 
In spruce stands he has made similar studies on 
a more fertile site with blueberry shrubs and 
wood sorrel. Here the volume logged by thinning 
was 93 m3sk/ha. The residue equalled 17 t of 
dry matter, containing 74 kg of. !~~~~en, 9 kg 
of phosphorus, 25 kg of potassium and 82 kg of 
calcium. This shows that considerable amounts 
of the nutrient are removed with the logging 
residue. 

Research on biomass and the nutrient con
tent of the different parts of the tree has 
been carried out in Sweden. In thinning stands, 
between 29 and 100 years of age, Albrektson has 
found that branches and needles together con
tained nitrogen amoundng to 79-109 kg/ha. 

C0}~1ERCIAL FERTILIZER IS INFERIOR 

There have been discussions as to whether 
or not the losses of nutrients may be compensa
ted for by fertilizing. According to several 
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ecologists the nutrition found in the logging 
residue is of considerably higher value than in 
the corresponding amount of fertilizer. The 
residue promotes the activities of the soil 
organisms as well. Furthermore, the shading 
by the slash may have a favourable effect on 
the moisture content of the soil which is 
valuable especially on dry soils. In forestry 
it is agreed that the traditional logging 
residue should be left on such soils. 

A new series of experiments has now been 
started in thinning stands where the effect of 
utilizing full trees is being studied. The 
project includes fertilizing in connection with 
such logging. In late cleanings too it is 
possible to extract considerable amounts of 
biomass. Experiments in cleaning stands where 
the felled trees are left on the ground or 
removed, respectively, are still too few but 
new ones were carried out during the summer 
of 1983. 

Summing up, I have to admit that there 
is, unfortunately, too few experiments that 
can explain the long-term effects of utilizing 
full trees in cleanings and thinnings. The 
tendency is, however, rather obvious in the 
case of thinnings. There definitely seems to 
be a loss of growth if the traditional logging 
residue is not left on the forest floor. 
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IMPACTS OF WOOD HARVESTING ON STAND ESTABLISHMENT 

IN THE WESTERN EUROPEAN SCENE ' 

W. Heij 2 

ABSTRACT 

A survey is given of the harvesting and the stand establishment methods, which are in use in Western Europe. 
There are many impacts from harvesting on stand establishment but not very many exact figures are known. 
The author is making a plea for a system analysis of the whole system of harvesting and regeneration, i.e. 
of the chain of activities from the mature stand up to the growing young stand. Except of a comparison of 
costs a study should be made concerning the decision making with respect to the choice of methods. 

INTRODUCTION 

Foresters in Western Europe are thinking in 
terms of stands which are generated in some way, 
tended and thinned during many years and finally 
harvested. By then we start a new cycle again. 
Trying to plan the management and the operations 
during the rotation of the stand, has an impact 
on the generation of the stand and forest, on 
the spacing of the trees, on the spacing of the 
roads, etc. For example forests in the Nether
lands have been planted in a time that horse 
traction was still very important and the result 
is there are nowadays too many roads per ha, 
moreover of low quality. Especially, if the 
period between afforestation or reforestation 
and harvesting is large, it is difficult to plan 
so far ahead, since the labour circumstances, 
the methods and the equipment are changing. To 
be more specific, we can not oversee such a large 
period. 

Harvesting and reforestation - in that 
following order - are much closer. It must be 
possible to have a young growing stand within 
a four years or even shorter period and this 
period can be overseen. There is, of course, an 
impact of stand establishment on tending, 
thinning and harvesting of the stand, but to make 
the situation less complicated it is not 
considered in this article. 

In the present experience both operations, 
harvesting and stand establishment, are 
disconnected. Very often the operations are 
arried out by different people and no 
coordination takes place; this is even the case 
within a group of operations, for example between 

' Paper presented at the conference 
COFE/IUFRO - 1984. Orono, Maine, USA/Fredericton, 
New B~unswick. Canada. 12-18 August. 

2 w. Heij, senior scientis1=,Department of 
Forest Technique and Forest Products, Agricultural 
University, Wageningen, The Netherlands. 
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felling and skidding. The logger is interested in 
how to harvest the timber in the most efficient 
way without looking forward to the next stage. 
There after the planter has to find his way 
through a mess of logging waste to generate a 
growing stand within the shortest time possible 
and as cheap as possible. Decisions made 
concerning harvesting, have an impact on stand 
establishment. For example, what the reason may 
be, if large stumps are left behind on a clear 
cut, it is much more difficult, or even impossible 
to mulch the logging slash and to use planting 
machines. 

It would be interesting to integrate both 
operations much more, and to consider both 
operations as a whole system. System analyses 
have been carried out till now concerning sub
systems, or even sub-subsystems. It gives a good 
comparison between the systems, but it does not 
say anything about the decision-making behind 
choosing the specific system if the preceding 
stage is not included. 

System analysis of the whole system may 
lead to a better insight how the different 
operations are linked together and may lead to 
development of integrated machines which carry 
out logging and stand establishment at once. 
This, of course, lays in a far future and it will 
often not be possible because of climatic 
conditions in areas where the planting period is 
very short. 

HARVESTING 

The several operations, as felling, delimbing, 
debarking, croscutting, transport in the stand to 
the road, have still to be carried out, does not 
matter what kind of system and what kind of 
mechanization grade you choose. 

Debarking is mainly mechanized. Mobile 
debarking machines are still in use, although 
more and more timber is debarked at the delivery 



point. This may be a central conversion site or 
the wood processing industry. 

The full tree system, where the felling and 
the skidding are the only operations in the 
forest, is in Western Europe in use on a small 
scale. At the central conversion site you need 
the possibility to use the waste for energy or 
to get rid of it in an other way. Trials in the 
Netherlands to use the full tree system, to chip 
the trees totally and to produce green chips for 
the particle board industry were not very 
successful and the system has been abandoned. 

The shortwood system and the tree length 
system - in the later case crosscutting can be 
carried out at the forest road or at a central 
conversion site - are in use mainly. On a small 
scale thinnings are harvested by means of 
processors, machines which are developed especially 
for this purpose. Smaller forwarders, more adapted 
to the circumstances, have been constructed. 
Forwarding of shortwood is often carried out by 
heavier farming tractors with crane in combination 
with a trailor; the investment for such a 
combination is far lower than for a specialized 
forwarder and the basic machine, the tractor, can 
be used for other purposes. For skidding tree 
lengths heavier farming tractors equiped with a 
graple are available. 

The larger part of the felling and delimbing 
is still carried out with the power saw. Although 
the power saw has been improved over the years -
less noise, less vibration, lighter weight -
working with it is still heavy labour. Out of a 
viewpoint· of ergonomics and safety, it remains 
a doubtful! tool. Although the in Scandinavia 
developed systems of felling and delimbing by 
means of the power-saw are ergonomically better 
working methods, workers have to learn to use.the 
system and to adapt theirself to it. At the other 
side more untrained labour is moving in the forest, 
since employing own people is expensive and more 
timber is sold to a contractor. 

The power-saw will not disappear very soon, 
since the more mechanized systems have their 
limitations, especially in a forestry you find in 
Western Europe. Because of the high population 
pressure on the forest.one is looking for more 
"natural" harvesting systems, which results in 
smaller harvested areas and, if possible, in the 
use of natural regeneration. 

The main objection against the use of 
machines in the forest is soil compaction and 
damage to the remaining trees. In this view and 
also in the view of wishing to propagate more 
"natural11 systems, ·the use of horses for skidding 
is getting more popular. Sometimes you get the 
impression that tn~ limitations for the use of a 
horse are forgotten. A horse can be very useful 
for concentrating trees.,. if the skidding distance 
is limited to an average of 25 m. Then, the 
bunches can'be skidded to .the forest road by 
adapted heavier farming tractors equiped with a 
graple. One has to keep in mind that horses, 
skidding tree lengths, also damage remaining trees. 
Moreover, horses, travelling along the same path 
several times, may cause a higher soil compaction 
than a tractor. In our department at the 
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Agricultural University at the moment a study is 
carried out to getmore insight in compaction of 
forest soils. 

Western European forestry has always been 
more small-scale forestry than the forestry in 
Scandinavia and North-America. The in both areas 
developed forest machines are often of a size, 
which can not be used in Western Europe. Trials 
and careful introduction of these machines were 
not always successful. The progress· of 
mechanization has been slower and is slowing down 
lately. At the other side, as from the middle of 
the seventies smaller forest machines and also 
equipment which can be used in combination with 
heavier farming tractors, have been developed, 
which are more adapted to local circumstances. 

STAND ESTABLISHMENT 

Stand establishment is executed mainly 
artificially, by planting or by seeding. Seeding 
can be used if seeds are available abundantly, 
which is not often the case, especially if you 
take provenance and quality of the mother stand 
into consideration. The by far larger part of the 
artificial regeneration is carried out by planting 
and in most cases bare-rooted plants are used. 
The planting stock at the nursery is selected and 
the larger, mainly twice transplanted plants are 
used for reforestation. Larger plants are used 
in combination with wider spacing. Larger plants 
will overgrow the weeds quicker and the crowns 
of the trees will come into closure earlier. The 
very wide spacing, especially of Pinus silvestris, 
which was applied in the Netherlands in the 
seventies, has been turned slightly backwards, 
since branching of the trees was very heavy. 

If site preparation, i.e. manipulation of 
the site cover, can be omitted, depends on the 
amount of slash and undergrow and on the method 
of soil preparation and artificial regeneration 
which will be applied. The slash can be windrowed 
and eventually be burned. Reduction of slash and 
undergrow by means of mulching is often applied, 
especially in the Netherlands. An other applied 
method of reduction of slash is the use of a 
rolling chopper. 

Soil preparation is mainly applied on spots, 
or on strips. In the Netherlands soil preparation 
is minimized. The carefully built up humus should 
not be disturbed by heavy soil preparation because 
of increased break-down of the humus and, 
consequently, loss of moisture and nutrients. This 
applies especially to the poorer sandy soils, 
where you·can find most of the forests in the 
Netherlands. In Northern Germany, in more or less 
comparable circumstances, very often the stumps 
are removed from the area, windrowed together 
with the slash and the whole area is ploughed. It 
may be that the forest soils in Northern Germany 
are of a better quality than in the Netherlands, 
but there are also other objectives, as reduction 
of weed competition and late frost damage, and the 
use of cheaper one-year old plants. 

Operational analysis of systems for artificial 
regeneration shows that systems without 



mechanization or partly mechanized systems prevail 
in Western Europe, although fully mechanized 
systems, as for example the forest-plough-planting 
machine, are cheaper. Use of the forest-plough
planting machine, also in combination with wind
rowing the logging slash, a reasonably cheap 
method; is in the Netherlands limited to private 
forest owners, while others use more expensive 
methods. The use of the mulching machine for site 
cover manipulation became very popular in the 
Netherlands in the seventies, but it is a costly 
method, especially if it is followed by mechanized 
spot-wise soil preparation and handplanting. Use 
of more expensive methods can only be explained, 
if the results on the long term-will be better. 

At the end of the seventies a Danish planting 
machine has been introduced, a machine, which is 
combining site preparation, soil preparation 
and planting in one machine. Prelimenary research 
showed that the costs of establishment by means 
of this machine are at a level of the costs of 
the cheapest methods. The machine can be used in 
easy and average circumstances. 

In view of the more ecological methods 
natural regeneration is propagated. This can 
be done according to the selection felling system 
of single trees or of small groups. Of course, the 
quality and the provenance of the stand has to be 
such, that it is meaningful to make use of natural 
regeneration. It might be a cheap establishing 
method, but the costs of tending and thinning 
the stand will be higher than in the case of 
clearcutting larger areas followed by artificial 
establishment of a limited amount of plants. The 
possibility of using mechanized systems will be 
limited and it is an open question how much 
damage will be done to the remaining stand. It 
is often argued that natural regeneration will 
improve the stability of the stand. This will 
only be true if the stands are tended properly 
and if the trees get enough room for development. 
In Germany, and especially in Southern Germany 

Site preparation Soil preEaration Planting 

windrowing, manual - manual 

- - manual 

mulching - manual 

mulching forest plough manual 

mulching spotlike scarifier manual 

mulching forest plough planting machine 
mulching plant hole grubber manual 

Total area (ha) 

the system is in use already a long time, 
although only 10% of the total reforested area 
in Western Germany is treated according this 
system. 

IMPACTS 

System analyses give a good comparison of 
costs of different systems, but it is often not 
clear why different systems are used in apparently 
similar circumstances. System analyses have been 
carried out on subsystems but never on the overall 
system of harvesting and stand establishment. 

It is clear, there is an impact of harvesting 
on stand establishment. The way a logger leaves 
the logging area behind, may exclude special 
stand establishment methods or may include extra 
work to make a special method possible. Twenty 
years ago in the Netherlands final felling, 
especially of Pinus silvestris was executed 
harring-bone-wise; the branches could be wind
rowes easily by hand and a clean logging area was 
left. Nowadays parallel felling takes place and 
the logging waste is left scattered over the area. 
At one side this depends on the used logging 
machines, at the other side this depends on the 
fact, that more untrained labour is moving into 
the forest. 

Apparently establishing methods are used, 
which are too exuensive considering the circum
stances (table 1). The reason may be the 
equipment for a cheaper method is not available 
and the available more exnensive system is used. 
Or it may be possible on;·is equiped for the worst 
circumstances anc the equipment is used in all 
circumstances. 

I am pleading here for making a system 
analysis of the total chain of activities from 
the mature stand up to the growing young stand 
(fig. 1). This will give a better insight in the 
whole system and perhaps will lead to a better 
coordination of activities. 

Forestry in Western Europe is tending to a 

% Afforested area Relative costs 
:erivate I state per ha 

15 6 100 

7 11 108 

7 6 167 

43 20 172 

- 18 172 

17 8 176 

11 31 206 

154 140 

Table 1. - Some of the used establishment systems and relative costs in the 
private and state sector of forestry in the Netherlands (1979) 
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Figure 1. -- Possible systems in a whole system of harvesting and stand 
establishment in the Netherlands. 

D = (sub)system; an integrated system, if more codes are 
brought together in one block. 

Fe=fel~in~ Cu=crosscutting Cl=clearing/site preparation 
Dl=delimbmg Tr=terraintransport So=soil preparation 

Pl=planting 

stronger application of ecological considerations. 
In the case of clear cut and artificial 
regeneration this means decrease of the size of 
the object area, for example< 1 ha. The final 
consequence may be the system of selection 
felling of single trees or very small groups of 
trees; in that case you might make use of natural 
regeneration. Contrary to this, an Eastern German 
study shows that biologically and technically the 
best results are reached, if the size of the 
object areas varies between 3 and 10 ha. 

Decrease of the size of the object area 
implies increase of costs. Decrease of the size 
of the object area means moving people and 
machines more often. This will increase the 
amount ·Of general times, decrease productivity 
and increase costs. Moreover the productivity of 
a machine at a smaller area will decrease, since 
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more turns have to be made. 
Use of the system of slection felling of 

·groups or single trees will increase costs or 
decrease yields, since: 

- harvesting without damage to the remaining stand 
has to be carried out more carefully. Costs of 
harvesting a shelter above a young stand a 
silvicultural system, which is often appiied in 
areas where late frosts are occuring, may be 
indicative. 

- in many cases the use of natural regeneration 
will not be possible, because the quality of the 
stand is too low. Artificial regeneration will 
be necessary. The smaller the size of the object 
area, the higher the costs will be. 

- economical and technical limitations necessitate 
more traditional forest labour. Activities can 



not be executed by machines, but have to be 
carried out manually. Moreover, using 
traditional methods will have impacts on 
ergonomics and safety. 

- supervision has to be intenser, 
- if the same amount of timber will be harvested 

per ha per year, timber felling will take 
place more scattered over the forest area. 
Transport of the timber will be more expensive. 

FINAL REMARKS AND RECOMMENDATIONS 

Forestry in Western Europe has manifold 
objectives, as protection against wind and water 
erosion, satisfaction of the psycho-social 
needs of mankind and wood production. A high 
pressure of the population which considers the 
forests as public owned, has an influence on 
the way of managing the forests. Moreover, the 
forests are owned by many owners; the average 
size of the woodlot is small. 

In general you can speak of small scale 
forestry. This means there are limitations 
concerning the possibility for mechanization 
and the level of mechanization. Mechanization is 
not an aim in itself; except of a higher 
productivity, one of the objectives is humanizing 
hard forest labour. 

Anyhow, if wood production is still one of 
our objectives, the forests will be harvested 
and new stands have to be established. From 
the mature stand up to the growing young stand 
a chain of activities has to be carried out. 
These activities we want to carry out as 
efficient as possible. At the moment the 
motivations of decisions concerning the choice 
of methods for the different activities are 
sometimes very cloudy. Used subsystems vary 
in costs sometimes twice. 

In view of this I would like to recommend 
the following: 

- A system analysis should be made of the 
whole system of harvesting and stand 
establishment, not only as a comparison of 
costs, but also to get more insight in process 
of decision making concerning the different 
steps in the chain of activities. 

- Further development of methods, tools and 
equipment which are adapted to small scale 
forestry and also of methods and tools for 
mechanical weed control in the first stage 
of the establishment, since the use of 
chemicals has been or will be limited because 
of public pressure. 
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ROLL SPLITTING AS AN ALTERNATIVE TO CHIPPING 

FOR A WOODY BIOMASS FUELS PREPARATION1 

Dennis T. Curtin2 

Abstract--A prototype roll splitter, developed by K. C. 
Jones and Associates for Forest Engineering Research Insti
tute o~ Canada (FERIC), is being cooperatively tested by 
FERIC and TVA. The objectives of the test are to docwnent 
the energy required to fracture round bolts of a variety of 
hardwood species and determine the effects of the frac
turing process on moisture content and drying characteris
tics of the fractured bolts. 

Energy consumption, dewatering, and drying rates are 
presented. 

1Paper presented at the conference 
COFE/IUFRO - 1984. Orono, Maine, USA, 
12-14 August. 

2Dennis T. Curtin is Timber Harvesting 
Operations Project Manager in the Division 
of Land and Economic Resources, Tennessee 
Valley Authority (TVA), Norris, Tennessee ~- , 
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THE SPRUCE BUDWORM IN MAINE 1 

David E. Fosbroke, Douglas R. Gill, and Thomas J. Corcoran2 

ABSTRACT 

The current spruce budworm epidemic is the 
most widespread of this century, affecting more 
than half of Maine's 8 million acre spruce-fir 
forest. The economic importance of this timber 
resource, particularly for pulp and paper products, 
stirred early interest in the monitoring of spruce 
budworm population levels. 

Forest stands containing high percentages of 
balsam fir are very susceptible to severe defoli
ation, which results in growth reductions and 
eventually mortality. During severe budworm 
infestations, widespread mortality occurs in 
mixedwood stands as well as spruce-fir stands. 
In addition to growth loss and mortality, spruce 
budworm defoliation can cause major problems; one 
problem involves how to best salvage potentially 
high volumes of timber before it deteriorates 
beyond usable limits. This problem is not easily 
solved because decay, windbreak, and blowdown of 
budworm damaged trees result in the waste of this 
usable resource if salvage operations are not 
completed within one to three years after tree 
mortality. 

1Poster presented at the conference COFE/ 
IUFRO - 1984. Orono, Maine, USA, 12-14 August. 

2David E. Fosbroke and Douglas R. Gill are 
Research Assistants, College of Forest Resources, 
University of Maine, Orono, Maine, USA. Thomas 
J. Corcoran is Professor of Forest Engineering, 
College of Forest Resources, University of Maine, 
Orono, Maine, USA. 
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The ~ost common and effective method of spruce 
budworm control is the aerial application of 
chemical and.biological insecticides. Silvicul
tural control methods focus on the removal of 
balsam fir from susceptible stands as a means of 
reducing the risk of budworm predation. The com
bination of insecticide use, silvicultural prac
tices,. and insect monitoring, commonly referred 
to as integrated pest management, provides a 
comprehensive method of moderating future budworm 
population surges. 

Regardless of the magnitude of insecticide 
use or silvicultural prescription, current budworm 
caused. mortality will continue for some time, even 
after depleted food supplies have reduced budworm 
populations to endemic levels. However, with the 
development of sound economic strategies for plan
ning optimal salvage schemes and control levels, 
we can reduce the magnitude of potential timber 
losses due to budworm devastation. 



MECHANIZED SHORTWOOD THINNING SYSTEM1 

ABSTRACT 

Bryce J. Stokes 
Southern Forest Experiment Station 

Auburn University, Alabama 

First cornnercial selective thinning in 
southern pine plantations is feasible when using 
small machines to produce shortwood. The primary 
advantage of selective thinning is that trees 
which will produce the most income in the future 
are left as opposed to row thinning which removes 
many of the high quality trees. Conversion of 
felled trees to shortwood before transporting out 
of the woods is an advantage in a selective 
thinning operation. The shortwood can be loaded 
on small forwarders and hauled out of the stand in 
narrow corridors which meander around quality 
trees normally removed for straight access routes 
needed for skidders. 

A feasible operation consists of feller 
bunchers, chainsaws or mechanical processors for 
delimbing and bucking, and forwarders. Small, 
highly maneuverable rubber-tired feller bunchers 
are used to fell trees and bunch them at access 
corridors. The operators select which trees are 
to be removed. Narrow, winding corridors {3.Sm) 
are opened about every 27m (90 ft). Trees are 
selectively cut between the corridors. In manual 
processing, bunches with approximately 15 trees 
each are laid parallel to the corridors. Chainsaw 
operators delimb and buck the trees in the bunches 
into shortwood. Because of the large bunches, no 
additional piling of the shortwood is required to 
optimize forwarder productivity. 

An alternative to manual delimbing and bucking 
is mechanized processing. Processors are safer 
and require less labor. Trees are bunched perpen
dicular to the corridors by feller bunchers with 
20-25 trees per bunch. The processor operates 

1Poster presented at the conference COFE/IUFR0-
1984. Orono, Maine, USA, August 12-14. 
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Bobby L. Lanford 
Department of Forestry 

Auburn University, Alabama 

from the corridor with limbs and tops remaining 
to improve trafficability and reduce compaction. 
The processed shortwood is piled along the edge of 
the corridors. 

Forwarders extract approximately 4 bunches 
per turn for the manual processing alternative or 
2 piles per turn behind the mechanical processors. 
Forwarding distance averages 122m (400 ft) with 
maximum distances of about 275m (900 ft). With 
approximately 8 trees per cubic meter (28 tress 
per cord) the average volume per turn is 7.2m 
(2 cords). Wood is off-loaded onto set-out 
trailers at the landing. 

For an average daily production of 21.Sm3 (78 
cords), the balanced systems would be as follows: 

Machines 

Feller bunchers 
Chainsaws 
Processors 
Forwarders 

Chainsaw Mechanical 
Processing Processing 

Number of Machines ---

2 
5 

3 

2 

2 
3 

This mechanized shortwood system with either 
chainsaw or mechanical processing has proven cost 
effective in thinning loblolly pine plantations 
between ages of 14-18 years old in southern USA. 
Current bolt length is 2.3m (7.5 ft). The result 
is an acceptable silvicultural treatment completely 
paid for by the value of the pulpwood removed. 



ROAD AND BRIDGE CONSTRUCTION1 

A. Allen Murphy2 

ABSTRACT. 

Introduction 

The material on this poster was a combination 
of materials on road construction, culvert loca
tions, setting pools, and basins, filter strips, 
horizontal and vertical road shoulder slopes, 
road locations in the field. Other supplemental 
material included bridge terminology, bridge plans, 
road classifications, culvert installation, 
information on skidder trails and other road 
information. 

Description of Data Base 

The data base of this poster is from company 
plans of bridges, field data collected over a 
period of years, and pages of the company manual 
on road and bridge construction. This material 
was supplemented by photos of work in the field. 

1Poster presented at the conference COFE/ 
IUFRO - 1984. University of Maine, Orono, Maine, 
USA, 12-14 August, 1984. 

2A. Allen Murphy is the Forest Engineer for 
Seven Islands Land Company, Bangor, Maine, 04401, 
USA. 
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Conclusions 

The data put together for this poster is a 
summary of field data put down on paper in a 
plain and simple way by using plans and sketches 
to show the proper road construction in the field, 
proper bridge design, and culvert installation. 

The only literature used was the Seven 
Islands Land Company booklet entitled -"Access 
Road, Water Crossings and Skidder Trail Layout" 
by Murphy. 



A MAP-BASED INFORMATION SYSTEM FOR LOGGING ROAD MANAGEMENT 1 

Maarten A. Nieuwenhuis and Thomas J. Corcoran2 

ABSTRACT· 

The use of computerized information systems 
in forest management is increasing rapidly. Most 
of these systems are developed primarily for stand 
management. An important section of forest man
agement which is often not included is the trans
portation and road construction aspect. 

In the last decade more emphasis has been 
directed towards this part of the overall managing 
process. Three reasons warrant inclusion of road 
construction, road maintenance and transportation 
scheduling in the information system: the 
increase in construction and fuel costs, the 
growth of the existing road networks, and the 
increase in road construction due to the salvage 
operations of spruce budworm damaged timber in 
the Northeast of the United States and Eastern 
Canada. 

1Poster presented at the conference COFE/ 
IUFRO - 1984. Orono, Maine, USA, 12-14 August. 

2Maarten A. Nieuwenhuis is a Research Assis
tant, College of Forest Resources, University of 
Maine, Orono, Maine, USA. Thomas J. Corcoran is 
Professor of Forest Engineering, College of 
Forest Resources, University of Maine, Orono, 
Maine, USA. 
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A computerized map-based information system, 
which combines the easy accessibility of maps 
with the data storage and retrieval capabilities 
of a computerized data-base, provides the manage
ment with a tool to deal with the large amounts 
of data involved. The output capabilities in the 
form of maps and/or reports make the system 
flexible enough to suit the needs of different 
users. 

The road network management capabilities of 
the system are enormous: road and structure main
tenance scheduling, selection of road segments and 
structures for upgrading procedures, traveltime 
estimations, shortest route determinations, and 
possibly the selection of an optimal manner, using 
soil; river, stream, lake; covertype; and eleva
tion data from the total system. 



PENDULUM BALLOON LOGGING SYSTEM 1 

Eldon D. Olsen2 

Abstract--We tested the concept of using a 
tethered balloon for load transport. Potential 
system applications are ship to shore transport, 
logging, and heavy construction in remote areas. 
System capabilities were predicted using computer 
models and small scale field experiments. The system 
is still in a developmental stage. 

SYSTEM DESCRIPTION 

The pendulum-swing system differs from 
conventional balloon systems with the load always 
suspended directly beneath. In this new system, 
1 ift for the load is provided by a stationary 
balloon and the load is swung to the landing in a 
pendulum-like movement. 

An application of the pendulum-swing balloon 
system is illustrated in Figure 1. Components 
include a natural-shaped balloon with a capacity 
of 31,000 m3

, three or more guylines, and a 
conventional yarder. 

The helium-filled balloon is held in a 
relatively fixed position 450 m above the ground 
by means of three or more guylines, at least one 
of which is attached to a winch capable of 
spooling the entire length of the guyline. This 
winch allows the balloon to be repositioned by 
changing guyline length. The remaining guylines 
are anchored near the perimeter of the harvesting 
unit. 

RESULTS 

Because the length of three separate lines 
(mainline, haul back, lift) are s imu 1 taneous ly 
changed the system will be computer controlled. 
Field tests of models have indicated that the 
system is relatively stable under normal operating 
conditions. Stability comes from the guylines 
restricting balloon movement and from operating 
lines controlling the load hook position. 

Figure !.--Pendulum swing balloon logging systems. 
The major restriction of this system is its 

vulnerability to high gusty winds. For winds in 
excess of 46 km/hr (25 knots) the system must be 
secured in a sheltered location. The initial cost 
of the system is about $2,688,000 (U.S.). 
Operating costs are about $900/hr based on an 184 
working day season and an 8 person crew or 10% 
more than the hourly operating costs of 
conventional balloon systems. A typical load/ 
unload cycle can be accomplished every 5-6 
minutes. Predicted productivity comparisons 
indicate that the pendulum system is superior to 
conventional balloon logging (Yo-Yo system) only 
at yarding distances under 800 m ( fig 2). The 
comparison is for Pacific Northwest U .s .A. 
conditions with 100 metric tons per hectare to be 
harvested. 

1 Poster presented at the conference COFE/IUFRO 
1984. Orono, Maine, USA, 12-14 August. 

2 Eldon D. Olsen is Associate Professor of 
Forest Engineering, Oregon State University, 
Corvallis, Oregon, USA. 
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MICROCOMPUTER-BASED FOREST OPERATION PLANNING 

DECISION SUPPORT SYSTEMS1 

E.W. (Ted) Robak2 

Abstract.- North American forest operations are 
generally highly mechanized and capital-intensive 
and are, therefore, highly sensitive to planning 
deficiencies. A study of contemporary operational 
planning methods has revealed that, although the 
basic analytical techniques employed are usually 
adequate, the process itself is not conducive to 
the application of sensitivity analysis. Managers 
have indicated that they are not being given the 
information, tools and/or time to formulate better 
operating plans or to change those plans in 
reaction to unforseen problems or opportunities. A 
decision support system (DSS) could reduce these 
shortcomings in the management decision-making 
process by combining effective data-base 
management, modeling and dialog capabilities to 
provide decision support for unstructured and 
semi-structured problems. Proper application of the 
DSS concept could greatly enhance the abilities of 
managers to plan and control forest exploitation 
activities. 

The goals of a DSS for forest operational 
planning and control should be to improve a 
manager's ability to analyze the potential effects 
of future operating decisions and accurately 
estimate the efficiency of ongoing harvesting, 
transportation, stand establishment and support 
activities. Such a support system should be capable 
of retrieving information from forest resource, ,,,,_,,. 
equipment and financial data-bases, it should be 
able to effectively interact with the strategic 
decision-making environment and yet must always b.e · 
accessible to a manager in his workplace, no matter 
how remote that might be. One microcomputer-based 
DSS currently under development (OP-PLAN) will use 
the entire operating budget as the major objective 
decision criterion for sensitivity analysis, while 
relying on a manager's experience and intuition to 
ensure that physical, biological and organizational 
constraints are properly recognized. OP-PLAN would 
also be used as a managerial control tool during 
the operating year by facilitating the formulation 
of plan revisions and new budget estimates for 
comparison against the original budget. However, it 
should be recognized that although this DSS could 
help managers improve their operational planning 
and control, its utility will be greatly increased 
when it forms part of a network of specific DSSs 
that are integrated vertically and horizontally 
(connecting all levels and departments of an 
organization) and that effectively access the rich 
information environment in which they exist. 

1Poster presented at the conference COFE/IUFRO 
- 1984. Orono, Maine, U.S.A, 12-14 August. 

2E.W. (Ted) Robak is associate professor of 
Forest Engineering, University of New Brunswick, 
Fredericton, New Brunswick, Canada 
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ABSTRACT 

THE EFFECT OF HEAT STRESS ON.FOREST HARVESTING PRODUCTIVITY1 

2 Leo A. Smith, Michael R. Seay, and Donald L. Sirois 

INTRODUCTION 

The effect of heat stress on the productivity 
of forest harvesting personnel has been considered 
by only a few investigators. Both Axelson .(1974) 
and Smith (1984) present speculation on the topic, 
but actual fores.t harvesting data supporting the 
observations are n~t presented. The present post
er summarizes the effects of heat stress on pro~ 
ductivity revealed by analysis of production 
records of three harvesting crews working in 
southeastern Alabama. 

DESCRIPTION OF THE DATA BASE 

. Daily production records from two years of 
operations of three six-man logging crews employed 
by a large harvesting company in southeastern 
Alabama were selected for study. During the_ study 
period each crew experienced no turnover in per~ 
sonnel, harvested similar stands utilizing similar 
equipment and methods, and operated under rela""' 
tively stable market conditions. Crews 1 and 2 
typically worked on dry, upland terrain and their 
data were combined for analysis. Crew 3 typically 
was assigned work in low lying areas. The harvest~ 
ing system consisted of chainsaw felling, delimb~ 
ing and topping, cable skidding, and loading of 
whole stems. Crew 3 differed in that track rather 
than tire mounted skidders were typically utilized. 
Natural stands -of mature pine were harvested; some 
stands had been prelogged for pulpwood. Environ~ 
mental data were readings recorded every three 
hours by the nearest (80 km) station of the U.S. 
National Weather Service. A total of. 806 crew/ 
days were included in the final data set after 
elimination of days involving atypical harvesting 
activity. 

¼oater presented at the conference COFE/ 
IUFRO - 1984. Orono, Maine, USA, 12""14 August. 

2 . 
Leo A. Smith is associate professor of 

industrial engineering, Auburn University, Alabama, 
USA. 

Michael R. Seay is a PhD student, Auburn 
University, Alabama, USA. 

Donald L. Sirois is_ a project leader, South~ 
em Forest Experiment Station~ USDA/FS, Auburn, 
Alabama, USA. 
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ANALYSIS AND RESULTS 

. A number of heat stress indexes have been 
proposed to reflect the composite effects of the 
different variables in the occupational thermal 
envoironment.- The Oxford Index was used in this 
study. Th~ Oxford Index (WD) is defined as 
(.85*wbt + .lS*dbt) The WD was calculated using 
the average of the temperature readings from the 
0900, 1200, and 1500 hours of the day. 

The relationships-between harvested weight 
per manhour and the following independent variables 
were evaluated: WD, week day, and tract rating. 
The tract rating was a numerical score assigned by 
the logging company reflecting the relative desir
ability of a tract. Analysis of variance indi
cated that production was significantly affected 
(.10 level) by tract rating and WD for crews 1 and 
2.. Only tract rating was significant for crew 3. 
Attempts to develop regression models of produc
tion per manhour as a function of tract rating and 
WD resulted in very low R-square values.· 

Based on the results of Duncan's multiple 
range test the crew 1 and 2 tract ratings wer·e 
di:.vided into a high and low group. Similarly, the 
WD values were divided into a high group (WD>._25· 
degrees C) and a low group (WD <=25). The ~cambina
t:i:on of high track rating and low WD resulted in 
15.8% greater average productivity than the low 
track rating~high WD combination. There was no 
interaction between the grouped variables and the 
two middle groups dif°fered by only 2.8%. 

CONCLUSION 

The analyzed data indicated a reduction in 
praductivity under WD conditions greater than 25 
degrees C. ·A model describing productivity reduc
tion as a function of WD could not be developed 
mo~t likelr due to the inherent daily variability 
:i:n harvesting data.· 
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RESIDUAL HARVESTING SYSTEMS FOR THE SOUTH1 

ABSTRACT 

Bryce J. Stokes 
Southern Forest Experiment Station 

Auburn University, Alabama 

More importance is being placed on the utili
zation of small diameter, unmerchantable trees as 
well as residuals remaining after harvest. This 
is partly due to the increasing uses for forest 
biomass and the increasing costs of fossil fuels. 
Another important reason is to offset the high 
cost involved in regeneration with intensive 
mechanical site preparation. 

New techniques and machines are being deve
loped to harvest more of the woody biomass for 
energy. Methods range from conventional 
harvesting systems with portable chippers to spe
cialized machines and innovative concepts. Some 
research emphasis has been directed toward the 
development of multi-functional harvesting machi
nes that fell the unmerchantable trees and/or pick 
up the residual slash for chipping and primary 
transport. Other concepts include baling and 
hogging the residuals behind conventional har
vesting operations. 

Recovering energy wood economically is a major 
problem due to the high cost of collecting, 
handling, and transporting the low volume trees 
and components. One solution is chipping the 
wood at the site and transportinQ to the mill 
boiler in vans. There are four sev~• ~ce concepts 
being developed for this purpose: 

Portable Chippers - Chippers in this category are 
usually mounted on a trailer and are towed to the 
site and operated at the landing. They are an 
integral part of a conventional system that inclu
des feller bunchers and skidders. Products may be 
only energy wood or a mixture of energy wood and 
merchantable roundwood using a loader. The nature 
of the system demands the harvest of whole trees 
to certain diameter limits. Recovery of the 
downed slash is infeasible. Therefore the energy 
wood is pre-harvested or simultaneously harvested 
with the other products from the stand. 

Such a system offers the potential for 
increased utilization at competitive costs for 
certain stands. current equipment can be used. 
Disadvantages include high costs associated with 
low volumes of biomass and non-recovery of logging 
slash. 

Mobile Chipper Harvester - The concept is a 
ch1pper mounted on a carrier with felling capabi
lity for small trees and brush in a continuous 

1Poster presented at the conference COFE/IUFR0-
1984. Orono, Maine, USA, August 12-14. 
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Donald L. Sirois 
Southern Forest Experiment Station 

Auburn University, Alabama 

swath. Chips are discharged onto a second vehicle 
for forwarding to the landing or other unloading 
point. With this process, the trees in otherwise 
unmerchantable stands can be utilized for energy 
wood. The system can be applied in post
harvesting operations to recover the remaining 
standing trees and logging slash on the site. The 
advantage is the utilization of biomass that would 
otherwise be wasted. Use of this system could 
result in more cut-over acres being reconverted 
into merchantable stands. The product will be 
cleaner because the material is not skidded. This 
is a specialized system with only one product 
capacity. 

Mobile Chipper Harvester-Forwarder - This machine 
concept includes the add1tion of an onboard provi
sion for collecting the chips and forwarding to the 
landing. Instead of having several machines, the 
system consists of one machine which performs all 
the functions of felling, chipping, and forwarding. 

There are advantages in having less machines 
in the system. Disadvantages include restrictions 
to certain stands and productivity loss because of 
the forwarding function. Little or no downed 
biomass can be collected with this system. 

Mobile Chiaeer-Forwarder - The concept is based on 
a self-loa 1ng ch1pper mounted on a carrier. 
Working behind a feller buncher, trees from piles 
are chipped in the stand and discharged into an 
onboard container. The chips are forwarded to the 
landing by the machine for dumping into an open-top 
van. Because feller buncher are a part of the 
system, tree diameter is very critical for economi
cal recovery. The potential for recovering slash 
may be limited. 

Since the skidding function is removed, then 
the system has the potential of producing cleaner 
chips. The separation of the felling function 
improves system utilization when one machine is 
down. There is a productivity loss because of for
warding with the same machine that does the chipping. 

In sunmary, a practical approach to better uti
lization of the woody biomass for energy wood is to 
use conventional equipment for harvesting the small 
diameter trees to economical limits. For recovery 
of the residual slash, more specialized machines 
are being developed. They offer the potential of 
better utilization at an economical cost and a 
reduction in the site preparation needed for regen
eration. 
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