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PLANNING COMMITTEE 
FOR 1993 

ANNUAL MEETING 

Steve Carruth 
Westvaco Forest Research 
Summerville, South Carolina 

Mike Doyle 
Mead Coated Board Inc. 
Columbus, Georgia 

Paul Howe 
American Pulpwood Association 
Columbia, South Carolina 

J.D. Kauffman 
JSC/Container Corp. of America 
Fernandina Beach, Florida 

Steve Worthington 
ITT Rayonier Inc. 
Jesup, Georgia 

* Co-Chairmen 

Frank Czerepinski 
Georgia-Pacific Corp. 
Brunswick, Georgia 

* Dale Greene 
University of Georgia 
Athens, Georgia 

* Ben Jackson 
University of Georgia 
Athens, Georgia 

Guy Sabin 
Clemson University 
Clemson, South Carolina 

* L.O. Wright 
Union Camp Corp. 
Bloomingdale, Georgia 



PROGRAM AND SCHEDULE 

SUNDAY, AUGUST 8 

2-5 pm 

6-7 pm 

Registration - Foyer 

Chairman's Reception** - Savannah B 

MONDAY, AUGUST 9 

7 - 8 am Breakfast** - Savannah C 

8 - 11 am Registration - Foyer 

Introductory Session - Savannah D and E 

8:00 am Introduction and Announcements. Dale Greene, 1993 COFE Chairman, The 
University of Georgia, Athens, GA 

Welcome. Arnett C. Mace, Jr., Dean, Daniel B. Warnell School of Forest 
Resources, The University of Georgia, Athens, GA 

Welcome. David Turner, Assistant Director, Georgia Forestry Association, 
Norcross, GA 

Technical Session - Savannah D and E 

8:30 am 

8:50 am 

9:10 am 

9:30 am 

9:45 am 

Moderator - J.D. Kauffman, Container Corporation of America, Fernandina 
Beach, FL 

Greater Diversity in Forestry Improves Both Profitability and 
Conservation. Svante Scherman, Skog Forsk, Kista, Sweden 

Harvesting for Active Riparian Zone Management and the Effects on 
Multiple Forest Resources. Loren Kellogg, Oregon State University, 
Corvallis, OR 

A Cost/Benefit Comparison of Regulatory and Voluntary Forestry Bl\1P 
Programs. Bob Shaffer, Virginia Tech, Blacksburg, V ~ 

Questions for Panel 

BREAK** - Prefunction Area 
Sponsored by Westvaco Corporation 



PROGRAM AND SCHEDULE 

MONDAY, AUGUST 9 (continued) 

Technical Session (continued) - Savannah D and E 

10: 1S am Predicting Residual Tree Damage in Partial Cuttings. Bill Bragg, Paul 
Smiths College, Paul Smiths, NY 

10:35 am Residual Damage Under Uneven-Aged Silvicultural Prescriptions. Craig 
Davis, SUNY, Syracuse, NY 

10:55 am Operational Considerations in Partial Cutting on Environmentally 
Sensitive Areas: Experience from British Columbia. Greg Kockx, FERIC 
Western Division, Vancouver, BC, Canada 

11:15 am Using Cable Logging for Partial Cutting. Ed Aulerich, Forest Engineering, 
Inc., Corvailis, OR 

11:35 am Questions for Panel 

11:50 am Adjourn 

12:00 noon LUNCH** - Savannah C 

Guest Speaker - Thomas A. Walbridge, Jr., Professor Emeritus, Virginia 
Tech, Ojai, CA 

Technical Session - Savannah D and E 

1:00 pm 

1:20 pm 

1:40 pm 

2:00 pm 

2:20 pm 

Moderator - Frank Czerepinski, Georgia-Pacific, Brunswick, GA 

Shovel Logging with Different Retrievals Patterns in Second-Growth 
Timber. Joe McNeel, USDA Forest Service, Seattle, WA 

Comparing Costs and Production Rates of Cut to Length and Whole Tree 
Mechanized Ha"esting. Tom Durston, Stanislaus National Forest, Sonora, 
CA 

A Model for Chip Yield of Northern Arkansas Plantation Loblolly Pine. 
Brian Wharton, Mississippi State University, Mississippi State, MS 

Improving Fibre Recovery Efficiency of Wood Harvesting Systems. 
Gordon Franklin, FERIC Eastern Division, Pointe Claire, PQ, Canada 

Questions for Panel 



PROGRAM AND SCHEDULE 

MONDAY, AUGUST 9 (continued) 

Technical Session (continued) - Savannah D and E 

2:30 pm 

2:50 pm 

3:10 pm 

3:30 pm 

3:50 pm 

4:10 pm 

4:20 pm 

4:30 pm 

6-8 pm 

8:00 pm 

9:00 pm 

BREAK** - Prefunction Area 
Sponsored by Tidewater Companies, Inc. 

Portable Timber Bridge Designs for Temporary Stream Crossings. Steve 
Taylor, Auburn University, Auburn, AL 

Economical and Reusable Crossings for Wetland Areas. Lola Mason, 
USDA Forest Service, San Dimas, CA 

Tires and Machines for Sensitive Logging. Alvin Schilling, International 
Paper Company, Hattiesburg, MS 

Using GPS to Track Forest Machines. Mike Spruce, Auburn University, 
Auburn, AL 

Questions for Panel 

Announcements 

Adjourn 

Social and Cruise on Savannah River Queen** - Location Map in 
Registration Packet (early boarding permitted after 5:30 pm) 

Dinner on Your Own 

Executive Committee Meeting - Location To Be Announced 

TUESDAY-AUGUST 10 

6:30 am 

7:30 am 

4:45 pm 

.. 6:-7pm 

Breakfast** - Savannah C 

ALL DAY FIELD TRIP** (includes Lunch) - Hotel Entrance 
Lunch Sponsored by Pioneer Machinery Inc. 

Spouses and Children's Bus to Palmetto Bluff - Hotel Entrance 

Social at Palmetto Bluff** 
Sponsored by Franklin Equipment Company 



PROGRAM AND SCHEDULE 

TUESDAY, AUGUST 10 (continued) 

7-Spm 

9:00 pm 

Low Country Boil at Palmetto Bluff** 
Sponsored by Union Camp Corporation 

Return to Hotel 

WEDNESDAY - AUGUST 11 

7:00 am 

7:00 am 

8:00 am 

Breakfast** - Savannah C 

Regional Reports - Savannah C 

Andy Egan 
Craig Davis 
Mike Thompson 
Loren Kellogg 

- Southern Region 
- Northeastern Region 
- Lake States Region 
- Western Region 

Business Meeting - Savannah C 

Technical Session - Savannah D and E 

9:00 am 

9:20 am 

9:40 am 

10:00 am 

10:10 am 

10:30 am 

11:00 am 

Moderator - Mike Doyle, Mead Coated Board, Columbus, GA 

Land Application of Mill Residues. Larry Morris, The University of 
Georgia, Athens, GA 

Equipment for Spreading Solid Waste on Forest Land. John Wilhoit, 
Auburn University, Auburn, AL 

Effects of Woodwaste Road Construction on Stream Water Chemistry in 
Southeast Alaska. Mike Wolanek, Tongass National Forest, Petersburg, AK 

Questions for Panel 

BREAK** - Prefunction Area 
Sponsored by Mead Coated Board Inc. 

Independent Contractors Managing 'Safety Successful' Logging 
Operations. Tom Reisinger, Virginia Tech, Blacksburg, VA 

Oregon's Experience with Ecology and Silvicultural Education for 
Loggers: Logger Education to Advance Professionalism (LEAP). John 
Garland, Oregon State University, Corvallis, OR 



PROGRAM AND SCHEDULE 

WEDNESDAY, AUGUST 11 (continued) 

11:30 am Questions for Panel 

11:45 am Wrap-Up 

12:00 am Adjourn 

** Provided with Registration 
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The 1993 COFE Annual Meeting will be 
held August 8-11, 1993, at the Radisson 
Plaza Hotel in Savannah, Georgia. The 
theme for the meeting is, 
~ENVIRONMENTALLY SENSITIVE FOREST 
ENGINEERING.B Hosts for the meeting are 
the University of Georgia and the Union 
Camp Corporation. 
Four general sessions . are planned 
covering the following topics: 
Harvesting Equipment and Systems, 
Recycling and Disposal of Mill or Forest 
Residues, Site Preparation and Forest 
Management, and New Technologies. 
Tentative schedule: 
Aug 8 (Sun) - Registration 

Evening Reception 
Aug 9 (Mon) - Technical Session 
Aug 10 (Tue) - Field Trip 
Aug 11 (Wed) - Technical Session 

Business Meeting
(adjourn at noon) 

A spouse's program is planned for Monday 
or Tuesday. Participants can enjoy 
fishing, golf, or sightseeing. At least 
one evening will remain open for 
attendees to sample the restaurants in 
Savannah. 
Registration information will be mailed 
to all COFE members sometime in May. 
Further information can be obtained by 
contacting the chairperson for the 
event, Dale Greene, School of Forest 
Resources, University of Georgia, 
Athens, GA 30602-2152 (706-542-6652). 

Enclosed with this newsletter is an 
order fonn for individual papers of past 
proceedings for the years 1979 through 
1992. . 

1·:·:·:·:·:·:'.:::x:_:::,/_::jii;::?:iifr:·:s@Jr!lttY:5~r~·i·:~·:·:·:·:·h~;+·:·f·;:;:~:;:;:;:;·;-:i;:j 
Membership dues are payable at the 
beginning of each year. Membership 
cards indicate the year through which 
dues have been paid (not the date of 
payment). Check your card to see if you 
need to pay your dues. If you have any 
questions, contact the COFE Office. 

~1111111llll111/i!1il1lllllil1~li1~!1~li~~-i1~~,~~-,~~ii1il1~1!1l~ll111!1llllill1111 

Enclosed with this newsletter is the 
1993 COFE Membership Di rectory. Pl ease 
check your 1 isting and report any 
changes to the COFE Office. 
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Bound proceedings of the 1992 Annual 
Meeting, nrotal Engineering in the 
Managed Forest," are available for $25 
from the COFE Office. 

The 1993 New England Regional COFE 
Workshop, held at the University of 
Maine on March 8-9, was attended by 116 
participants. The theme of the workshop 
was, "Woodchips: Operations, Delivery, 
Handling, Use.n Tom Corcoran, 
University of Maine, was reappointed for 
a fourth three-year term as NER.COFE 
Executive Chairman. Ernest Carle, 
Georgia-Pacific Corporation, remains as 
Chairman-Elect to complete his two-year 
term of office through 1994. 



In conjunction with the INTERFORST 
meeting to take place in Munich, 
Germany, the Forsitrisk Working Group 
FAO/ECE/ILO & IUFRO P3.08.00 will hold 
an interactive seminar and workshop July 
4-9, 1994, titled, "Soil, Tree, Machine 
Interact f ons in Forest Operat i ons--What 
Do We Know About? What Do We Propose?" 
Topics include Soil and Vegetation; 
Impacts, Disturbances, Alterations, 
Changes, Damages to Forest; Methods and 
Instruments for Damage Assessments; and 
Forest Soil Restoration Techniques. For 
further information, contact P.F.J. 
Abeels, Universite Catholique De 
Louvain, Place Croix du Sud, 2 Bte 2, B-
1348 Louvain-la-Neuve, Belgium, 

· Tel:010/473784 or Fax:010/473697. 

The American Society of Agricultural 
Engineers is sponsoring n App 11 cation of 
Advanced Information Technologies: 
Effective Management of Natural 
Resourcesn June· 18-19, 1993, in Spokane, 
Washington. The conference will look at 
the environmental, organizational, and 
economic impact of i nformat 1 on 
technologies supporting decisions on 
managing natural resources, including: 
Info. Tech. in Government Agencies, 
Shared Data Archives, Data Archives & 
Public Networks, Integrated Systems, 
Expert Systems & Decision Support, and 
GIS. For more information, ca 11 the 
ASAE Meetings Department at 616-429-
0300. 

NAME. _____________ _ 
TITLE ______________ _ 

FIRM NAME:.,._ ___________ _ 
ADDRESS ____________ _ 

nQuality Issues in Processing and 
Harvest i ng 11 is the theme for the IUFRO 
P3 .07-01 Harvesting and Product Quality 
Inaugural Meeting and Joint 
LIRO/FIEA/IUFRO Annual Seminar to be 
held June 9-15, 1993, at the Quality 
Inn, Rotorua, New Zeal and. For more 
information, contact Paul Cassens, 
Logging Institute Research Organization, 
Tel:64 7 3487 168 or Fax:64 7 3462 886. 

.19S3 . 
June 1-2 (Jonkoping, Sweden} 

ELMIA WOOD 93 WORKSHOPS 
June 3-6 (Jonkoping, Sweden} 

ELMIA WOOD 93 TRADE FAIR 
June 20-23 (Spokane, WA} 

ASAE SUMMER MEETING 
August 8-11 (Savannah, GA} 

COFE ANNUAL MEETING 
Aug. 30-Sept. 2 (Burlington, VT} 

1ST BIOMASS CONFERENCE AMERICAS 
September 23~25 (Bellevue, WA) 

PACIFIC LOGGING CONGRESS 
December 14-17 (Chicago, IL) 

ASAE WINTER MEETING 
~ 
July 5-10 (Munich, Germany) 

INTERFORST 

BUSINESS PHONE ----------BUS IN E SS FAX _________ _ 
HOME PHONE -----------_NEW MEMBER _MEMBER $10 (U.S.) 
_RENEWAL _STUDENT $5 (U~S.) 
_ADDRESS CHANGE _LAPEL PIN $5 (U.S.) 

WORKACTIVmES/RESPONSIBIUTIES ________ ____,; _____________ _ 

Write Checks Payable and MaB to: CouncD on Forest Engineering. 620 SW 4th Street. Corvallis, OR 97333-4428 



Organizational Charter 

COUNCIL ON FOREST ENGINEERING 

Article I - Name 

The name of this organization shall be the Council on Forest Engineering, hereinafter referred to as the 
Council. 

Article II - Objectives 

The objectives of the Council are: 

1. To foster the development of forest engineering In industry, government, and In university teaching, 
research, and extension programs in order to promote the best methods of managing and 
operating forests, both private and public. 

2. To service the Council and Its members In such matters. 
3. To serve the forestry profession on matters of policy In the area of forest engineering. 
4. To disseminate technical Information In forest engfneerfng subjects. 

Article Ill - Functions 

In order to carry out these objectives, the Council shall: 

1. Collect, compDe, analyze, and distribute infonnatfon, and Institute studies of such matters as are 
deemed of general Interest 

2. Institute cooperative action between members, governments, and the general publlc. 
3. Keep in touch with opinions and problems of members. 
4. Investigate and, when possible, seek solutions to problems of Industry as related to forest engineering 

practice. 
5. Formulate and advocate, through the Council, legislative and educational measures. 
6. Assist In representation by the Council or its members in negotiations with govemments where 

desired. 
7. Maintain through the Council close and friendly contact with other associations so as to develop 

common overall policies wherever possible. 
e. Meet annually at a place and time selected by the membership. 
9. Exchange Information using a semi-annual newsletter. 

1 o. Encourage the coordination of educatfonal programs In forest engineering. 
11. Encourage development of reglonal chapters. 
12. Perfonn such other functions as are deemed desirable. 

Article IV .. Membership 

Membership In the Council shall consist of the following classes: 

Members, Student Members, Retired Members 

1. Members - A member shall be actively engaged In forest engineering In any area where engineering 
principles are applied to the solution of problems on forest land. A member may be employed In 
publlc agencies and forest-based industries, or an organization closely related thereto; or In a 
scientific Institution or trade school relating to forestry; or with a consulting flnn In the field of 
forestry: or with a flnn manufacturing or supplying equipment, supplles, or services used In the 
forest-based Industries. 

2. Student Members - A student member shall be pursuing a course of Instruction In a university, technical 
school, or trade school related to forest engineering. 

3. Retires Members -· A retired member shall have been employed In the field of forest engineering, in 
good standing for a period of twenty-five (25) years, who on retirement from active duty with 
his/her employers, wishes to remain affllfated wtth the CouncD. Upon approval of the CouncJI, 
he/she shall be entftled to retired membership for life. 

(Over) 



Article V - Officers 

Officers of the Council shall include: 
Chairperson 

Vice-Chairperson 
· Past-Chairpersons (from previous three years) 

Member-at Large 

Such officers shall comprise the Executive Committee of the Council. The Executive Committee shall be 
led by the Chairperson of the Council and will convene at least once per year to consider the business of 
the Council. Their duties shall be a follows: 

1. Chairperson: The principal duties of the chairperson are to organize and arrange the annual meeting of 
the Councn, lncludlng publicity, registration, arrangements, and publlcatlon and distribution of any 
proceedlngs. During his/her tenn of office, he/she shall represent the CouncD where required, 
serving as lfaison with other professional organizations and responsible for the conduct of Council 
business. His/her term of office Is one year. 

2. Vice-Chairperson: The vice-chairperson will assist the chairperson fn all matters pertaining to the 
conduct of Council business, serving as chairperson if required. The vice-chairperson will serve In 
this office for one year, automatically succeeding the chairperson In the next year. 

3. Past-Chairpersons: The past-chairpersons wlll be the fonner chairpersons from the previous three 
years. They will serve as members of the Executive Committee In the directing and carrying out of 
business of the Councn. 

4. Member-at-Large: The member-at-large will be elected each year at the annual meeting and serve for 
one year as a member of the Executive Committee. 

Artfcle VI - Non-Profit Amendment 

1. This organization Is organized exclusively for scientific and educational purposes within the meaning of 
section 501 (c) (3) of the Internal Revenue Code. 

2. Notwithstanding any other provisions of these artfc!es, the organization shall not cany on any other 
activities not permitted to be carried on by an organization exempt from federal Income tax under 
section 501 (c) (3) of the Internal Revenue Code. 

3. Upon the dissolution of this organization, after paying or adequately providing for the debts and 
oblfgatlons of the organization, the remaining assets shall be distributed to a non-profit fund, 
foundation, or corporation which has established Its tax-exempt status under section 501 (c) (3) of 
the Internal Revenue Code. 

4. This organlzatlo~ Is not organized for profit, and no part of the earnings shall Inure to the benefit or any 
private shareholder. 

Article VII -Anti-Trust Statement 

It has been and wDI continue to be the CouncD's firm pollcy to adhere to all requirements of the anti-trust 
laws of the United States as they affect the natfonal organization and Its regional chapters. The Council 
firmly belfeves In the competitive, free enterprise system the anti-trust laws are designed to foster and 
protect 

8/6/87 

COUNCIL ON FOREST ENGINEERING 
620 SW 4th Street 

Corvallis, Oregon 97333 
U.SA 

Tel: 503-754-7558 
Fax: 503-754-7559 



e COUNCIL ON FOREST ENGINEERING 
620 SW 4th Street. Corvallis. OR 97333 
Tel: (503) 754-7558 Fax: (503) 754-7559 

FINANCIAL STATEMENT 7/1/92 - 6/30/93 

Checking Account 

Balance 7/1/92 

Receipts: 
Lapel pins 
Membership dues 
Proceedings copies 
Transfer from savings account 

Total Receipts 

Expenditures: 
Bank service charges 
copying 
Deposit for 1993 Annual Meeting 
Postage 
Printing 
Salaries 
State corporation fee 
Supplies 
Tax deposits 
Telephone 

Total Expenditures 

Balance 6/30/93 

savings Account· 

Balance 7 /1/9.2 

Receipts: 
Interest income 

Total Receipts 

Expenditures: 
Transfer to checking account 

Total Expenditures 

Balance 6/30/93 

20.00 
2,908.01 

732.34 
1.000.00 

8.60 
360.32 

1,500.00 
564.10 

1,023.30 
1,120.99 

10.00 
34.60 
44.53 
24.25 

156.83 

1.000.00 

2,419.70 

4,660.35 

<4.690.69> 

6,681.76 

156.83 

<1.000.00> 

2,389.36 

5.838.59 

BALANCE. IN SAVINGS AND CHECKING ACCOUNTS 6/30/93 $8.227.95 



Monday, August 9 

Morning session 

First Panel 

Moderator: J.D. Kauffman 
Container Corporation of America 
Fernandina Beach, Florida USA 

Greater Diversity in Forestry Improves Both Profitability and 
conservation 

svante Scherman 
Skog Forsk, The Forestry Research Institute of Sweden 
Glunten, S-751 83 
Uppsala, Sweden 

Harvesting for Active Riparian zone Management and the Effects 
on Multiple Forest Resources 

Loren D. Kellogg, Stephen J. Pilkerton, and Arne Skaugset 
Department of Forest Engineering 
Oregon State University 
213 Peavy Hall 
Corvallis, Oregon 97331 USA 

A cost/Benefit Comparison of Voluntary and Regulatory Forestry 
BMP Programs 

Robert M. Shaffer and w. Michael Aust 
Department of Forestry 
Virginia Tech 
Blacksburg, VA 24061-0324 USA 



Moderator: 

Monday, August 9 

Morning session 

Second Panel 

J.D. Kauffman 
Container Corporation of America 
Fernandina Beach, Florida. USA 

Predicting Residual Tree Damage in Partial cuttings 

William c. Bragg 
Paul Smiths College 
Paul Smiths, New York 12970 USA 

Residual Damage Under Uneven-Age Silvicultural Prescriptions 

Craig J. Davis and Craig A. Vollmer 
State University of New York 
College of Environmental Science and Forestry 
Faculty of Forestry 
Syracuse, New York 13210 USA 

Operatio~al Considerations in Partial cutting on Environmentally 
sensitive Areas: Experience from British Columbia 

Greg Kockx, Doug Bennett, Ray Krag, and Don Thibodeau 
Forest Engineering Research Institute of Canada 
2601 East Mall 
Vancouver, British Columbia V6T 1Z4 Canada 

Using Cable Logging for Partial cutting 

o. Edward Aulerich 
Forest Engineering Incorporated 
620 West 4th street 
Corvallis, Oregon 97333-4428 USA 



Monday, August 9 

Afternoon Session 

First Panel 

Moderator: Frank Czerepinski 
Georgia-Pacific Corporation 
Brunswick, Georgia USA 

Shovel Logging with Different Retrieval Patterns in second-Growth 
Timber 

Joseph F. McNeel 
USDA Forest Service 
Pacific Northwest Research Station 
Seattle, Washington 98195 USA 

Bjorn Andersson 
Forest Engineering Research Institute of Canada 
Vancouver, British Columbia V6T 1Z4 

comparing Costs and Production Rates of cut to Length and Whole 
Tree Mechanized Harvesting 

Thomas A. Durston 
Stanislaus National Forest 
19777 Greenley Road 
Sonora, California 95370 USA 

A Model for Chip Yield of Northern Arkansas Plantation Loblolly 
Pine 

Brian K. Wharton and William F. Watson 
Department of Forestry 
Mississippi State University 
Mississippi State, Mississippi 39762 USA 

Roger Alabach 
Green Bay Packaging Inc. 
Morrilton, Arkansas USA 

Bryce J. Stokes 
USDA Forest Service 
Auburn, Alabama USA 

Productivity and Fibre Recovery Efficiency of Wood Harvesting 
systems 

Gordon Franklin and J.F. Gingras 
Forest Engineering Research Institute of Canada 
143 Place Frontenac 
Pointe Claire, Quebec H9R 4Z7 CANADA 



Monday, August 9 

Afternoon session 

second Panel 

Moderator: Frank Czerepinski 
Georgia-Pacific Corporation 
Brunswick, Georgia USA 

Portable Timber Bridge Designs for Temporary stream crossings 

Steve Taylor 
Department of Agricultural Engineering 
Auburn University 
Auburn, Alabama 36849-5417 USA 

G.L. Murphy 
USDA Forest Service 
Transportation System Development, Region 8 
Atlanta, Georgia USA 

Economical and Reusable crossings for Wetland Areas 

Lola Mason 
USDA Forest Service 
San Dimas, California USA 

Tires and Machines for sensitive Logging 

Alvin Schilling 
International Paper Company 
P.O. Box 16329 
Hattiesburg, Mississippi 39404-6329 USA 

Using GPS to Track Forest Machines 

Mike Spruce, S.E. Taylor, and J.H. Wilhoit 
Department of Agricultural Engineering 
Auburn University 
Auburn, Alabama USA 

J.R. Britt 
Mead Coated Board Division 
Columbus, Georgia USA 



Wednesday, August 11 

Morning session 

Second Panel 

Moderator: Mike Doyle 
Mead Coated Board 
Columbus, Georgia USA 

Independent contractors Managing 'Safety successful' Logging 
operations 

Thomas w. Reisinger 
Department of Forestry 
Virginia Tech 
Blacksburg, VA 24061-0324 USA 

Oregon's Experience with Ecology and Silvicultural Education for 
Loggers: Logger Education to Advance Professionalism (LEAP) 

John J. Garland, William Emmingham, and Steve Woodard 
College of Forestry 
Oregon State University 
Corvallis, Oregon 97331 USA 



Wednesday, August 11 

Morning session 

First Panel 

Moderator: Mike Doyle 
Mead Coated Board 
Columbus, Georgia 

Land Treatment of Mill Residues 

USA 

Larry A. Morris, E.A. Ogden, and W.L. Nutter 
Daniel B. Warnell School of Forest Resources 
University of Georgia 
Athens, Georgia 30602-2152 USA 

Equipment for Spreading Solid Waste on Forest Land 

John Wilhoit 
Department of Agricultural Engineering 
Auburn University 
Auburn, Alabama USA 

Effects of woodwaste Road Construction on Stream Water Chemistry 
in Southeast Alaska 

Mike Wolanek 
USDA Forest Service 
Petersburg, Alaska USA 



ABSTRACT 

USING CABLE LOGGING 
FOR 

PARTIAL CUTTING 

by 

D. Edward Aulerich 
President 

FOREST ENGINEERING INC. 
Corvallis, Oregon 

This paper presents some of the techniques and the equipment 
requirements necessary to successfully partial-cut using cable 
systems. 

INTRODUCTION 

1 

The term, partial-cutting, can have different meanings to 
different people. It is important to know these differences in 
order to fully understand the demands required to use this 
silvicultural method. 

Partial-cutting, in its purist sense, means to remove a portion 
of the stems from the forest. Thinning, over-story removal, 
salvage, high-grading, sanitation cuts, and "new forestry" 
harvesting techniques all fit into the definition of partial
cutting. The distinctions are in the area of purpose of effort 
and what the operations are attempting to accomplish. 

Partial-cutting to remove sick, damaged, or mature trees using 
ground-based systems on gentle terrain has been a normal practice. 
since the beginning of harvesting. However, because of setup 
costs and the difficulty of moving lines through standing trees, 
cable logging partial-cuts has not been a practice commonly used 
in North America except in high-grading operations where short 
yarding distances were common. The Intermountain Regions of 
Idaho and Montana have successfully used jammers and converted 
loaders for many years in partial-cut operations in mixed stands. 
In Coastal areas with even-aged stand management, the forests 
were normally pre-commercial thinned at an early age and then 
clear-cut at maturity. 

THINNING 
The most common use of partial-cutting, a term often applied to 
the procedure (whatever the reason), is thinning. Here the goal 
is to remove some of the stems to influence, hopefully increase, 
the growth of the residual trees. It is therefore important that 
the residual stems·be protected during the· operation, for it is 
of little value to thin to increase growth on damaged .trees. 



2 

Many thinning operations have been conducted (and are being 
conducted) where the material removed is. of little or no 
commercial value. such operations are costly, with little 
opportunity to utilize the material if the procedure takes place 
in what we call pre-commercial thinning. This technique is being 
analyzed to see what can be done to capture some value to help 
pay for operational costs. The monocable (zigzag system) is one 
example of where this effort is being evaluated (Figure 1). 

Thinning commercial stands to stimulate growth has been practiced 
for nearly 20 years in the Pacific Northwest, especially on 
public lands. Recently, there is an increased interest in this 
technique on private lands as well. 

OTHER PURPOSES 
Aesthetics is playing a big part in the interest in partial
cutting because of the dislike of clear-cutting practices. 
Although the technique does not impact the view as dramatically 
as clear-cutting, an understanding of the consequences of such 
actions must be recognized. Stands that have been opened up by 
partial cutting are susceptible to blow-down and can have higher 
harvest cost. 

Partial-cutting does not always result in an increased cost. In 
some cases, a savings can result because of better·matching of 
machine to material. An example of this would be where small 
stems are removed from the stand with a small tower, and the 
remaining larger stems are logged with a big system in a final 
clear-cut operation. Such a practice reduces breakage of the 
small material as well as increases the average piece size during 
the final harvest. 

Bio-diversity of stand composition can be a result of partial
cutting, but the cost of such actions must·be determined and 
recognized. The so-called 0 new forestry" concepts presently 
being advocated to remove some of the trees from the stand are 
becoming more common, but the jury is still out as to the 
benefits to the stand and the costs of such activities. 

Wildlife management demands have also required a f~rm of partial
cutting,. at least from the operational standpoint. When wildlife 
trees are left in the unit, the stand may be clear-cut from a 
silvicultural basis, but it is still a partial-cut from an 
operational basis. Lines must be moved around standing snags and 
designated wildlife trees. This increases equipment requirements 
and effort, thus reducing production. 



~ fOIEST fftGIHHRING 
~ IHCOl,OIAIIO 

VERTICAL 
BLOCK 

/ 
ENDLESS 

LINE 

MONOCABLE 

FIGURE 1 

CORNER 
BLOCK 



4 

SYSTEMS DESCRIPTION 

There has been a dramatic change since the early 1970s in the 
availability of equipment that would apply to partial-cut 
operations. More small cable systems have found an economical 
and functional niche in partial-cutting efforts since that time. 

In 1972, when a survey was conducted (Aulerich et al. 1974) to 
identify cable systems available for thinning, only systems from 
Europe were common. Some of the better-known systems were the 
Koller, Hinteregger, and Igland small-cable systems. The 
Rosedale Machine Shop Ecologger was the only North American 
machine that fit the category of a thinning machine. Since then, 
numerous small·yarders, such as Christy, Skylead, Howe-Line, and 
TMY 40 Thunderbird, have been developed and tested (Aulerich 
1975) and are still being produced. In addition, numerous 
conversions and modifications have been made to utilize existing 
equipment for partial-cutting activities. Examples of these 
systems, which have been used for many years, are the Idaho 
jammer systems, the Linkbelts, and other loader conversions such 
as the Bantam and the BU 30 systems (Figure 2). 

A big improvement in making partial-cutting with small yarders a 
success has been the acceptance of multispanning as a viable 
technique (Figures 3 & 4). This system was first limited to 
European carriages because of the lack of small North American 
carriage systems. 

Carriages that could provide mainline slack for the outhaul and 
maintain carriage position during the lateral inhaul are 
·necessary ingredients for partial-cutting (Figures 5 & 6). 

The Koller SKA 1, which allowed for multispanning and lateral 
yarding, was a front-runner in thinning operations around the 
world. Initial North American carriages, such as the Nofsinger, 
Ross, and Mccalister block, were all able to selective-log but 
were limi tad in th~ir application, sin·ce they could not pass a 
multispan jack. The Maki and Christy carriages, which required a 
STOP on the skyline, were very popular in earlier partial-cut 
applications, but their inability to multispan or pull slack 
limited their performance (Figure 7). 

The recent addition of multispan capabilities to several 
mechanized, slack-pulling carriages has opened many operational 
opportunities to the industry. The two most popular units in 
this category are the Maki 11MiniMak II" and the Eagle Equipment 
"Eaglet." These carriages can be used on a wide range of small 
and medium-sized towers. 



' 

MOBILE SHOVEL 
YARDER 

/ 

~ fOREST ENGINEERING 
~ ltlCOIPOIArl0 

LIVE SKYLINE with carriage stop 

FIGURE 2 
Ul 



GUYLINES\. 

\ 

~ f0815T OGIIHIIIG 
~ INCOaroa,\IID 

FIGURE 3 

. ST ANDING SKYLINE with double tree 
support and clamping carriage 

TAIL HOLD 
.STUMP 

I 

0\ 



MOBILE YARDER 
SIDE-MOUNTED 
TOWER -~ .. ------... 

~ fe8ESI IENGINIEIEAING 
~ INCOl,OIATID 

SLACK-PULLING 
LINE 

~ 

FIGURE 4 

· ST ANDING SKYLINE with 
single tree support and mechanical 
slack-pulling carriage 

\ 
TAIL BLOCK 



I 
HAULBACK 

.cl'\\ f08EST IENGINHRIHG 
~ INCOll'OIAJIO 

ST ANDING / LIVE SKYLINE with three-drum 
mechanical slack-pulling carriage 

CARRIAGE 

I 

CORNER BLOCK/ 

FIGURE 5 



RUNNING SKYLINE with mechanical slack-pulling carriage 

I 
SLACK-PULLING 

LINE 

LANDING 

.al\\ f08EST ENGINEERING 
~ INCOIPOIAJID 

FIGURE 6 

(L _;:) 



CORNER BLOCK~ 

"°1\. FG8EST fNGINEE81NG 
~ INCOIIOIAII0 

I 
-HAULBACK 

CARRIAGE WITH STOP FOR PARTIAL CUTTING 

TAIL HOLD 
STUMP~ 

/ 

CORNEA BLOCK/ 

FIGURE 7 

I-' 
0 



11 

PRODUCTION RATES AND RESULTING COSTS 
Partial-cut harvesting with any system is usually going to be 
more expensive than clear-cutting if harvesting is the only 
criteria. However, once silvicultural considerations are taken 
into account, the total cost of producing wood fiber may be less. 

From initial planning and layout to the actual operation, costs 
will usually be higher. Kellogg (Kellogg et al. 1991) found that 
on two-story operations, costs rose 23.4% over clear-cutting. 

Whereas ground-based system costs are primarily based on skidding 
distance and turn size, cable costs can be influenced by the 
volume available for logging per setup. If only half of the 
stand is removed at any one time, the total installation cost 
must be written off over one-half the volume. 

Due to public pressure against clear-cutting, whether it is for 
aesthetic reasons or wildlife concerns, partial-cutting 
requirements will continue to increase. Better harvest planning 
and techniques, using correct equipment components, will be 
necessary to make harvesting a viable, cost-effective operation. 
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PREDICTING RESIDUAL TREE DAMAGE 

in 

PARTIAL CUTTINGS 

William C. Bragg1 

Abstract - Partial cuttings predominate in the northeastern United States. Regardless 
of the cultural objective, damage resulting from the operation adversely affects the 
long term goals of the forest manager. A method of estimating damage was 
developed in conjunction with an interactive machine simulation program possessing 
the flexibility to model harvesting performance in a variety of sil vi cultural operations. 
The damage estimation worked reasonably well in an empirical comparison, but needs 
further development. 

INTRODUCTION 

Traditional forest practices in the northeastern United States favor partial cutting. The 
most valuable species in the region regenerate dependably with the shelterwood system, much 
more so than in clearcutting. This is fortunate in view of the recent trends on forest policy and 
regulations placing considerable limits on clearcuts. Intermediate operations are 
commonplace, whether prescribed as a part of a management plan or simply removal of the 
most valuable trees. 

Regardless of the harvesting objective, the possibility exists that trees left in the 
residual stand will sustain damage as a result of the operation. Damaged trees detract from the 
aesthetic quality of the stand immediately after the harvest, which may precipitate in more and 
stricter harvesting regulations being demanded by the general public. Timber management 
goals also may be severely affected. Trees which do not die from logging induced damage 
may exhibit decreased grQwth and poorer quality. The result is lower value of subsequent 
timber harvests. 

Consideration of residual stand damage should be a part of logging system design and 
analysis, in order that the forester may adjust objectives and prescriptions to account for 
volume and value losses. This paper describes the application of DAMAGE, a residual stand 
damage estimation module developed in conjunction with SMALLOG, an interactive timber 
harvesting simulation which models the performance of logging machinery in a variety of 
silvicultural prescriptions (Bragg, 1989). DAMAGE identifies trees most likely to sustain 

Assistant Professor of Forestry, Paul Smith's College, Paul Smith's, NY. 



damage as a result of a harvest, which may be viewed as a first step in developing systems 
which do not detract from the future value of the forest. 

BACKGROUND 

2 

Interest in residual stand damage has closely followed the development of new 
harvesting equipment and systems. Research has documented the damage resulting from 
equipment operating in a variety of stands, performing a number of cultural treatments. While 
the various factors which contribute to stand damage have long been identified, they have only 
recently been quantified. Ostrofsky et al ( 1986) and Hennessey ( 1989) were able to predict the 
probability of a particular tree in the residual stand sustaining damage during a harvest. 

The model developed in these projects is a logistic regression, which relates an 
indicator variable, damage, to a variety of independent variables (Neter, Wasserman and 
Kutner, 1983). The logistic regression has the form 

Pr( Y; = 1) = [l + exp(-(Bo + B1Xi + B2X,. + ... + BnXi))r 1 

Where Yi = 1 if the ith tree is damaged. Independent variables include tree species, diameter 
and distance from skid trail, initial stand basal area, treatment, and equipment employed. The 
estimated probability of stand damage is a continuous variable between O and 1. 

The logistic damage regression is particularly suitable for application in conjunction 
with machine simulation. Simulation has been identified as possibly the best technique which 
considers the variety of variables which contribute to timber harvesting productivity (Stuart, 
1980). Many of the variables needed to estimate the damage probability for a single tree are 
necessary for the program to simulate a harvesting operation: tree species and diameter, 
equipment and treatment. Other needed variables, such as initial stand basal area and tree 
distance from the skid trail are easily calculated. 

METHODS 

The DAMAGE simulation module is a stand alone program which is initiated after 
completion of the SMALLOG machine productivity model. While developed to work 
specifically with the latter program, the residual stand damage module could work with other 
simulation programs with only minor modifications. 

The information needed in order to complete the residual stand. damage simulation is 
gathered during the initial phase of the program. The SMALLOG activity file is necessary in 
order to locate the positions of major skid trails in the model stand. The residual stand file is 
needed in order to locate the trees left after the simulated harvest, and identify their species 
and diameters. 



DAMAGE queries the user for other information, including 

• Coefficients and related independent variables needed to estimate damage 
probability must be entered from the keyboard. DAMAGE allows the investigator 
to enter up to ten coefficients and their related independent variables, although no 
more than five or six are currently needed. Independent variables are entered for 
each species or species group encountered in the residual stand model. 

• Skid trail width. Research which resulted in the development of the logistic 
damage regressions used the distance of the residual tree from the skid trail edge, 
while the SMALLOG simulation activity file identifies only the skid trail 
centerlines. Due to the sensitivity residual damage to distance from the skid trail, 
the distance from the centerline to edge of the skid trail, however small, is very 
significant. 

• A random number seed. DAMAGE determines whether a residual tree was 
damaged by comparing its damage probability with a random number. Should the 
user provide the program with a seed, that same seed may be used again, resulting 
in the random number generator being pseudorandom. Entering a seed value of 
zero results in a truly random number draw. 
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Once this initial phase has been completed, DAMAGE enters its dynamic phase by 
reading the data on the first tree from the residual tree file. The tree's distance to the nearest 
skid trail is cal~ulated, as is the probability that the tree sustained damage during the simulated 
harvest. A random number is then drawn. 

The decision criteria as to whether the tree sustained damage lies with the comparison 
of the estimated damage probability and the random number. If the random number is less 
than or equal to the calculated damage probability, then the tree is said to have sustained 
damage during the harvesting operation. On the other hand, if the random number exceeds the 
calculated damage probability, then the tree is said to be undamaged after the harvest. The 
tree's location, species, dbh, volume, distance to the nearest skid trail and damage status are 
then added to the program's summary. 

DAMAGE progresses through the entire residual stand file in this manner until the end 
of file has been reached. At this point, the user is questioned as whether a complete or short 
report. The complete report lists all the data for each residual tree in the stand as well as a 
summary of trees, basal area, and volume of damaged and undamaged trees. The short report 
contains only the summary. Finally, the user is allowed to send the results to either the 
screen, printer or disk file and is so queried. This completes the program. 

PERFORMANCE 

DAMAGE was tested by comparing the residual stand damage estimated by the model 
with that which was experienced through actual research. The research project chosen for this 
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comparison was the subject of a cable harvesting production study by Bragg (1985) and 
residual stand damage study by Fox (1985). This involved building a model stand, simulating 
the activities of a machine in that stand with SMALLOG, then estimating residual stand 
damage with DAMAGE. 

The stand used in the study was an even aged stand of northern hardwoods, located in 
the Adirondack region of New York, that consisted of an overstory of intolerant species and an 
emerging understory of tolerant species. Table l presents the characteristics of the stand and 
the model constructed for use in the comparison. 

Table l. Characteristics of Actual and Model Stands. 

Actual Model 
Parameter Stand Stand 

Trees/acre 232 245 

Basal Area/acre (sq. ft.) 

Average DBH (in.) 

110 

9.1 

104 

8.8 

Harvesting removed primarily the intolerant overstory, with enough tolerant trees to 
resµlt in a basal area of approximately 50 square feet per acre. Table 2 lists the actual and 
simulated removals in terms of basal area. 

Table 2. Actual and Simulated Treatments. 

Basal A~ei./ac. (sq. ft.) Trees/ac. 

Parameter Actual Simulated Actual Simulated 

Original 110 104 232 245 
Cut 62. 59 95 131 

Net· 48 45 137 114 

Percent Cut 56 57 41 53 

The research which resulted in the development of the logistic regression used in 
DAMAGE did not involve cable yarding as an equipment system. However, one treatment 
from that research involved winching trees to skid trails with a cable skidder. This seemed a 
reasonably comparable logging system, and the regression c~fficients from that treatment 
were used in estimating the simulation's residual stand damage. 

DAMAGE was high in its estimation of residual stand damage when compared to that 
actually experienced. Ta}?le 3 lists that damage, both experienced and simulated. 



Table 3. Actual and Simulated Stand Damage. 

Residual Trees/ac. 

Undamaged Trees/ac. 

Damaged Trees/ac. 

Percent Damaged 

Actual 

137 

93 

44 
31 

Simulated 

114 

70 

44 

38 
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The seven percent difference in actual versus simulated damage may be attributed 
primarily to one factor. The developer of the original stand damage logistic regression 
indicated that the incidence of stand damage during the data collection process was somewhat 
greater than normal, resulting in a rather pessimistic model (Ostrofsky, 1989). On the other 
hand, the damage experienced in the original yarding study was consistent with that reported in 
other studies (Fox, 1985). 

CONCLUSION 

Considerations of the effects partial cuttings have on the residual stand should be made 
when designing harvesting machinery and systems, in order that the future value of the forest 
is protected. DAMAGE provides a reasonable method for estimating such effects during the 
design process. When coupled with a machine simulation flexible enough to model any 
silvicultura.l operation, such as SMALLOG; the DAMAGE module may also be used to 
investigate modifications in silvicultural prescriptions. These modifications could represent the 
best compromise between harvesting technology and management goals. 

The empirical comparison of DAMAGE with actual damage experienced in previous 
research points up the fact that the model is not yet perfected. However, as a tool for 
evaluating the success of logging systems and silvicultural prescriptions, DAMAGE deserves 
further development. 
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RESIDUAL DAMAGE UNDER UNEVEN-AGE SILVICULTURAL PRESCRIPTIONS 

ABSTRACT: 

Craig J. Davis and Craig A. Vollmer 

State University ofNew York 
College of Environmental Science and Forestry 

Faculty ofForestry 
Syracuse, NY 13210 

Increased levels of public dissatisfaction with "traditional" silvicu/tural approach has led to 
increased interest in uneven-age silvicultural systems. Recently, a research project has been 
established by SUNY-CESF to develop further understanding of the operational impacts under 
uneven-age silvicultural prescriptions on northern hardwood stands in the Northeast. This 
paper reports on the results of the first phase of this research project concerning the type and 
level of residual damage under uneven-age silvicultural prescriptions. The paper compares and 
contrasts the impact sustained on three uneven-age northern hardwood stands. 

INTRODUCTION 

In recent years, the public has expressed concern, and sometimes dissatisfaction, with forestry 
operations. Consequently, both legislators through regulations in the fonn of forest practice acts 
and public agencies through agency policy like the Forest Service's New Perspectives Program 
and the so called "New Forestry" have begun restricting the application of many "traditional" 
forestry practices. Even-age silviculture and most fonns of timber harvesting activities have been 
the main targets of these reactions to public concerns. Thus, in many cases, forest managers have 
been directed to adopt uneven-age silvicultural systems· even though the impacts of timber 
harvesting on site physical factors and residual stand quality under an uneven-age silvicultural 
system are not well known. 

While there is a body of literature that has examined the impacts of timber harvesting on site and 
biological factors (Aho et al. 1983, Bruhn 1986, Cline et al 1991, Lamson et al 1985, Mckee et 
al. 1985, Ostrofsky et al. 1986, Ostrofsky and Dirkman 1991 ), most of the research has dealt with 
even-age silvicultural systems that have a final removal cut. Although there may be superficial 
similarities between intermediate harvests, i.e. thinnings, under an even-age system and the 
periodic removals under an uneven-age system, the results of research on soil compaction and 
logging damage are mainly concerned with even-age systems and may not be directly applicable to 
uneven-age systems. Consequently, foresters and forest researchers should ask the question: 
"Can we conduct harvesting activities under uneven-age silvicultural prescriptions without 



adversely effecting either the physical characteristics of the site or the quality and vigor of the 
residual trees?" 

Recently, researchers at the SONY College of Environmental Science and Forestry began a 
research project designed to answer this question by investigating the impacts of multiple-entry 
silvicultural systems on site physical characteristics and residual stand quality. This paper presents 
the preliminary results of the phase of the research dealing with the levels of residual stand 
damage resulting from uneven-age silvicultural prescriptions. 

STUDY AREAS AND METHODS 

In order to obtain sufficient data to evaluate the research objectives dealing with residual stand 
damage, it was necessary to examine several field sites that have been managed under uneven-age 
silvicultural prescriptions. This paper reports on the results associated with three sites . 
(subsequently referred to as Cuyler Hill-I, Cuyler Hill-2 and Cuyler Hill-3) on Cuyler Hill State 
Forest in Cortland County, New York. 

The Cuyler Hill-I, Cuyler Hill-2 and Cuyler Hill-3 sites occur in hilly Appalachian upland country 
with pronounced ridges and valleys ·characteristic of the northern end of the Allegheny Plateau. 
The soils are channery and medium textured loam to silt loam classified as well to somewhat 
poorly drained depending upon slope position, depth to bedrock, and depth to fragipan. Both the 
Cuyler Hill-1 site (11 acres) and the Cuyler Hill-2 site {12 acres) were last harvested in 1973 and 
were originally scheduled for another single-tree selection system harvesting operation during 
1992, but excessive soil moisture levels delayed operations until August of 1993. The Cuyler 
Hill-3 site (11.S acres) was selectively marked and harvested in Fall of 1991. 

It was vitally important to choose sites that displayed an uneven-age structure prior to cutting and 
that were marked· in such a manner that the uneven-age structure would. be maintained. All three 
sites were partially cut to generally confonn to the diameter distribution recommended by 
Arbogast (1957) for the selection system in northern hardwoods and all three sites had pre-cutting 
basal areas in exce~s of the minimum required.by the Arbogast approach. 

The ·structure proposed by Arbogast and the post-cutting structures of the sites are illustrated in 
Figures 1 and 2 and in Table 1. Cuyler Hill-I ~d Cuyler Hill-2 were marked to leave 
approximately 70 square feet of residual basal area. A heavier cut was imposed on Cuyler Hill-3, 
leaving a residual basal area of 63 square feet. The post-cutting structure for Cuyler Hill-I and 
Cuyler Hill-2 (Figure 1) closely follows the Arbogast model with the exception of a slight 
understocking in the 3- to 6-inch and 9- to 12-inch diameter classes. The post-cutting structure 
for Cuyler Hill-3 (Figure 2) deviates from the Arbogast model with an overstocking in the 3- to 5-
inch diameter classes and is understocked in the 16-inch and above diameter classes. Further 
examination of Figure 2 and Table 1 indicates that the marking utilized on Cuyler Hill-3 was more 
of a "diameter limit" or "high-grading" cut than one designed to perpetuate an uneven-age 
structure. · ' 
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Figure 1. Post-cutting stand structure for Cuyler Hill-1 and Cuyler Hill-2 sites in comparison to 
the Arbogast structure. 
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Figure 2. Post-cutting stand structure for Cuyler Hill-3 site in comparison to the Arbogast 
structure. 



Table 1. Pre-cut and post-cut stand structures on study sites. Numbers in parentheses are for 
trees 6-inches and larger. 

Trees per Acre Basal Area per Acre 

Site Pre-Cut Post-Cut Pre-Cut Post-Cut 

Arbogast 320.0 92.0 
(97.0) (81.2) 

Cuyler Hill 240.0 222.0 99.6 71.0 
Sites 1 & 2 {98.9) (80.9) {91.9) (63.3) 

Cuyler Hill 557.8 521.5 111.2 63.2 
Site 3 (116.7) (80.4) (92.6) (44.6) 

All sites were harvested utilizing standard manual felling and cable skidding systems. On the 
Cuyler Hill-1 site, skid trails were designated prior to harvesting and the contractor was required 
to limit skidder travel to those trails. Additionally, directional felling was mandated in the timber 
sale contract for the site. On both the Cuyler Hill-2 site and the Cuyler Hill-3 site, designated skid 
trails were not employed. 

Methods to Assess Residual Damage 

The procedures utilized to assess residual stand damage follow those developed by Davis and 
Nyland (1991). In general, these procedures partition residual trees into two classes: trailside 
trees (i.e., those trees that are adjacent to skid trails) and trees in the inter-trail space (i.e., those 
trees that are located between skid trails, but are not adjacent to the trails). To facilitate the 
residual stand damage data analysis, a grid {100-foot by 100-foot spacing) ofbenchmarks was 
established on each site. 

A census was conducted of all trailside trees greater than 4" dbh. First, for each tallied tree, the 
geographic coordinates of the tree were determined by measuring the distance and bearing 
between the tree and known benchmarks (as described above). Secondly, the dbh and species 
were recorded for each measured tree. Then the perpendicular distance between the center of the 
tree and the centerline of the skid trail was measured. Finally, the bole of tree was examined for 
skidding damage. If bole damage was found, the dimensions of the wound were measured. 

Belt transects, 20 feet wide and oriented perpendicular to the skid trails, were established in the 
inter-trail space. Transects were centered 220 feet apart. All trees greater than 411 dbh were 
measured. Again, the first measurement was to detennine the geographic coordinates of the tree 
by measuring the distance and bearing between the tree and known benchmarks. Secondly, the 
dbh and species were recorded for each measured tree, Finally, the bole area of each tree in the 
transect was examined for damage and an estimate of the source of that damage (i.e. skidding, 
felling, etc.) was made. If bole damage was found, the dimensions of the wound were measured. 



· Crown, or upper bole, and root damage were also a part of the field measurements for both 
trailside and inter-trail trees. However, these two components of residual damage will not be 
addressed in this paper. 

Analytical Techniques 

Data collected by both procedures was evaluated with the SYSTAT statistical analysis package. 
Descriptive statistics, including means, standard deviations, maxima, minima, and frequency 
distributions were calculated for each variable of interest. ANOV A techniques were used to test 
for differences between sites and regression techniques were utilized to investigate potential 
spatial variation in the damage observations. Finally, logistic nonlinear regression models, one for 
the trailside trees on each site, were constructed (using maximum likelihood estimation 
techniques) to predict the probability of a tree sustaining damage based on its location relative to 
the skid trails, its size, and other site characteristics. The general form of the logistic models was: 

where: Pr(YJ = 1 if the ith tree sustained skidding damage and O if not 
~ = the distance from the center of the ith tree to the centerline of the skid trail 

RESULTS AND DISCUSSION 

Damage to Trail-Side Trees 

Figures 3 and 4 show the skid trail layout of the individual cutting sites and the spatial pattern of 
damage to trailside trees. Several patterns of damage are evident. Damaged trailside trees are 
predominate at skid trail intersections and at turns in the trails. These patterns are more · 
pronounced on the Cuyler Hill-3 (Figure 4) site. 

The census of the trailside trees yielded interesting results. As Table 2 illustrates, more than half 
of the residual trailside trees sustained damage during the harvesting operation, regardless of site. 
The use of designated skid trails, e.g. the Cuyler Hill-I site, resulted in smaller proportion of trees 
being damaged (i.e., 2.12 damaged trees per 100 feet of skid trail length). This result can be 
explained by the observation that designated trails are usually wider, have larger tum radii, and 
less sinuosity than unplanned trails and consequently present fewer opportunities for skidder 
caused damage. The situation with the Cuyler Hil1~3 site is a little more difficult to explain. The 
relatively low proportion of trailside trees damaged on this site may be explained by noting that 
the cutting levels were significantly higher than the other sites and that many of the trails were 
used for skidding one or two hitches. 

However, while a smaller proportion of trees are damaged on designated skid trails, the average 
size of the damage per tree is almost 100% greater than that observed with the other layouts. 
This result may be explained by the observation that although a smaller . prQportion of trees 



are damaged when designated trails are used, those trees that are damaged may receive multiple 
small wounds from multiple skidder passes that combine to form a large wound. 
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Figure 3. Spatial distribution of damaged and undamaged trailside trees on Cuyler Hill-I and 
Cuyler Hill-2. 
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Figure 4. Spatial distribution of daµiaged and undamaged trailside trees on Cuyler Hill-3. 



Table 2. Damage to trailside trees. 

% 
Total Number of Damaged Trailside 

Length of Trail-Side Trail-Side Trees 
Site Skid Trails Trees Trees Damaged 

Cuyler Hill-1 2358 89 so 56% 

Cuyler Hill-2 2862 105 72 69% 

Cuyler Hill-3 4569 183 99 54% 

Probability of Damage to Trail-Side Trees 

0.9 

0.8 
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Figure 5. Probability of damage to trailside trees on the four study sites. 
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Of greater concern is the average wound size on all three sites. Lamson et al. (1985) and Nyland 
and Gabriel (1971) report that wounds in excess of 100 square inches result in eventually 
significant quality degrades in residual trees. On both the Cuyler Hill-1 and Cuyler Hill-2 sites the 
average wound size on trailside trees is significantly larger than 100 square inches. 

The logistic regression model developed to relate the distance between trailside trees and the skid 
trail centerline to the probability,of sustaining damage is illustrated in Figure 5. This analysis 
indicates that there is a slightly higher probaQility that a tree will sustain damage when designated 
skid trails are_employed instead of unplanned trails. Again, this can be explained by noting that 



there is more use of individual sections of a skid trail when designated trails are used, and this 
would increase the probability that an individual tree would sustain damage. 

The above model can give us some insight into the chance that a residual tree will be damaged by 
skidding. However, since the model implies, given an average trail width of 8 feet, that there is a 
greater than 50% chance for damage to trailside trees· regardless of skid trail layout, an intriguing 
question remains: "Should trailside trees that are damaged in a previous harvesting operation he 
removed in the next harvesting operation?" An affirmative response to this question is based on 
the premise that the removal of these trees will salvage the volume and value present in those 
damaged trees. However, this action will result in skid trails that increase in width with each 
subsequent haivesting operation. A consequence of this, over time, is that a larger proportion of 
the site is disturbed and removed from fiber production. A negative response to the question is 
based on·the assumption that leaving the damaged trees will protect other undamaged trees. This 
assumption is valid only if skidders restrict their movements, solely, to the skid trails and, 
furthermore, may be undesirable if the damaged trees are of highly valued species since the 
landowner may never recover the value of those trees. To adequately address this question 
requires further research. 

Damage in the Inter-Trail Space 

Table 3 shows the results derived from the belt transects located on each of the three sites. All 
three sites had roughly the same magnitude of number of damaged trees per acre. The Cuyler 
Hill-I- site, the site employing designated skid trails and directional felling, had the lowest at 25 .2 
trees per acre. It also had the largest number of wounded trees with wounds greater than 100 
square inches in size. This incongruity may be explained by the increased use of winching due to 
the farther spacing of the designated skid trails. As was the case with the trailside trees, the 
average wound size on the Cuyler Hill-1 site was the largest of the three sites at 105. 7 square 
inches. · 

Figure 6 classifies the damage to trees in the inter-trail space by the size of the tree. This 
information is extremely important when considering the long-term future quality of the uneven
age stand. Damage to sapling size trees is probably of most concern since these trees will remain 
a component of the stand and, consequently, these damaged trees will be occupying space and 
utilizing nutrients for the longest period of time. Conversely, large sawtiniber size trees, while 
havirig the highest value, will generally·be removed during the next cutting cycle. If the period 
between cutting cycles is short enough, and the size of the wound is relatively small, damage to 
large sawtimber size trees may not be economically significant. 

Cuyler Hill-1 had the lowest percentage damage to the smallest size class and the highest 
percentage damage to the larger size trees. Cuyler lilll-3 was the reverse. At first examination, 
this observation leads to the conclusion the "diameter limit" or "high-grading" cuts are the best 
when considering the impacts of residual stand damage. However, the long-term financial and 
silvicultural implications of adopting this approach are dubious at best. 



Table 3. Damage to trees in the inter-trail space on the three study sites. 

Site 

Cuyler Hill- I 

Cuyler Hill-2 

Cuyler Hill-3 
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Figure 6. Per acre damage to inter-trail trees, classified by tree size. Number on the top of each 
column is the number of damaged trees per acre in that size category on that site. 

SUMMARY AND CONCLUSIONS 

This paper has presented the preliminary results of research investigating the impacts of timber 
harvesting activities on residual stand quality under uneven-age silvicultural prescriptions. It has 
focused on assessing the influence of skid trail design on the damage to residual trees. On the 
basis of the research to date, we have found that the use of designated skid·trails will result in a 
lower proportion of residual trailside trees being damaged. However, the average size of the 



wound could be up to 100% larger when designated skid trails are employed. Questions about 
the silvicultural implications of the damage remain to be definitively answered. 

The results of this research, taken in the aggregate, do suggest several techniques to reduce 
skidding induced damage to residual trees under uneven-age silyicultural prescriptions: 

1. Utilize designated skid trails that are straight or gently curving and that are wide enough 
to accommodate harvesting equipment. 

2. Use the appropriately sized equipment. 

3. Explicitly consider trail locations when marking trees to be cut. 

4. Avoid placing skid trails next to high-value trees that will remain in the stand for several 
cutting cycles. 

5. Utilize cable skidders and insist that the skidder operator use the mainline cable to winch 
felled trees to the skidder. 

It is hoped that the continuing research into the impacts of harvesting operations under uneven
age silvicultural prescriptions will help forest managers better understand the operational 
implications of this type of stand management in this era of highly mechanized harvesting systems 
and increased environmental awareness. 
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COMP.ARING COSTS AND PRODUCTION RATES OF CUT TO LENGTH AND WHOLE TREE MECHANIZED 
HARVESTING 

Thomas A. Durston 

Stanislaus National Forest 
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Sonora, CA 95370 

.ABSTRACT 
Mechanized harvesting production rates and costs were collected from a number 
of published studies for both the whole tree and cut to length logging 
systems. Production rate estimates were then used to estimate production rates 
and costs for two proposed thinning projects on the Stanislaus and Sierra 
National Forests. Estimates for each logging cycle element were integrated 
using a computer spreadsheet method. This method uses a simplified approach 
for estimating equipment utilization and system balance. 

Both in the literature and in the analyses on the Stanislaus and Sierra 
National Forests, it appears that the production rate of the whole tree system 
is significantly higher than that of the cut to length system. The difference 
in cost, however, varies from case to case and appears to be small relative to 
the uncertainty in the estimates. For the whole tree system, the cost 
advantage of higher productivity is offset by the cost of having a greater 
number of machines. In cases where large and tough limbs would significantly 
slow the production of a cut to length harvester, the whole tree system may be 
more economical. 

INTRODUCTION 
The Stanislaus National Forest has proposed ~o thin approximately 2200 hectares 
(5400 acres) of 30 year old ponderosa pine plantation in the Wrights Creek burn 
area. The whole tree system has been used successfully in previous thinnings 
on the Stanislaus, and its cost and feasibility are generally established. 
However, the cut to length system seems to offer advantages of reduced soil 
compaction and stand damage, but its cost was not known. No contractors in the 
area of the Stanislaus, nor in fact within California, owned cut to length 
logging equipment. Therefore, a literature search and cost/productivity 
analysis were performed to determine the relative costs of the two systems on 
the Wrights Creek thinning project. Subsequently, the same analysis procedure 
was used on the Sierra National Forest for planning of the Owl Timber Sale. 
The OWl Timber Sale would thin a stand of predominately white fir with an 
average removal dbh of 43 cm (17 in). The analysis in this paper reflects the 
general stand data and method used in the Wrights Creek and Owl Timber Sale 
analyses, although some simplifications and corrections have b~en made. 

LOGG:mG SYSTEMS DBSCRJ:P'l'J:ON 
The whole tree and cut to length systems, as applied on the Stanislaus, are 
described below. 



Whole Tree 

Feller-buncher: fells and bunches trees. Sorts trees into sawlog and biomass 
bunches. 

Motor-manual felling: sawyers using chain saws fell any trees too large for 
feller-buncher. 

Rubber-tired grapple skidders: skid whole trees (tops and limbs attached) to 
landings. Biomass and sawlog turns may be skidded to different landings, as 
the delimber and chipper may be on separate landings. 

Delimber (or processor): delimbs, bucks and tops sawlog sized trees at the 
landing. Decks processed logs. 

Loader: loads sawlogs onto log trucks from decks created by delimber. 

Chipper: chips biomass material, including bark and foliage and blows the 
material into waiting chip vans. 

Cut to Length 

Harvester: fells, delimbs, bucks and tops trees and piles them into bunches 
alongside the machine trail. Limbs and tops are left in the trail ahead of the 
harvester and run over as the machine moves ahead. 

Motor-manual felling: sawyers using chain saws fell, limb, buck and top any 
trees too large for harvester. 

Forwarder: forwards logs to the landing and either decks them or loads them 
onto trucks or set out trailers. The forwarder sorts logs into biomass and 
sawlog classes~ The forwarder travels in the machine trail created by the 
harvester, on top of the limbs and tops. 

Chipper and loader at biomass plant: Under current local conditions, it is 
assumed that biomass logs are trucked to the biomass plant and chipped whole, 
including bark. 

currently, the.Stanislaus National Forest has a whole tree chip market, the 
Chinese Camp biomass .cogeneration plant. There is not currently a clean chip 
market. Contractors have been utilizing sound trees 25 cm (10 in) dbh and 
larger as sawlogs. and the remaining materiar as biomass. 

LITBRATaRB SEARCH 
Numerous studies and informal reports describing production rates and costs of 
whole tree and cut to length harvesting are available. The results of a few 
selected studies are summarized in Tables 1 and 2, below. 



Most of the studies in Table 1 reported production rates and costs in terms of 
green tons, including tops and limbs. To provide a basis of comparison, the 
author applied the wood density conversion factor to express the results in 
equivalent cubic meters. These equivalent cubic meters, however include 
residue as well as bole volume. 

The system cost shown in Table 1 includes processing at the landing and 
loading, but not haul cost. 

TABLE 1, StJMMARY OF SBLBCTBD WHOLE TRBB STODIBS (VOLUD IBCLtJDBS RBSmUBS) 
AVG DBH FBLLER-BUNCHER

3 
SYSTBM

3
COST, 

STUDY cm (in) PRODOCTIONl, m /PMH $/m 

Lambert & Howard (1990), 
Washington FB-1, clearcut, 
hemlock, Douglas-fir, cedar, 
true fir. 

Sturos, et al (1992), Drott 
40LC, clearcut, northern 
hardwoods. 

Kammenga (1983), JDSSS & 

New Holland L778 drive-to
tree f-b, thinning, Douglas
fir. 

Aldrich (1990), drive-to
tree f-b, thinning, white 
fir, incense cedar, 
ponderosa pine. 

Skogsarbeten (1991), Sweden 
average, clearcut 

10.4 
(4.1 in) 

16.5 
(6. s in) 

54 
(58 green ton/PMH) 

24 
(24 green ton/PMH) 

26.2 43 
(10.3 in) (42 green ton/PMH) 

10.1 5 
(4.0 in) (5 green ton/PMH) 

17.8 
(7) 

21 
(8.3 in) 

13 
(13 green ton/PMH) 

26 

6. 71 
($7.80/green ton) 

6.33 
($6.29/green ton) 

6.52 
($6.46/green ton) 

18.37 
($18.91/green ton) 

14.02 
($31.69/green ton) 



TABLE 2, SUMMARY OF SBLBCTBD CDT TO LBNGTH STDDJ:BS 
AVG DBH PRODUCTION, m3/PMH 

STODY cm ( in) HARV FORWARD 

Tufts & Brinker (1990), 
Norcar, second thinning, 
loblolly pine. 

19.6 
(7.7 in) 

Baumgras (1986), Rottne 22.6 
810 (double grip), clearcut (8 .9 in) 
Norway spruce & Scotch pine 

Anderson (1983), Rottne 
EGS 85, clearcut, lodgepole 
pine & black spruce. 

Skogsarbeten (1991), Sweden 
average. Thinning 

Clearcut 

PRODUCTION RATES 

13.5 
(5.3 in) 

14; 

(5.5 in) 
21 

(8. 3 in) 

26 
(9.2 cd/ 
PMH) 

15 
(513 ft 3 

/ 
PMH)" 

8.3 

7 

18 

23 
(8 .2 cd/ 
PMH) 

11.4 

9 

14 

COST, $/m3 

HARV FORWARD 

4 .11 
(11.53/ 
cd) 

5.27 
(0.¼86/ 
ft) 

15.23 

2.05 
(5. 75/ 
cd) 

8.33 

The production rate estimates which appeared to be most applicable to the 
Wrights Creek project are used in this analysis. Since productivity is 
strongly tied to tree size (Tufts and Brinker, 1990; Antti, 1991; Anderson, 
1991), regression equations including tree size are used in some elements. 
Timber volume and harvest production are broken out by dbh classes. In 
addition to timber size, several other stand, topography and machine parameters 
are addressed in the regression equations. Some of these parameters required 
rough estimates or assumptions for data that is not known. 

Logging production rates were estimated by analyzing each cycle element 
separately and combining them in a spreadsheet format similar to the Auburn 
Harvest Analyzer (Tufts, et al, 1985) .With little modification of the 
spreadsheet format, other production rate estimates can.be substituted where 
more appropriate for different projects. 

Production rates are expressed in this analysis in terms of cubic meters per 
Productive Machine Hours (PMH). PMH refers to productive time, exclusive of 
delays. Scheduled Machine Hours (SMH) refers to the total time when a machine 
is scheduled to work, including productive time, maintenance and service time, 
mechanical breakdown time, delays waiting for material from other elements, 
delays waiting to deliver material to another element that is clogged, and 
other delays. The utilization rate is the ratio PMH/SMH. Mechanical 
Availability is the ratiG of time when the machine is mechanically able to 
produce (not broken down or being serviced) to SMH. 

Simulation models have been applied to this type of production and cost 
estimate, but a spreadsheet model can give comparable results with far less 



complexity (Krause, 1988). By requiring that interdependent elements of the 
harvest cycle be scheduled for the same number of hours, and by applying 
realistic availability rates, a reasonable amount of delay time can be 
estimated by a spreadsheet method. For example, in the whole tree system, it 
is assumed that the feller-buncher, skidders, delimber, loader and chipper will 
be scheduled for the same number of hours, though the number of productive 
hours needed by each machine varies. 

The production rate estimates used in this analysis were found in numerous 
sources. 

Feller-buncher production rates are· estimate_d from tables compiled by Cubbage 
(1981). The average of two studies of large tracked limited-area feller
bunchers is used. The tables report estimates by dbh class, up to 50.8 cm (20 
in). 

The delimber production estimate is a rate reported by Pilkerton and Kellogg 
(1989) for the Steyr KP-40 processor operating on the Mount Hood and Deschutes 
National Forests. In this study, the species were lodgepole pine~ grand fir 
we!tern larch and associated species. The average rate of 42.5 m /PMH (1501 
ft /PMH) is used in this analysis for all diameter classes. Pilkerton and 
Kellogg report that other similar sized delimbers achieve similar production 
rates. 

The skidding rate estimate is taken from a study cited by Cubbage (1981) of a 
110 horsepower grapple skidder. The production rates from this study varied by 
skidding distance but not dbh class. The production rate used, for

3
the 

eslimated 205 m (672 ft) one-way average skidding distance, is 19 m /PMH (654 
ft /PMH). 

The representative chipping production rate used was an average of the rates 
reported by Aldrich (1990), Lambert and Howard (1990), Cubb!ge (1981) and 
~enga (1983). The production rate estimate used is 46 m /PMH (1,641 
ft /PMH). 

Loader production is taken as the average of four studies cited by Cubbage 
(1981). These operations studied used hydraulic knuckleboom loaders, loading 
tree length timber. 

The harvester production rate estimate for the Wrights Creek analysis is taken 
from a study of the Norcar 600H harvester by Tufts and Brinker (1990) and a 
study of the Rottne 810 harvester by Baumgras (1986). The production estimates 
derived from the Tufts and Brinker study, as applied in this analysis, are 
significantly higher than the rates derived from the Baumgras study. The Tufts 
and Brinker production rate equation was developed in a second thinning in a 
loblolly pine plantation using a 102 hp Norcar 600H harvester. The harvest 
studied by Baumgras utilized a 98 hp Rottne Snoken 810 double grip harvester in 
Norway spruce and Scot¢1 pine stands that were, in some areas, very limby. 
Indeed, some large limby Norway spruce trees required several passes through 
the limbing knives and processing times as high as 6.4 min/tree were recorded. . . . . 

Parameters in Baumgras' production regression equation represent whether slash 
is to be scattered by the harvester, whether unmerchantable trees are felled by 



the harvester, move distance between trees, number of trees.per move, tree 
volume, feet of clear bole and number of limbs greater than 5 .1 cm .(2 in) in 
diameter. The regre~sion equation by Tufts ·and Brinker varies only by dbh. 

Observations of a cut to length demonstration near Klamath Falls suggest that 
limby pines in the Wrights Creek· plantation greater than 44 cm (17.5 in) in dbh 
may not be readily limbed by harvesters (Durston, 1991). Th~refore, in the 
Wrights Creek analysis, motor-manual felling is required for the 19 in' (48 cm) 
dbh class. In the Owl.Timbe~ Sale analysis, it is assumed that a larger 
harvester, the Valmet 892, will ~e available and that trees up to 22 in (56 cm} 
dbh c~ be felled and processed by the harvester. The timber in this project 
is predominately dense grown.white fir, and delimbing is not expected to be a 
problem. 

For trees too large to be felled by feller-buncher or harvester, the motor
manual felling estimate is taken from regression equations developed by 
Gebhardt (1977). Parameters included in the equations are:· species, type of 
harvest, ground cover, limbiness, volume per log and number of logs per tree. 

Forwar<:1er production rate estimates were taken from the Mas.tars thesis of 
Brooks (1992). A number of parameters are used in Brooks regression equation, 
including: average -~orwarding distance; grade, favorable and adverse; pieces 
per load; distance between piles; number of grapple loads per turn; and weight 
per board foot. In the larger size classes which are estimated to need motor
manual felling, there will not be bunching, -and the analysis assumes that more 
grapple loads will be needed during loading. 

MACBDIB AND LABOR COST 
Machine costs are estimated following the method described by Brinker (1989), 
Cubbage (1981) and Miyata (1980). Most.of the assumptions needed are taken 
from Brinker's work. Most machine purchase prices and all labor rates are 
estimates from the USDA Forest Service Region 6 Logging Cost Guide (1992). 
Machine and labor rate estimates are shown in Table 7. 

OTILIZATJ:ON 
The number of PMH required for each cycle element is estimated by the quotient: 
(harvest .volume}/(production rate). Given the mechanical availability of each 
element, the minimum SMH which must be scheduled on the.job to complete the 
element equals: (PMH required)/ (avail.ability rate} . For the interdependent 
elements, the highest required SMH becomes the SMH for the system. The 
utilization rate for each element is the ratio (PMH)/(SMH). 

For the whole tree system, it is assumed that the feller-bunchers, delimber, 
skidders, chipper and loader are scp.eduled for the same hours, but not 
necessarily the motor-manual felling. 

For the cut to length system, it· is assumed that the harvester and forwarder 
are scheduled for the same hours, but not necessarily the motor-manual· 
felling. The Chinese Camp biomass plant does not currently keep a chipper at 
the plant. For this analysis, however, it is assumed that a chipper and a 
loader will be kept at the plant and that they will be used for other projects 
half the time. 



Tables 3 and 4 summarize the volume, production rate, utilization and cost for 
the whole tree and cut to length systems on the Wrights Creek project. 

TABLE 3, WHOLE TRBB SYSTEM, WRIGHTS CRBBK THINNING 

HARVEST AREA: 5,421 ACRES 2,195 HECTARES 

5 7 9 11 13 15 DBH, i§l 
VOL, M 3,526 17,725 35,033 37,965 36,878 23,986 

LOGGING PRODUCTION RATE, m
3

/PMH 
FELLER-BNCH 7 18 35 
DELIMBER 43 43 43 
SKIDDER 
CHIPPER 
LOADER 

19 
46 
12 

19 
46 
19 

19 
46 
30 

PRODUCTIVE MACHINE HOURS REQUIRED 

57 
43 
19 
46 
45 

FELLER-BNCH 522 959 1,014 670 
DELIMBER O O O 893 
SKIDDER 190 957 1,891 2,049 
CHIPPER 76 381 754 0 
LOADER O O O 835 

UTILIZATION & COST 

76 
.,.43 
19 
46 
63 

485 
868 

1,991 
0 

583 

100 
43 
19 
46 
82 

240 
564 

1,295 
0 

293 

17 
7,673 

118 
43 
19 
46 

102 

65 
181 
414 

0 
76 

19 TOTAL 
3,433 166,220 

141 
43 
19 
46 

124 

24 
81 

185 
0 

28 

3,979 
2,587 
8,973 
1,211 
1,815 

FELLER
BUNCHER 

3,979 
80% 

DELIMBER SKIDDER CHIPPER LOADER 

PMH 
AVAILABILITY 
NO. MACHINES 
MIN SYSTEM SMH 
SYSTEM SMH 
ACTUAL SMH 
UTILIZATION 

FIXED COST, $/SMH 
LABOR COST, $/SMH 
OPERATING COST, $/PMH 

LOGGING COST, TOT~$ 
LOGGING COST, $/ M 

1 
4,973 
5,608 
5,608 

71% 

$56.33 
$19.48 
$47.25 

613,133 
$3.69 

2,587 
80% 

1 
3,233 
5,608 
5,608 

46% 

$45.88 
$18.98 
$51.93 

498,044 
$3.00 

SYSTEM LOGGING COST, T~,tt $2,788,853 
SYSTEM LOGGING COST, $/M $16.78 
YEARS TO COMPLETE 3.4 

8,973 
80% 

2 
5., 608 
5,608 

11,216 
80%' 

• $30 .22 
$17.79 
$31.98 

825,403 
$4.97 

1,211 
70% 

1 
1,731 
5,608 
5,608 

22% 

$43.60 
$18.98 
$58.82 

422,197 
$2.54 

1,815 
80% 

1 
2,268 
5,608 
5,608 

32%' 

$44.48 
$18.98 
$40.90 

430,075 
$2.59 



TABLE 4, COT TO LENGTH SYSTEM, WRIGHTS CRBBK THINNING 

HARVEST.AREA: 5,421 ACRES 

9 

2,195 HECTARES 

5 7 11 J.3 15 DBH, i~ 
VOL, M 3,526 17,725 35,033 37,965 36,878 23,986 

LOGGING PRODUCTION RATE, m
3 /PMH 

MANUAL FELL 1 2 3 
~VESTER 7 15 25 
FORWARDER 13 19 22 
CHIPPER 46 46 46 

PRODUCTIVE MACHINE HOURS REQUIRED 
MANUAL FELL O O 0 
HARVESTER 
FORWARDER 
CHIPPER 

525 1,151 
271 949 

76 381 

UTILIZATION & COST 

1,427 
1,578 

754 

4 
35 
19 
46 

0 

1,092 
2,008 

0 

6 
45 
22 
46 

0 

825 
1,706 

0 

8 
53 
24 
46 

0 
450 
995 

0 

17 
7,673 

9 

26 
46 

818 
0 

292 
0 

19 TOT.AL 
3,433 166,220 

11 

28 
46 

301 
0 

121 
0 

1,119 
5,470 
7,921 
1,211 

MANUAL HARVEST FORWARD CHIPPER LOJU>ER 
FELLING AT MILL AT MILL 

PMH 
AVAILABILITY 

1,119 
80%' 

5,470 
80%-

7,921 
80%' 

1,211 
70% 

NO. MACHINES 1 1 1 1 
MIN SYSTEM SMH 6,838 9,901 1,731 
SYSTEM SMH 9,901 9,901 9,901 
ACTUAL SMH 1,398 9,901 9,901 4,950 
UTILIZATION 80%- 55%- 80% 24% 
(Assumes chipper@ mill used for other jobs 1/2 of the time.) 

FIXED COST, $/SMH 
LABOR COST, $/SMH 
OPERATING COST, $/PMH 

LOGGING COST, TOT:¥-$ 
LOGGING COST, $/M 

$0.42 
$19.48 

$5.4~ 

$79.63 
$19.48 
$84.50 

33,884 1,443,518 
$0.20 $8.68 

SYSTEM LOGGING COST, T~-f' $3,178,203 
SYSTEM LOGGING COST, $/M $19.12 

YEARS TO COMPLETE 6.0 

$41.91 
$19.48 
$43.97 

956,075 
$5.75 

$43.60 
$18.98 
$58.82 

381,048 
$2.29 

1,211 
80% 

1 
1,514 
9,901 
4,950 

24% 

$44.48 
$18.98 
$40.90 

363,678 
$2.19 

Tables summarizes the comparison between the whole tree and cut to length 
systems. 



TABLB 5, S'DM!mR.Y OF WRIGHTS CR.BEK COST BSTIMATBS BY SYSTEM 

ALTERNATIVE WHOLE TREE CUT TO LENGTH 

LOGGING COST, $/M3 $16.78 $19.12 

PRODUCTION, ~/YR 646 366 

PRODUCTION, M /YR 48,906 27,701 

YEARS 3.4 6.0 

According to this estimate, there is a 14% difference in logging cost between 
systems. Compared to the uncertainty in the production estimates, this 
difference is small. The whole tree system production rate, however, is 
estimated to be significantly higher than that of cut to length system. 

Examination of the utilization rate estimates for the whole tree system shows 
considerable delay time for the delimber, chlpper, and loader. A local 
contractor has overcome this problem by using two feller-bunchers and four 
skid9ers. With this system, the utilization rate estimates for the delimber, 
chipper and loader increase to ~0%, 37% and 56%, respectively and the logging 
cost estimate drops to $14.94/m. 

Similarly, in the cut to length system estimate, the harvester utilization rate 
is only 55%. Adding a second forwarder, or double shifting the forwarder, 
would al¼ow full utilization of the harvester and reduce the logging cost to 
$17.53/m, although forwarder utilization would drop to 58%. If it were 
possible to work a second forwarder operator less than full time, further 
savings could be gained. 

Since the harvester production rate estimate is relatively uncertain, it is 
also of interest to examine the difference obtained by modifying that 
production rate. If the Tufts and Brinker harvester production rate is 
substituted for the average of the Tufts and Brinker and the Baumgras rates, 
and two forwarders are used, the cut to length logging cost estimate reduces to 
$13.30/m, and the estimated time to complete the project is 3.0 years. 

OWL TlllBBR SALB RESULTS 
In the OWl Timber Sale analysis the cut to ~ength system was estimated to be 
less expensive by 18%, though the whole tree system is still estimated to 
produce significantly faster. In the Owl analysis, the Norcar harvester 
production rate is used, since the stand is predominately dense grown white fir 
and limbiness is slight. Also, due to a number or larger trees, up to 71 cm 
(28 in) dbh, more motor-manual felling is required in both systems. The 
comparison of the whole tree and cut to length systems is summarized in Table 
6. 

TABLB 6, S'DM!mR.Y OF OWL Tl:MBBR SALB COST BSTDIATBS BY SYSTEM 

.ALTERNATIVE 

LOGGING COST, $/M3 

PRODUCTION, ~/YR 
PRODUCTION, M /YR 
YEARS 

WHOLE TREE 

$14.52 
273 

66,404 
0.7 

CUT TO LENGTH 

$12.25 
159 

38,797 
1.1 



CONCLOS:CON 
The spreadsheet production/cost analysis method provides a simple but rational 
basis for comparing whole tree and cut to length harvesting costs for proposed 
·projects. The results for the Wrights Creek and Owl Timber Sale compare 
reasonably well with published case studies. The whole tree system is 
estimated to have a significantly higher production rate than the cut to length 
system. 

The costs of the whole tree and cut to length systems appear to be similar in 
cases where the system is suited to the stand. In cases where limbs are too 
large and tough for a harvester head to remove easily, the whole tree system 
will be more economical. Although the whole tree system has a higher 
production rate, it also has a higher system hourly cost because of the number 
of machines. 

Considerable reductions in unit cost of the whole tree system can be obtained 
by adding a second feller-buncher and a third and fourth skidder. With only 
one feller-buncher, utilization would be ve3:V low for the chipper, delimber and 
loader. 

Production rate estimates currently available can only be applied to local 
conditions with considerable uncertainty. Side by side studies of whole tree 
and cut to length systems would help clarify the difference in cost. 



TABLE 7, MACHINE AND LABOR RATES 

Machine number 1 2 3 4 5 6 
Machine make TI:MBCO FMG VALMET STIHL CAT TBRJACK 
Model number 2520 990 892 064 528 520 
Machine type FB HARVESTER HARVESTER CHAIN SAW $KIDDER FORWARDER 
Classification TRACK SGL GRIP SGL GRIP MANUAL ARTIC 15 TON 
Mobility TRACK 6WD 6J1D RTIRE 6WD 
Attachmts type SHEAR PROCESSOR PROCESSOR GRPL 
Attach. size 20" 20 11 20" 
Rated HP 171 155 180 175 185 
Trans type HS PS PS 
Price, $ 336,000 475,000 385,475 745 171,000 250,000 
Life, years 5 5 5 1 5 5 
Salvage value 20%- 20%- 20% 20%- 20% 20%-
Avg Utilization 60%- 65% 70% 50% 60% 65% 
Avg Availability 80%- 80% 80% 80% 80% 80% 
R&M rate 75% 110% 110% 700% 90% 100% 
Interest rate 12%- 12% 12% 12%- 12% 12% 
I&T rate 3.5% 3.5% 3.5% 0.0% 5.0% 3.5% 
Fuel use rate 0.02633 0.02917 0.02917 0 0.028 0.02488 
Fuel $/gal 1.06 1.06 1.06 1.06 1.06 1.06 
Lube & oil rate 0.3677 0.3677 0.3677 0.3677 0.3677 0.3677 
Sched hr/yr 1,650 1,650 1,650 1,650 1,650 1,650 
Prod hr/yr 990 1,073 1,155 825 990 1,073 
Salvage value, $ 67,200 95,000 77,095 149 34,200 50,000 
Annual deprec, $ 53,760 76,000 61,676 596 27,360 40,000 
Avg Ann Inv, $/yr 228,480 323,000 262,123 745 116,280 170,000 
Interest, $/yr 27,418 38,760 31,455 89 13,954 20,400 
Insur & tax, $/yr 11,760 16,625 13,492 0 8,550 8,750 
Fixed cost, $/yr 92,938 131,385 106,6'22 685 49,864 69,150 
Fixed cost, $/SMH 56.33 79.63 64 .62 0.42 30.22 41.91 
Fixed cost, $/PMH 93.88 122.50 92.31 0.83 50.37 64.48 
Fuel, $/PMH 4.77 4.79 5.57 0.27 5.19 4.88 
Lube & oil, $/PMH 1.75 1.76 2.05 0.10 1.91 1.79 
R&M cost, $/PMH 40.73 77.95 58.74 5.06 24.87 37.30 
Oper cost, $/PMH 47.25 84.50 66.35 5.42 31.98 43.97 
Oper cost, $/SMH 28.35 54.93 46.45 2.71 19.19 28.58 
Total cost, $/SMH 84.68 134.55 111.07 3.13 49.41 70.49 
Total cost, $/PMH 141.13 207.01 158.66 6.25 82.34 108.44 
Labor, $/SMH 19.48 19.48 19.48 19.48 17.79 19.48 
Labor, $/PMH 32.47 29.97 27.83 38.96 29.65 29.97 



TABLB 7, MACHINE AND LABOR RATBS, CONTINOBD 

Machine number 7 8 9 10 
Machine make MORBARK DENIS KOEHRING CAT 
Model number 27 DM3000 6630 950 
Machine type CHIPPER DELIMBER LO.ADER LOADER 
Classification STKBM HEEL BOOM FRONT END 
Mobility TRAILER RTIRE TRACK RTIRE 
Attachmts type 
Attach. size 27" 
Rated HP 700 176 165 160 
Trans type 
Price, $ 275,000 295,000 304,000 176,000 
Life, years 5 5 5 5 
Salvage value 20% 20% 30%- 30%-
Avg Utilization 75% 65% 65%- 65%' 
Avg Availability 70% 80%- 80% 80% 
R&M rate 100% 100%- 90% 90% 
Interest rate 12% 12% 12% 12% 
I&T rate 2.0%' 1.5%' 1.5%' 1.5% 
Fuel use rate 0.02292 0.03104 0.021,66 0.02166 
Fuel $/gal 1.06 1.06 1.06 1.06 
Lube & oil rate 0.3677 0.3677 0 .3677 0 .3677 
Sched hr/yr 1,650 1,650 1,650 1,650 
Prod hr/yr 1,238 1,073 1,073 1,073 
Salvage value, $ 55,000 59,000 91,200 52,800 
Annual deprec, $ 44,000 47,200 42,560 24,640 
Avg .Ann Inv, $/yr 187,000 200,600 218,880 126,720 
Interest, $/yr 22,440 24,072 26,266 15,206 
Insur & tax, $/yr 5,500 4,425 4,560 2,640 
Fixed cost, $/yr 71,940 75,697 73,386 42,486 
Fixed cost, $/SMH 43.60 45.88 44.48 25.75 
Fixed cost, $/PMH 58.13 70.58 68.42 39.61 
Fuel, $/PMH 17.01 5.79 3.79 3.67 
Lube & oil, $/PMH 6.25 2.13 1.39 1.35 
R&M cost, · $ /PMH 35.56 44.01 35.71 20.68 
Oper cost, $/PMH 58.82 51.93 40.90 25.70 
Oper cost, $/SMH 44.11 33.75 26.58 16.71 
Total cost, $/SMH 87.71 79.63 71.06 42.46 
Total cost, $/PMH 116.95 122.51 109.32 65.32 
Labor, $/SMH 18.98 18.98 18.98 18.98 
Labor, $/PMH 25.31 29.20 29.20 29.20 
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Abstract 

Describes Forestry Extension's experience with ecology and silviculture education for loggers 
in Oregon. The workshops were funded as part of the Logger Education to Advance 
Professionalism (LEAP) program. Elements of educational design are described and results 
from three workshops are illustrated. A train-the-trainer strategy session for the western states 
is briefly described. Future plans for similar programs are discussed. 

Situation 

Over 11,425 loggers employed by 1432 firms conduct harvesting operations in Oregon. 
Payroll for these loggers approaches 285 million dollars (1990 Oregon Covered Employment, 
1992). Recent withdrawals of lands available for harvest in the public forestry sector have 
caused more harvesting of private non-industrial woodlands. Silvicultural prescriptions to 
meet objectives of these landowners are substantially different than those of public forest 
lands. Loggers are changing their roles to meet new demands of silviculture on both the 
non-industrial ownerships and public lands. A course on ecology and silviculture was 
needed for loggers to help them become the "applied ecologists" of the future. In Oregon, 
many loggers see themselves as professionals in their occupation, although misperceptions of 
their industry have tarnished the contributions they make to society. Extension courses on 
ecology and silviculture {Logger Education to Advance Professionalism (LEAP)} might help 
loggers better match landowner expectations for harvests on woodland properties. 

About 25,000 woodland owners manage four million· acres of forest land in Oregon. Harvest 
on these lands will markedly increase in the future because of their importance to the timber 
supply of the state and nation. Their management objectives call for more skills from 
loggers to implement silvicultural operations. These owners will demand more variety in 
land management to conduct site preparation, rehabilitation (harvest and management of 
poorly stocked lands), thinning operations, various forms of partial cut silviculture, and 
operations specific to landowner needs, eg. visual management, wildlife enhancement, and so 
forth. Worldwide, there is a re-definition taking place of the mix of skills needed to manage 
forests of the next century. Forest workers Ooggers) are assuming more responsibilities of 
professional foresters and technicians as they carry out forest operations. 



We held three one-day workshops tailored to the ecological regions of Oregon and an 
associated one-day train-the-trainer workshop for western Extension foresters and their 
cooperators. A grant from the Extension Service, U.S. Department of Agriculture (USDA
ES), provided initial funding for. the project based on earlier successes with programs in 
Vermont and elsewhere. A process of educational design guided our development efforts (a 
complete description is available in Garland, 1993). Early results and successes demonstrate 
the need for additional LEAP courses for private lands and the potential for LEAP courses 
designed for loggers working on public forest operations. 

Elements of Educational Design 

The complete elements of educational design for the LEAP program are too lengthy to fully 
repeat here. All the elements are needed by those developing a program but are largely 
transparent to the program participants. Some selected elements below provide the flavor of 
considerations the design process incorporated. 

Evaluating Performance Discrepancies 

We began by looking at harvests on woodland properties the way they are now typically 
conducted and the way an astute woodland owner would like to see them in the future. The 
differences are performance discrepancies that educational programs could address. Listed 
below are sample performance discrepancies: 

+ Can't; put silviculture objectives into contract language and get them executed 

+ Too expensive to administer silviculture by forester and logger 

+ Cutting the wrong -trees 

+ Objectives for harvest not clear (landowner and/or logger) 

+ Stands damaged unnecessarily. 

+ Poor communication modes established: landowners < -- > loggers < - > foresters 

The complete list provided a starting point for engaging a cooperative program committee 
and developing the educational objectives. 

Cooperation and Objectives 

Various levels of cooperation were designed into the project. An interactive team guided the 
project through development and execution. CoQperative efforts between forestry agents in 
the counties and specialists at the university facilitated the LEAP program. We were grateful 
for the insights of Larry 'Biles (USDA-ES) and Thom McEvoy (Vermont Extension) on 
earlier LEAP efforts. Listed below are the organizations supporting the LEAP effort for 
private forest lands. 



Associated Oregon Loggers 
Oregon Department of Forestry 
U.S. Forest Service 
Association of Consulting Foresters 
American Pulpwood Association 
Oregon Small Woodlands Association 

Grant funding provided partial support for Extension Foresters from the 12 western states to 
attend the train-the-trainer workshop. Participants from eight states attended and some 
Extension Foresters brought cooperators in the public and private sectors who would support 
similar programs in their home states. Forestry Agents from Oregon attended the workshop 
to assess the potential for implementation. These agents could use the training materials with 
woodland owners (as consumers of logging services) to reinforce the expectations of 
landowners for improved and competent logging services. 

There were two levels of objectives for the LEAP effort: program level objectives related to 
the entire LEAP project and specific educational objectives related to ecology and 
silviculture. While LEAP programs in other states treated topics of logger safety, forest 
practices, or business management for loggers, we elected to deal specifically with ecology 
and silviculture on private, non-industrial private forest (NIPF) ownerships. Listed below 
are some sample program objectives and educational objectives. 

+ About 60-80 logging contractors will participate in the three training workshops. They 
represent over 500 employed loggers. Both these loggers and a group of those who work 
with loggers will meet management objectives of non-industrial private landowners through 
harvesting with acquired knowledge of silvicultural and ecological needs. 

+ Loggers will learn about organizations that influence forest operations, eg Oregon Safety 
and Health Administration (OR-OSHA), forest practices foresters, fish and wildlife 
organizations, governmental support organizations, etc. 

+ Loggers will have tailored education for the regional types of forests in their home 
localities. 

+ Diversity of landowner conditions/objectives 
* discuss the diversity of NIPP objectives, 
* be familiar with the variety of ownership situations 
* discuss the range of services needed including roads, site prep, thinning, wildlife 

management, etc. 

• Ecology 
A. Tree characteristics - recognizing tree vigor 

* describe the process of stand development 
* describe trees in various crown classifications 
* describe the likely growth response following thinning of trees in different crown 

classes. 



B. Silvics (behavior) of local tree species 
* rate the important local tree species for relative tolerance to: shade, frost, drought, 

wind, winter flooding. 
* discuss the silvicultural implications of relative tolerances. 
* understand how site characteristics (eg. moisture availability and fertility) change 

the tolerance relationships of trees. Example: Douglas-fir climax on drier sites. 
C. Long term interactions (succession) 

* describe typical· successional trends in forest communities 
* discuss the management implications of forest succession. 

D. Forest disturbance 
* describe how a variety of disturbance factors affect .forest stands, 

including: fire, root rots, beetles, defoliators, wind, mistletoe, harvesting, etc. 

+ Silviculture 
A. Silviculture systems 

* describe the types of forest stands · on a local basis that are produced over time with 
the following silviculture systems and regeneration methods: Evenaged; clearcut, 
seed tree and shelterwood unevenaged; · individual tree selection, group selection. 

* given specific owner objectives and stand conditions, describe appropriate 
silviculture systems and treatments. 

B. Thinning strategies 
* describe several thinning strategies and how they might affect future stand growth. 
* identify high grading and its consequences. 

C. Tree selection (marking) 
* (in the field) describe which individual trees could function to meet various 

owner objectives. 

+ Harvesting effects: 
* to recognize and describe selected harvesting effects on soils, water, fish 

wildlife, visual resources and tree and shrub communities. 
* to specify best management practices that· minimize detrimental effects on resources. 
* describe regulatory requirements and agency assistance for harvesting operations on 

NIPF ownerships. 

+ Deliverables 

* A designed educational program (three· workshops) of silvicultural education for 
loggers working on non industrial private · lands, including· supporting educational 
materials in a course notebook. 

* A set of plastic training cards to support silvicultural education within logging firms 
* Leader's Guides for those working with loggers, eg. Extension Foresters and others. 
* A strateg_y session (train-the-trainer workshop)_ with Extension Foresters from the 12 

western states who elect to attend the example workshops. 



Target Population 

If you don't like and appreciate your audience, they will know it. You can't talk down to 
loggers and help them in an educational way. The pride these individuals have in their 
profession comes from their recognizing the difficulty of the tasks they undertake. Perhaps 
society should recognize it too! As educational designers, we needed to understand the 
relevant characteristics of loggers that influence how they learn. A target population 
description was modified from earlier work for the LEAP effort (Garland, 1992; Garland, 
1993). Listed below are some sample descriptors: 

+ Education: 6th grade to Master of Forestry--value experience over education 

+ Reading: 9-l0th grade level--dislike paperwork 

+ Science and engineering: Natural mechanics--they know how to figure things out 

+ Forestry: They observe much in nature but do not always understand ecological 
relationships 

+ Income: Above average income by 30-500% 

+ Learning modes: Visual--demos good; they watch their peers to see what happens to them 

+ Sex: Mostly male--wives may be part of the business 

+ Political views: Conservative and anti-regulation 

+ Values held: Hardworking for long hours, money success, family, some religious, getting 
dirty is OK 

Educational Approach 

Knowing the audience is part of educational design, but another part is to know yourselves as 
instructors. The authors spent an afternoon in the woods reconciling their different 
approaches, values, and potential contributions to the LEAP effort. Getting our act together 
helped us become a team to deliver the program. Any three foresters in the woods yield 
more than three opinions! 

We settled on three Saturday workshops, composed of half-day in the classroom and half-day 
in the field. The field exercises . centered on three scenarios of land ownership: a 
"California" transplant wanting to cut as few trees as possible to maintain forest vitality and 
help wildlife; a "financially strapped" landowner facing a balloon payment to save ownership 
of the property; and a "rational" forest owner wanting harvest for both income, future forest 
conditions for heirs, and a variety of amenities. We worked as a team along with the local 
For~stry Extension Agent in the three ecological regions: Central Oregon--emphasizing .forest 
health issues and pest management; Northern Oregon--emphasizing thinning and partial cuts 



in Douglas-fir; and Southern Oregon--emphasizing management of mixed conifer stands on 
harsh sites. 

The morning class was centered on ecology and silviculture concepts contained in a thick 
reference notebook. The afternoon field discussions allowed. more time for questions relating 
to the target responses to the three scenarios. Five draft cards were produced as aids for the 
contractors and supervisors working with landowners and the logging crews. We expect 
these cards to serve as reminders of the ideas taught in the LEAP course. Examples of the 
cards are shown in Figure 1. After final revisions, we will make these cards ·available like 
earlier card sets associated with logging safety and productivity. 

Logger/Landowner lnteractlons(cont'd) 

Describe the expectatiou for the logging. 
Stand damage precautions? 
Save natural regeneration? 
Residual trees? snags? down wood? 
Slash disposal needs? 
Site preparation needs? 
Vegetation management opportunities? 

What la needed to develop a contract? 
T!mber amounts, ownership, accountablllty 
Prices for volumes, services, eg roads, payments 
Dam.aged trees, penalties, etc. 
Final conditions, eg slash, road maintenance 
Regulations, liablUties, Insurances, etc. 

Forest Practices Obllgatlom 
Responsibillties, notitlcatlon, plans, etc. 
Streams, roads, residual trees and down 

wood·etc. 
Wildlife issues 

Other obligation.a 
Safety issues and llabilltles 
Fire responsiblUtles, slash treatments 
Needed permits, local, state, etc. 

Steward.ship Checklist 
Owner's special habitat concerns 
Recreation objectives 
Soll protection and rehabtUtatlon 
Special problems, eg access, 

dumping trash, etc. 

Ecology & Slvfculture Educcrtlon for Loggers: LEAP. Forestry 
Extension. Oregon state University, Corvallis. OR 97331 

DRAFT 

Logger/Landowner Interaction!i 
What la the long term objective for property? 

What are objectives for areas not harvested? 
What are t0·s financial objectives & 

capacities? 
Desired future conclitiou of property/ataad'l 

What's the purpose of the cutting? 
Thinning: Leave tree spacing? Species 

and crown class to favor? 
Regeneration harvest: Saved or planted? 

Species? 
Evenaged: Clearcut? Shelterwood? 
Uneven..:aged strategy: 

Group selection? Size of group? . 
Individual tree selection? 

Understory tending necessary? 
Describe how the current pllllllled operationa 
wUl achieve desired future conclitiona. 

What stMculture treatments will be needed? 
Does the LO need forestry help? 
Give LO sources for additional assistance. 

List the critical site aacl stand colidltiou. 
Soils. wet areas, slides, water & streams 
.Areas of low /high stte qualtty, brush 

competition 
Boundary conditions, roads, skidtrails, · 

landings · 
Insects & diseases, potential for stand damage 

OVER 
Ecology & Sllvlculture Education for Loggers: LEAP. Faestry 

Extension. Oregon state University. Corvallis, OR 97331 

Figure 1. Example of LEAP plastic training card. 



Leaming Environment 

Managing the learning environment was largely a matter of time management. From 
experience we knew there was too much material to be able to cover everything. We used a 
rigid timekeeper system for each segment and questions were often deferred to the afternoon 
session when more time was available. We responded to questions on a limited basis, but 
found with many questions, the rest of the group began to lose interest. Lunch was provided 
to expedite moving the groups to the field site as quickly as possible .. 

Controversial issues were addressed but we tried to minimize the haggling over 
uncontrollable events and the frustrations felt by many in Oregon's forestry sector. We 
looked to the future with as much optimism as possible. Visuals and field demonstrations 
were used where possible. Also, we had to be especially careful with terminology so it was 
defined before it was used in the program or in response to questions. 

Forest Practices Foresters participated in the program for introductory presentations, but we 
tried to avoid the dominance of discussions centered on specific regulations or proposed 
regulations. We had good cooperation from the field foresters in the Oregon Department of 
Forestry. 

Evaluation 

We devised four ways to collect information about the participants and their views of the 
LEAP program. First, we asked the participants to complete a detailed survey form at the 
beginning of the course. Second, we had an opening exchange with the audience about their 
expectations and needs for LEAP training. Third, we used a standard, post-event evaluation 
form for Extension programs. Fourth, we planned a follow-up phone survey to assess 
behavioral changes and longer term retention of material. 

Results to Date 

The LEAP courses enrolled 69 participants covering 552 logging employes·. The early spring 
dates seemed to help attendance although 
one field session was held in about three 
feet of snow. Occupation 

Participants Characteristics 

For the three courses, it was necessary to 
screen the applicants to enroll the target 
audience as opposed to enrolling 
landowners, agency foresters, students, 
curiosity seekers, and so forth. Figure 2. 
shows that we were basically successful in 
attracting contractors, supervisors of 

Figure 2. Occupation of LEAP participants 



contractors, and forestry consultants who work with contractors. 

The participants were experienced as shown 
by the fact that over 77 % . had greater than 
ten years of experience (Figure 3.). They 
had various reasons for taldng the LEAP 
training: 57 % identified self-improvement 
as the motivation while only eight percent 
were attending because they were ordered 
to do so (Figure 4.). Averaged over the 
three courses, the number of employes 
supervised by participants was the same as 
the average firm size of logging contractors 
in Oregon--eight people. 
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Figure 3. Experience of LEAP participants 
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Figure 4. Reasons for taking LEAP course 



Harvest Characteristics 

Figure 5. shows participants were primarily operating on NIPF lands (Other Private) and 
industry lands, although some were harvesting public timber. Value of harvests could have 
exceeded $390 million dollars. 
Harvest levels were down in 
1992 with nearly half the 
participants harvesting two 
million board feet or less (Figure 
6.). Figure 7. shows that about 
35 % of participants had five or 
less jobs in 1992 while the rest 
had greater than six jobs. The 
average operating areas for 
participants varied widely 
ranging from less than 100 acres 
to 30,000 acres. The average 
was 2,179 acres treated and the 
total of all participants exceeded 
140,000 acres treated. 
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Figure 5. Ownership of operations by LEAP participants 
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Figure 6. Average annual harvest volumes 

Nwnber of logging Jobs in 1992 
•Hr--------------, 

tall 

ox 
t-5 G-10 11-15 IG-20 21-25 >26 

Figure 7. Number of logging jobs by 
LEAP participants 
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Figure 8. Predominant species harvested by 
LEAP participants 

The predominant species harvested by 
participants is graphed as Figure 8. While 
Douglas-fir is the most frequent speciq, 
mixed conifer and pine species indicate 
harvests in eastern and southern Oregon. 
Participants were asked to list the most 
important threats to logging. They said a 
lack of public understanding and education 
of forestry was the primary threat. It was 
closely followed by threats from 
environmentalists/preservationists. More 
distant were threats due to laws, regulations 
and government. While timber supply 
issues were identified as a threat, 
participants identified underlying social 

problems rather than the lack of trees to harvest. See Figure 9. 

Logging Systems Used 

What are biggest threats to logging ? 

i 
~ Low.s, Regulollons, &: Coverrmenl ~ 

0.0~ 30,07. 

Figure 9. Perceptions of LEAP participants of 
threats to logging 

Participants use a variety of harvest systems and equipment. Figure 10. shows the primary 
logging systems used (some firms have multiple operations). While one operator uses 
horse logging, a number of operations are mechanized harvesting systems using feller
bunchers, stroke delimbers, harvesters, forwarders, and chippers. Manual felling is still used 
on the majority of operations. Questions of secondary and tertiary harvest systeins follow 
the same pattern as primary systems except that shovel logging appears to be used as another 
system when feasible. 
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Figure 10. Primary logging systems of LEAP 
participants 

Expertise and Operational Control 

A number of questions assessed the 
expertise available for contractors and the 
degree to which a professional forester was 
involved with the operations. Another 
question dealt with written contracts . Table 
1 below lists the results. 

Table 1. Selected questions relating to expertise and control of operations. 

I Question Category I Result I 
Percent of respondents with no formal training in logging 67 .6 % 

Percent of harvest volume involving a forester 

Percent of operations using a written contract 

Evaluation 

LEAP POST EVENT EVALUATION 
COMPOSITE OF THREE COURSES 
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Figure 11. LEAP evaluation results 

80.4 % 

73.8 % 

Figure 11. shows the results from the 
standard Extension post-event evaluation 
form for the overall rating of the course. 
By the end of the day, participants were 
generally satisfied with course content and 
conduct. In fact, logger audiences do not 
give praise lightly. We tried to get the 
audience to open up about their expectations 
of the LEAP course at the start of the day , 
but there was too little time for long 
discussions. At the end of the day , 
participants were eager to share their 
experiences with the instructors . We expect 
them be candid with us as well in our phone 
survey now in process. 



LEAP in Oregon and Elsewhere 

From the three courses in Oregon, sufficient success is evident to plan additional LEAP 
courses for the Spring of 1994. Forestry Agents are now considering the mix of areas for 
coverage of additional ecological regions. In the western United States, Extension Foresters 
are using the results of the train-the-trainer event to assess whether and in what format to 
offer LEAP programs in their states. From the early programs in Vennont, the USDA-ES 
grant program has supported LEAP efforts in North Carolina, Tennessee, Pennsylvania, 
Idaho, Michigan, Missouri, West Virginia, and of course, Oregon. The Tennessee Valley 
Authority has also supported LEAP efforts in Kentucky, Alabama, and Mississippi. Btsides 
Oregon's train-the-trainer event, .two trainer programs were held in Maryland and Georgia 
(Biles, 1993). 

Summary 

Oregon's experience with ecology and silviculture education for loggers demonstrates the 
value of such programs for harvest operations on woodland properties. Additional programs 
are planned for the non-industrial private forest ownerships and the potential of similar 
programs for public forest operations is now being considered. 
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,PRODU:CTIVITY AND FIBRE RECO,VERY ,EFFICIENCY 
·.OF-WOOD HARVESTII\IGSYS:-YEMS. 

INTRODUCTION 

Several factors are now considered when selecting 
or replacing harvesting machines and systems. 
Cost and productivity of a system have traditionally 
been the overriding factors in selecting forestry 
machines. While they remain critical variables, 
another important factor to consider is fibre recov
ery efficiency, or in other words, how completely 
does a given system or machine recover the mer
chantable fibre from a given block. Improving fibre 
recovery efficiency will reduce total harvested area, 
which will provide reductions in road building 
requirements and the quantity of waste material. 
Better public perception and potential expansion 
capacity are also important benefits. Better fibre 
utilization is a very important issue where volumes 
per hectare are low and harvesting costs are high. 

Not all forestry machines or systems are equally 
capable of maximizing fibre yield because of 
inherent design or operating methods. This text will 
review different harvesting systems and discuss 

Presenred at the COFE meeting in SavanMh, Georgia, August~. 1993. 

their advantages and disadvantages from a produc
tivity and fibre utilization perspective. Most fibre 
recovery results are based on a study FERIC con
ducted in 1991 in central Nova Scotia. 

The harvesting systems covered are: 

• Manual felling with stroke delimbing at road
side; 

• Manual felling and delimbing (cut and skid); 

• Mechanized full-tree using a feller-buncher, a 
grapple skidder and a stroke delimber at 
roadside; 

• Mechanized shortwood (random-length) system 
using a feller-buncher, a two-grip processor and 
a forwarder; 

• Mechanized full-tree using a feller-buncher and 
two grapple skidders, followed by roadside de
limbing, debarking, chipping with a Peterson
Pacific DDC 5000 flail delimber-debarker
chipper; 

• Mechanized shortwood (random length) using a 
one-grip harvester and a forwarder. 



STUDY BACKGROUND 

The comparative study was conducted in Nova 
Scotia in July and August 1991. Since the study 
offered the possibility to observe several harvesting 
methods in adjacent and comparable operating 
conditions, productivity as well as fibre utilization 
information on all harvesting machines was 
collected. Scott Maritimes Ltd., in New Glasgow, 
N.S., and Stora Forest Industries, in Port Hawkes
bury, N.S. Scott were approached since FERIC's 
logging equipment databank showed them to be 
using a diversified mix of harvesting methods in 
their central district. All sites were characterized by 
a small average tree size. Since good fibre recovery 
was assumed to be more difficult in small trees, the 
relative efficiency of various harvesting methods 
would be more pronounced in small trees than in 
more favorable conditions. 

To obtain an estimate of stand volumes before har
vest, all stems greater than 4 cm DBH were tallied 
in 100-m2 plots located randomly in the blocks. 
Stems of 9 cm DBH or greater were considered 
merchantable. Between 10 and 15 plots were estab
lished in each study block to obtain an estimated 
average merchantable stand volume to within a 
10% confidence interval of the real average at a 
90% probability level. 

To measure machine productivities, most of the ma
chines which operated in the study blocks were 
timed. Between 2 and 17 productive hours (PMH) 
of detailed timing were recorded on the various 
pieces of equipment. 

A major effort was directed at obtaining an accurate 
scaling of the volume produced by the various sys
tems. For the three systems producing tree-length 
material at roadside, a combination of butt diameter 
scaling and piece count was used. Tree-length 
volume tables developed for the area were used to 
calculate volume. In the two blocks where random
length wood was produced, the length and the 
average diameter at both ends of the accessible logs 
were recorded after each forwarder unloading. 

Inaccessible logs were counted. The volume of 
chips produced in the chipper block was calculated 
from the weight listed on the chip van scale tickets. 
The quantity of residues generated in the six study 
blocks was measured after harvest. Cutover slash 
was measured in all blocks, and roadside delimbing 
residue pile volumes were measured in the two full
tree blocks. 

Two indices of fibre recovery efficiency were 
developed for this study. The first, called the fibre 
recovery index, provided an indication of the pro
portion of merchantable fibre recovered compared 
to the quantity left on the harvest site. It was calcu
lated as follows: 

fibre recovery index ( % ) = 

volume recovered x 100 
volume recovered + cutover waste 

A second index, called the fibre yield index, pro
vided an estimate of the fibre that was recovered 
(or lost) against what was expected from the cruise 
estimates. It was calculated as follows: 

fibre yield index ( % ) = 

volume recovered (m3/ha} x 100 
volume estimated from cruise (m3/ha) 

By recovering more or less volume than predicted 
from cruise data, this index indicated which systems 
were more prone to losing fibre during harvesting 
or systems that offered an opportunity to recover 
normally unmerchantable fibre. 

MANUAL FELLING 
(Full-Tree and Tree-Length) 

Manual felling systems have been around for a long 
time and are well known, so they will not be dis
cussed in great details. Their recognized advantages 



are low capital costs, operational flexibility and 
suitability to special harvesting prescriptions such as 
partial cuttings and harvesting in sensitive sites. On 
the negative side, workers are more exposed to 
accidents and it is difficult to find labor to do this 
kind of work in certain parts of the country. 

From a fibre recovery perspective, the results from 
the FERIC study in the two small study blocks 
reserved for manual felling systems are given in 
Table 1. 

Table 1. Fibre utilization results in the 
manual felling blocks 

System Manual Manual 

full-tree tree-length 

Average tree size (ml) 0.15 0.125 

Avg. stand volume (ml/ha) 230 225 

Volume recovered (ml/ha) 240 220 

Volume on cutover {m3/ba) 3 2 

Volume delimb. pile (m3/ha) 6 0 

Fibre recovery ( % ) 96 99 
Fibre yield ( % ) 104 98 

The manual crews were working in good stands that 
had been cleaned a few years previously and as 
such were somewhat different than the rest of the 
study blocks. There were few unmerchantable trees 
to interfere with visibility and access. Average tree 
size was good resulting in a high volume per 
hectare. 

Partly because of these favorable conditions, both 
manual systems ~bowed excellent fibre recovery, 
with the cut and skid crew leaving virtually no mer
chantable fibre on the cutover. Because manual fell
ing requires that every tree be evaluated and felled 
one at a time, this reduces the risk of forgetting 
stems on site. In both blocks, extracted volumes 
were close to estimated cruise volumes. 

MECHANICAL FULL-TREE WITH 
FELLER-BUN CHER/ 

SKIDDER/DELIMBER 

The feller-buncher/skidder/delimber system 
accounted for almost 60 % of all the timber cut in 
central and eastern Canada in 1990. The reasons 
for its popularity have been its productivity and 
cost-competitiveness in a wide range of site and 
stand conditions. 

Figure 1 illustrates the typical productivity range of 
feller-bunchers as a function of tree size. Figure 2 
provides a productivity curve for cable and grapple 
skidders as a function of skidding distance using an 
average volume per tree of 0.15 m3 • 
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Figure 1. Productivity range of feller-bunchers and 
delimbers. 
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Figure 2. Productivity range of cable and grapple 
skidders as a function of skid distances. 



The Nova Scotia study results on fibre utilization 
and productivity in the mechanical full-tree block 
are given in Table 2. The mechanical full-tree sys
tem operated in favorable conditions in a stand that 
had good merchantable volume and density. There 
was a fairly high number of small unmerchantable 
softwood stems which hampered visibility some
what in certain parts of the block. 

Table 2. Productivity and fibre utilization 
results in mechanical full-tree block 

Average tree size (m3) 0.118 

Average stand volume (m3/ha) 165 

Volume recovered (m3/ha) 150 

Volume on cutover (m3/ha) 

Volume delimb. pile (m3/ha) 

Fibre recovery ( % ) 

Fibre yield ( % ) 

Feller-buncher productivity 

(trees/PMH) 

Grapple skidder productivity 

(trees/PMH) 
Delimber productivity 

(trees/PMH) 

2 

3 

97 

91 

250 (30 m3/PMH) 

220 (26 ml/PMH) 

160 (19 m3/PMH) 

The productivity of the feller-buncher and the skid
der was quite good, while the delimber productivity 
was lower than could be expected in the study 

conditions. No mechanical problems were identified 
with the delimber so that tree branchiness and 
operator skill were probably responsible for this 
rate of production. 

Although the fibre yield results would suggest that 
this system was wasting fibre, the slash measure
ments revealed an excellent recovery of merchant
able fibre in the study block. There was very little 
merchantable slash left either on the cutover or seen 
to have been left in the roadside piles. The fibre 
yield results indicate that the cruise numbers may 
have overestimated merchantable volumes. 

From a fibre recovery perspective, the feller
buncher has the advantage of multiple-stem accu
mulation with the felling head. However, it also 
presents several disadvantages: 

• excessive swathing of small trees; 

• high stumps when using sawheads in rocky 
ground; 

• large kerf with sawheads; 

• stem breakage during . accumulation and 
bunching 

The grapple and cable skidders may also lead to 
fibre losses during harvesting be~~use of: 

• dropping stems when traveling loaded; 

• breakage when squeezing bunches with grapple 
or chokers; 

• breakage when driving onto the piles and 
decking; 

• forgetting bunches on the cutover. 

The stroke delimber handles one stem at a time and 
may have an opportunity to recover and process un
merchantable stems brought in the pile. There are 

· also possibilities to lose fibre when: 

• topping at too large a diameter; 

• breaking stems when handling and delimbing. 



MECHANICAL CUT-TO-LENGTH 
WITH FELLER-BUNCHER/ 

PROCESSOR/FORWARDER 

By replacing the stroke delimber at roadside with a 
processor in the bush and the skidder with a for
warder, a full-tree system can be easily converted 
to a shortwood system. 

The interesting thing about this approach is that the 
felling is done by the feller-buncher, a highly pro
ductive and resilient machine in adverse conditions. 
The use of a processor then provides the environ
mental advantages of a shortwood system, including 
leaving debris and nutrients on the cutover, reduced 
soil disturbance, and clean and sorted logs to road
side. Figure 3 illustrates the expected productivity 
of processors working behind feller-bunchers as a 
function of tree size. 
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Table 3 presents the Nova Scotia study results in 
the mechanical cut-to-length block harvested by the 
feller-buncher, two-grip processor and forwarder. 

Table 3. Productivity and fibre utilization 
results in the mechanical sbortwood block 
harvested with a feller-buncber/two-grip 

processor and forwarder 

Average tree size (ml) 

Avg. stand volume (ml/ha) 

Volume recovered (ml/ha) 

Volume on cutover (m3/ha) 

Volume delimb. pile (ml/ha) 

Fibre recovery ( % ) 

Fibre yield ( % ) 

Feller-buncher productivity 

(trees/PMH) 

Processor productivity 

(trees/PMH) 

Forwarder productivity 

(trees/PMH) 

0.095 

170 

148 

14 

N/A 

91 

87 

260 (25 ml/PMH) 

150 (14 ml/PMH) 

270 (26 ml/PMH) 

All the machines in this study block maintained 
high productivity on a m3/PMH basis. However, 
this may have had some impact on the fibre recov
ery efficiency since it showed the lowest recovery 
of all systems studied. A significant amount of mer
chantable slash was found on the cutover after har
vest. Moreover, much less volume than predicted 
from cruise estimates was recovered at roadside 
during this operation. 

These poor results were thoq.ght to be largely 
caused by the processor operator since complete 
piles of unprocessed trees were found under the 
slash during the residue survey. The relatively large 
number of unmerchantable softwoods in this block 
may have contributed to the problem. The results 
were therefore not caused by inherent weaknesses 
of the harvesting system itself. 



Table 4. Productivity and fibre utilization 
results in the in-woods chipping block 

Average tree size (m1) 0.095 
Avg. stand volume (ml/ha) 140 

Volume recovered (m1/ha) 150 
Volume on cutover (m3/ha) 2 

Volume delimb. pile (m1/ha) N/A 

Fibre recovery (%) 99 
Fibre yield ( % ) 107 

Feller-buncher productivity 

(trees/PMH) 360 (34m3/PMH) 

Grapple skidder productivity 

(trees/PMH) 150 (14m3/PMH) 

Del-deb-chipper productivity 

(trees/PMH) 315 (30m3/PMH) 

This study block had generally unfavorable stand 
conditions with a small average tree size ·and a large 
number of unmerchantable stems. Also, the mer
chantable volume per hectare was fairly low. 

To keep sufficient wood flow to the flail, the feller
buncher worked at a very high rate and actually 
outproduced the two grapple skidders despite the 
small tree volume. Felling productivity appears 
higher than normal, mainly because the machine 
was cutting a large number of marginally merchant
able stems which would not normally have been 
kept but simply brushed away. The grapples had a 
somewhat lower productivity than during normal 
skidding because of delays waiting for the flail to 
clear the deck of trees and also delays resulting 
from flail debris removal and transport back into 
the cutover. The flail chipper maintained high pro
ductivity because of continuous wood supply and 
good operating logistics which ensured that there 
were few delays waiting for empty chip vans. · 

Even with the high productivity and the unfavorable 
stand conditions, there was very little merchantable 
fibre left on the cutover with a fibre recovery ratio 
of 99 % . Also, there was a larger amount of fibre 
recovered than· predicted by the traditional cruising 
estimates. Some of this 7% gain may have come 
from the processing of tops and small trees normal
ly excluded from merchantable volume estimates. 

An earlier study found that between 20 and 40 % 
more fibre· per hectare would be recovered if 6 and 
8-cm DBH stems, as well as tops down to 2.5 cm 
could be processed (Buggie 1990). Other unpub
lished studies conducted at FERIC have shown dra
matic fibre recovery gains in hardwood stands as a 
result of processing large branches and forks nor
mally left behind. 

Because of these · potential overall fibre gains in 
softwood · and hardwood stands, chain· flail 
delimber-debarker-chipper processing fibre losses 
are less. important. Notwithstanding, they include: 

• white fibre losses caused by the flailing; 

• fibre losses in the chipper dirt separator expel
ling oversizes and fines; 

• losses from chip vans during loading and 
transport. 

MECHANICAL CUT-TO-LENGm WITH 
nIE HARVESTER/FORWARDER 

SYSTEM 

The harvester/forwarder system is the most rapidly 
growing alternative to full-tree harvesting methods 
in central and eastern Canada. There are several 
reasons for this. 

Preliminary studies are showing that the system has 
much less severe impact on soils than traditional 
systems. As with all shortwood systems, slash is left 
in the· stump area and logs are delivered clean and 
sorted to roadside. Logistics of a two-machine sys
tem are easy and the units can be moved from site 
to site quickly. The harvesters lend themselves well 
to special harvesting techniques such as partial cut
tings and thinnings. Disadvantages include high 



In theory, processors should have fairly good fibre 
recovery because they handle one stem at a time, 
and can thus maximize log recovery. The processor 
can also salvage fallen trees or stems knocked over 
by the feller-buncher. Fibre losses can occur when: 

• stems are not fully processed or topped at too 
large a diameter; 

• trees are forgotten under slash piles; 

• feed rollers slip and carve into the stems; 

• stems are broken when pulled out of the 
bunches. 

From a fibre utilization perspective, forwarders are 
much more attractive than skidders because: 

• carrying wood reduces losses; 

• loading and unloading with the crane is gentler 
on the wood. 

Fibre losses can occur when: 

• logs slip out of the carrying bunk when traveling 
loaded; 

• logs are forgotten in the cutover because they 
are often obscured by slash. 

MECHANICAL FULL-TREE WITH 
ROADSIDE 

DELIMBING-DEBARKING-CHIPPING 

In-woods chipping is generating considerable 
interest for both economical and fibre utilization 
reasons. 

Because chain flails are relatively insensitive to tree 
size and form, they offer the potential to increase 
stand utilization in low-quality and low-volume 
stands. Recent published studies have indicated that 
between 3 to 5 % more fibre per hectare can be 

recovered with in-woods chipping systems com
pared to traditional roundwood methods (Raymond 
and Franklin 1990; Stokes and Watson 1988). 

From an operational perspective, the interesting 
features of chain flail delimber-debarker-chippers 
are reduced harvesting costs, fresher fibre to the 
mill, the elimination of several handling phases 
(delimbing, slashing, loading, unloading) and 
significant savings in mill handling and storage 
costs. The disadvantages include better road 
requirements, high levels of planning and supervi
sion and the high capital cost of the machines. 
Figure 4 compares the delivered wood cost of 
in-woods chipping systems to traditional 2.5-m 
roundwood systems. 
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Figure 4. Comparative delivered wood cost of 
in-woods chipping vs. roundwood systems (Favreau 

1992). 

During the FERIC study, this system was basically 
the same as for the mechanical full-tree block from 
a fibre recovery to roadside perspective, with fell
ing and skidding done the same way. However, 
wood was concentrated at one point at roadside 
where delimbing, debarking and chipping was done 
with a Peterson-Pacific DDC 5000 chain flail 
delimber-debarker-chipper. The results on produc
tivity and fibre _reco~ery are presented in Table 4. 



capital and operating costs, as well as low produc
tivity in adverse stand conditions .. Figure 5 illus
trates the . relationship between harvester 
productivity and average tree size, based on a large 
number of FERIC studies done since 1987. 
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Figure 5. Harvester productivity as a function of tree 
size. 

Productivity and fibre recovery results from the 
FERIC study in Nova.Scotia are given in Table 6. 

Table 6. Productivity and fibre utilization 
results in the harvester/forwarder block 

Average tree size (ml) 0.073 

Avg. stand volume (ml/ha) 120 

Volume recovered (m3/ha) 135 

Volume on cutover (m3/ha) 1 

Volume delimb. pile (ml/ha) NIA 

Fibre recovery ( % ) 99 

Fibre yield ( % ) 113 

Harvester productivity 
(trees/PMH) 104 (7.6 ml/PMH) 

Forwarder productivity 
(trees/PMH) 160 (11.5 m3/PMH) 

Of all study blocks, this one showed the least 
favorable conditions in terms of tree size, mer
chantable volume per hectare and the number of 
unmerchantable hardwoods. There were also a 
large number of unmerchantable and barely mer
chantable softwood stems in the stand. 

The harvester produced an average of 104 
trees/PMH, or 7.6 m3/PMH. This low productivity 
was caused by the small trees and also because the 
operators seemed intent on recovering as many 
stems as possible after the project's objectives had 
been explained to them. The forwarder also had a 
lower than average productivity. 

The fibre recovery was excellent and virtually no 
merchantable slash was left on site. This was un
doubtedly facilitated by the fact that the harvester 
processed one tree at a time, which reduced losses 
and breakage. Also, the harvesting of barely mer
chantable trees greatly improved the fibre yield 
from this block, which averaged 13 % gain over ini
tial cruise estimate.s. 

Single-grip harvesters feature many advantages 
from a fibre recovery perspective: 

• reduced breakage because sterns are handled one 
at a time; 

• chain saws have narrow kerf; 

• low stumps because of reduced risk of hitting 
rocks; 

• recovery of fallen over sterns. 

On the negative side, some fibre losses can occur 
when: 

• sterns break during processing because of re
peated delimbing efforts; 

• leaving trees that are too big for the heads to 
handle; 

• feed rollers slip and carve into the stems. 



CONCLUSIONS 

These days, companies managers and planners are 
really scratching their heads when considering 
alternatives to their usual practices. Several options 
are possible, each with operational and environ
mental pros and cons that have to be considered 
with site-specific considerations in mind. 

The study that FERIC conducted in Nova Scotia 
helped to show that with proper planning and 
operator awareness, timber harvesting can be con
ducted with minimal fibre waste and good yield 
from predicted cruise estimates, and still maintain 
acceptable cost and productivity. Certain systems 
such as chain flails artd cut-to-length machines have 
shown the potential to recover additional volume 
over initial cruise estimates. However, it was also 
shown that overriding concern for productivity may 
be at the expense of good fibre recovery. 

In future studies and machine evaluations, FERIC 
will include fibre utilization as one of the study· 
variables, along with cost, productivity and envi
roillllental compatibility. 

REFERENCES 

Buggie, W.J. 1991. Flail chippers can improve 
fibre utilization in small softwoods. Can. Pulp 
Paper Ass. Woodlands Section. Preprints from 
the 72nd annual meeting, Montreal, Que. 

Favreau, J. 1992. Economics of in-woods chipping 
versus roundwood harvesting. For. Eng. Res. 
Inst. Canada. Tech. Rep. in press. 

Gingras, J.-F. 1992. Fibre recovery efficiency of 
wood harvesting systems. For. Eng. Res. Inst. 
Can.· Technical Note TN-186. Pointe-Claire, 
Que. 12 pp. 

Raymond, K. and G.S. Franklin 1990. Chain flail 
delimber-debarkers in eastern Canada: A 
preliminary assessment. For. Eng. Res. Inst. 
Can. Technical Note TN-153. Pointe-Claire, 
Que. 8 pp. 

Stokes, B.J. and W.F. Watson 1988. Flail proces
sing: An emerging technology for the south. 
ASAE paper 88-7527. 1988 International Winter 
meeting of the ASAE, Chicago, Ill. December 
13-16, 1988. 



HARVESTING FOR ACTIVE RIPARIAN ZONE MANAGE1\1ENT 
AND THE EFFECTS ON MULTIPLE FOREST RESOURCES 

Loren D. Kellogg 
Associate Professor 

Stephen J. Pilkerton 
Senior Research Assistant 

Arne Skaugset 
Instructor 

Forest Hydrologist, Adaptive COPE 

Department of Forest Engineering 
Oregon State University 

Corvallis, OR 97331-5706 

ABSTRACT 

An integrated forest resource study on active management in hardwood dominated riparian 
areas has been started in the central Oregon Coast range. All overstory trees are being 
removed in a combination of 600 foot and 300 foot openings along main fish bearing streams 
and conifer seedlings are planted in the openings. Uncut buffer strips separate the openings. 
Tree removal in the riparian area and placement of large woody debris, conifer logs and 
streamside pulled red alder trees, is being completed during regular upslope cable logging 
operations. Preliminary logging operations research results found a minimal amount of time 
required to complete the stream enhancement activity. Total logging operation cost on one 
stream for five debris structure installations was ·s200 and the estimated market value for 
debris pieces was $656. Other research aspects of this study are physical habitat and 
streambed co":ditions, water quality, and conifer establishment and growth in hardwood/shrub 
riparian areas. 
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INTRODUCTION 

Fires, floods and past land use practices have created dense stands of hardwoods and shrubs 
along many coast range streams in the western U.S. This situation limits management of 
multiple resources in these areas. First, the hardwood and shrub dominated riparian areas 
limit the ability of a stream to maintain diverse fish and wildlife habitat conditions especially 
important for high quality fish production. In these areas, few large conifer trees are available 
to fall into the stream where they can create pools and increase the quality of fish habitat. 
Fallen hardwoods provide some favorable fish habitat however they are smaller and decay 
much faster than conifers. Second, a completely no harvest riparian area policy eliminates 
current hardwood timber utilization from these areas and eliminates future conifer timber 
utilization options. Growing conifers in these streamside areas should improve fish and 
wildlife habitat by increasing the amount of large wood present in the stream and vegetation 
ecosystems. The challenge however is to identify successful practices and efficient methods 
for growing conifers in hardwood/shrub dominated riparian areas. The current revision 
process occurring on west coast forest practice rules has revealed significant information gaps 
for developing new riparian management guidelines. A variety of current research is being 
conducted to provide needed information. 

Some riparian silviculture research is aimed at overstory and understory manipulations along 
with planting conifers in riparian areas to evaluate how conifers grow under various levels of 
competition from hardwoods and shrubs. Other studies have looked at existing stream 
enhancement by placing woody debris in the stream to provide habitat until streamside 
conifers are large enough to contribute woody debris in the riparian area. The majority of the 
conifer establishment and stream enhancement activities have been specialized projects not 
conducted during other forest operation activities such as upslope logging. 

Water quality (stream·temperature and soil erosion) is another issue where·there are questions 
associated with vegetation manipulations in riparian areas. It is generally understood that 
removal of all streamside cover raises stream temperature unacceptably. It is not clear 
however what effects will result from removal of tall cover from various portions of the 
stream length when there are leave sections bet_ween cut openings. 

A joint Oregon State University, College of Forestry and Coastal Oregon Productivity 
Enhancement (COPE) research project is being conducted to specifically evaluate multiple 
forest resource issues associated with active riparian management. In this study, active 
riparian management involves removing approximately 25 percent of the stream reach in 
scattered patch cuts of 600 foot and 300 foot lengths along the stream. Streamside hardwood 
removals are being conducted during regular upslope cable logging operations. The cable 
system is also being utilized for placing woody debris into the stream. Following logging, 
conifer seedlings are being planted in the cleared openings. Study ·aspects of this research 
project are woody debris installations and changes in the streambed and streambank, conifer 
establishment and growth in riparian patch openings, water quality effects from streamside 
hardwood removal, and operational requirements/costs for conducting riparian area activities 
during regular upslope logging. The scope of this paper is _on (1) research project 
description/study methods and (2) preliminary logging research results. 



RESEARCH DESCRIPTION AND METHODS 

The research project consists of three replicated experimental units located in the central 
Oregon coast range. The harvest units were all hardwood (red alder) conversions to conifers; 
some scattered and clumped Douglas-fir were located throughout the units. Red alder also 
dominated the overstory of all three riparian areas where conifers were nonexistent. Timber 
stand characteristics and harvest volumes are summarized in Table 1 for the two completed 
replications; the third replication is being installed in the summer of 1993. The understory of 
the three experimental units were dominated by a variety of shrub species including stinging 
nettle, salmonberry, swordfem, and vine maple. 

The streams in the experimental harvest units are all fish bearing third order streams. They 
are classified as type 1 streams in the Oregon Forest Practice rules requiring the maximum 
amount of protection during forest operations. The watersheds drained by these streams range 
from approximately 1,000 to 3,500 acres. Stream surveys that identified the fish habitat units 
and inventoried the large woody debris in the streams found that, while both residual pools 
and large woody debris were present, fish populations in the streams could benefit from more 
debris in the stream causing both an increase in the amount and complexity of fish habitat. 

Experimental Design 

The 300 and 600 foot openings are the basic design for the riparian silviculture portion of this 
project. At each of the three replicated experimental units the harvest area extends along 
approximately 2,000 feet of the main stream reach. The stream was buffered throughout the 
stream reach with an approximately 100 foot wide management exclusion buffer strip ( each 
side of stream). At the upstream and downstream ends of the stream reach with upslope 
harvesting adjacent to it, 300 foot long openings were installed by harvesting all the overstory 
trees in the buffer strip. The 600 foot openings were also installed on the stream system 
associated with the harvest units either along the main stream or along a small tributary 
stream. Following harvesting, conifers were planted within the 300 and 600 foot openings, 
thus providing a source for future large woody debris in the riparian area. Meanwhile large 
woody debris has been added to the study streams during logging operations to enhance fish 
habitat. 

Physical Habitat and Streambed Research Aspects 

Woody debris was added to the streams within the two 300 foot openings. The 300 foot 
openings are not required for the woody debris added to the streams. We are simply taking 
advantage of the fact that the 300 foot openings are there to reduce the safety haz.ard 
associated with debris installation. 

Stream enhancement activities did not consist of merely placing individual pieces of large 
woody debris in the stream. Research has shown that complex debris accumulations provide a, 
better combination of both velocity refuge and cover for fish. Therefore, th~ objective of the 

. project was to install debris accumulations in the stream. The debris accumulations consist of 



Table 1. Timber-stand characteristics and harvest volumes in riparian study 

Replication 1 Replication 2 

Site IA Site 1B Site 2 
Condition Upper Bark Creek Lower Bark Creek Buttennilk Creek 

Unit size (acres) 41 14 51 

Stand age (yrs) 58 58 53 

Mean Stand Diameter (in) 

Douglas-fir 21 21 17 

Alder 14 14 12 

Maple 18 18 16 

Trees Per Acre 173 203 130 

Douglas-fir 48 115 30 

Alder 118 87 99 

Maple 7 I l 

. 
Harvest Volumes (net MBF) 

Douglas-fir, Sawlog 830.4 49.9 

Douglas-fir, Pulp 
. 

34.8 0.0 

Hardwood, Sawlog 680.4 203.3 

Hardwood, Pulp 26.3 212.4 

Volume Per Acre (MBF/Acre) 28 10 



a single, large, key piece of large wood accompanied by three to six pieces of woody debris 
to seed the debris jams. The large key pieces of woody debris were placed with the skyline 
yarding equipment available on-site or the swing boom hydraulic log loader where road access 
was available. 

There were two types of large woody debris used to key the debris accumulations. One type 
was large conifer logs that were yarded downhill from the harvest unit using the skyline 
equipment and placed in the stream under the skyline. The second type was large alders that 
were pulled over into the stream with the rootwads intact using the skyline equipment. The 
research design was to install six debris accumulations for each stream; three with large 
conifer logs as key pieces and three with alders including intact rootwads as key pieces. 

Prior to logging, a stream survey was carried out to identify stream habitat units and 
inventory the large woody debris. A detailed topographic map was made of the experimental 
stream reach. After the debris accumulations were installed, the topographic map and the 
stream survey was redone to document the changes in the fish habitat in the stream associated 
with the debris accumulation installation. Stream surveys and topographic maps of the 
affected stream reach will be carried out annually to track the effects of the woody debris on 
fish habitat. 

Water Quality Aspects 

The two main water quality concerns are stream temperature and accelerated erosion due to 
streambank disturbance from logging directly adjacent to the stream. This study has been 
designed to quantify the magnitude of both these tradeoffs. 

Stream temperature along with other parameters will be monitored at the upstream and 
downstream ends of the experimental· stream reach and at other intermediate points along the 
300 and 600 foot openings. This will quantify not only how stream temperature is affected 
by the openings, but also what happens to stream temperature between the openings. This is 
really not an unknown as there are stream temperature models available to predict the effect 
of manipulating streamside vegetation on stream temperature. Therefore, in addition to stream 
temperature data, sufficient information will be collected to allow verification and calibration 
of these stream temperature models to Oregon Coast Range conditions. 

Streambank disturbance will be quantified by comparing the topographic maps of the stream 
channel made both pre- and post-logging. The differences in the topographic maps between 
pre- and post-logging will be compared between the 300 foot openings and the buffered 
section to determine the magnitude of logging induced streambank disturbance. 

Riparian Conifer Establishment and Growth Research Aspects 

A variety of different conifer species and stocktypes have been planted in harvested 300 and 
600 foot openings. The research design was to include the following conifers: plug -1 
western hemlock, 1-1 Douglas-fir, plug -1 Cedar and 1-2 Douglas-fir. They were planted in 



four-seedling clusters (one of each type in a 6-foot square) at 20 ft. by 20 ft. spacing. 
Seedlings were being planted from just above the high-water .mark to 100 feet back from the 
bank. They were also planted 60 feet into uncut hardwood stands on each side of the opening 
to determine edge effect on seedling growth from the hardwoods. Half of each cutting unit 
will be maintained with minimum shrub or other competition and the other half will be 
planted with no further weed control. Herbicides approved for- aquatic use will be applied for 
controlling shrubs and tall herbs to within 10 feet of the stream with careful hand 
applications. In addition, half of the seedlings are protected with vexar tubing to minimize 
animal damage. The riparian silviculture component of this project will evaluate the 
performance of planted· conifer seedlings and the size of riparian openings on conifer 
establishment and growth. 

Logging Operations Research Aspects 

The logging operations research is collecting information on the logging planning 
requirements and costs for removing hardwood trees in the riparian openings, and the costs 
for completing the stream enhancement activities dwing the logging operation. 

Detailed felling and yarding cycle time studies were completed in the following portions of 
each harvest unit to determine logging operation differences: 

• within 300 and 600 foot openings 
• adjacent to the 100 foot streamside buffers 
• upslope harvest unit area 

In addition, skyline road change time data was collected by researchers and shift level 
time/production data was recorded daily by the logging crew. 

Stream enhancement activities were completed by two different approaches. In one, the cable 
operation logging crew completed the work during the unit harvesting operations (Bark 
Creek). Appropriate. streamside alders. were identified prior to felling and left for the yarding 
crew to pull over into the stream during the yarding operation. In addition, appropriate large 
conifer logs were identified in the harvest unit, yarded ·downslope and placed in the stream by 
the yarding crew. Time studies were completed on these activities dwing detailed continuous 
yarding cycle time studies. In the alternative procedure, stream openings were created during 
the logging operations with a faller and log loader removing alders and decking logs along an 
adjacent haulroad (Buttermilk Creek). Debris placement in the stream dwing the winter 
season cable logging was not allowed by the Oregon Department of fish and Wildlife because 
of restrictions to protect fish spawning conditions. Tree pulling and conifer placement in the 
stream will be completed at a later date with ground based equipment. An activity sampling 
study was completed on the faller/loader tree clearing operation. 

Preliminary logging research results presented here focus on the following topics and they are 
based on two of the three replications completed to date: 

• Logging layout and logging methods used on the Bark Creek and Buttermilk units. 
• Stream enhancement activities during cable yarding operations on Bark Creek. 



PRELIMINARY LOGGING RESEARCH RESULTS 

Logging Layout and Logging Methods 

Study site 1 (Bark Creek) comprised two separate harvest units along the main stream; site I
A (Upper Bark Creek) contained the 600-foot riparian harvest section and site 1-B (Lower 
Bark Creek) contained the two, 300-foot riparian harvest sections. 

Logging on the Bark Creek study site was completed with a contractor owned Madill 071 
yarder (5 drums) configured in either a live skyline shotgun (gravity outhaul) with a non
slackpulling carriage or a standing skyline shotgun with an Eagle III radio controlled 
mechanical slackpulling carriage. A haulback was used for outhaul when needed. A 
Koehring 6625 log loader was used on the landing. The logging crew size was six men. 

Approximately one-third of site 1-A (including the 600-foot riparian harvest section) was 
logged with the standing skyline/ slackpulling carriage configuration (Figure 1). The 
remainder of site 1-A was cable yarded with the live skyline/ non slackpulling carriage 
configuration. On site 1-B, only 3 of the 24 cable roads were rigged using the standing 
skyline/ slackpulling carriage. These three roads were used to yard the two, 300-foot riparian 
harvest sections and to position the log/tree debris in the stream (Figure 2). 

· Study site 2 incorporated both the 600-foot and the two 300-foot riparian harvest sections in 
the unit (Figure 3). Four landings were used to cable yard the unit. A different contractor 
also operated a Madill 071 yarder configured either as a highlead system or as a standing 
skyline with a Danebo HD Dart radio controlled mechanical slackpulling carriage. A John 
Deere 892-LC log loader was used on the landing. The logging crew size was seven men. 
Approximately one-half of the unit was highlead yarded. The standing skyline configuration 
was used to yard the longer reaches, areas adjacent to the riparian leave areas, and the riparian 
harvest sections. 

Unlike Site 1, an all-weather road permitted access to the two 300-foot riparian harvest 
sections. The timber between the road and the stream was felled and loader logged to the 
road. One faller and the loader operator completed the roadside riparian harvest sections. 
The JD 892-LC loader logged the area by grappling the logs and swinging them to the 
roadside. Trees felled on the south side of the stream were cable yarded upslope to the 
landings. 

Debris Placement - Conifer Logs 

Placement of five large woody debris structures in two, 300-foot riparian harvest sections has 
been completed on site 1-B (one less than six installations per stream planned for in the initial 
research design). Two red alder trees and one Douglas-fir log were placed into the stream on 
the northern 300-foot section (Figure 4). One red alder and one Douglas-fir log were placed 
into the southern 300-foot section. Horizontal distances from the yarder to the stream were 
750 feet in the northern section and 700 feet in the southern section. In both cases there was 
approximately 90 feet between the unloaded skyline and the stream. 
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Placement of a 32-foot by 20-inch (560 board feet, Scribner) log in the northern 300-foot 
section took 4. 75 minutes to move it 80 feet into the· stream with the skyline system. Time 
included yarder cycle elements of outhaul, drop chokers, lateral outhaul to the log, hook 
chokers, lateral in to the corridor, and log placement in the stream. Total time also included a 
delay of 0.55 minutes when the yarder engineer· began pulling the log towards the landing 
instead of the stream. The log was choked at both ends, allowing for excellent control of the 
log dwing placement. A haul back line was necessary· for outhaul on this cable road. 

Placement of a 32-foot by 18-inch (430 board feet, Scribner) log in the stream on the 
southern riparian section took 18.1 minutes. It was moved 50 feet laterally to the corridor 
and then 160 feet to the stream. A haulback line was not necessary for normal yarding 
operations on this corridor. Only one choker was set on the middle of this log. The lack of a 
haulback line and the use of one choker contributed to the significantly longer time for 
placement than log placement in the northern riparian section. · Without the powered outhaul 
capability, the log was pulled towards the yarder, then the mainline was allowed to free spool, 
sending the carriage and the log towards· the stream due to gravitational force. It took several 
attempts to reach the stream. Choking the midpoint of the log allowed it to twirl, impeding 
cross channel placement of the log. 

Debris Placement - Alder Trees 

Placement of two alder trees by pulling into place with the yarding cables took three attempts 
in the northern 300-foot section. The first tree was initially 60 feet (horizontal distance) from 
the· carriage, at a 45 degree angle (plan view) to the skyline corridor. A wire rope strap (eyes 
at both ends) was placed around the tree five feet above groundline. The strap did not cinch 
around the tree. As the mainline was pulled towards the carriage, the strap slid to 3 5 feet 
above groundline. As the strap slid and the tree leaned, it was necessary to unclamp the 
carriage and move it from its initial position to 130 feet from the tree. In addition, the 
skyline was lowered to improve the pull angle. The first stem shattered halfway up the stem, 
8.5 minutes into the attempt. It was not placed in the stream. 

The second, nearby tree (Al, Figure 4) was rigged in a similar fashion. The carriage was 
initially placed in the same location as for the first tree. Tree pulling on the second tree 
resulted in a lean of 45 d~grees over the stream. . Additional tree pulling was ineffective as 
the mechanical advantage was lost. After a total of 6.6 minutes, the tree was hand felled into 
the stream. 

On the third tree (A2, Figure 4), the crew successfully pulled the alder with its rootwad into 
place. Initially the tree was 100 feet from the carriage, at approximately a 40 degree angle to 
the skyline corridor. The following operational sequence was performed: 1) clamp carriage 
to the skyline; 2) pull the mainline until tree lean no longer increased; 3) release skyline 
clamp; 4) move carriage towards yarder; 5) lower skyline five to ten feet; and 6) clamp 
skyline and pull mainline. Three sequence repetitions and 11."6 minutes later, the tree fell into 
the stream under its own weight. 



On the southern 300-foot section, only one alder was pulled. Initially the tree was 120 feet 
from the carriage at an angle of 45 degrees to the skyline corridor. While pulling on the tree, 
the skyline tailhold stump pulled out of the ground, causing the rigging and the carriage to 
crash down. The alder (A3, Figure 4) was then handfelled into the stream. The crew had 7.1 
minutes into this attempt at the time of the tailhold stump failure. Six hours were required to 
repair the carriage, secure a new tailhold stump, and re-rig the cable road. 

Cost Estimates For Debris Placement 

The following are estimated costs for the market value of the materials placed in the stream 
and the costs for completing the stream enhancement activity during the cable yarding 
operations (total cost for two conifer logs and three alder tree installations). The yarding 
crew did not do any additional small debris placement for seeding of the large debris 
structures. Some small debris did enter the stream during yarding operations which might 
have been captured by the debris structures. The costs were derived based on the following 
assumptions: (1) the yarding crew was already moved-in and set-up on the cable road; (2) 
costs were excluded for the log loader and operator as they were productive with regular 
operations; (3) costs such. as planning, layout, and tree selection are not included; and 4) costs 
per hour are referenced to Edwards, 1992. 

Timber Market Value 

Douglas-fir logs: (0~99 mbf @ $500/mbf, stumpage) 
Red alder. trees: (0.52 mbf@ $310/mbf, stumpage) 

Yarding Costs ($ 212.00 per hour, equipment & 5 man crew) 

Douglas-fir logs: 
Red alder trees: 

(4.75, 18.1 minutes) 
(8.5, 6.6, 11.6, 7.1 min.) 

TOTAL 

$ 495.00 
$ 161.00 
$ 656.00 

$ 80.50 
$ 119.50 
$ 200.00 

$ 856.00 

Obviously this does not include the six hours of downtime incurred by the contractor when 
the skyline tailhold failed. At$ 212.00 per hour for the yarding equipment and the crew, this 
could add $1,272.00 to the costs. 

Cable Rigging Considerations When Pulling Trees 

Safety must be the first consideration when using yarding equipment in a fashion new to the 
crew. Experienced or not, in ,tree -pulling, the crew must continue to exercise safe practices 
and be extr~ attentive to the operation. Operational and cost efficiencies are also important. 



In the tree pulling aspect of this study, the rigging crew forfeited mechanical advantages of 
blocks and lever arms by ( 1) not using a- block to direct the pull downwards (intended 
direction of the tree) and (2) not using the 25 feet to 30 feet of leverage arm to pull (rotate) 
the stem and roots out and down (Figure 5). Instead they essentially attempted to pull the 
tree upwards, opposing gravity and the root structure. The resulting tree lean obtained was 
essentially in-line with the direction of mainline pull to the carriage. In this manner~ only one 
of the four trees pulled gained enough lean to fall with its rootwad intact. 

Would a rigging configuration as shown in Figure 5 have prevented pulling the skyline 
tailhold stump? It is unknown, but very likely. Physically, the alder ·stump selected was 
marginal as a suitable skyline anchor. The stump diameter was 18 inches, and it was in a 6 

· to 7 year old regeneration unit. The resultant force of the mainline tension acting on the 
carriage (skyline) could be reduced from that experienced when the stump failed. A more 
efficient application of the directional pull would decrease the mainline tension required and 
result in better·control in pulling the tree over into the stream. 

The use of the strap versus a choker was questioned initially by some observers. However, if 
a strap is allowed to be pulled into a higher leverage position by the mainline prior to placing 
the mainline in the pulldown block, it could eliminate the· need to climb the tree. Applying 
enough ,mainline tension to. position and cinch the cable sling into the stem fiber however is 
not as controllable as climbing and rigging a choker or strap. A block purchase would require 
rigging a block in th~ tree, but only 50 percent of the mainline tension would then be required 
as compared to a single line pull. This obviously would ·have reduced the resultant force 
applied· by the mainline to the skyline-in the failed ·stump example. Pre-rigging cables and 
blocks for·tree pulling is possible to minimize delaying the yarding crew. 

The logging contractor for the third replication has agreed to rigging the pull trees in a 
fashion similar to Figure 5. Timing of the pre-rigging and pulling will be conducted. The 
potential use of a block purchase will be investigated. 

CONCLUSIONS 

This integrated research project will provide information to help evaluate multiple forest 
resource issues associated with active management in riparian areas. Pr~liminary logging 
operation research results indicate that stream enhancement activities, if well planned and 
executed, may be accomplished with minimal additional logging cost. 

Choice of debris type (log or tree), species, and wood quality value define the majority of the 
cost associated with these activities. For example, the first conifer log placement in the study 
took only five minutes of the yarding crews time, costing approximately $17 .00 in labor and 
equipment cost. However due to high market value of Douglas-fir, the log was worth, 
conservatively, $280.00. 

Conversely, unplanned and quickly initiated placement activities can have costly consequences 
-- in safety, time and money. The attempt to pull over the alder tree which resulted in pulling 
the skyline tailhold is an example. In this situation, the crew was on its last cable road for 
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Figure 5. Use of a pulldown block for tree pulling. 



the job and it was late in the workday. 

Today's operating conditions and rising costs necessitate utilizing cost efficient and 
environmentally sound forest operation techniques. In the stream enhancement operation with 
cable yarding operations, techniques such as choking both e11:ds of the log for control in 
stream placement, using a haulback when needed, and rigging tree pulls in the desired 
direction are appropriate. Substituting horsepower for technique works, occasionally. 
However, good technique leads to efficient, consistent, and predictable results. Loggers and 
forest engineers can use these techniques to efficiently meet the changing and challenging 
environmental conditions required in today's harvesting activities. 
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Abstract 

In British Columbia partial-cut silvicultural systems are 
increasingly being prescribed for environmentally sensitive 
sites. The traditional silvicultural system used in the province 
is clearcutting and many foresters, engineers and logging crews 
have limited experience with partial-cutting operations. Several 
trials have been implemented in recent years to learn more about 
the operational requirements and biological aspects of these 
silvicultural systems. FERIC has participated in many of these 
trials to document the harvesting operations, logging 
productivities, and costs. This paper discusses four key 
attributes that were common to successful trials, and illustrates 
the importance of each attribute by example. Four trials are 
described to show the diverse range of partial-cutting 
prescriptions now being implemented in the province, and to 
illustrate the importance of the four attributes to partial
cutting operations. 

Introduction 

British Columbia's terrain, geology and climate combine to create 
an extensive and complex natural forest represented by 13 major 
biogeoclimatic zones, or ecosystems. To harvest the mostly 
natural stands on these sites a wide variety of logging systems 
and equipment types are used, including ground skidding with a 
variety of tracked and rubber-tired skidders; fully mechanized 
roadside harvesting systems; grapple, highlead, and skyline cable 
systems; and aerial systems including helicopter and balloon. 
Despite the natural and operational complexity, the principal 
silvicultural system used in British Columbia has traditionally 
been clearcutting, followed by site preparation and planting. 

In recent years the use of partial-cutting systems has been 
increasing rapidly in response to public concerns about the 
environment and changing resource-management goals. With the 
diversity of sites, stands, and equipment choices, forest 

,managers and forest engineers now face a considerable challenge 
to successfully introduce and implement partial-cutting systems 
that satisfy a range of silvicultural and environmental goals. 



FERIC researchers have participated in several partial-cutting 
trials throughout the province, and have observed a few key 
factors that are common to efficient and successful trials 
regardless of the silvicultural systems and logging methods 
employed. Often our research papers provide detailed information 
on the performance and.production of the _harvesting system. What 
are usually not documented, yet play a significant role in the 
success or failure of a trial, are several subjective attributes 
which are difficult to quantify. While they are important to the 
success of all harvesting operations, in our experience they are 
especially important to partial-cutting trials. 

The four key attributes are: 

l) Area development planning and layout 
2) Commitment and contractor "buy-in" 
3) Innovation and flexibility 
4) Communication and supervision 

Four recent FERIC studies of partial-cutting operations will be 
used to illustrate these factors, as well as to highlight the 
range of sites and situations to which partial cutting is being 
applied in the province. These trials, each in a different region 
of the province (see Figure 1), have employed ground-based, cable 
and helicopter logging systems. The management objectives of 
these cuts have included lessening the visual impacts of forest 
operations, improving survival and growth of natural regeneration 
on severe sites, maintaining forage and cover for various species 
of wildlife, maintaining water ·quality and fish habitat, and 
maintaining the stability of marginally stable slopes. 

Area Development Planning and Layout 

Since logging in partial cuts is almost always more complex and 
expensive than in clearcuts it is critical that harvest sites are 
carefully planned to ensure that production in all harvesting 
phases is optimized and costs are kept to a minimum. In the 
planning and layout of partial cuts the engineer must ensure that 
all harvest entries, not just the first harvest, are efficient. A 
well-planned transportation and access network is therefore 
essential. 

An example of efficient area development planning is found in a 
trial that FERIC monitored to determine production and costs of 
ground skidding and cable yarding systems in small patch cuts. 
The trial took place in the West Kootenays, a popular recreation 
and tourist destination in the south-central interior of British 
Columbia. To mitigate visual impacts and maintain wildlife 
habitat, small patch and large group selection cuts were 
prescribed for the harvest sites. 
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Figure 1. Location of partial cutting trails. 

The stands on the sites were of fire origin, and consisted of a 
mix of second-growth conifer species. To implement the trials it 
was necessary for the engineer to design haul roads and landings 
that would serve to access the entire management unit, even 
though only one-third to one-quarter of the units' area was to be 
harvested, in patches of 1 to 3 ha in size, during each entry. 
The patches identified for each entry also had to be distributed 
over the whole management unit to ensure similar average logging 
chance for each harvest. 

By planning the access over the whole unit, rather than just for 
the patches to be harvested in the first entry, the area in roads 
and landings was minimized. As a result landings and roads were 
not always adjacent to patch boundaries, so a network of 
permanent, designated skid roads was also needed. The locations 
of these skid roads had to take in account the removal of 
adjacent patches in future entries. It was therefore important to 
minimize the area occupied by skid roads while still ensuring 
efficient skidding. 



Broken and variable terrain on two of the management units 
required a combination of cable and ground skidding systems, with 
adjacent small patches often laid out for different harvesting 
systems. In a few cases the engineer failed to ensure that tail 
spar trees and guyline stumps located in ground-skidding areas 
adjacent to the cable-yarding patches were marked and reserved 
for future use. It became necessary to use skidders and crawler 
tractors as guyline anchors for the cable yarder. 

Contractor Commitment. and "Buy-in" 

A harvesting trials' success or failure to achieve desired 
results often hinges on the ability of the logging contractor and 
crew. If the crew has not "bought in" to all aspects of the 
project, or is not committed to fulfilling all the objectives of 
the harvest, even an experienced crews' operation can produce 
disappointing results. 

A partial-cutting trial on Quadra Island on the south coast 
demonstrated the value of contractor commitment and buy-in. The 
objective of the trial was to test the operational feasibility of 
a ground-based, multiple-entry, partial-cutting method in second
growth douglas fir. The initial harvest removed 15% of the stand 
volume, with future entries -scheduled at 5- to 7-year intervals. 
The company with the timber rights had to proceed cautiously to 
re-introduce timber harvesting within a rural community in an 
area of significant visual and recreational values. 

The success of the initial harvest was due in part to the extra 
effort by both the company and the contractor. The contractor's 
buy-in was demon~trated by his willingness to aquire a skidding 
machine that was well suited to the proposed operation but 
unfamiliar to him, and in addition to regularly discuss the 
logging operation.to professional and public groups, at his own 
cost. His commitment was further demonstrated by the extra 
precautions taken during harvesting to minimize damage to the 
residual stand and the soil, even though he sometimes sacrificed 
skidding productivity. These measures included the placement of 
plastic culvert pipes to protect rub trees, voluntarily ceasing 
operations or moving to alternate areas during heavy rain, 
pulling mainline longer distances to logs, using repetitive 
sequences of winching to reduce dynamic forces on the soil, and 
coordinating log hauling to minimize disruption to local 
residents. The result was a high-quality logging operation. 



Flexibility and Innovation 

Harvesting on sites with non-conventional cutting prescriptions 
requires logging crews that are flexible enough to be able to 
change, and to accept the need to change, their usual working 
habits and arrangements. In addition, innovation is very 
important to enable crews to adapt to new conditions and 
situations. Innovation may lead to new techniques or modification 
of existing equipment uses to optimize performance. 

The effects of crew flexibility and innovation were evident in a 
partial-cutting trial at Date Creek. The study site was in the 
coastal-interior transitional zone, about 1100 km north of 
Vancouver. The trial, which examined several silvicultural 
systems to assess regeneration, growth, and productivity of 
conifer species under different canopy-opening conditions, 
invoved nine harvesting operations. The treatment units used 
individual tree selection (ITS), group selection and clearcut 
systems. FERIC's task was to provide information on harvest 
planning and operational aspects on the experimental cuts. 

Several logging contractors participated in this trial. Many of 
the contractors approached the partial cuts as they would a 
conventional clearcut and used similar crew and equipment 
arrangements. Two of the study blocks had the same prescription 
which required the removal of 151 of the volume in groups of one
tenth to one-quarter hectare, and removal of an additional 55% 
under an individual tree selection (ITS) system in the remainder 
of the stand. One of the contractors applied a "conventional" 
approach, using rubber-tired line skidders and manual falling for 
the entire block; in addition, falling was done well in advance 
of the skidding phase. 

The other contractor felt that the operation could be more 
efficient if each treatment was approached as a separate logging 
entry. This contractor used grapple skidders and a feller-buncher 
in the group selection areas, then logged the ITS component using 
line skidders and manual "hot" falling. The feller-buncher worked 
well in the small openings and was able to place stems to avoid 
damage to residual trees and to ensure they ·were in lead with the 
skid roads for subsequent grapple-skidding. This practice 
significantly increased production in the group cut relative to 
the manual felling/line-skidder combination. 

Once the first stage was completed the fallers were able to use 
each group opening as a falling face. They progressively felled 
narrow bands of "mark-to-cut" trees from within the ITS area into 
the small openings. After a band was felled the fallers moved to 
another opening to allow the line skidders to remove the felled 
trees. This approach provided clear access to the next band of 
"mark-to-cut stems". This innovative teamwork apprqach, along . 
with the two stage entry into the stand, reduced interference 
between logging phases and the group-cut and ITS treatments. In 
addition the fallers showed they could use good judgement in 



substituting unmarked trees for marked trees where the latter 
proved to be difficult to fall to lead. -

Other contractors in the trials who did not exhibit flexibility 
and innovation had poorer performance in terms of residual stand 
damage, log breakage, impacts on soils, and logging costs and 
productivity. 

Communication and Supervision 

Constant communication between the engineer, logging supervisor, 
contractor, and logging crew is essential to ensure that logging 
plans are properly and safely implemented and harvesting 
objectives are met. It is particularly important to get prompt 
feedback from logging crews on any problems or concerns when 
experimenting with new systems or techniques. 

The importance of communication was demonstrated in a helicopter 
logging trial on the Queen Charlotte Islands in 1992. The purpose 
of the trial was to demonstrate the operational and economic 
feasibility of logging steep (50-70%), unstable slopes with 
helicopters under a variety of silvicultural prescriptions. 
The two study sites each contained four 10-hectare treatments: a 
clearcut unit, a 50% and a 25% patch-cut unit (with patches of 
about 0.2 ha in size), and an individual tree selection unit, 
with 25% removal by basal area. 

Helicopter.logging is a high-cost operation which is extremely 
sensitive to delays and inefficiencies in the yarding phase. 
Ideally, therefore, all phases should be separate to avoid 
interference, so engineering and falling are typically done well 
in advance of yarding. Because the heli-logging company involved 
in this study operates throughout the B.C. Coast, the engineers, 
fallers, and heli-logging crews usually have only limited on-the
ground contact with each other. 

The engineers, fallers, and heli-logging crews who participated 
in this trial had experience in partial cutting on gentle 
terrain, but not on ·steep slopes. As a result minor adjustments 
constantly had to be made to patch-cuts and treatment-unit 
boundaries, tree marking, falling patterns and yarding operations 
during the course of the trials. This was anticipated, so an on
site observer was assigned to oversee the trials from the 
beginning of the field layout phase to the end of the yarding 
phase. This person communicated with all groups during the course 
of the engineering, falling, and yarding phases, and kept all 
parties informed of progress. Most of the matters that required 
attention and resolution involved minor amendments to cutting 
boundaries. On-site meetings were only required on a few 
occasions. As a result potential problems were identified and 
dealt with in advance and delays to operations, par~icularly to 
yarding, were avoided. 



Supervision or monitoring of the logging contractor's performance 
is also important, as well as supervision by the contractor over 
his crew. The supervisor should be available to direct operations 
especially when logging in a new treatment commences and when 
logging occurs on the more sensitive sites. Very often the 
success or failure of a logging operation is judged by the 
performance in these sensitive areas, even though this may 
amount to only a small proportion of the harvest site. 

Summary 

In B.C. the use of partial-cutting systems is increasing to meet 
the more demanding requirements of harvesting on environmentally 
sensitive sites. Four harvesting trials monitored by FERIC were 
used to illustrate examples of four attributes that are key to 
successfully implementing partial-cutting silvicultural systems. 
These attributes are: (1) thorough planning of area development 
and field layout; (2) contractor commitment and buy-in; 
(3) innovation and flexibility; and (4) communication and 
supervision. Despite the diverse conditions and silvicultural 
prescriptions, these four partial-cutting trials succeeded 
because these attributes were achieved. 

The following study reports for the trials described in this 
paper are now being prepared, and will be available from FERIC in 
late 1993 or 1994: 

~·west Kootenay Small Patch Cut Trials" - Greg Kockx, R.P.F. 

"Partial Cutting in a Second Growth Douglas-fir Stand on Quadra 
Island" - Doug Bennett, R.P.F. 

"Date Creek Silvicultural Systems Trials" - Don Thibodeau, R.P.F. 

"Helicopter Logging Using Partial Cuts on Unstable Slopes on the 
Queen Charlotte Islands" - Ray Krag, M.Sc., R.P.F. 
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ECONOMICAL ANO REUSABLE CROSSINGS FOR WETLAND AREAS 

Introduction 

Roads are necessary in order to access many forest resources. These roads are 
constructed for a variety of vehicles. Temporary roads are adequate if the 
area is relatively dry and few vehicle passes will be made. In areas where the 
soil is difficult to cross, mainly due to excessive moisture, the work must be 
delayed or a built-up, permanent road must be constructed. This causes 
increased road congestion which can be as detrimental to the ecosystem as 
excessive rutting of weak soils. 

Alternatives for accessing resources while protecting the environment are 
needed. The alternatives should consist of products that act as temporary 
crossings or 'bridges' over sensitive areas. The products should be 
inexpensive, reusable, portable, readily available, easy to handle, and rugged 
enough for the variety of vehicles that drive over them as well as install and 
remove them. 

The San Dimas Technology and Development Center has been working on a portable 
crossing project. This has become the means of determining qualifying products 
for crossing weak soils and small streams. The majority of the work has been 
field tests in the wetlands of Florida for the crossing of timber harvesting 
vehicles. 

Literature Search and Product Descriptions 

The project began with a product and literature search. This information 
became the basis for our field tests. The military was a·n excellent starting 
point for various ideas. The specific crossings tested and used by the 
military are expensive and limited in supply. We constructed crossings similar 
in design using less expensive materials for our field tests. Other crossings 
we are testing are based on products seen in construction magazines. They have 
never been used as road surfacing. Further testing is being performed on 
products specifically manufactured as portable crossings. The following 
descriptions include costs. Keep in mind, the cost· is for multiple uses of the 
crossing, not the one time cost for a permanent crossing. The life expectancy 
is still unknown making it difficult to do a cost comparison with a permanent 
or between the temporary options. 

Two crossings similar to the military crossings are chainlink for wetlands and 
bundled pipe for streams. The chainlink crossing tested by the military 
consisted of chainlink connected to a thick, heavy, rubber mat. We made a few 
changes due to the mat not being readily available and expensive, and the 
crossing taking a great deal of time to construct. Our chainlink crossing 
consists of a layer of geotextile under a layer of chainlink. A nonwoven 
geotextile has been used costing $380 for a 12-1/2 ft x 360 ft (3.75 m x 108 m) 
roll. The chainlink tested so far is a 2-3/8 in (6.03 cm), 11.5 gauge, 10 ft 
(3 m) wide for $3.50/ft ($11.67/m) and al in (2.54 cm), 11.5 gauge, 4 ft (1.2 
m) wide for $4.50/ft ($15.00/m). The tota\ cost of the crossing is around 
$10.85/sq yd ($13.56/sq m). These two products were chosen for various 



reasons. The geotextile separates the soil and chainlink for ease of removal 
of the chainlink. The chainlink helps supply traction and protects the 
geotextile from direct tire contact. We assumed both would contribute to 
distributing the load over the width of the road. 

The military bundled pipe crossing is produced by a foreign country making it 
difficult to purchase and obtain. It is also VERY expensive ranging from 
$1,000.00 for a 15.3 ft (4.6 m) wide by 1.8 ft (0.55 m) diameter bundle to 
$15,000 for a 1s·.3 ft (4.6 m) wide by 7.3 ft (2.2 m) diameter bundle. our 
version is quite different, according to the patent information. The bundled 
pipe crossing consists of interconnected polyvinyl chloride (PVC) pipe. The 
pipe is schedule 40 PVC, a ultraviolet (UV) resistant type may be preferred for 
life expectancy. The size will vary from 3 in (7.62 cm) to 8 in (20.32 cm) 
diameter depending on design and pipe availability. Holes are drilled through 
the pipes about 2 ft (0.6 m) from the ends and 2 ft (0.6 m) from the center and 
5/8 in (1.59 cm) cable run through to connect them. The pipes are connected as 
a single layer 20 ft (6 m) wide and 9 ft (2.7 m) long costing S601.86. The 
layers are easy to install and remove, can be connected end to end for extra 
length, and can be layered depending on stream depth. Geotextile is placed 
along the stream bottom with one or more layers of pipe placed over it. A 
tractive surface may be necessary over a single layer of pipes and is 
imperative for numerous layers. The surfacing we tested consisted of grating 
interconnected with cable. 

A product considered as a possibility but never having been used as a wetland 
crossing is grating. Grating looked like a means of distributing the tire 
point load over a larger area. Manufacturers had no information for this type 
of use. So, two different types were considered. one is a relatively 
inexpensive, $105/each 4 ft x 10 ft (1.2 m x 3 m), lightweight, 160 lb/ea (80 
kg), expanded metal grating. The other is an expensive, S238/each 3 ft x 10 ft 
(0.9 m x 3 m), heavy, 200 lb/each (100 kg), safety grating. The expanded metal 
grating consists of a piece of metal with slits cut into it. The edges are 
expanded making a sheet of diamond shapes. The safety grating is a sheet of 
metal with diamond shapes punched through it. Geotextile similar to the type 
described above is placed under the grating to help distribute the load and 
assist in removal. The total crossing cost is ranges from $24.34/sq yd 
($30.43/sq m) to $72.16/sq yd ($90.20/sq m). 

The products specifically manufactured for heavy vehicles to cross wetlands are 
Terra Mat and wood platforms. Terra Mat is constructed of interconnected tire 
sidewalls to form a 9 ft (2.7 m) x 20 ft (6 m) mat at a cost of $200, $10/sq yd 
($12.50/sq m). It weighs 1500 lb (750 kg). It has been used as a crossing for 
log trucks and the mat has gone through several design changes based on field 
tests. The design we are testing now consists of tire treads connected to a 
surfacing of interconnected tire sidewalls. The 3 ft x 10 ft (0.9 m x 3 m) 
mats weigh 8001b (400 kg) and cost $125, $37.50/sq yd (S46.88/sq m). The wood 
platforms are similar in look to a pallet but consisting of larger pieces of 
wood more closely spaced. It was specifically manufactured for roads and 
platforms in oil fields. Each 8 ft x 14 ft (2.4 m x 4.2 m) pallet weighs 2200 
lb (1100 kg) and costs $360, $28.92/sq yd ($36.16/sq m). These have not yet 
been purchased for further field testing. 

From ~he literature search, these products as well as others are described in 
detail in a published report, December 1990 San Dimas Technology and 



Development Center (SD·1'0C) Pub 9024 1203 "Portable Wetland and Stream 
Crossings" (Mason). It includes names of manufacturers, costs and 
specifications of products. 

TESTING 

Tests, thus far in the relatively flat, sandy, wet soil of Florida, have been 
performed on the chainlink fence, bundled pipe, -grating, and Terra Mat. 
Originally, emphasis was placed on crossings that helped vehicle access with 
less surface impact than what would normally occur .. That way, harvesting could 
begin without waiting as long for drier conditions. Temporary crossings were 
needed to close the road quickly and easily to reduce road congestion. They 
needed to be portable and reusable to be cost beneficial. The crossings tested 
meet most of these criteria when placed over impassable sections of existing 
roads or directly over existing vegetation for various timber harvesting 
vehicles. 

One of the original tests was with the grating and geotextile. Several wet · 
spots along an existing haul road needed to be crossed. For this crossing, the 
grating was placed in the wheel paths with the long edge parallel to the wheel 
paths. Unfortunately, only one pass of an empty log truck occurred due to the 
harvesting area being too wet. The crossing was successful so we ·continued 
testing. The second test was performed by crossing one area saturated with 
standing water on an existing haul route. After 130 round trips, the crossing 
was removed showing little impact to the road surface compared to the original 
condition. The expanded metal was still in good condition. The safety grating 
started to cold press causing the ends to curl up. The ends would then catch 
on the underside of the truck and the tires would permanently bend it over. 
They were still reusable but much shorter in length. The best way to place the 
safety grating is with the long edge perpendicular to the wheel path. Two of 
the safety gratings were hinge connected to be placed perpendicular. 
Connecting them was to help in ease of installation and removal but they were 
almost too heavy to handle. The geotextile was in good shape but began to tear 
during removal. It was a nonwoven type which became saturated and very heavy. 
A means of removing the material. needs to be designed. Biodegradable was 
considered but not used due to concern over strength. 

The next tests involved the bundled pipe~ A first test was performed in 
Kentucky and consisted of 4 in (10.16 cm) schedule 40 PVC. They were placed in 
a stream with rope tied around them at both ends. Logs were then placed over 
the crossing to protect it. It was successful as a learning experience on how 
not to design the crossing. The skidder was successfully pulled out twice. 
The pipes would move out from under the load. They would bunch up in front of 
the vehicle, shoot out the side, and roll under the wheels. Tests were then 
performed at San Dimas. Various design alternatives were tried with the final 
being the most successful. Loose pipes were placed in the channel bottom. 
These were covered by a layer of interconnected pipes. This layer was covered 
by interconnected grating. Several passes were made with little movement. In 
Florida, the single layer of interconnected pipe was placed in a small, shallow 
stream with geotextile underneath and no surfacing on top of the pipes. It was 
successfully used by a skidder for 45 passes. Removal showed little if any 
impact and there-was little movement of the crossing during use. The pipes 
were· in good condition after use but one was broken by the skidder during 
removal. The crossing is·reusable. 



The most recent tests included chainlink and Terra Mat. Originally, only the 
geotextile and chainlink were used. The road surface needed to be smoothed. 
While smoothing the area, the vehicle spent too much time in the saturated 
soil, churning up the area. The soil was too weak for the chainlink crossing. 
We did learn that the ends of the chainlink had to be tied down. The crossing 
was moved to a vegetated area adjacent to the existing road. One end of the 
chainlink was placed under the ends of the Terra Mat. The other end was 
rolled around a log and buried in a shallow ditch. This crossing design worked 
well until excessive rainfall occurred. An option being considered for the 
chainlink is to enclose it in the geotextile as a means of helping in 
geotextile removal. 

The original Terra Mat design had been used near the beginning of the field 
testing to cross a slippery wooden bridge deck. The entire center of the mat 
was torn out after the first skidder pass. But, enough stayed in the wheel 
paths to be considered successful for the remaining haul. The new design was 
chosen due to its similarity in shape to grating. We also thought it would be 
easier to move around and install than the full size mat. It worked well as a 
crossing but is difficult to work with due to weight and the ends curling under 
when lifted to move and install. 

Future tests are being planned in cooperation with ITT Rayonier. They will 
mainly consist of the products already described. Most will be performed in 
Florida with others in Colorado, California and possibly Minnesota. Future 
testing will emphasize determining what the actual environmental impacts are 
through research work with the Southern Forest Experiment Station. 

CONCLUSION 

Several types of crossings have been tested. Some are manufactured while 
others are constructed from readily available materials. All have proven to be 
successful crossings during harvesting activities. Determining the actual 
environmental impacts is the next step for the crossings acceptability. This 
project has thus far proven that the environmental impact of harvesting 
activities can be minimized with proper crossings. And, we are on our way to 
determining those environmentally safe and sound crossings. 
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Shovel logging is a low impact ground-based system used for primary transport 
of logs to roadside. This system, an alternative to cable yarding on many sites 
in the Pacific Northwest, uses hydraulic log loaders to move logs or tree length 
stems from the rear of a setting toward the road in a series of passes. 

The system works best in clearcut stands of timber with an average stem size 
small enough to_ be retrieved with a medium to large capacity log loader. Slope 
limits this system to sites with less than 35 percent ground slope and moderate 
to gentle terrain conditions. The system can be used on sites where soil 
compaction and disturbance restrict the application of other ground-based 
systems. 

Fisher(1986) described two different shovel logging patterns-the serpentine 
pattern, which is used on flat or slightly sloped ground, and the hub-and-spoke 
pattern, used on steeper sites. A system using the serpentine pattern was 
studied during log retrieval. Production estimators and prediction equations 
were developed for the system. The study also noted that, in steeper terrain 
where slopes exceed 30 percent, the pattern of retrieyal changes to what is 
termed a hub and spoke pattern, which allows for shorter forwarding to a central 
landing. 

Hemphill (1986) also discussed the serpentine pattern and indicated that, when 
using this pattern, forwarding distances commonly average 45 to 60 meters and 
rarely exceed 150 meters. Harder ( 1988) describes another pattern, termed an 
up-and-back pattern, where the loader forwards a circular area twice the 
maximum. reach of the loader boom when extended, piling logs to the rear of the 
loader and toward the road. As each circle is completed, the loader moves 
further away from the road, piling logs as described. When the end of the tract 



is reached the loader consolidates and move the piles of logs toward the road. 
The maximum distance traveled with this technique was estimated to average 
170 meters, although in at least one. case the distance was estimated at 300 
meters. 

Besides extraction distance, productivity may also be affected by falling method 
and stem orientation (Fisher, 1986). Mechanical felling with.a conventional 
feller-buncher produces bunches of stems indexed to any desired orientation. 
This minimizes the amount of time needed to acquire and re-orient each stem. 
Manual felling, in contrast, leaves trees lying individually with only partial 
orientation. Fisher (1986) suggested that mechanical felling and bunching may 
offer advantages in terms of both production and cost. 

Objectives 
This research focused on the study of two different forwarding patterns for log 
loaders of relatively similar size and operating characteristics. Study goals were 
threefold and included the following specific objectives: 

Methods 

1 ) Develop and present pertinent statistical 
summaries for the two shovel logging patterns 
evaluated during this study, 

2) Evaluate the potential advantages of each shovel 
logging pattern relative· to produc~ivity and cost, and 

3) Evaluate the effect of mechanical felling on system 
productivity and cos~s. 

This study is part of a larger research effort being conducted by researchers at 
the Western Division of the Fore$t Engineering Research Institute of Canada 
(FERIC) and the University of Btitish Columbia Forest Operations Group. 
Studies were conducted on two sites to evaluate shovel logging operations using 
different felling and extraction patterns in s·econd growth Douglas-fir 
(Pseudotsuga menzie$i1), western hemlock (Tsuga heterophilia), and balsam fir 
(Abies balsamea). 

The first study site was located on property owned by MacMillan Bloedell Limited 
at the Northwest Bay Division (NWB) on Vancouver Island near Nanaimo, British 
Columbia. · The site had a uniform slope averaging 1 O percent running favorably 
from the back of the harvest area to the road, while the terrain was even across 
the site. The stand was composed of natural "after harvest" origin, second
growth Douglas-fir approximately 75 years old. The stan~ had an average 
volume of 1. 7 m3 per stem and ranged from· a minimum of 0. 1 m3 to a maximum 
of 6.3 m3 per stem. Stand density averaged 406 stems per hectare. 
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Site conditions were well suited for a ground based system with well drained, 
sandy loam soil and uniform terrain conditions. Due to the minimal impact on 
the site, trail construction efforts were minimal during the forwarding operations. 

Felling and bunching was conducted using a custom-built feller-buncher 
equipped with a 78 cm capacity Roto-Saw feller-buncher head. Felled trees 
were bunched with the butts of the stems placed facing the road. Stems were 
not bucked, delimbed, or topped after felling. Delimbing and, to some extent, 
topping occurred as side-effects of the forwarding process. 

Two types of log loader, a Hitachi EX400 LL and a John Deere 992 LL, were 
used during the Northwest Bay study. Both were equipped with a live heel, or 
log stabilizer, and a 185 cm grapple. 

The forwarding technique observed during the study was similar to the up-and
back pattern described by Harding ( 1988). The log loader would start at the 
front of the block, nearest the road, on a corner and begin piling wood to either 
side of the loader until reaching the end of the block. At the end of the block, the 
loader would tum and pile the stacked wood on either side toward the road, 
moving closer to the road as piling was completed (Fig. 1 ). 

This process was continued until all of the stems along the path were piled at 
roadside. Because the stems were initially indexed, or oriented, with the butt 
ends toward the road, the loader did not have to turn the stems during 
forwarding operations. Each stem was simply moved the furthest distance 
possible toward the road using the swing-and-drag technique described by 
Fisher (1986). 

The second study was conducted near Holberg, British Columbia on the 
northern end of Vancouver Island during harvest operations conducted by 
Western Forest Products, Ltd. The site had an average slope of approximately 
10 percent running favorably from the back of the harvest area to the road with 
slightly broken terrain. The stand was composed primarily of second-growth, 
blow-down origin western hemlock and balsam fir with an average volume of 2.2 
m3 per stem. Volume ranged from a minimum of 0. 1 m3 to a maximum of 8.1 m3 
per stem. Stand density averaged 250 stems per hectare. 

Soils were predominantly clayey loam and poorly drained. Terrain conditions 
were rolling to uneven and large amounts debris from previous wind storms were 
present on the ground. Because the site was unusually wet most of the year and 
debris often blocked the path of the loader, trail construction was necessary 
throughout much of the tract. 
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Stems were manually felled parallel to the contour. Stems with a butt diameter 
greater than 60 cm, comprising less than four percent of the stand, were bucked 
into logs of varying sizes, ranging from 13 to 20 meters in length. Delimbing was 
not required, as the limbs were typically removed during the forwarding process. 

Step 2: Moving 
up to end of 
block creating 
windrows on either side. 

Step 3: Returning to road 
~~~==::;:;;~...L ..,...,__ with logs piled at roadside. 

Figure 1. Up-and-back shovel logging pattern 
observed at Northwest Bay site. 

A John Deere 992 LL hydraulic loader was used to forward the stems in a 
serpentine pattern (Fig. 2). First, the loader would create a corduroy trail using 
woody debris along the carrier treads, to the back of the block, perpendicular to 
the road. Then, it would begin moving parallel to the road, piling stems or 
bucked logs in a windrow that also paralleled the road. 
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Direction of Loader Travel 

Road 

Step 1: First pass -
piling stems in 
windrow after 
manual felling 

Figure 2. Serpentine shovel logging pattern observed at Holberg site. 

During operations, the loader moved across the block parallel with the road until 
reaching the side boundary of the block. In some cases, where the terrain 
allowed continuous movement across the site, trails were created at 150 meter 
intervals perpendicular to the road to allow the loader better access to the main 
road for maintenance or repair. 

In both studies, detailed measurements were made of the stand conditions, 
including diameter and height measurements of the· whole stems being 
forwarded. Further sampling provided volume estimates for a representative 
sample of stems. A statistical analysis using the Students t-test compared the 
mean whole stem volume estimates at the Holberg site with those from the 
Northwest Bay site and found no significant difference in mean volume based on 
a 0.99 confidence level. Frequency distributions comparing piece size for these 
sites are illustrated in Figure 3. 

The shovel logging operatio_ns were subjected to detailed timing studies. 
Elements for both forwarding techniques were similar and included three major 



categories of productive time. These included Wood Handling, Move-in-Stand, 
and Other Work. 

Wood Handling elements consisted of all forwarding actions, both trail-to-deck 
and deck-to-deck, and any operations involving arrangement of the stem in the 
deck. Trail-to-deck forwarding was defined as any operation where a stem was 
picked up and moved from the point of felling and indexed-typically 
perpendicular to the road and preferably with the butt of the stem facing the 
road. Deck-to-deck forwarding was defined as the acquisition and movement of 
one or more stems from one windrowed pile to another pile located closer to the 
road. Stem arrangement involved the positioning and repositioning of stems in 
a windrowed pile to facilitate further forwarding operations or improve stability in 
the pile. 

Move-in-Stand elements included placement of the loader into position for 
forwarding and preparation of a new trail path. Trail preparation procedures and 
times differed substantially on the two sites, because the Holberg site required 
more work to minimize soil rutting and other disturbance. The Northwest Bay 
site was well drained and had no observed problems with compaction or rutting. 
Studies are currently underway by FERIC to quantify the effect of these systems 
on soil compaction. 

12% 

10% -';Ji!. -.§ 8% 
= .,, 
0 
~ So/4 
0 
(J 

,, 4% 
C 

I 

0% 

0 

~ berg 

I I I I _ 11.11 n •• n11 
1 2 3 4 5 6 

Volwne(m3) 

Figure 3. Volume per stem distribution for 
Holberg and Northwest Bay study ~reas. 



· Other Work elements included removal of the trail, debris removal, and other 
miscellaneous operations. Trail removal was necessary for the serpentine 
system, where trails were created and woody debris was placed under the 
loader treads to minimize rutting and compaction. The Northwest Bay site did 
not require these precautionary operations, even though the loader typically 
traveled over the same trail at least twice during the forwarding process. 

Each of the previously noted cycle elements was separately timed and recorded 
for subsequent statistical analysis. Where possible, statistical analysis included 
development of descriptive statistics for each element and comparison of mean 
forwarding times to identify significant differences. 

Results 
Because the studied logging patterns were so different, with substantially 
different forwarding distances and widths, direct comparison of the two 
operations was impossible. Using techniques developed by Matthews { 1942) to 
estimate average yarding or forwarding distance (AFD), relationships were 
defined and computed for production, time, and distance. 

Forwarding distance plays a critical role in defining the relative performance of 
these two systems. The mean maximum forwarding distance {MaxDist) for the 
six cyc;les observed for the up-and-back pattern was 197 meters. The mean 
maximum forwarding distance for the serpentine pattern on a "per pass" basis 
was 50 meters. For the up-and-back pattern, the Average Forwarding Distance 
(AFD) is defined as (MaxDist/2), since all stems are forwarded directly to 
roadside (Matthews, 1942). 

The serpentine pattern required a slightly different approach, since some wood 
was extracted from the felling site, while other stems were moved from deck to 
deck. For stems moved from deck to deck, the average forwarding distance was 
equal to the maximum forwarding distance of 50 meters. For stems moved from 
the point of felling, the AFD was computed using MaxDist/2 or in this case, 25 
meters. Accurate estimates of the proportion of stems extracted from each 
location were obtained through the detailed data collection. The AFD for the 
serpentine pattern, on a "per pass" basis was approximately 46 meters. Using 
the computed AFD for these systems and the mean volume per piece for each 
site, estimates of the time required to forward one cubic meter of wood a 
distance of one meter were obtained (Table 1 ). 

This approach allows the two systems to be compared in an equivalent fashion. 
And, for the remainder of the paper, a machine cycle will be defined as the 
amount of time in cminutes, where 1 cminute equals 0.01 minute, required to 
perform all of the functions necessary to move one cubic meter of wood a 
distance of one meter. 
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Summary statistics for the two systems are provided in Table 1. The up-and
back pattern averaged 62 percent of the machine cycle for Wood Handling, 
while the serpentine pattern required over 78 percent of the cycle. Move-on-Site 
was the second largest time element and averaged 26 percent of the cycle time 
for the up-and-back pattern, while the serpentine pattern averaged just 13 
percent of the cycle time. Other Work took a very small proportion of the cycle 
time, between 2.2 for the up-and-back pattern and 2. 9 percent for the serpentine 
pattern. These percentages are very similar to those mea$ured by Fisher 
(1986). 

Delays were not a major factor during the study. Utilization rates for these 
systems during the detailed timing studies averaged 91 percent for the up-and
back pattern and 94 percent for·the serpentine pattern, suggesting a high level 
of availability and relatively few delays. Major delays, where the machine was 
inoperative for longer than 15 minutes, were only observed for the up-and-back 
system. Minor delays of· less than 15 minutes were observed for both systems, 
although the system using the serpentine pattern was observed to have spent 
twice as much time per cycle on minor delays as the system using the up~and 
back pattern. Actual utilization rates for these machines may be lower, since the 
systems were observed for only a few days during the detailed timing studies. 

The most significant differen~ between the two patterns was observed in the 
Wood Handling phase. The time required to handle a stem using the serpentine 
pattern was almost double that for the up-and-bac~ pattern, a mean of 0. 53 
cminutes compared to 0.28 cminutes per m-3 x m-1 This difference was thought 
to be due to indexing of the logs and is discussed in detail later in this section. 

Move-on-Site required only 0. 09 cminutes per cycle for the serpentine pattern, 
about 0.03 cminutes less than with the up-and-back pattern, even though.the 
machine was required to create a.trail at certain locations to minimize soil 
disturbance and rutting. The system using the up-and-back pattern required 
0.12 cminutes per cycle, primarily because th~ machine travels over the same 
trail twice to complete the pass. The data suggest that, probably as a result of 
this extra travel, this system consumed substantially more time than the system 
using the serpentine pattern, although the means were not significantly different 
when subjected to the Student's t-test. 

Statistical comparison of the two means for total scheduled time using the 
Student's t-test at a 99 percent confidence level indicates that the system using 
the serpentine· pattern required a· significantly higher mean time per cycle than 
the system using the up-and-back pattern. Given the variability within the study 
design, this difference may be attributable to either the actual difference in the 
operational patterns used or to the indexing of the logs, or both. As discussed 
later, the use of indexing to reduce wasted movement of the loader during the 
forwarding oper~tion contributed greatly to the differences in cycle time. It is 



difficult, however, to completely attribute this difference to that one factor without 
segregating the data. 

Table 1. Summary statistics for detailed timing studies for the 
serpentine and up-and-back forwarding patterns. 

Mean1,2 StdDev. Min Max Number of 
---- CMinutes x M-3 x M-1 ------ Observations 

Wood Handling3 
Up-and-Back 0.28 0.05 0.22 0.35 6 
Serpentine 0.53 0.07 0.45 0.61 4 

Move-On-Site 
Up-and-Back 0.12 0.03 0.07 0.16 6 
Serpentine 0.09 0.04 0.04 0.13 4 

Other Work 
Up-and-Back 0.01 0.01 0.00 0.01 6 
Serpentine 0.02 0.01 0.01 0.02 4 

Total Productive Time 
Up-and-Back 0.41 0.06 0.26 0.41 6 
Serpentine 0.64 0.05 0.57 0.66 4 

Delays 
Up-and-Back 0.04 0.06 0 0.14 6 
Serpentine 0.04 0.02 0.02 0.06 4 

Total Scheduled Time 
Up-and-Back 0.45 0.11 0.26 0.58 6 
Serpentine 0.68 0.06 0.59 0.70 4 

1 Up-and-Back: Assumes an average distance forwarded per pass 
of 98 meters and an average volume per piece of 1. 7 m3 per 
piece. 

2 Serpentine: Assumes an average distance forwarded per pass of 
46.5 meters and an average volume per piece of 2.2 m3 per piece. 

3 Up-and-back pattern incorporated mechanical felJing. The 
serpentine pattern incorporated manual felling. 
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Cost Analysis: The average cost of forwarding stems to roadside with this 
system may be determined by combining the summary timing data·with 
ownership and operating cost information. -In addition, certain assumptions must 
be made relative to average forwarding distance and the volume of material on a 
per hectare basis. 

In the example illustrated in Figure 4, the cost to own and operate a JD 992 LL 
was estimatecl at $180 per scheduled hour, the average volume per hectare was 
set at 500 m3 per hectare, and average forwarding distance was varied from 50 
to 200 meters. For example, the projected costs to forward a cubic meter of 
wood for an AFD of 100 meters averaged $1.35 for the up-and;.back pattern 
handling indexed stems and $2.04 for the serpentine pattern handling non
indexed stems. 

The results suggest that, when using the same loader, the system using the up
and-back pattern is more cost effective than the system using the serpentine 
pattern. For longer average forwarding distances. the up-and-back pattern is 
substantially less expensive or, conversely. a system using this pattern under 
the noted constraints could be expected to profitably forward wood in a more 
cost effective manner than a· system using the serpentine pattern. Cost 
advantages present for the system using the up-and-back pattern probably 
resulted from the faster forwarding of stems indexed by the feller-buncher. In 
addition. trail construction costs were minimal for the system using the up-and
back pattern. 
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$0,00 ~--------1-------+--------1 
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Figure 4. Estimated forwarding costs to roadside 
for the ~tudied patterns using a JD 992 LL. 
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As noted previously, it is difficult to identify which factors might have generated 
the higher production associated with the system using the up-and-back pattern. 
However, the elemental comparisons suggest that the difference was due to 
differences in the Wood Handling times. This further suggests that either the 
variation in the actual forwarding operations or simply the introduction of stem 
indexing during the felling phase had the strongest.effect on productivity. 

Bucking Strategy: Bucking the stem after felling was done only with the 
serpentine system, where residual old growth trees were bucked into lengths 
that could be forwarded with the loader (See Fig. 3). Observed forwarding 
characteristics for these two patterns suggest that bucking may have a 
significant impact on forwarding times and even the maximum forwarding 
distance a loader could achieve on a site. 

For the system using the serpentine pattern, the maximum distance a stem was 
forwarded averaged about twice the effective reach of the loader boom, or 
approximately 20 to 22 meters. Each stem was moved the farthest possible 
distance with the loader and the operator took advantage of stem length to 
extend the total forwarded distance during each forwarding phase. Each stem 
was lifted off the ground, turned around so that the opposite end faced the road, 
and moved as far toward the road as possible. This allowed the operator to pick 
up a 20 meter-long stem 10 meters away from the machine at the back of the 
harvest area and place the end of that stem another 1 O meters closer to the 
road. Thus, for one pass the total distance a stem was forwarded included 
approximately 1.5 times the stem length (1.5 X 20 meters) plus twice the 
extended boom length of the loader (2 X 10 meters), or approximately 50 meters 
per pass. If stems were bucked into smaller lengths, the forwarded distance 
would fall by approximately twice the length of the removed portion of the stem 
using this technique. 

In contrast, with the up-and-back pattern, stems were simply pulled from some 
point at the rear of the loader to a point near the front side of the machine. 
Stems were rarely moved the maximum reach of boom and estimates suggest 
that this distance ranged between 12 and 21 meters, averaging 16 to 17 meters 
for all passes. 

Based on these observations, stem length may not have a significant effect on 
forwarding productivity when using the up-and-back pattern. Systems using the 
serpentine pattern, however, would be significantly affected by reducing stem 
length through bucking. 

Indexing: For the up-and-back pattern, a feller-buncher was used to bunch and 
index the stems perpendicular ~o the road with the butt end facing the road. 
Felling for the serpentine pattern was completely manual and stems were 
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indexed parallel to the road. Data were adjusted to account for differences in 
the total distance forwarded and summary statistics were calculated (Table 2). 

Mean handling times differed significantly between indexed and non-indexed 
stems. The shortest mean forwarding time was 0.20 minutes for indexed stems 
handled using the up-and-back pattern. In contrast, the longest mean 
forwarding time averaged 0.57 minutes and was observed for the serpentine 
pattern when handling top-oriented stems. An analysis of variance suggested 
that significant differences did exist between these means and multiple 
comparisons using Fisher's least significant difference test indicated that each 
mean was significantly different from the others. 

Variable 

Mean 
Std. Dev. 
Range 
Minimum 
Maximum 
No. of Obs. 

Table 2. Forwarding phase comparison for 
indexed· and non-indexed stems. 

Serpentine 
Butt Handling 

--------------------------minutes per operation-------

Serpentine 
Top Handling 

Up-and-Back 
Butt Handling 

0.571 

0.27 
1.77 
0.10 
1.86 

460 

0.46~ 
0.19 
1.15 
0.11 
1.26 

245 

0.201 

0.12 
0.98 
0.04 
1.02 

1159 

1 Significantly different at 99 percent confidence level. 

These results imply that indexing can significantly reduce forwarding and 
handling times. In addition, where the stems·are not indexed, breakage may be 
more prevalent. Felling caused breakage in at least 10 percent of the sample 
stems for the system using the serpentine pattern with an additional 4 percent 
stem breakage caused through shovel logging. No measurable breakage 
occurred when using the up-and-back pattern. There may also be some 
correlation. between stem breakage and the shovel logging pattern, although this 
was not studied. 

Maximum Forwarding Distance: The two studies had comparable maximum 
forwarding distances. For the serpentine pattern, the maximum distance, 
measured as the sum of the width of the four passes, was estimated at 185 
meters. For the up-and-back pattern, th~ average maximum forwarding distance 
for the six cycles was 197 meters, although this value ranged from 180 to 21 0 
meters. Other studies of shovel logging operations have recorded much lower 
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values for this variable, suggesting that shovel logging may be profitable over a 
range of forwarding distances (Table 3). 

Table 3. Reported maximum forwarding distances from current literature. 

Maximum 
Author (year) Distance (meters) 

Flock (1988) 29 
Harder (1988) 151 
Hemphill ( 1986) 60 
Fisher (1986) 121 
Sinclair (1990) 135 
Up-and-Back (Northwest Bay) 21 0 
Serpentine (Holberg) 185 

Conclusions 
This study examined two different shovel logging patterns and compared their 
production and costs. Production was significantly greater for the system using 
the up-and-back pattern. Projected costs were substantially lower for this 
system, averaging $1.35 per cubic meter for an AFD of 100 meters. In contrast, 
the projected costs for the system using the serpentine pattern averaged just 
over two dollars per cubic meter for a 100 meter AFD. 

This study identified two factors that significantly affected productivity. First, 
indexing of the stems through the use of a feller-buncher seems to have a 
measurable and positive effect on syst~m productivity. Where stems were not 
indexed, production was lower and the total cost of forwarding was higher. 
Second, while production is generally higher, the time spent moving with the up
and-back pattern is somewhat more than- that spent moving with the serpentine 
pattern. Further, the site disturbance effects of traveling on a trail twi~e may 
outweigh the possible advantages provided through any improvements in 
production. Further study should be considered to specifically examine the 
effect of indexing on productivity. In addition, studies should be considered to 
evaluate the effect of bunching on production. 

For the serpentine pattern, stem length was thought to have a strong effect on 
forwarding productivity. In contrast, the up-and-back pattern is probably not as 
sensitive to changes in stem length. Research into the effect of stem size 
should be considered for future work. 

Shovel logging holds many advantages over other ground-based aria cable 
systems. This study suggests that the technique can be modified to take 
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advantage of different concepts which might improve productivity and cost. 
Research into these modifications is critical to expanding the application of 
shovel logging in western forests. 
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Abstract 

Currently, more than 70% of the sludge and ash generated during pulp and 
paper manufacture is disposed of in landfills. Mandated reductions in landfill 
volumes, and increased tipping fees, have created an immediate need for 
alternative sludge management systems. The majority of mill sludges and 
ashes are non hazardous and can improve productivity when surface applied 
to forest and crop lands in appropriate amounts. Preliminary evaluation 
indicates potential areas where mill residues can be beneficially used exceed 
annual production. Increased use and acceptance of land treatment seems 
the likely result of a more favorable regulatory and economic climate. 
Improved methods for distributing and applying residual material at low rates, 
demonstration of low human and ecological risk and improved educational 
efforts are necessary to fully utilize this treatment alternative. 

Background 

Each year, the pulp and paper industry generates 4.6 million dry tons of sludge 
and 3.6 million dry tons of ash in U.S. mills. Over 70% of these residues are disposed of 
in landfills; only 8% of the sludge and 5% of the ash was treated through application to 
forest and crop lands (Fig. 1 ). 
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Fig. 1- Solid waste management practices at U.S. pulp 
· .and paper mills (source: NCASI 1992a). 



Increasingly, regulatory and economic climates favor treatment of these materials 
through application to forest and crop lands. For example, the EPA has recently adopted 
limits (40 CFR Part 503) for land treatment of sludge from publicly-owned treatment 
facilities (POTW's) that, if applied to industrial wastes, would indicate that metal 
concentrations in the majority of pulp and paper mill sludges are·below concentrations 
restricting lifetime site application (Table _1). 

Table 1. Selected metal concentrations of representative primary and secondary mill 
sludge and EPA limits for application without lifetime limitation of site 1 

Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

Primary Sludge 

0.33-0.44 
0.003-1.6 
6.0-33.8 
7.5 - 55.8 
4.0-83.0 
< 0.001 - 0. 79 
4.9-57.8 
30.1 -228 

1 Source: Stein et al. 1991 and 40 CFR Part 503 
2 For wastes not llmltlng site life. 

secondary Sludge EPA limit~ 
mg/kg 

. < 0.01 - 0.46 
0.39-12.0 
9.9 • 29.7 
63.8-519.0 
17.0-95 
0.01 -1.0 
6.3-92.5 
144-192 

41 
39 
1200 
1500 
300 
17 
420 
2800 

It is likely that most pulp mill sludges and ashes will also be within the least regulated 
waste category under guidelines for industrial residues which are currently being 
developed. Land treatment also appears more favorable from an economic standpoint 
as tipping fee increases of 100% over 5 years have been reported for some areas and 
now exceed $30/ton. 

Land application of solid wastes or sludge is not a new practice. Elsner (1912) 
reported that in Massachussetts In 1890, sewage sludge was sold to farmers·for 
spreading on cropland. The fate of pulp and paper and other industrial wastes has been 
closely tied to the treatment of municipal wastes and sanitary science. The technology of 
the industrial revolution, coupled with acceptance of the germ theory in 1890, led us 
away from land application to engineered sanitary systems and the "unit process" of 
waste treatment. Decades passed before any major engineering texts revived discussion 
of land treatment (Jewell & Seabrook 1979). Very little information about land application 
of industrial waste waters or sludges appeared in the North American literature until the 
1950's, and even less literature exists specifically about pulp and paper processing 
residues applied to woodlands (Crawford 1958; Gellman & Blosser 1959; Evans & 
Sapper 1972). -



Until recently, residues from pulp and paper mills that were land applied were 
predominantly spread on grass and agricultural lands. A NACSI study conducted in the 
early 198O's identified forty-five mills with operational land application programs. Most of 
these applications were on agricultural lands with only six mills operationally applying mill 
sludge to forest lands.{NCASI 1984). Although limited, a number of published studies 
have shown that, when applied at appropriate rates, tree growth can be improved by 
sludge addition. Henry {1986 )studied the effects of pulp and paper mill sludge applied 
alone or in combination with municipal sludge on growth of Douglas fir, noble fir, white 
pine and cottonwood seedlings. Response was variable, but seedling growth was 
generally decreased by application of primary mill sludge with high carbon-to-nitrogen 
ratios and increased following application of low carbon-to-nitrogen ratio secondary mill 
sludge or primary mill sludge-municipal sludge mixtures. It should be noted that while 
treatments receiving secondary sludge and primary sludge-municipal sludge mixtures 
grew more quickly, competing vegetation was also increased and seedling survival was 
decreased. Bockheim et al. {1988) found that growth of thinned 28-year-old red pine 
was increased by one-time application of a mixed primary /secondary mill sludge applied 
at intermediate {35 ton/acre) rates with growth response decreasing at higher rates of 
sludge application. In the South, McKee et al. {1986) showed that growth response of 1, 
3 , 8 and 28 year old loblolly pine to one-time application of textile mill sludge and 
combinations of sludge and municipal sludge depended on the age of the stand, 
carbon-to-nitrogen ratio of the sludge and the method of application. Incorporation of 
textile mill sludge into soils of young stands improved growth even when carbon-to
nitrogen ratios were high. In contrast, growth of older trees was improved only by 
addition of textile sludge with low carbon-to -nitrogen ratios and higher nitrogen 
availability. · 

Wood and coal ash has been used for many years as a liming agent and $Ource 
of potassium for agricultural crops. Because of the limited response to liming in forests, 
research on its use is largely limited to agricultural crops where its benefits are well 
documented. Published evidence for beneficial uses of ash in conifer forests is weak. 
Some exceptions exist. For instance, in Florida, Riekerk and Korhnak (1982 ) found that 
Casuarina biomass was increased seven-fold when planted on a flatwoods site 
amended with 57 dry ton/acre of coal fly-ash. Slash pine planted in similarly amended 
soil initially developed a chlorotic color but after several years had greater height growth 
than seedlings planted on non-amended plots. 

MIii Waste Composition and Potential Use 

Although each waste stream from each mill is unique, pulp and paper mill sludges 
are usually grouped in the following manner: 1) primary sludges, 2) secondary or 
biological sludges, and 3) lime sludges. For land application, it is convenient to group 
ashes into 1) wood and bark ash, and 2) coal or mixed ash because of the varying 
potential for increased micro nutrient and/ or metal-related problems associated with the 
latter. 



Primary Sludge 
Primary sludges are residues from the sedimentation of raw waste water. 

Composed mostly of organic fiber and inorganic fillers, primary sludge is very high in 
carbon sources and very low in nitrogen content (Table 2). 

Table 2. Reported ranges in chemical composition of representative primary, secondary 
and lime sludges1• 

Parameter Primary Secondary Lime Sludge 

pH 6.8-8.4 5.8-7.3 7.9- 8.4 
% 

Total N 0.04-0.69 0.62-7.77 <0.01 - 0.25 
Total C 18.8-37.4 41.5 60 
p 0.03 -0.1 0.31-1.31 0.16 
K 0.016-0.262 0.15-0.51 0.2 
Ca 0;05-8.08 0.49-4.56 11.6 
Mg 0.02-0.36 0.12-0.34 0.04-0.07 
s <.001-0.40 <0.01-0.98 0.16 

C:N ratio 126:1 - 482:1 5:1 - 20:1 >500:1 

1Sources: Henry 1986, Shields eta/ 1986, Stein eta/ 1991 and Wagoner 1993. 

This can cause nitrogen deficiency and immobilization when applied to soils (Henry 
· 1986). Metals concentrations are usually the limiting regulatory factor in land application 

of primary sludges. From the standpoint of tree growth, high carbon-to-nitrogen ratios 
are more likely to limit application rates. Because of the high rates at which primary 
sludges can be applied to land without exceeding metal loading limitations, these 
sludges have a large potential to serve as a soil amendment for coarse-textured soils 
with low organic matter content and water holding capacity. Application consists of 
incorporating sludge at rates up to 50/tons acre prior to planting when seedling nitrogen 
demands are low and the potential for nitrogen deficiency is minimized. 

An alternative means of applying primary sludge to forest and crops is to produce 
a nutritionally balanced and more easily handled product by combining it with animal 
wastes or municipal sludge having high nitrogen concentrations. As an example, we can 
consider combining primary mill wastes with carbon-to-nitrogen ratios averaging about 
200-to-1 with poultry manure with carbon-to-nitrogen ratios of 5-to-1 to produce a slow
release. organic fertilizer with an initial carbon-to-nitrogen ratio of 25-to-1. If all the primary 
mill sludge produced by southern pulp arid paper mills was used for this purpose, only 
5% of the 4.3 million dry tons of broiler manure produced annually could be utilized. 



Coal and Mixed Ash 
Like wood ash, coal ash and mixtures of coal and wood ash have the greatest 

potential use as a lime substitute for agricultural crops, for low rate 11recycling11 in conifer 
stands or at slightly higher rates in hardwood plantations. In addition to considerations 
associated with using wood ash, coal ash and mixtures of coal and wood ash can 
contain high concentrations of soluble boron and may result in decreased crop 
production when used at higher rates ( Kukier et al., personal communication). 

Table 3. Comparative chemical composition of wood ash, commercial lime and 
potassium fertilizer1 

Element wood Ash Ground Limestone KCI 

% 
N 0.02-0.09 0.01 0.02 
p 0.44-1.25 0.06 0.05 
K 2.4-13.0 0.1 45.8 
Ca 14.7-32.1 31.4 <0.1 
Mg 0.85-2.47 5.09 0.13 
Na 0.23-0.54 0.07 1.41 

mg/kg 
Cd 2.2-7.9 0.7 0.2 
Cr 12.5-21.1 6.0 2.0 
Cu 62-980 10 2 
Mn 6920-12700 453 5 
Ni 30.6-58.2 20.0 10.0 
Pb 44-72 55 21 
Zn 232-1250 113 2 

1Adapted from Naylor and Schmidt (1986) 

Environmental Concerns 

Several studies have addressed some of the environmental consequences of land 
application of pulp and paper mill residues • It is generally accepted that metal 
concentrations in mill sludge or ash pose little threat to human health. There is no 
general agreement as to the fate of, and risks associated with, chlorinated and non
chlorinated phenolic compounds, fatty acids or ketones that appear in leachates from 
pulp and paper mill leachates (NCASI 1992b ). In addition, many questions remain 
unanswered as to the impact of sludge application on local flora and fauna, soil 
structure, and water balance (NCASI 1987; Brockway 1983). Nutter (1989) identified 
several needs related to assimilation of wastes in forests and the potential environmental 
impacts. Principal needs related to the application of pulp and paper mill residues are 
increased understanding of nitrogen cycling and assimilation of nitrogen in biomass and 
as stabilized soil organic matter and fate of metals and organics in acid forest soils. 



Secondary Sludge 
. Secondary sludges have undergone biological treatment and are higher in 

nitrogen and phosphorus concentration than primary sludge. These characteristics 
make secondary sludge more attractive for land application as a· low;.grade nitrogen and 
phosphorus fertilizer. Their application is particularly appropriate in mid-rotation stands . 
of southern pine which respond to nitrogen and phosphorus additions and which are no 
longer susceptible to competition~induced mortality that often occurs when secondary 
mill sludges are applied to newly established stands (Henry 1986). Ample opportunity 
exists for using secondary sludges for this purpose. ·Currently, 158,000 acres of loblolly 
and slash pine are fertilized with inorganic nitrogen and/or nitrogen plus phosphorus in 
thinned stands at mid-rotation (NCSFNC 1992, unpublished report). Assuming a mean 
nitrogen concentration of 5% for secondary sludge, the 0.4 million tons annually 
produced in southern mills would fertilize 160,000 acres per year when applied at a near 
optimum rate of 250 pounds of nitrogen per acre. Such an application could be repeated 
several times before harvest. 

UmeSludge 
Lime sludges are so high in calcium carbonate content that they are often applied 

as low-analysis commercial lime amendments. As for primary mill sludges, lime sludges 
are often characterized by low nitrogen and metal concentrations and, from this 
standpoint, are amenable for use as a soil amendment at plantation establishment. 
However, when applied at high rates (>50 dry tons/acre) establishment and growth of 
southern pine can be limited both by low nitrogen availability and high soil alkalinity and 
low micronutrient availability. For instance, Wagoner (1993) found that growth of slash 
pine was poor on sites to which lime mill sludge was applied. Additions of nitrogen and 
iron improved growth under greenhouse conditions (Table 3) but were ineffectual under 
field conditions. 

An alternative use for lime mill sludges may be as an agricultural lime amendment 
It has been suggested that up to 20% of the annual lime requirement for agricultural crop 
production in Georgia could be replaced by lime sludges~- P. Miller, personal 
communication). 

Wood and BarkAsh 
Wood ash resulting from wood-burning energy production can serve as both a 

lime substitute and as a low grade potassium and phosphorus source (Table 3). 
Application to southern pine forests will likely be beneficial when applied at low rates (1 a 
to 20 tons/acre) designed to Arecycle" base nutrients lost through leaching or removed 
from forests during harvest. Applications above this rate appear likely to deleteriously 
affect pine growth through reduced micro nutrient availability, unfavorable changes in soil 
biology and, perhaps, decreased mycorrhizal development. In contrast, increased soil 
alkalinity and calcium, magnesium and potassium availability may improve hardwood 
growth at higher rates. ·· · 



Operational Feasibility 

Various operational constraints occur relative to application of sludge and ash to 
either agriculture or forest land. For agricultural use, a major challenge exists in 
developing systems for storing materials prior to spring tillage and development of a 
transportation and distribution network that can move materials to farms in a cost 
effective manner. A program of quality control and assurance for residue materials will be 
necessary if use of mill residues as an agricultural amendment is to increase. Increased 
waste stream separation and better in-plant monitoring efforts will be necessary to 
ensure production of a more uniform product. 

Increased silvicultural use will require development of equipment suitable for 
incorporating sludge and ash into soil prior to establishment as well as modification of 
other silvicultural operations. For example, intense weed competition during seedling 
establishment after sludge application must be addressed, and provision made for 
additional chemical weed control. To accommodate the slower release of nitrogen from 
secondary mill sludge, it may be necessary to thin established stands at an earlier age 
and to lower basal areas than would be considered appropriate for fertilization with 
inorganic nitrogen and phosphorus. 

Adverse public perception also represents a major barrier to land treatment of 
residues. While legitimate concerns over health hazards relating to surface runoff and 
groundwater contamination and consumption of game from residue application sites, 
most of these concerns can be addressed in properly designed land treatment systems. 
Often, public concerns are related more to nuisance, such as increased truck traffic on 
highways and early morning noise than to utilization of the residues as a resource. Early 
public input into the land treatment design process and education of landowners to the 
economic and ecological value of land treatment are essential ingredients for if land 
treatment is to become an operational reality. 
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Experience has shown that some logging contractors are more effective in promoting 
safety and maintaining low injury rates on their operations than the norm. An analysis 
of 26 contractors in the southeastern U.S. indicates that "safety successful" contractors 
have several key characteristics in common that make their jobs safer. They were 
effective "people managers" who were able to keep crew turnover to a minimum and 
maintain a stable crew; they hired experienced woods workers; had highly mechanized 
operations; and promoted ''teamwork, 11 a safety attitude and insisted on mandatory use 
of personal protective equipment. 

INTRODUCTION 

Mechanization has changed logging, b.Y1 logging is still the nation's most hazardous 
occupation. For every 100,000 logging employees, over 200 die on the job - compared 
to 7 deaths per 100,000 workers for all other industries. Each week in the South, one 
logger is killed, 70 suffer a temporary, total disability injury, and 100 forest workers suffer 
an injury requiring medical treatment (APA 1991 ). 

Logging is an occupation which is characterized by a work place that is inherently 
hazardous. In spite of the dangers, a large share of the hazards can be eliminated 
through proper operating practices, and niany logging accidents can be prevented by 
safety management. Experience has shown that a number of logging contractors have 
and continue to successfully control accidents on their jobs. This paper discusses the 
results of a recent study that interviewed 26 "safety successful" loggers operating 
throughout the southeastern U.S. (Sluss 1992). The objective of the study was to 
document the management styles and operating methods of logging contractors with 
demonstrated success in maintaining low injury rates. · 



CONTRACTOR SURVEY 

The 26 logging contractors were selected beca~se they had significantly fewer injuries 
during the last 3-5 years than the "average" logger. Their worker's compensation 
insurance "experience modification factors" were well below the average for the industry 
(i.e. 0.60-1.00); they had no fatalities in the last 5 years; and they had less than one-half 
the number of reported accidents as the "average" logger. Several also have been 
recognized with various logging awards. in their home states for outstanding safety and 
business performance. 

Some of the contractors surveyed owned smaller, cut-to-length operations while others 
operated large, tree length pulpwood operations. Their ages ranged from 29 to 62, with 
a median age of 40 years. Nearly 90% completed high school, and one-fourth of those 
have 4-year college degrees. Several of.the loggers interviewed have been in business 
over 20 years, while a few for only 3 years. 

All of the contractors surveyed ran highly productive and financially successful logging 
operations. The equ(pment they used ranged from brand new machines to fully 
depreciated ones. Roughly half paid· their employees hourly and the rest were paid on a 
production basis. So, except for the common ability to operate safely, the loggers in this 
study r~present the range of logging operations and conditions found in· the eastern 
United States. 

SURVEY RESULTS 

Although their operations varied slightly in terms of equipment, productivity, and 
operating conditions, the 26 contractors had several key characteristics in common that 
made their jobs safer. 

Effective "People Managers" 
Perhaps the most important similarity was how these contractors treated their 
employees. They were all "people-oriented" managers who paid their employees well, 
and used a minimum amount of direct. supervision. Effective "people-management" 
skills· helped these -loggers to assemble a "team" of employees who were safe and 
productive - both of which helped their operations s~cceed financially. 

Low Turnover 
Most of the contractors experienc~d a lot of turnover during the first 2-3 years they were 
in business, but currently have stable crews. Many of their employees had been with 
therri for over 10 years. Because of their reputation and "people-oriented" management 
stylta, several had a "waiting list" of experienced woods workers ready to join their 
operation whenever openings exist. Crew tenure, or number of years with their current 
employer, ranged from 1 to 25 years, with the median being 6 years. For the 191 



workers employed by these contractors, over 55% had been with the crew for longer 
than 5 years. The crew members often helped with safety and training, and even hiring 
of new employees. 

Experienced Workers 
When asked, "What factors contribute to a safe operation?" the majority of these 
loggers responded by stating that an "experienced crew" was vital to keeping injuries to 
a minimum. Crew selection is a critical part of maintaining a stable crew and operating 
safely. These contractors were careful to hire "experienced hands" that would "fit-in" 
and work well with the rest of the crew. Many contractors felt their crews were safer 
because they all genuinely cared and "watched-out" for each other. These 
contractors also realized when you have a crew that works as a team, you need to pay 
them competitive wages and provide extra benefits in order to retain them. Interviews 
with their crews also emphasized the importance of "crew dynamics" and "teamwork" 
to a safe operation. 

Mechanization 
Another frequently mentioned factor that affected job safety and contributed to low 
accident rates was "mechanization" of their operations - particularly the manual felling 
and delimbing operations. The operations of the contractors in the survey generally 
were mechanized to a higher degree than others in their area. The crews were very 
efficient and were using newer, well-maintained. equipment, anq it was obvious that 
these contractors re-invested in their business, took pride in the quality of harvesting job 
they were doing, and had a good reputation in the community. · 

The chainsaw is still the major cause of accidents, particular~y when delimbing on the 
landing or trimming loaded log trucks. Hardwood loggers that manually fell trees, are 
also at much higher risk, compared to the contractors that use feller-bunchers to 
mechanically fell trees. On the majority of these safety successful operations, felling 
was done by an operator in an enclosed cab rather than by a worker on the ground with 
a chainsaw. When accidents did occur, roughly 45% of the time the worker was 
involved in manual delimbing and bucking operations at the landing, while 30% were 
equipment repair or maintenance-related accidents. Several of the contractors 
interviewed had purchased mechanized delimbing equipment (i.e. CTR loader-mounted 
delimbers) in order to make their operations safer, and completely eliminate the "worker 
on the ground." 

Attitude & Use of Safety Equipment 
Another characteristic that these contractors had in common was a "safety conscious" 
attitude. All required and provided hard hats, chainsaw chaps, ear and eye protection, 
and other personal protective equipment for their employees. Most of these loggers 
were already complying with the Occupational Health and Safety Administration's 



(OSHA) new proposed logging safety standards regarding the use of personal 
protective equipment. 

Even though these contractors insisted on mandatory use of personal protective 
equipment, only a few had a formal safety program. Typically, they dealt with safety 
problems individu~lly when they occurred. Formal worker training programs were also 
lacking. Instead, they preferred to personally train new employees on an individual 
basis as needed. All the contractors were strong proponents of safety and job training 
even without formal programs. Most felt that this was just part of the normal operation 
of a well-managed logging business. Being prepared to deal with an accident when it 
does occur was also an important part of their safety program. 

ACCIDENT HISTORY 

Even though these 26 logging contractors were better than "average" in terms of their 
safety record -- they were by no means accident-free! In the past 3 years, these 
contractors reported a total of 91 accidents. This rate is still one-half the figure 
reported in OSHA's national survey of logging (APA 1991)~ Also, none of these 
accidents resulted in ~ death, and most were not considered lost-time accidents. 
Approximately 61% of the claims submitted over the past 3 years by this group resulted 
in total costs less than $500, while only 7 claims exceeded $10,000 in total cost. These 
were primarily for broken bones and back injuries. 

BENEFITS OF OPERA TING SAFELY 

Work-rel~ted accidents are very costly in terms of personal injury to the employee as 
well as financially to the business. For most loggers, the cost of workers compensation 
insurance represents the largest single direct cost linked to safety. Avoiding pain and 
suffering and lost wages of an injured worker is reason enough for reducing accidents, 
but accidents often have other indirect costs. These include: lost production, repair of 
damaged equipment, cost of training a replacement for an injured worker, and the effect 
on crew morale when a friend and fellow worker is injured or killed on the job. 

· "SAFETY PAYS -- ACCIDENTS COSTS!" is a familiar safety slogan, but it's difficult 
to determine just how much accidents cost and how much safety pays. The contractors 
in this survey felt the benefits of operating safely far outweighed the costs. With fewer 
accidents, their main savings were due to reduced workers compensation insurance 
premiums and stable production rates throughout the year. Compared to the enormous 
benefits they receive, the costs of selecting and training good employees, providing 
personal protective equipment, safety or job training programs, and utilizing safe 
operating methods are relatively small. 



The only way to save money on workers compensation insurance is to control claims ! 
On average, workers compensation rates for the safety successful group of logging 
contractors were 26% below the state manual rates for logging. 

The "experience modification factor" is the key mechanism insurance companies use to 
adjust an individual logger's premiums. The experience modification factor or 
"experience mod" rewards or penalizes the business based on its individual loss 
experience record for the past 3 years. Many of the loggers in this group had 
"experience mods" of 0.60, the maximum possible premium reduction, and therefore, 
were paying only 60% of the manual rate for their worker's compensation coverage. For 
one medium-sized logger in this group, this resulted in a $15,000 per year savings on his 
insurance premium alone. 

Several states have adopted a new workers compensation insurance classification, 
Code 2719, for "fully mechanized" operations that may offer loggers lower rates. This 
new classification assumes that by removing manual chainsaw felling and delimbing 
from their job, the logging contractor lowers exposure to injury. 

SUMMARY 

What makes one logging operation safer than another is sometimes difficult to pinpoint, 
but several factors seem to contribute to overall success. First, the use of personal 
protective equipment by crew members, and making the workers responsible for their 
own acts and the safety of others is essential. Another important factor is the use of 
mechanized equipment wherever possible - where the worker is "off the ground" and 
protected by an enclosed machine cab. 

However, the human or social side may be the most critical. Contractors that are 
committed to safety and have good "people management" skills seem to be able to 
assemble and retain experienced crews; they also are able to convince their crews of 
the importance of working safely. When employee turnover is reduced, the crew's 
experience and knowledge of each other's work habits create an environment where 
they genuinely care and ''watch-out'' for each other. Whenever new employees were 
hired, safety and training of those workers were emphasized until they were familiar 
with their job and the rest of the crew. 

Last, the financial success of the business plays an important part in creating and 
perpetuating a safe and efficient logging operation. Financially stable contractors do not 
have to take the same risks as marginal contractors. If they are profitable, they can 
afford to pay good wages and provide the extra benefits necessary to attract and retain 
good employees. They also can afford to maintain their equipment and replace aging 
machines when needed, and generally operate their business in a safe and responsible 
manner. 
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Greater diversity in fores try improves 
both profitability and conservation 

Over-a number of decades, the forestty sector in Sweden has succeeded in 
building up a large standing crop, largely thanks to intensive silvicultural 
work. 

Silvicultural costs have risen relatively sharply during the same period, for a 
number of reasons. The difficulty of mechanising the operations, and an 
overall use of only one method, clear cutting followed by planting, are two 
important reasons. 

Forestry in Sweden today is faced with a situation in which long-term profit
ability needs to be increased and, at the same time, conservation improved. 

Integration - the keyword 

To achieve the new conservation objectives, we will have to set aside a 
larger proportion of the forest land. We also have to improve forestry meth
ods on the commercial sites, so that conservation becomes an integral part of 
profitable forestry. This, then, is the challenge facing Swedish forestry in. the 
1990s. 

H forestry is to become more profitable, above all we must reduce the cost of 
silviculture. To achieve this without adversely affecting production in the 
long term, greater co-ordination and integration of all forestry operations will 
be necessary. 

Activities taken place in the three different phases of a rotation, establish
ment, stand treatment and final felling have to correspond to each other in a 
greater extent than before. 

In a very essential way one can claim that integration is a key word for both 
economy and conservation. 



, 

Regeneration planning - the way to site-specific forestry 

There has been a much sharper awareness in recent years of the need to 
change the standardised approach to forestry. Evidence of this can be found 
in the fact that all forest enterprises have now introduced some form of re
generation planning, which is the key to site-specific forestry. Regeneration 
planning integrates harvesting, regeneration and conservation activity, and is 
carried out prior to harvesting. 

Harvesting and regeneration 

With regeneration planning being more widely adopted, a greater variety of 
methods will come to be used. Clear cutting followed by planting which also 
in the future will dominate will be replaced by other methods on many sites. 

Several different methods are conceivable for use in the final-felling and 
establishment phases: let's examine some ofthem. 

Harvesting leaving shelterwood 

Shelterwood often consists of old trees left after final felling, but it can also 
comprise young trees that have become established on the cutover soon after 
harvesting. 

A new stand is to be established under the shelterwood, and this can be 
achieved by natural regeneration, planting or direct seeding. The shelterwood 
can perform a number of functions: 

• Provide protection from frost 
• Act as. a water pump 
• Suppress the growth of grasses 
• Be a source of seed 

Clear cutting leaving seed trees 

Suitable conditions for natural regeneration are a combination of an abundant 
lichen cover, relatively dry soil and a thin humus layer. During harvesting of 
the old stand, about 100 seed trees per hectare are left, to sow pine seed 
naturally on the site. Seed.trees are usually felled after·about ten years. 

The main facts on the method are as follows: 

• It can be used in mechanised forestry 
• On suitable sites, it improves profitability by SEK 2,000 - 4,000/ha. 

($270-550/ha.) compared with planting 



Shellerwood on spruce forest land 

If regeneration is to be natural, the shelterwood should be established on 
fertile spruce land, ideally with a moist soil, and having a thick humus cover. 
There is alse wide scope for natural regeneration on highly productive peat 
soils. 

Shelterwood is also suitable for promoting the establishment of plantations 
where: 

• There is a risk of frost; 
• The soil is moist; or 
• There is a heavy ground cover. 

The cutting is divided into several stages finally leaving a shelterwood com 
prising 200-300 stems per hectare. The time for removal of the shelterwood 
is determined by the frost risk. On frosty land the new growth should have 
reached a height of 1-1.5 m. 

Here are the main facts: 

• Much more of the ground cover is retained than in clear cutting 
• There is a high risk of stonn felling _ 
• On suitable sites, profitability can be increased by SEK 6,000-8,000/ha. 

($822-1,095/ha.) 

Nurse trees on spruce 'land 

If there is a high risk of storm felling or there are no suitable shelterwood 
trees, an alternative to shelterwood can be nurse trees. These are suitable on 
the same types of site as for shelterwood. Hardwoods and birch in particular 
make the best nurse trees, which means there needs to be hardwood growth 
on the site after clear cutting. 

This method begins with a conventional clear cutting. Once the hardwood 
growth has been established two or three years after clear cutting, spruce 
seedlings are planted. The number of hardwood stems is gradually reduced 
and after some twenty years finally harvested leaving a yield of 50-80 m3 
pulpwood. 

The main facts: 

• There is scope for mechanisation of the method 
• The method produces income at an early juncture in the rotation 
• On suitable sites, profitability can be increased by SEK 2,000-4,000/ha. 

compared with conventional clear cutting. 
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There are, of course, other methods of harvesting and regeneration, such as 
stand-edge cutting, regeneration-block cutting and selective cutting. What all 
these methods have in common is that they are less capital intensive at the 
regeneration stage but incur somewhat higher logging costs~ 

Stand treatment 

A wider choice of methods for regeneration also widens the choice of stand 
1reatments-cleaning and thinning. The new forestry legislation now approves 
a wider range of silvicultural methods. 

There is scope for reducing the extent of hardwood cleaning, particularly 
when the hardwoods are mixed with spruce. This will not only produce a 
greater overall volume of timber from the site but will also reduce the 
silvicultural costs. 

In many stands, the number of cleaning operations before thinning can be 
reduced. This cuts the cost of cleaning but increases the cost of thinning. 
There are clear advantages to be gained by reducing costs in the early years. 
H the costs of silviculture are spread more evenly over the rotation period 
(extensive as opposed to intensive management), ~e forest owner's liquidity 
will be improved. This is achieved without any adverse effect on the long-
term productive capacity of the land. · 

Thinning from above can reduce the cost of the first thinning by SEK 30-
40/m3 (solid) ($4.17-5.56/m3). Used for the first thinning, the method will 
increase the cost of the next thinning. It's however important to find ways 
making first thinning profitable, though it's an incentive to do it at. the right 
time. · ·· 

Reducing the strip road spacing from 25 to 18 m can reduce costs by SEK 
10-20/m3 ($1.39-2.78/m3). Because the method reduces the scope for selec
tion, it is best suited to homogeneous stands with little technical damage to 
the trees. 

Profitability and conservation can be united 

As I have already explained, forestry in Sweden is facing a major challenge, 
which make change a necessity. A wider variety of methods will be used in 
all phases of the rotation of a s~d. This will result in: 

• Better overall profitability 
• Scope for adapting forestry to market conditions. 
• A more knowledge intensive forestry 
• An increased risk-taking 



Greater diversity in forest management methods will create a number of 
benefits for conservation such as: 

• The use of different types of methods will help preserve the biodiversity 
on the land. 

• An increased number of wind throws provide our forests with a greater 
amount of deadwood. 

• A more widely use of hard wood will increase the mix of trees in a stand. 

• Using shelterwood systems increases the possibilities to leave old trees in 
our forests. 

Taken together, these points indicate that it is quite feasible for Swedish for
estry to combine the need for long-tenn profitability with that of practising 
sound conservation. 

In future forestry, we will have to work more closely with nature in order to 
achieve profitability. Which means that conservation is not just desirable but 
a precondition for fores try in the future. 



TIRES AND MACHINES FOR SENSITIVE LOGGING 

Alvin Schilling, 
Project Manager -

Forestry & Harvesting 
Applied Technology & Research 

International Paper Company 
Hattiesburg, Mississippi 

In the past few years, we have seen a dramatic increase in the 
use of flotation tires on logging equipment. Much has been said 
and written about their benefit to logging productivity and the en
vironment. 

Today, I am going to talk about alternatives to flotation 
tires, and a few machines which are friendly to the environment. 

I will begin by explaining what the numbers on the side of the 
tire mean. Skidder tires are designated either by 2 numbers, such 
as: 

or 

23. 1 
T-ire 
Width 

26 (Conventional Tires) 
Rim 
Diameter 

by a 3 number designation, such as: 

6.6. · X 43:00 26 (Flotation 
Tire Tire Rim 
Diameter Width Diameter 

Tires) 

These numbers are somewhat confusing at first, but will become 
familiar after a while. 

The cost of flotation tires can be $18,000 - $20 1 000 for a set 
of 4 with rims, if you get into the 44" and 50" widths. This has 
caused many loggers to dual up tires in an effort to gain flotation 
at a lower cost. The advantages and disadvantages of dual tires 
are as follows: 

0 

0 

0 

ADV'ARTAGBS 

cost 
can be converted back 
to singles in a few hours 
Able to straddle trees 

0 

0 

0 

DJ:SADVAH'l'AQBS 

Weight 
Does not give same 
flotation as equivalent 
single tire 
Chunks jam between tires 



As the slides show, there are many different combinations of 
dual tires. Any combination greater than 55" in width I term "ex
treme duals" because they are used in extremely bad logging condi
tions, and are extremely hard on skidder components. 

The following chart will best sum up the pertinent information 
for most skidder tires. The chart is based on the weight of a 
typical grapple skidder (with no payload). By studying the chart 
carefully, you can come up with a flotation tire size or dual com
bination which is suitable by comparing consumer cost and flotation 
figures. 

MACHINE TIRE TIRE TOTAL TIRE a, COMTACT PSI PSI COSTTO 
WEIGHT SIZE PLY Wlont WHEa. SQ.IN. SINGLES DtJALS EQUIP EQUIP 
WffliOUT INCl-lel WEIGHT @3" MACHIN& 
TIRE PENErR. DUALS 

23100 23.1X26 14 23,1 691 745 8.88 4.80 S 1,846 S 7,380 $14,760 
24.5X32 16 24.5 909 873 7.66 4.36 $2,299 S 9,198 S18,392. 
28LX28 14 28.1 882 923 7.19 4.08 S 1,985 · S 7,880 S15,720 
30.SX32 18 30,5 1114 1087 6.34 3.88 s2,m $10,712 $21,424 
35.SX32 18 35.5 1497 1364 5.33 3.21 $3,744 $14.978 $29,952 
67)(34,00-26 14 34 1191 1080 6;46 3,78 S 3,129 $12,518 $25,032 
66)(43,00-28 12 43 1105 1380 5.08 2.94 S 3,160 $12,840 $25,280 
73X44.G0-32 18 44 1847 1530 4.8& s 4.525 $18,100 
68X50.oo-32 16 50 1801 1730 4.38 $4,985 $19,880 

Rubber 
Appl. 88X8b25 8 88 1400 2000 3.59 $10,250 $41,000 
Rolllgon 72x88-28 8 68 1690 2448 3.05 $9860 $39,400 

DUAL TIRE COMBINATIONS 
28L&23,1 14 51.2 1553 1688 4,39 S 3,950 $15,800 
30.5&24.5 16 55 2023 1980 3.98 S 5,257 S21,028 
34,00&28L 14 82.1 2192 2003 3,98 $5,154 $20,618 
43.00&28L 12 71.1 2132 2283 3.46 S 4,966 $19,880 
44.00&24.5 18 88.5 2639 2403 3.50 $8,984 $27,856 

68" TJ:RES 

The 68 11 tires listed on the chart are very specialized and 
were originally developed for the oil field, but have been adapted 
to logging. They do an excellent job in organic, peat type soils, 
but in the past there have been problems with durability. 

FRARKLIR SLIM-LIRE SKIPDER 

one of the major problems with flotation tires and duals has 
been the overall width of the machine. Skidders with conventional 
tires (28L x'26) will be from 9 to 10 feet wide, but a skidder with 
flotation tires or duals may be from 12.5 to 16 feet wide. This 
causes many problems with select cuts and also with hauling between 
sites. 



Approximately 6 years ago, Franklin Equipment Company devel
oped a skidder specially designed for wide tires. It was called 
the Slim-line, and was no wider with 43° tires than a conventional 
skidder with 28" tires. 

Due to the high cost of hand fabrication and lack of customer 
interest, the project was abandoned. 

Recently, after much prodding, Franklin has developed a proto
type skidder which combines the narrow frame on the rear section 
with a conventional front section. Since most of the weight on a 
skidder is on the rear section, this idea should work really well. 
The prototype has single 30.5 x 32 tires on the front and dual 24.5 
x 32 tires on the rear. It's overall width is 10'-2". The blade 
and winch have been left off to reduce weight. This skidder will 
have better flotation than a conventional Franklin 170 grapple with 
50" tires, which is 12.5 feet wide. We will be testing this ma
chine is Mississippi this summer. 

FRARKLIR CLAMBURK 

With the onset of BMP's reducing road construction and the 
trend of getting timber from remote areas, there is a need for a 
high capacity, long distance skidder. The clambunk skidder meets 
these requirements, but the only ones available have been 6-wheel 
or 8-wheel drive machines costing up to $400,000 each. 

Franklin Equipment company has developed a 4-wheel drive clam
bunk that we have been testing for a couple of years. This machine 
will skid up to 15 tons per turn and maintain production levels-of 
12-14 truck loads per day, at distances of 4000 feet. The pre
ferred way to operate this machine is to pre-bunch with a grapple 
skidder to a secondary landing, and then use the clambunk on a main 
skid trail to the primary landing. This clambunk will retail in 
the $135,000 to $140,000 range, depending on options and tire se
lection. A 6-wheel drive machine is also available. 

SMALL EXCAVATOR WI'rB GRAPPLE SAWBEAD 

Felling hardwood timber has always been difficult, especially 
in wet ground. The most acceptable method from a productivity 
standpoint is a track excavator with a high speed disc saw. These 
machines are widely used on the East coast, but the drawback to 
these machines is their cost of $250, ooo·· to $300, ooo. 

A machine that has excellent potential in this application is 
the small track excavator with a 26"-30" grapple saw head. This 
machine combines the good flotation of a small machine with a cut
ting capability equal to or better than the large machines. The 



first machine we put together was a Bell head on a John Deere 490 
excavator. We are presently working with Link-Belt, CTR and Tide
water Equipment company to put together another machine which we 
hope will retail in the $150,000 range. 

SUMMARY 

While all these tires and machines will help reduce logging damage 
on wet si~es, the key to damage of the environment and harvesting 
machines is the operator. Without proper training and guidance, 
none of this technology will work properly. 



A Cost/Benefit Comparison of Voluntary and Regulatory Forestry BMP Programs 

by 

Robert M. Shaffer 
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Virginia Tech 

Best Management Practices (BMP's) for forestry are operational techniques that protect the soil 
and water resource during forestry operations such as timber harvesting. Typical BMP's include 
recommendations for harvest planning, streamside management zones, haul road location and 
construction, stream crossings, skid trail and log landing stabilization, and tract close-down. The 
primary objective of forestry BMP's is to minimize sedimentation and protect water quality. The 
costs of implementing BMP's are primarily home by the logger and forest landowner, while the 
benefits of clean water accrue to society in general. 

The Federal Clean Water Act of 1973 allowed states to choose between regulatory or voluntary 
forestry water quality protection programs. Upcoming reauthorization of the Clean Water Act has 
sparked a debate as to which approach, regulatory or voluntary, is best. This paper will present an 
analysis of one state's forestry BMP program by estimating cost/benefit ratios for both regulatory 
and voluntary approaches to water quality protection. 

Virginia currently has an aggr~ssive voluntary forestry BMP program. Under the leadership of 
the Virginia Department of Forestry and a 25-member BMP Task Force, the 5-year program has 
achieved outstanding success in protecting forestry water quality. Spurred by the 1987 
Chesapeake Bay Agreement, the current program began in 1988 with an extensive statewide 
effort to make all Virginia loggers and forest landowners acutely aware of the necessity to 
voluntarily adopt BlVfP's as routine operating procedures during timber harvests. Over 45 
educational programs and field demonstrations reached over 3,000 individuals during the 
program's first two years. Commitment to the voluntary program was seen by the forestry 
community as the best way to avoid burdensome and expensive forest practice regulations. The 
Virginia Department of Forestry elevated forestry water quality to their top priority, and began 
monitoring all logging operations for BMP compliance. More recently, extensive forestry water 
quality testing has been employed at randomly chosen harvest sites to more closely correlate 
BMP compliance with actual water quality data. Today, with the Virginia Department of Forestry 
effectively inspecting over 70 percent of the harvested acres annually, Virginia loggers have 
achieved a documented BMP overall compliance rate of 92 percent. 



The costs of Virginia's current BMP program are twofold: the BMP implementation cost, borne 
by the logger and/or the forest landowner, and the program administration costs, borne by 
Virginia taxpayers. Using BMP implementation costs reported in Cubbage and Lickwar (1991) 
and adjusted for Virginia's percentage of harvest by physiographic region, Virginia 
loggers/landowners spent an average of$22.64 per acre to implement BMP's on 163,000 
harvested acres in 1992. In addition, the Virginia Department of Forestry reported 1992 total 
expenditures of $890,000 related to the forestry water quality program. Thus, total costs were 
$4.58 million. (Table 1). 

Table 1. Voluntary (1992 Actual) and Regulatory (Estimated) Forestry BMP Program 
Costs and Benefits for Virginia. 

Current voluntary program 
(92%BMP compliance) 

Hypothetical regulatory 
program (99% compliance) 

Program Cost 
(million$) 

4.58 

9.07 

Program Benefit 
(million$) 

4.80 

5.34 

The average dollar benefit of preventing sediment from entering Virginia streams comes from the 
agricultural literature. Ribauldo and Young (1989) reported water quality benefit values that, 
when adjusted for Virginia harvested acreage by physiographic region, averaged $0. 70 per ton of 
sediment saved. Harvested forest acreage was assumed to have a potential erosion rate of O .5 
tons/acre/year (Gianes.si et al. 1985) above the normal geologic erosion that could be prevented 
by using BMP's. Thus, the total benefit ofBMP compliance on 92 percentof all harvested sites in 
Virginia over the life of each stand is approximately $4.8 million. Using this rationale, benefits 
exceed costs for Virginia's current voluntary BMP program by $230,000. The cost/benefit ratio is 
a positive 1.05:1. 

To estimate the costs and be1'.efits of a regulatory BMP program, we carefully examined the 
forestry water quality protection program costs of Maryland and California, two states with 
regulatory programs, and also obtained best-judgment estimates from the Virginia Department of 
Forestry. A regulatory BMP program was assumed to include a required timber harvest plan that 
must be reviewed and approved by the VDOF, as well as mandatory BMP's with fines and/or 
imprisonment for noncompliance. For the operational implementation costs of the more · 
restrictive and inflexible regulatory BMP's, we used Cubbage's (1991) "high" estimate of BMP 
costs. Program administration costs were estimated by the VDOF assuming the additional costs 
they would incur to review 3,000-3,500 timber harvest plans annually and police the regulatory 
BMP's. Their estimates were compared with the reported program administrative costs from 
California and Maryland on a per harvested acre basis to insure that they were in line with actual 



experience. Total program costs, including both BMP implementation and program 
administration costs, were estimated to be $9 .07 million. On the benefit side, we arbitrarily 
assumed that a regulatory program would increase BMP compliance to 99 percent, for a benefit 
value of $5.34 million. Thus, the regulatory program costs exceed benefits· by $3.73 million, and 
the cost/benefit ratio becomes a negative 0.59: 1. 

While the absolute dollar amounts for costs and benefits estimated in this study may be subject to 
question, we believe the relative differences between regulatory and voluntary program costs and 
benefits are reliable. This leads us to the conclusion that voluntary forestry BMP's, coupled ~th 
an aggressive education and compliance monitoring program, is the most cost-effective method 
of achieving forestry water quality protection. Regulation of a successful voluntary forestry BMP 
program will increase costs to a much greater degree than benefits. 
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USING GPS TO TRACK FOREST MACHINES 

M.D. Spruce S.E. Taylor J.H. Wilhoit J.R. Britt1 

ABSTRACT 

The ability to track the movement of forest machines can be a valuable tool in evaluating machine 
performance. This paper discusses the use of the Global Positioning System (GPS) to track forest 
machine location. Results are presented from tests of tracking a site preparation skidder. 

INI'RODUCTION 

Recent advances in simulation modeling, 
computer animation, expert systems, and 
geographic information systems have improved 
our ability to design, select and manage forest 
machine systems. However, accurate 
engineering design and management decisions 
require detailed information on machine 
performance as a function of terrain and timber 
stand variables. · In addition, increased emphasis 
on minimizing environmental impacts from 
forest machines necessitates new methods of 
collecting data that will fully characterize 
machine operations. Intelligent, automated 
systems are needed that will simultaneously 
acquire data on basic machine parameters, 
productivity, and general operating conditions 
(eg., position in the forest, stand density, tree 
size, and terrain). 

Information on machine performance and 
function have been collected by on-board data 
acquisition and computer systems in both 
research and industry applications. In addition, 
a location measurement system, such as the 
Global Positioning System (GPS), can be 

mounted on the forest machine and connected to 
the data acquisition system. With the location 
system input, computer hardware can collect 
information such as distances traveled, the 
machine status at each location, and the 
productivity of the machine at each location. 
The ability to track a machine's position 
automatically could help the forest manager or 
engineer in their evaluation, especially in terms 
of the machine velocity over time, the distances 
it travels between activities, and any elevation 
changes it encounters that may affect its 
performance characteristics. Other potential 
benefits are associated with tracking specific 
forest machines. For example, if the position of 
a herbicide sprayer is tracked over time, it may 
be possible to evaluate the coverage to determine 
skipped or overlapped areas. Furthermore, 
tracking the position of a forest harvesting 
machine may reveal areas where repeated traffic 
could potentially lead to excessive soil 
compaction or other undesirable impacts on the 
local environment. 

The technology is now available to obtain 
position data automatically using the Global 
Positioning System (GPS). The Global 
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Positioning System is a satellite-based 
positioning system developed by the· United 
States Department of Defense. The user must 
have a receiver to interpret radio signals sent 
from a constellation of satellites orbiting the 
earth. The interpreted signals can be used to 
calculate the latitude, longitude, and elevation of 
the GPS receiver. A GPS receiver can be used to 
determine positions of stationary or moving 
objects anywhere in the world, twenty-four 
hours a day. Considering the benefits of 
obtaining position data from moving forest 
machines and the technology available through 
GPS, there ·is a need to determine if GPS can be 
used to track working forest machines accurately 
and consistently. 

Objectives 

The specific objectives of the research 
reported in this paper are to: 

1) Determine the effectiveness of using GPS 
to track the position of mobile forest 
machines, 

2) Evaluate the relative accuracy of GPS 
position data. collected on mobile forest 
machines; and 

3) Evaluate the ability of GPS to measure 
the velocity of mobile forest machines. 

For an example application of vehicle tracking, 
this paper discusses the use of a typical 
commercial GPS receiver to track the movement 
of a site preparation skidder during herbicide 
spraying operations. 

BACKGROUND 

Global Positioning System 

Positions are calculated by GPS by 
measuring the distances from a point on the 
earth's surface to several satellites in space. The 
distances are computed by measuring the time 
that elapses as radio signals from the satellites 
travel to a receiver on the earth's surface, and 
then multiplying this time. by the speed of light. 
Cocks on the satellites and· receivers are 
synchronized to generate identical digital codes 
simultaneously. This makes it possible to 
determine the exact time the signal left the 

satellite and the time it amved at the receiver. 
Exact three-dimensional positions (latitude, 
longitude, and elevation) may be obtained using 
measurements from four satellites, whereas two
dimensional positions Oatitude and longitude) 
require measurements from only three satellites. 
When the GPS system is fully operational, the 
constellation will consist of 24 satellite vehicles 
orbiting the earth at an altitude of 12,600 miles 
(Gerlach, 1990 ). 

Because this system was designed originally 
for military purposes, the Department of Defense 
based the system on a complex · set of digital 
codes. These codes are referred to collectively as 
the "pseudo-random code" because they look like 
a long string of random pulses. However, they 
are actually · very complicated, carefully chosen 
sequences that repeat every millisecond. The 
pseudo-random code also allows the Department 
of Defense to control access to the satellite 
system. They are capable of changing the code 
at any time to ~trict usage of the system. 

Two GPS services are available to the user 
comnumity: the standard positioning service 
(SPS) and the precise positioning service (PPS). 
Each of the two services uses a different fonn of 
the pseudo-random code. · The SPS uses the 
course acquisition (C/ A) code and is available to 
everyone. Typical commercially-available, hand
held GPS receivers using the C/ A code are 
commonly reported to have accuracies of ± 25 
meters on the horizontal plane without 
differential correction. The PPS uses the 
encrypted precise (P) code and currently is used 
only by the military; however, civilian use may 
be more prevalent in the future. Receivers· also 
are av~ble which can measure · the canier 
waves over which the pseudo-random codes 
travel (Gerlach, 1990). These instruments are far 
more precise than the C/ A code measuring 
instruments. Survey-grade GPS units have been 
developed using this technology with reported 
accuracies inside of one centimeter. 

The Department of Defense has placed two 
important security arrangements on the GPS 
signal: "selective availability'' and "anti-spoofing". 
Anti-spoofing (AS) involves the encryption of the 
P code transmission. Selective availability, in 
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essence, is a method for producing significant 
clock errors in the Cl A code transmitted by the 
satellites. This, in tum, affects the time 
measurements used by the receivers to establish 
positions. Even small errors in · the time 
measurements can result in large position errors 
because of their multiplication by the speed of 
light During implementation, selective 
availability is the largest source of error in the 
GPS system. 

In addition to selective availability and anti
spoofing, several other factors affect the signals 
received by GPS receivers. For example, 
abnospheric and ionospheric delays conbibute to 
the addition of disturbances to the signals. 
These disturbances, which reduce the quality of 
the GPS signals, can be referred to as noise. 
Satellite geometry also affects the signal quality. 
The position dilution of precision (POOP) is an 
indication of this geometry. Low POOP 
indicates good satellite geometry, and it occurs 
when the satellites have the greatest separation 
in the skyview (Gerlach and Jasumback, 1990). 
Higher POOP results in larger variation of the 
calc:uJated GPS position about the true position. 
Satellite signals also tend to weaken as· their 
angle above the horizon decreases, relative to the 
position of the receiver on the earth's surface. 
Most receivers allow the user to set a minimum 
acceptable signal to noise ratio,· as well as a 
maximum POOP and an elevation mask angle. 
This elevation mask angle is the angle above the 
horizon below which no satellites will be 
tracked. 

The reported accuracy of GPS is based on 
the assumption that selective availability is not 
enabled. However, when selective availability is 
implemented, computed positions .may be in 
error by 100 meters or more. For some 
applications involving marine and aircraft 
navigation or geographic information systems, 
this accuracy may be considered sufficient. For 
applications requiring greater accuracies, two or 
more receivers can be used· together in a 
technique called Differential GPS (DGPS). In 
DGPS, one receiver is stationed at a precisely 
known location to serve as a reference location 
or base station. The other receivers are referred 
to as remote or rover units and they can be used 

for either stationary positioning or mobile 
tracking within approximately 300 miles of the 
base station. The process of DGPS involves 
comparing position data collected by the base 
station to those collected by the remote units. 
The distance between the units and the high
altitude satellites is far greater than the distance 
between the base station and rover units. Thus, 
any measurement errors in base station position 
are approximately the same as those for the 
remote units. In other words, the difference 
between the precisely known position at the base 
station and the position reported by the GPS 
receiver is a common positioning error to all the 
units. Computer software can then use the 
positioning error from the base station data to 
develop error corrections that can be applied to 
data collected by the rover units. DGPS can help 
correct for receiver clock errors, satellite clock 
errors, satellite position errors, ionospheric and 
atmospheric delays, and selective availability. 
Although these corrections are most commonly 
performed by post-processing the data, the 
corrections can also be accomplished real-time by 
using radio links between the base station and 
rovers. Accuracies of ± 2-5 meters on the 
horizontal plane are possible with DGPS. 

GPS in Forestry Applications 

Gerlach (1989) stated that the most important 
recent advance in the field of remote sensing is 
the development of GPS. He predicted that the 
field digitizing of industrial, cultural, and terrain 
features, sample points, picture points, and pixel 
positions will vastly improve the spatial 
registration of layered geographic information 
system (GIS) data. Evans (1992) and Bobbe 
(1992) demonstrated the improvements in 
usefulness of video imagery for surveillance and 
mapping applications because of the recently 
developed capability to encode navigation 
information directly onto video frames using 
GPS technology. They discovered that, under 
good flying conditions,· CPS could be used to 
accurately predict and plot mission flight lines 
for coverage evaluations. Bobbe (1992) also 
determined that aerial DGPS positions agreed 
with surveyed positions well enough to locate 
them to within 10-12 meters afterwards. 
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Other aerial applications of GPS technology 
include using a GPS receiver to map a fire on the 
Black Hills National Forest (Drake, 1991). After 
a mapping flight around a thirty-five mile 
perimeter, enclosing 14,200 acres~ the · map 
produced with GPS data agreed very well with 
a traditionally_ generated ground fire map. 
Drake concluded that airborne application of 
GPS technology could be cost-effective for other 
ground-based applications such as wildlife 
counts and mapping, roads and trail inventory 
and mapping, wetland acreage measurements, 
stream length surveys, timber surveys and 
mapping, law enforcement activities, and rescue 
operations. 

Since GPS uses microwave signals, and since 
vegetation can. influence microwave signals' 
effectiveness, some work has also been 
completed to ascertain the usefulness of GPS 
under forest canopy conditions. Gerlach and 
Jasumback (1989) performed a study of canopy 
effects ·to explore reported problems with GPS 
navigation in · forestry field conditions. The 
problem they addressed was the blocking or 
attenuation of GPS signals by topography ·and 
vegetation. They found that position record 
production rates were more than five times 
slower un~er vegetation canopy than in open 
sky conditions. · They also determined that errors 
in latitude and longitude were three to six times 
larger under canopy when differential 
col'.l'ections were performed. Autonomous 
elevation errors were twice as great under 
canopy, and differential corrections did not 
produce good results. They concluded that 
canopy has substantial effects on total signal loss 
and reduction of signal to noise ratio. 

GPS in Vehicle 'lracking Applications 

GPS has · been used as part of automatic 
vehicle location and fleet monitoring systems. 
The Dallas Area Rapid Transit (DART) has 
installed a GPS Automatic Vehicle Location 
system as part of a comprehensive tracking and 
communication system to monitor its buses, 
transit police cars, and other vehicles (Ledwitz, 
1993). Beerens (1993) described a trucking 
company's use of a communication and GPS 
system to control dispatch and driver scheduling 

activities. The company has already realized 
significant cost savings over conventional 
scheduling methods and anticipates an increase 
in its degree of service and quality. Lefebvre 
(1991) described efforts by Alberta-Pacific Forest 
Industries -Inc. to develop new technology to 
assist in their trucking operations. This system 
will use GPS technology to give inills the 
geographic positions of their trucks and loaders 
at all times. Due to the high maintenance costs 
of off-highway log trucks in coastal British 
Columbia,· Young and Sauder (1991) also 
proposed a sophisticated vehicle monitoring 
system to track log truck mechanical condition 
and location. 

Burtch (1993) reported several examples 
where · GPS has been linked to GIS and 
intelligent vehicle highway systems .(IVHS). He 
stated that geographic information systems
transportation is growing in use at all levels of 
government to provide an economical method of 
managing -all transportation· facilities.· . Several 
agencies are experimenting with systems that 
allow automatic identification. and location of 
road features using GPS, · as well as reporting 
vehicle locations and diagnostics. 

Auemhammer and Muhr (1991) and Larsen, 
et al. (1991) stated that the main focus of 
agriculture in the future has to be on 
environmental-friendly production. They believe 
that p,,sition detection and navigation will be the 
initial points of all actions within an 
environment-friendly agriculture. They 
explained that environment-protecting 
production requires responding to the spatial 
variability in the natural condition& For 
example, DGPS can be used to map the borders 
between the different areas of soil fertility and 
then assist in guidance of tractors distributing 
fertilizer according to desired yields. They 
believe that ~ese tools will allow reduced input 
of chemicals for weed control and yield-oriented 
fertilization, thus decreasing the potential of 
damage environment. 

Stafford and Ambler (1991) studied GPS as 
one of three potential field location and 
navigation systems for use in a spatially-selective 
herbicide application system. They sought to 
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reduce the environmental impacts of fertilizer or 
herbicide inputs and to optimize their use by 
taking into account the spatial variability in soil 
and crop properties such as soil type, moisture 
content, and drainage status. They wanted to 
find a location system to assist in precise control 
of herbicide sprayer location to avoid spray 
overlap in the_ field. They also wanted to test the 
systems for mapping yield variations during 
harvest. They felt that the GPS system had the 
greatest potential for use in these spatially
selective field operations. 

Russnogle (1991) reported that an illinois 
farmer has used GPS signals to log his combine' s 
location on a ~omputerized field map. . As he 
moved across the field, his path was drawn on 
a monitor mounted in the combine cab. An on
board computer also collected data that gave him 
the ability to determine yield at any location and 
under what conditions the combine operated at 
that location. He anticipated using the same 
system for herbicide and fertilizer application 
with the computer controlling the application 
rate based on the location in the field. Although 
GPS is being used in several vehicle tracking 
applications in agriculture, research is needed to 
determine if GPS can be used to assist in the 
management and design of forest machine 
systems. 

PROCEDURES 

This section describes the use of a 
commercially-available GPS receiver to track 
forest machine movement. Although these 
techniques can be applied to a variety of 
machines, the particular application used in this 
research was tracking the movement of a site 
preparation skidder during herbicide spraying 
operations. 

Equipment and Instrumentation 

A Pathfinder Basic+ handheld GPS receiver 
from Trimble Navigation, Ltd. was used to 
collect all location data in stationary and mobile 
tests. This is a six-channel receiver that uses 
Cl A code and has 191 kilobytes of memory in 
which to store three-dimensional location data. 
Various modes are available that allow the user 

to store locations for future use, collect 
continuous position data, or navigate back to 
stored locations. Although the receiver is 
capable of obtaining position fixes at rates of up 
to one per second, all data collected during this 
study with the remote receiver were collected at 
a rate of one position every five seconds. An 
external antenna is available which can be 
mounted on top of a vehicle's cab for mobile 
mapping or vehicle tracking use. In addition to 
the rover unit, a Community Base Station also 
from nimble Navigation was used to collect 
data for use in differential corrections. This base 
station unit is an eight channel receiver installed 
in a desktop computer. The base station was 
located in the offices of Mead Coated Board 
Division in Columbus, Georgia. Base station 
position data were collected at a rate of one 
position every ten seconds. A remote antenna 
for the base station was placed on the roof of the 
Mead office complex. During all GPS data 
collection sessions, mask angle settings of 15 
degrees and 10 degrees were used for the rover 
unit and base station, respectively. Both units 
were configured to ignore position fixes when 
the POOP was above 6 and when the signal-to
noise ratio was above 6:1. After all data 
collection sessions, data from the rover unit were 
differentially-corrected using the PFINDER post
processing software version 2.31 from Trimble 
Navigation. 

The forest machine used in this study was a 
John Deere 640 skidder converted for chemical 
site preparation operations. The skidder was 
equipped with a 500 gallon tank, two spray 
nozzles, and a Raven SCS 400 Sprayer Control 
System. The Raven SCS 400 consists of a 
computer-based control console, a speed sensor, 
a turbine type flow meter, and a motorized 
control valve. A console mounted in the cab 
displays data from the sensors and calculates an 
application rate in gallons per acre. The speed 
and application rate displays assist the operator 
in applying the herbicide uniformly. During 
these tests, the desired swath width for the 
sprayer was 60 fl 
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'!racking Machine Movement 

To demonstrate the effectiveness of using 
GPS for vehicle tracking,. the rover GPS receiver 
was mounted in the skidder and the external 
antenna was mounted on top of the skidder cab. 
The GPS receiver then collected position data 
during spraying operations for two tracts that 
had been clearcut. The GPS data were stored.in 
separate data files after each spray tank was 
emptied. During periods· when the skidder was 
not operating, the GPS receiver was used to 
collect boundary traces of the tracts and locate 
any other features of interest. . These data 
provided a map of the outline of the tract as well 
as traces of the skidder's path during the 
spraying activities. The base station also 
collected data continuously during field data 
collection· periods. 

Relative Position Accuracy 

In addition to demonstrating the 
effectiveness of using GPS to track the skidder' s 
movement, tests were conducted to determine 
the relative precision and repeatability of the 
mobile GPS data. This information is 
particularly important in applications such as 
evaluating sprayer coverage. To quantify these 
parameters, a rectangular grid was laid out using 
survey flags on a portion of one of the tracts to 
be sprayed. This grid was 200 ft long by 90 ft 
wide. There were three columns running in the 
north-south· direction and five rows running 
east.;.west. Each row of flags was placed 50 ft 
apart. The distance between the first column 
and the second column was 60 ft while the 
distance between the second and third columns 
was 30 ft. This particular set of grid dimensions 
was used to help evaluate whether or not the 
sprayer swath width of 60 ft could be accurately 
determined. 

After the grid was established, the mobile 
traverses were collected using the GPS receiver. 
The traverses began at one comer of the grid 
and continued in a serpentine pattern to each 
grid point then stopping at the opposite grid 
comer. Upon reaching the opposite comer, a 
new data file was created and the traverse was 

, co~pleted in reverse. The object of reversing the 

direction of the traverse was to 9etermine the 
repeatability of the GPS data. The velocity 
during the mobile traverses was held constant at 
approximately 3 mph. Another mobile· data file 
was collected around the perimeter of the grid. 

After the .mobile traverses were completed, 
a new data file was created and the GPS receiver 
was used to collect -position data over the first 
point in the grid. Additional data files were 
then created and data was taken· at. each of the 
remaining grid locations. A minimum of 180 
position fixes was collected at· each location so 
that· accurate average positions could be 
determined for the points. 

Velocity Measurement 

Since velocity measurements are important 
for many studies of machine performance and 
productivity,- · brief tests were conducted. to 
determine· the . ability of the GPS receiver to 
measure machine velocity. For these tests, the 
GPS receiver was mounted in a pickup truck 
with the external antenna mounted on the roof. 
The ·receiver was configured to collect a velocity 
reading every second. · The vehicle was then 
driven at constant speeds of ten,· fifteen, twenty, 
thirty-five, forty,_ and fifty-five miles per hour. 
As in the other . tests, these data · were then 
downloaded and differentially corrected. 

RESULTS AND DISCUSSION 

lracking Machine Movement 

A total of 3902 position fixes were recorded 
at the base station during one of the skidder 
tracking sessions. As shown in Figure. 1, the 
position fixes were concentrated around a central 
location, but the individual positions varied 
considerably. The mean position in Universal 
Transverse · Mercator (UTM) coordinates was 
3601518.2 m Northing and 690044.3 m Easting 
with an altitude of 149.4 m. (height above 
ellipsoid). The standard deviations were 27.2 m 
(89.2 ft) Northing, 21.8 m (71.5 ft) Easting, and 
62.6 m (205.4 ft) in altitude. The Northing 
positions varied over a range of 192.9 m (632.9 
ft) from minimum to maximum, while the 
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extreme Easting positions differed by 170.0 m 
(557.7 ft). The maximum and minimum altitudes 
differed by 431.0 m (1414.0 ft). Despite the large 
ranges of positions, the mean position recorded 
at the base station varied from the precisely 
surveyed position by 202.8 m (665.4 ft) Northing, 
1.3 m (4.1 ft) Easting, and 32.4 m (106.2 ft) in 
altitude. These data were used in the PFINDER 
software to differentially correct the remote 
receiver positions taken at the spray plot. 

The first mobile tracking session was 
performed on a large plot. Two full tanks of 
herbidde were applied to this plot while GPS 
data were being collected, but much of the area 
had been sprayed previously. Thus, the data 
reflect only a partially completed operation. As 
shown in Figure 2, the skidder position was 
recorded over time, indicating the areas in the 
tract that were covered during the data collection 
period. In this ·figure, 30-ft-wide buffers were 
added on both sides of each data point to 
simulate the 60-ft-wide spray swath. Using these 
buffers, Figure 2 also indicates overlaps and 
skips in the coverage. It is also possible to 
determine when the skidder operator stopped for 
extended periods of time to refill the spray tank 
or make adjustments\ to his equipment by 
looking for large concentrations of points in or 
near one location. 

Using the GPS positions and time data, 
average velocities were calculated over small 
time intervals using three methods. The first 
method used · the differences in the X and Y 
coordinates for every two successive points and 
the number of seconds that elapsed between 
position fixes. The velocities ranged from 0.0 
mph to 6.4 mph with an average of 2.6 mph and 
a standard deviation of 0.9 mph. The second 
method included an altitude term, height above 
ellipsoid (HAE), in addition to the X and Y 
tenns. With this term added, the velocity ranged 
from 0.3 mph to 6.5 mph with an average of 2.8 
mph and a standard deviation of 0.8 mph. The 
third method replaced the hae altitude with the 
altitude above mean sea level. This method 
yielded a range of velocities from 0.3 mph to 6.5 
mph with an average· of 28 mph and a standard 
deviation of 0.8 mph. All of these velocities 
compared favorably to the normal target speed 

of 2.5 - 3 miles per hour at which the skidder 
travels. 

The second mobile tracking session was 
performed on a smaller plot so that GPS data 
could be collected over the duration of the 
spraying operation . This plot only required one 
full tank of herbicide, so no refilling times 
occurred. Figure 3 shows the boundary traces of 
the tract, as well as the movement of the skidder 
over time. The boundary traces were performed 
so that all spraying would be done well inside 
the boundaries. This explains why the area 
along the west side of the tract appears to have 
been skipped. The small groups of jagged lines 
that appear intermittently throughout the plot 
indicate where the skidder operator stopped to 
make adjustments on his equipment. From the 
plot, it can be seen that the area was covered 
adequately. 

Relative Position Accuracy 

Measurements performed within the 
PFINDER software indicated that the· relative 
distances between the grid points were 
maintained proficiently when the GPS positions 
were averaged and differentially corrected. The 
average distance from a point in Column No. 1 
to the corresponding point in Column No. 2 was 
59.8 ft with a standard deviation of 2.4 ft. The 
average distance from a point in Column No. 2 
to the corresponding point in Column No. 3 was 
32.4 ft with a standard deviation of 4.7 ft. The 
average distance from a point in Column No. 1 
to the corresponding point in Column No. 3 was 
90.8 ft with a standard deviation of 5.2 ft. The 
average distance between two successive points 
in a column was 48.7 ft with a standard 
deviation of 8.7 ft. 

In order to show the profound effect of 
differential corrections on GPS position data, 
Figure 4 shows the uncorrected second mobile 
"serpentine" traverse superimposed on the 
corrected version. It illustrates that the 
uncorrected traverse has a completely different 
shape as well as different dimensions. 

Figure 5 shows the mobile "serpentine" 
traverses and perimeter traverse overlaid on the 
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grid. Although these trace shapes generally 
match the true shapes of the grid traverses, the 
GPS data collected during the mobile 
"serpentine" traverses did not accurately reflect 
the exact paths along the grid. Furthermore, 
they · were not very repeatable. . The perimeter 
traverse, on the other hand, matched the grid 
points much better. 

Additional measurements performed in the 
PFINDER software indicated an average distance 
of 60.1 ft from points along Column No. 1 in 
mobile 1i'averse No. 1 to points along Column 
No. 2 with a standard deviation of 33 ft. The 
average distance from points along Column No. 
2 to. points along Column No. 3 was 27.8 ft with 
a standard deviation of 4.6 ft. The average 
distance from points along Column No. 1 to 
points along Column No. 3 was 85.3 ft with a 
standard deviation of 5.9 ft. These GPS
measured distances varied somewhat from the 
actual distances and the grid point distances. 

Similar measurements performed on mobile 
Traverse No. 2 indicated an average distance of 
53.7 ft from points along the first column to 
points along the second column with a standard 
deviation of 4.0 ft. The average distance from 
points · along Column . No. 2 to points along 
Column No. 3 was 29.4 ft with a st~dard 
deviation of 3.8 ft. The average. distance from 
points along Column No. 1 to points along 
Column No. 3 was 87.8 ft with a standard 
deviation of 8.0 ft. 

The average distance from points on the 
north end of the Perimeter 'Irace to points on the 
south end was 199.4 ft with a standard deviation 
of 6.0 ft. The average distance from points. on 
the east side to points on the west side was 90.8 
ft with a standard deviation of 4.7 ft. These are 
very close to the actual distances. 

The results of these measurements indicate 
that differentially corrected mobile traces lose 
some accuracy in relative distances. In this 
application, it is doubtful that the GPS data are 
accurate enough to determine if small overlaps 
or skips have occurred. 

Velocity Measurement 

In the velocity tests, the uncorrected and 
corrected velocities were identical. This is 
because the PFINDER software does not correct 
the velocity measurements. However, it is 
possible to calculate velocity using the actual 
position and time data as discussed for the 
mobile tra~ing tests. These velocities appear to 
be an accurate reflection of the "true" velocities 
as measured by the truck speedometer. The 
vehicle accelerated from 30 mph at the beginning 
of data · collection to 55 mph, maintained that 

· speed for several minutes, then decelerated to 
maintain speeds of 40 mph, 35 mph, 20 mph, 15 
mph, and 10 mph for short periods of time. 
These · velocity data,.· along with the 
corresponding "true11 velocities, · are plotted 
versus time in Figure 6. The GPS velocity 
readings generally were consistent with the 
actual vehicle velocity. 

Future Research Needs 

Additional research · is needed in several 
areas related to automatic monitoring of forest 
machine movement using GPS~ Although the 
preliminary velocity results are promising, 
additional data are needed to verify the GPS 
velocities over a wider range of conditions. 
Additional tests are planned to record velocity 
data from the skidder's speed sensor in order. to 
verify GPS velocities at normal operating speeds. 

GPS can be used to map the boundaries of a 
tract well before the site prep skidder begins 
working. If the mapping· activity . includes 
sufficient detail regarding terrain features such 
as steep slopes, drains, tall stumps, and ditches, 
departures from desired herbicide application 
rates and unsatisfactory performance by the 
operator may be explained in terms of these 
obstacles. This application would require a 
datalogger capable of recording flow data from 
the Raven flow meter and the ability to translate 
flow data to locations on the skidder trace. 

There is a need for further experimentation 
to determine if GPS plots of: mobile vehicle traces 
maintain accurate relative distances between 
successive passes. This may ~ done by laying 
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out a much larger grid of stationary points, then 
performing multiple mobile "serpentine" 
traverses. Statistical analysis can then be used to 
determine the accuracy of the distances between 
passes. If the distances are found to be 
adequate, GPS plots alone .can be used to 
determine skips and overlaps. 

The.results presented here indicate that GPS 
is a promising method for tracking forest 
machines under little canopy. However, there is 
a need for additional research to more fully 
document the use of GPS in vehicle tracking 
applications under a more dense forest canopy. 
Previous work by Gerlach and Jasumback (1989) 
indicated that there may be increased errors in 
GPS data collected under a forest canopy. 

CONCLUSIONS 

The Global Positioning System can be a 
valuable tool in tracking forest machines in open 
sky conditions. Data points can be collected at 
regular intervals with very few signal 
interruptions. The travel path of a forest 
machine such as a skidder can be recorded 
easily. Although GPS position fixes can vary 
considerably from the true positions over time, 
the use of differential correction techniques can 
improve the accuracy to levels suitable for many 
forestry applications. In the example of 
herbicide application discussed here, the relative 
distances between successive passes of the 
skidder recorded by the GPS receiver are usually 
within a few feet of the actual distances. 
Determining overlaps and skips strictly from a 
plot of the skidder movements may be erroneous 
some of the time because of these errors in the 
GPS positions. However, GPS plots of the 
machine's movement provide a good qualitative 
analysis of spray coverage, and can be used as a 
general criteria for successful spraying. 

Velocities measured by GPS appear to be 
accurate in the limited tests performed thus far 
for speeds ranging from 10-55 mph. Velocities 
calculated from positions and times also seem to 
be accurate. However, additional research is 
needed to document the accuracy of GPS 
velocity readings under a wider variety of 
conditions. 

. . 
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PORTABLE TIMBER BRIDGE DESIGNS FOR 
TEMPORARY STREAM CROSSINGS 

S.E. Taylor G.L. Murphy1 

ABSTRACT 

Efforts to reduce the environmental impacts from forest operations point to the need for 
improved stream crossing technology on temporary forest roads and skid trails. New 
designs of timber bridges appear to be cost-effective alternatives for portable stream 
crossing structures. Bridge design criteria and example designs for portable, longitudinal 
glued-laminated and stress-laminated deck timber bridges are discussed in this paper. 

INTRODUCTION 
Increasing concerns over environmental 

impacts from forest operations such as timber 
harvesting are leading to many new 
recommendations for forest practices. Several 
studies in various states have shown that forest 
road construction is one of the major 
contributors to nonpoint source pollution of 
forest streams. Rothwell (1983) and Swift (1985), 
in separate studies on forest roads and skid 
trails, found that stream crossings were the most 
frequent sources of erosion and sediment 
introduction into the stream. Therefore, there is 
a need to develop improved methods of stream 
crossings for forest roads and skid trails. 

Fords and corrugated-metal or concrete 
culverts have been used as stream crossing 
structures on logging roads for many years. 

Using fords may introduce sediment into the 
stream as vehicles drive across the stream. 
While culverts alleviate this problem, there 
appear to be considerable sediment loads 
introduced into the stream during the excavation 
and fill work that accompanies culvert 
installation. Results reported by Swift (1985) 
showed that the cumulative amount of soil 
placed in a stream at the road-stream crossing 
during the construction period was over ten 
times greater than during the logging operations. 
In addition, culverts may clog with debris and 
may be washed out during heavy runoff periods, 
thereby introducing additional sediment into the 
stream. In the case of roads or trails that are not 
permanent, the stream crossing structure may be 
removed after logging operations or other 
activities are complete. Removal of a culvert 

1 The authors are, respectively, Assistant Professor, Deparbnent of Agricultural Engineering, Auburn 
University, AL 36849-5417, and Group Leader, Transportation System Development, Region 8, USDA 
Forest Service, 1720 Peachtree Rd NW, Atlanta,GA 30367. 
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also appears to introduce heavy sediment loads 
into the stream 

In addition to fords and culverts, many 
possibilities exist for the development and use of 
portable bridge designs. With the recent activity 
of the USDA Forest Service Timber Bridge 
Initiative, state-of-the art timber bridge 
technology has been widely publicized for use 
on highway bridges. However, much of the 
current technology is well suited to the 
development of relatively portable timber bridge 
designs· for use on logging roads and skid trails. 
These types of bridges can be cost-effective, 
portable, and reusable stream crossing structures 
that will reduce the amount of sediment 
introduced into streams· at · the stream crossing. 
Many of the advantages of timber bridges, which 
include using locally available·materials, having 
long service lives, being relatively lightweight, 
being easy to fabricate, and being able to be 
prefabricated, make them ideal for temporary 
stream crossings. The objectives of this paper 
are to: 1) review background information on 
portable bridges for forest roads and skid trails; 
2) discuss design criteria for portable bridges; 
and 3) discuss two example designs of portable 
timber bridges. One design is a longitudinal 
glued-laminated (glulam) deck bridge that is 
being used in research at Auburn University. 
The other bridge is a longitudinal stress
laminated deck designed by engineers in the 
USDA Forest Service. 

BACKGROUND 
Steel Bridges 

Interest in portable stream crossing 
structures is currently very high due to water 
quality concerns. Mason (1990) gave an 
extensive description of many types of portable 
or prefabricated stream crossings that have been 
used in logging operations. Her discussion 
included pipe fascine systems, rai.Iroad flatcars, 

modular steel girder bridges, bridges made of 
steel truss panels (similar to the military's Bailey 
bridges), hinged steel bridges, and trailer- or 
armored military vehicle-launched bridges. The 
spans for these st~l bridges ranged from 20 ft. 
up to 250 ft. 

The railroad flatcars and some of the 
prefabricated steel girder bridges have been used 
in logging operations. Two examples of 
modular steel girder bridges are the EZ Bridge 
sold by Hamilton Construction Co. of 
Springfield, Oregon and those sold by Big R 
Manufacturing Company, Inc., of Greeley, 
Colorado. These bridges have modular sections 
constructed with steel I-beams that run 
longitudinally with a transverse steel or timber 
deck. The bridges typically come in two sections 
that are bolted together when installed. These 
bridges can be designed to meet vehicle loads 
specified by The American Association of State 
Highway and Transportation .Officials 
(AASI-ITO) or the USDA Forest Service. Since 
these bridges are prefabricated, they can be 
installed fairly quickly; however, heavy 
construction equipment is typically required for 
this task. In addition, even though the inilitary's 
Bailey bridge is lighter and can be assembled 
and installed with hand labor, this type pf bridge 
does not appear to be feasible for logging 
operations with limited personnel available for 
bridge erection activities. 

Another commercially-available portable 
steel bridge design, however, .can be moved 
with logging equipment and also has been used 
successfully in logging operations. Bridges of 
this type, which are manufactured . by the 
Pennsylvania company ADM Welding and 
Fabrication, are constructed of steel stringers 
with a timber deck. One of the smaller designs 
is 11.S ft. wide and 26 ft. long and can be 
constructed to support either skidder or truck 
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traffic. Other bridges of this type have been 
constructed for spans up to 55 ft. These bridges 
have a unique hinged design that allows them to 
be folded in half, thus allowing them to meet the 
legal width limit for highway transport Bridges 
classified for skidder and truck loads are 
advertised with capacities of 15 tons and 50 tons, 
respectively. 

Other "homemade" steel bridge designs 
are used occasionally by loggers. One example 
of this is a design that is used by some loggers 
in Alabama. It is a welded steel panel consisting 
of two 26-ft.-long, 10-in.-deep steel channels 
spaced approximately 5 ft. apart and connected 
by 8-in.-deep steel channel diaphragms spaced 2 
ft. apart along the length of the panel. A 3/8-in.
thick plate steel deck is welded on the top of the 
steel framework. Two of these panels are placed 
across the stream for skidder traffic to drive 
across. The panels are pulled to the site with a 
skidder.. If the skidder is equipped with a 
grapple, the grapple may be used to grasp one 
end of the panel and pick it up; then the skidder 
may back the panel into place across the stream. 
This type of design is popular due to its 
simplicity. However, these designs may not be 
safe for some vehicle loads, and the gap between 
the panels will allow trees or logs being skidded 
to drop into the stream when aossing it. 

Concrete Bridges 
Alt (1991) discussed the use of a portable 

prestressed concrete bridge for logging 
operations. This bridge is currently being used 
by a forest products company in Florida for log 
truck traffic. It is constructed with 3 reinforced 
concrete slabs 4 ft. wide, 15 in. deep, and 35 ft. 
long. Although this bridge was very cost 
effective, its weight of 78,000 lbs. made it 
necessary to use heavy construction equipment 
for installation and removal. Therefore, this 

bridge is probably not suitable as a portable 
bridge for most loggers. 

Timber Bridges 
Timber bridge designs include log 

stringer bridges, modular timber truss bridges, 
longitudinal stringer with transverse deck 
bridges, and longitudinal glued-laminated or 
stress-laminated deck bridges. Although the log 
stringer bridge has been used successfully for 
many years, the recent advances in timber bridge 
technology include several designs that should 
be easily adapted for use as portable bridges. 
Another "non-engineered" type of portable 
bridge was described by Bihun (1991). This 
timber bridge design is 12 ft. long and 12 ft. 
wide. It consists of 5 nominal 8x10 in. 
mechanically-laminated stringers that are 12 ft. 
long. The stringers are fabricated by bolting 
together 4 nominal 2x10's. Twelve-ft.-long 2x10 
planks are laid flatwise on top of the stringers 
(perpendicular to the sb'ingers) and 3x12 
longitudinal runners are placed on top of the 
planks. This design has been constructed with 
unseasoned Eastern hemlock lumber and has 
been used to carry skidder traffic across small 
streams in Vermont. Although Bihun (1991) 
stated that the bridge had been field tested, this 
design probably has a limited range of vehicle 
loads that it can safely carry. Other loggers also 
have used timber dragline mats to carry skidder 

traffic over relatively short spans. 

Probably the most promising designs for 
spans up to 40 ft. consist of longitudinal glued
laminated (glulam) or stress-laminated decks that 
are placed across the stream. These longitudinal 
deck designs are relatively simple to construct, 
somewhat lightweight, and have comparatively 
thin cross sections. They can be prefabricated 
into large sections that can be quickly and easily 
installed at the stream crossing site. These 
bridges can be installed with typical forestry 
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equipment, such as hydraulic knuckleboom 
loaders or skidders, without the need for heavy 
construction equipment. Also, it may be possible 
to install these bridges without operating the 
equipment in the stream and with a minimum of 
soil movement around the structure. This 
reduction in site disturbance should lead to a 
reduced sediment Joa~ on the stream. 

Hassler et al. (1990) discussed the design, 
fabrication, and testing of a portable longitudinal 
stress-laminated deck bridge for truck traffic on 
logging roads. Their bridge was. constructed of 
untreated, green, mixed hardwoods. It was 16 ft. 
wide, 40 ft. long, 10 in. deep, and was fabricated 

in two 8-ft.-wide modules. It was installed to 
assist in timber harvesting activities in the West 
Virginia University Forest. They placed the 
bridge directly on the existing s~am banks 
without constructing abutments. They 
recommended that at least 5 ft. of bridge/ ground 
contact be allowed on both sides of the stream. 
The bridge was installed with a typical hydraulic 
knuckleboom loader and a skidder. The bridge 
performed satisfactorily under load tests. They 
also measured water quality before, during, and 
after the installation of the bridge. Results of 
these tests indicated that no significant changes 
in water conductivity, pH, or turbidity occurred 
as a result of the bridge. installation. 

DESIGN CRITERIA FOR PORTABLE 
TIMBER BRIDGES 

General Considerations 
There are several general design 

characteristics that a portable timber bridge 
should have to be a viable alternative for a 
temporary stream· crossing structure. One of the 
most important considerations is the ease with 
which the bridge can be assembled, installed, 
removed, and transported. A design will not be 
adopted that requires extensive time and labor to 
fabricate and erect. Also, the more complex the 

assembly requirements, the more likely that 
errors in fabrication will occur or that 
instructions will simply be ignored and shortcuts 
taken. The hinged portable steel bridge and the 
homemade individual steel panels require little 
in the way of user fabrication or assembly· and 
are appealing to many loggers. Any connectors 
or railing systems that need to be installed on a 
bridge should be prefabricated as part of the 
bridge system. Also, the design should allow 
the bridge to be moved without complete 
disassembly of the bridge, so that installation 
time will be saved at the next site. 

Ideally, a portable bridge should be able 
to be installed and removed with typical fqrestry 
equipment, such as hydraulic kmickleboom 
loaders, forwarders, or skidders. · Many 
knuckleboom loaders could probably lift sections 
or components of a bridge into place over the 
stream if the ·individual components or sections 
weighed less than 7000 pounds arid if the stream 
was about 30 ft. wide. In some cases, the road 

to the stream crossing may not be in a condition 
suitable for moving a knuckleboom loader to the 
edge of the streambank. Therefore, the use of 
forwarders· or skidders may be necessary. The 
ability of forwarders to carry bridge components 
in their racks may make them useful in installing 
smaller types of bridges. The skidder also may 
be used to drag bridge sections or components to 
the stream crossing. Regardless of the 
equipment used to lift or· drag the bridge into 
place, provisions should be made to attach wire 
ropes, nylon straps, or chains to the bridge 
components so that they can be lifted without 
damaging the structural components. To avoid 
damage to timber bridge components, they must 
not be lifted by wrapping a chain around them. 
The most convenient methods to transport 
portable timber bridges would be to use 
common truck and trailer combinations. 
Therefore, it is important to design the bridge so 
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that it can be broken down into sections for 
transport on logging trucks. Also, it may be 
possible to temporarily place the entire bridge or 
bridge sections on wheels and tow it to the site. 
However, this may be difficult to do on roads or 
skid trails that are still under construction. 

Design Procedures 
Design procedures for timber bridges can 

be found in the AASHTO Standard 
Specifications for Highway Bridges (AASHTO, 

1992) and the publication by Ritter (1990). Little 
previous research, however, has been conducted 

on appropriate design procedures f~r portable 
timber bridges on temporary forest roads. Knab 
et al. (1977) studied military theater-of-operations 
glulam bridges with design lives of 2 to 5 years. 
They concluded that using civilian design 
procedures, which are generally based on design 
lives of 50 to 75 years with relatively high levels 
of reliability, could result in unnecessarily 
conservative and uneconomical designs for the 
limited performance needs of theater-of
operations bridges. · Using results from reliability 
analyses, they developed new design procedures 
and modification factors for allowable stresses 
that would result in adequate levels of structural 
safety for glulam stringer · bridges. They 
concluded that a modification factor could be 
used that would result in increases for allowable 
stresses for bending, shear, and compression 
(both parallel- and perpendicular-to-grain) for 
these temporary military bridges. They did not, 
however, recommend changes in modulus of 
elasticity over those found in design data 
published by the American Institute of Tunber 
Construction (AITC, 1987). 

Other work by GangaRao and Zetina 
(1988) also examined the design specifications for 
low volume civilian roads. They concluded that 
many bridges on low-volume roads designed 
according to the same specifications as urban 

highway bridges were overly conservative and 
uneconomical. They defined low-volume roads 
as those with maximum two-directional average 
daily traffic flow of 200 vehicles. The 
corresponding maximum two-directional average 
daily truck traffic would · be approximately 30 
trucks per day. They suggested that allowable 
stresses for steel and concrete structures might 
be increased for these types of roads. Also, they 
suggested that deflection limits might be relaxed 
for steel bridges. They did not recommend 

changing the deflection criteria for low-volume 
concrete or timber bridges; however, they were 
basing their discussion on timber bridge 
deflections of L/400 to L/300. 

These research results of Knab et al. 
(1977) and Gan~o and Zelina (1988) indicate 
that applying AASHIO design recommendations 
to portable timber bridge designs for temporary 
forest roads may result in overly conservative 
designs. The designer must consider that in 
many cases, the design life of such a bridge may 
only be 5 to 10 years. Therefore, it may be 
possible to increase the load duration factor from 
the value which is used for bridges with design 
lives of SO years or more. However, additional 
research is needed in this area before suggesting 
other changes in design procedures or increases 
in allowable stresses. 

Load Criteria 
Design requirements for highway bridge 

loads are given in the AASHTO Standard 
Specifications for Highway Bridges (AASHTO, 
1991). The designer of a portable bridge should 
determine if these loads or other special loads 
and load combinations are appropriate for their 
situation. In addition to considering all dead 
loads, various live loads should be considered. 
For portable timber bridges that will carry truck 
traffic, the designer should probably use one of 
the AASH10 standard vehicle loads. The . -· 
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AASHIO HS20-44 (HS20) truck loading or lane 
loading should be sufficient for most l<;>g truck 
traffic on these types of portable timber bridges. 
The USDA Forest Service uses several additional 
standard vehicle overloads, such · as the· USO or 
U102 truck (Ritter, 1990). Again, the designer 
should determine if the use of these special 
overloads is warranted for their application. 

H the portable bridge is to be used only 
on skid trails- and will only carry forestry 
equipment such as skidders, forwarders, feller
bunchers, or harvesters, alternate loading 
configurations may be used for design vehicle 
loads. Table 1 contains a list of various types 
and sizes of forestry equipment with 
approximate vehicle weights and wheelbases. 
This table also shQws results of calculations to 
determine the approximate maximum bending 
moments and shear forces for a bridge with a 
span. of 30 ft. These design loads vary 
depending on the actual vehicle weight and the 
assumptions used for its distribution. If the 
bridge was to be subjected to only these types of 
loads, values such as those listed in Table_ 1 may 
be used for design purposes. Since these values 
are all less than that for the HS20 truck load, 
using the HS20 loads for design of a skidder 
bridge, for example, may be overly conservative. 
However, it may be difficult to insure that the 
bridge is not used for truck traffic at some point 
during its life. Therefore, the use of the HS20 
load configuration may be the safest assumption 
for most cases, even though it may result in 
uneconomical bridge designs for some forestry 
equipment traffic. 

Deflection Criteria 
Ritter (1990) provided a good discussion 

of timber bridge deflection criteria. Deflection in 
bridge members is important for serviceability, 
performance, and aesthetics. In general, 
excessive .deflections cause fasteners to loosen 

and wear surfaces, such as asphalt or concrete, to 
crack. Also, bridges that sag below a level plane 
can give the public a perception of str:uctural 
inadequacy. Excessive deflections from moving 
vehicle loads also produce ·vertical movement 
and vibration that may annoy motorists. Since 
most portable bridges will not need an asphalt or 
concrete wear surface, concerns over deflection 
should not be as great as in highway bridges. 
However, the users' perception of the bridge 
may be a concern to the designer. Ritter (1990) 
noted that others have used deflection criteria 
ranging from L/200 to L/1200. He 
recommended a maximum deflection of L/360 
for short-term loads and a maximum deflection 
criteria of L/240 for the combination of applied 
loads and dead load. It may be possible to relax 
these deflecti~n criteria slightly in the case ·of a 
portable bridge. However, it may be more 
appropriate for the engineer to consider the 
relationship between the bridge span and the 
predicted deflection of the bridge · in absolute 
tenns instead of just using a criterion like L/240. 
For example, for a bridge with a 30 ft. span, 
L/360, L/300, L/240, and L/180 would be 1 in., 
l.2 in., 1.5 in., and 2 in., respectively. In the case 
of some portable bridges, the designer may make 
the judgement that a deflection of 1.5 in. would 
not be excessive for the given bridge 
configuration, vehicle loads; and daily traffic for 
which it was designed. 

EXAMPLE BRIDGE DESIGNS 
Longitudinal Glued-Laminated Deck 

Longitudinal glued-laminated deck 
bridges are composed of vertically-glued
laminated assemblies that are placed side by side 
across the stream. They are practical for clear 
spans up to approximately 40 ft The panels are 
often fabricated in 48-in. widths and depths up 
to 10.S in. for southern pine or 10.75 in. for 
western species. The panels can be 
interconnected with steel dowels or fasteners, but 
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they are more commonly designed with 
transverse stiffener beams below the deck. These 
stiffener beams, which are usually bolted to the 
panels, help distribute wheel loads among the 
panels. The primary advantage to this type of 
bridge design is that it can be prefabricated in a 
few sections before shipping to the bridge site. 
All necessary cuts and holes can be made before 
preservative treabnent. 

Research is currently underway at 
Auburn University to document water quality 
impacts from different types of stream crossing 
structures on temporary forest roads and skid 
trails. A portable. timber bridge consisting of 
longitudinal glulam deck panels has been 
designed and fabricated for use in this study. 
This bridge is 16 ft. wide, 30 ft. long, and uses 4 
southern pine glued-laminated panels 4 ft. wide 
and 10.S in. deep. It has been installed on a 
mud sill, with the bridge extending 
approximately 2 to 5 ft. on either side of the 
stream banks, thereby leaving an effective span 

of Jpproximately 20 to 25 ft. Although this 
bridge is 16 ft. wide, bridges used for log truck 

traffic might be fabricated at smaller widths. 
However, a narrower bridge requires additional 
length of straight approach roadway for proper 
truck tracking on the bridge. Sketches of the 
bridge are shown in Figures 1 through 3. More 
detailed plans are available lrom the authors. 

This bridge is designed for HS20 
loadings with relaxed restrictions on deflection 
since the bridge will be installed on dirt or 
gravel roads. All components in this design are 
southern pine. Southern pine glulam 
combinations No. 47 (AITC, 1987) and higher 
will meet strength requirements for the deck 
panels assuming an actual span of 28 ft. Thirty
ft.-long glulam curb rails on glulam curb risers 
are also bolted to the outside deck panels. 
Sixteen-ft-long g~ulam stiffener beams are bolted 

on the lower side of the deck. The glulam curb 
rails and risers are 16F-V5 beams 5 in. deep by 
8.5 in. wide and the stiffener beams are 16F-VS 
glulam beams S in. wide by 5.5 in. deep. These 
glulam combinations are balanced layups, i.e., 
neither side of the beam is designated as the 
tension or· compression side, thereby reducing 
the possibility of installing the beam incorrectly. 
The deck panels may be installed directly on the 
stream banks with no other abutments necessary. 
If desired,. a glulam bearing pad or sill may be 
placed under each end of the bridge. The 
current design specifies a southern pine 
combination No. 46 glulam beam that is 3 in. 
deep, 15.125 in. wide, and 16 ft. long. One 
advantage of this small sill is that less material is 
required to build approaches to the bridge; 
however, other larger sills may be required 
depending on the site conditions. All glulam 
components should be precut and predrilled and 
preservatively treated with creosote, 
pentachlorophenol, or CCA in accordance with 
AWPA specification C14. The current bridge 
was treated with creosote to retentions of 12 
lb/ft3. After fabrication and preservative 
treatment of the components, but before the 
bridge was installed, the curb rails were installed 
to minimize the amount of erection time at the 
site. 

Galvanized A36 steel angles (8 in. by 6 
in. by 0.5 in thick by 14 ft. long) are attached to 
each end of the bridge to prevent wear on the 
ends of the deck panels due to vehicle traffic. 
These wear plates are attached with lag screws. 
The stiffener beams, bearing pads, and steel 
angles all provide additional continuity to the 
bridge system. An additional plank or steel 
plate wear surface may be installed on the 
bridge deck depending on the conditions under 
which the bridge will be used. Galvanized steel 
tie-down brackets are also provided at each of 
the four bridge comers to prevent bridge 
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movement from longitudinal vehicle-loads and 
from lateral and buoyancy forces due to 
flooding. Wire rope is used to connect the steel 
brackets to· nearby trees (dead men could also be 
used to anchor the bridge). All bolts are. ASTM 
A307 and are galvanized. Bolts that connect the 
curb-rails to the deck are 7 /8 in. diameter while 
all other bolts and lag screws are 3/ 4 in. 
diameter. 

Longitudinal Stress-Laminated Deck 
The concept of stress-laminating wood 

bridge decks began in Canada and ~snow been 
used in the construction of many permanent 
bridges in the us~ In. this system, vertical 
laminations of dimension lumber are stressed 
together with high strength steel rods. The rods 
squeeze the laminations together so that the 
stressed deck acts as a solid wood plate. The 
seconcl portable timber design discussed here 
was designed by engineers in Region 8 of the 
USDA Forest Service and uses a longitudinal. 
stress-laminated deck for its superstructure. The 
Forest Service also has a need for· 1ow-cost/low 
impact bridges for temporary stream crossings. 
In many cases, it is not economically feasible to 
construct · and maintain permanent bridges for · 
timber sales or other forest management 
activities in the National Forest System. To meet 
this need, engineers in Region 8 of the Forest 
Service have · designed this portable stress
laminated bridge. This bridge is designed for 
HS20 loadings and is intended for use on 
temporary logging roads. Sketches of the bridge 
are shown in Figures 4 through 6. 

The bridge consists of two separate 
stress-laminated panels 4.5 ft. wide. The panels 
are constructed with nominal 2x10 lumber for 
spans ranging from 16 ft. to 24 ft. Nominal 2x12 
lumber is used for spans up to 32 ft. Each panel 
is stressed separately and then placed adjacent to 
the other panel with a 2 ft. space between 

panels. The overall width of the complete bridge 
is 11 ft. Solid sawn 6x6 curb rails run the 
length of the bridge. A unique design is used 
for a drop-in· 3x12 filler panel in the space 
between the two deck panels. This filler panel 
primarily covers the gap between the two panels, 
but it also provides additional continuity 
between the deck panels .. At each end··of the 
bridge, the deck panels are placed on top of a 
14-ft.-long solid sawn 12x12 sill, which sits 
directly on the stream bank. A minimum of 5 ft. 
is recommended between the edge of the sill and 
the edge of the stream. All timber components 
should · · be treated with creosote or 
pentachlorophenol in accordance with AWPA 
specification C14. All bolts and lag screws ar~ 
galvanized . steel. The 5 /8-in.-diamet~ stress 
rods are spaced 2 ft. apart along the length ·of 
the bridge and should be stressed to a tension 
force of 30,500 pounds. 

Each half of the bridge can be 
constructed off-site and · installed and removed 
·with typical forestry equipment. Orie 32~ft.-long 
panel constructed with nominal 2x12 lumber 
should weigh approximately 6,500 pounds and 
therefore should be able to be lifted and installed 
by a knuckleboom loader. Other types of front
end loaders should also be able to handle panels 
of this . size. As with the glulam bridge 
discussed. earlier, installation or removal can be 
accomplished in one day or less. With minor 
modifications, this bridge could also ·be used as 
a temporary traii bridge. 

DISCUSSION 
Current Research 

The longitudinal glulam deck bridge has 
been fabricated and installed at a stream crossing 
on a temporary· logging road near Auburn, AL. 
This bridge will be studied over the next two 
years at different sites to document the benefits 
and costs aS$0dated with this type of portable 
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timber bridge. The bridge was transported to 

the site on a typical flatbed equipment trailer. 

Each of the panels weighs approximately 5,500 
pounds and should therefore be easily lifted 
with most knuckleboom loaders or small cranes. 

In its initial installation, a small truck-mounted 

crane was used to set the bridge in place. Also, 

if the knuckleboom loader cannot be used at the 

stream crossing site, a skidder may be used to 

pull the panels to the stream crossing and then 
maneuver them into place. A skidder also can 

be used to set the panels in place by securing a 

snatch block on the opposite side of the stream 

and winching the panels across the stream. The 

first installation of this bridge was accomplished 

in one working day. In addition to a loader or 

crane operator, at least two additional people are 

required to place the components and bolt them 

together. The total cost of t~s bridge was 
$16,100 (or about $34/ftl using a span of 30 ft. 

and a width of 16 ft.). This cost for one 

installation includes shipping to the site and 
labor to install the bridge. 

The bridge has performed satisfactorily 

under traffic loads of chip vans and trucks 
hauling tree-length wood. Although many 

timber bridges on low-volume roads use a plank 

runner wear surface, we chose not to install one 

on this bridge and the deck panels do not appear 

to be experiencing any substantive damage from 

log truck and skidder traffic. The preservative 

treatment used in this bridge was creosote; 

however, CCA or pentachlorophenol may be 
more desirable for a bridge that will be handled 

several times. Also, it may not be necessary to 

use galvanized steel connecting hardware as is 

commonly done on permanent bridges. 

Before .the bridge components left the 
laminating plant, they were tested to determine 

their moduli of elasticity (MOE). These data 

were used in comparisons of predicted bridge 

deflection to actual bridge deflection. The 

average actual MOE for- all four panels was 1.9 

million psi. When subjected to a truck load of 

54,000 lbs, with the rear axle of the truck placed 

to exert the highest bending moment on the 

bridge, the center of the bridge deflected 

approximately 1.1 inches or L/327. The 

predicted deflection using design procedures in 
AASH'IO (1992) and using the actual load and 

the actual MOE of the deck panels, was 1.6 

inches. This discrepancy between predicted and 

actual deflection may be due to load sharing 
among deck panels that is greater than that 

predicted by AASHTO procedures. 

The longitudinal stress-laminated bridge 

designed by the Forest Service has not been 

constructed yet. However, the annual program 
of work for the USDA Forest Service Southern 
Region calls for installation of at least three such 
bridges during Fiscal Year 1993. Both types of 
bridge designs will continue to be monitored to 

document how well they withstand the loads 

from logging trucks and other forestry 
equipment. In addition, since damage to the 

bridge components is expected during 
installation, removal, and transport, particular 
attention will be focused on · design features 

which can improve the longevity of these 

bridges. 

Design Procedures 
Since little research has been conducted 

on portable timber bridge designs for temporary 

forest roads, additional research is needed on 

design procedures and design criteria. The work 

by Knab et al. (19m indicates that if the design 

life of a portable bridge is on the otder of 5 to 10 

years instead of the 50 years for a typical 

highway bridge, it is possible that some of our 
design procedures may need to be modified for 

portable bridges. This would include examining 
values for load duration factor and allowable 
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stress values as well as load and deflection 
criteria. Such modifications may lead to portable 
bridge designs that are lighter weight and more 
cost effective. However, until further research 
can be completed in this area, using current 
design recommendations by AASHTO (1991) and 
Ritter (1990) is still the safest approach for. timber 
bridge design. 

Additional work is also needed to 
examine alternatives to other .design practices. 
New designs that utilize structural composite 
lumber for bridge components also may be 
feasible alternatives. for portable bridges. Many 
other design problems need to be explored. One 
example· is in the use of stiffener beams for the 
glulam deck bridge. Alternatives to the stiffener 
beains that would allow quicker assembly or 
reduce the ·need to work under the bridge deck 
to attach the stiffener beams would make. the 
system more attractive to the logger or road 
construction crew. Also, the use· of only two 
longitudinal glulam panels in a manner similar 
to that used in the stress-laminated deck design 
is a possibility that needs additional study. 

Cost Effectiveness 
Detailed lifecycle cost information is 

needed to determine the economic feasibility of 
this concept. However, only initial cost data are 
available at this time. The portable hinged steel 
bridge designed for truck traffic, which was 
discussed earlier, has an estimated cost of 
$14,250 (or $48/ft2 for an 11.5-ft.-wide by 26-ft.
long bridge) when shipped to states in the 
southern US. A Big R modular steel bridge of 
similar size, designed for USO truck loads, has an 
estimated delivered cost to the southern US. of 
$20,500 (or $49/ft:1 for a 14-ft.'."wide by 30-ft.-long 
bridge). The concrete bridge (Alt, 1991) had an 
installed cost of $11,500 (or $27 /ft?- for a 12-ft.
wide by 35-ft.-:-long bridge). The portable glulam 
timber bridge discussed here had an installed 

cost of $16,100 (or $34/ft?- for a 16-ft.-wide by 
30-ft.-long · bridge) while the portable stress
laminated timber bridge has an estimated cost of 
$14,000 (or $40/ft:1 for an 11-ft.-wide by 32-ft.
wide bridge). 

The timber bridge designs discussed here 
appear to be cost effective when compared to the 
cost of portable steel bridge designs~ Although 
the concrete bridge had a very low installed cost, 
its extreme weight may prohibit it from being 
used effectively as a portable bridge. In cases 
where loggers build additional roads to prevent 
crossing streams, they would only ·have to build 
an additional 32 miles of road to equal the cost 
of purchasing a $16,000 portable bridge (using 
road construction costs of $500 per mile). . This 
estimate does not account for th~ additional 
losses in productivity due to increased travel 
times when detouring around the stream 
crossing. · Therefore, many loggers could 
probably pay for the investment in a portable 
bridge very quickly. In cases where small tracts 
of merchantable timber are not harvested 
because the cost of the timber does not offset 
installing a . culvert or permanent bridge .. and 
there is no other way to access the tract, the 
purchase price of a portable bridge could also be 
offset quickly. Th~refore, these portable bridge 
designs appear tQ be cost~fective stream 
crossing options for temporary forest roads. 

SUMMARY AND CONCLUSIONS 
There is a need for cost-effective portable 

bridge des_igns for. temporary forest roads. 
Although there is much new technology in 
timber bridges, little research has applied this 
technology to portable bridges for forest roads. 
Many of the advantages of timber bridges, which 
include being relatively lightweight, being easy 
to fabricate, and being able to be prefabricated, 
make them ideal for temporary stream crossings. 
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Previous research on glulam military 
bridges and on bridges for low-volume roads 
indicates that although using the AASHTO 
design procedures for portable timber bridges is 
safe and conservative, it may result in overly 
conservative and uneconomical designs. More 
research is needed on design procedures and 

load and deflection criteria for portable timber 
bridges. In general, using HS20 truck loads will 
result in conservative portable bridge designs for 
log truck and forest equipment traffic. The 

designer should use his or her own judgement in 
determining an acceptable deflection criterion for 
these bridges. 

Two types of portable timber bridge 
designs were presented: a longitudinal glulam 
deck and a stress-laminated timber deck. Both 
bridges are designed for HS20 truck loads. Each 
of the designs can be prefabricated before 
transporting to the jobsite and uses wood that 
has been preservatively treated. Also, both 
bridges are designed to minimize site 
preparation and substructure construction. Each 
design requires only a sill or bearing pad for the 
bridge substructure and calls for placing the 
bridge deck directly on the surface of the 
streambank. Both designs can be easily installed 
with a minimum of personnel at the stream 
crossing site. 

Cost comparisons between the portable 
timber bridge designs discussed here and 
commercial portable· steel bridges show that the 
timber bridges may be cost effective solutions for 
portable stream aossings. The estimated costs 
for the glulam and stress-laminated bridges are 
approximately $34/ft2 and $40/ft2, respectively. 
Additional research is underway to fully 
document the lilecycle costs and structural 
performance of these various designs of portable 
timber bridges. However, it appears that with 
modem timber bridge _technology, portable 

timber bridges for temporary forest roads and 
skid trails are economical stream crossing 
structures. 
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Table 1. Example design moments and shear forces for a 30-ft.-span bridge based on 
various types of forest harvesting equipment. The truck loads for AASHTO 
H20 and HS20 are also shown. 

~pproximate · Maximum 
Loaded Moment 

Overall Total for the Maximum 
Wheelbase Weight Vehicle Shear 

Vehicle 1ype (ft) (lb) (ft. lb) (lb) 
.. 

John Deere 770B 19.6 33,450 157,825 25,251 Motor Grader 

John Deere 450E 6.8 15,350 102,233 13,361 Crawler Tractor 

Caterpillar DSH 
9.0 42,405 270,332 36,044 Track Skidder 

Caterpillar 528 
10.7 27,000 151,470 22,680 Grapple Skidder 

John Deere 5400 
9.6 21,700 127,555 18,580 Cable Skidder 

John Deere 748E 
121 34,500 181,448 28,246 Grapple Skidder 

Tree Fanner C6D 
17.3 38,390 126,262 

Forwarder 
27,476 

AASHTO variable 40,000 246,620 
H20-44 

36,260 

AASHTO 
variable 72,000 282,140 49,600 

HS20-44 
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Figure 1. Elevation view of the longitudinal glued-laminated (glulam) bridge design. 
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Figure 2. Plan view of the longitudinal glulam deck bridge. 
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Figure 3. Section view of the longitudinal glulam deck bridge. 
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Figure 4. Elevation view of the longitudinal stress-laminated timber deck bridge. 
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ABSTRACT 

Conventional volume and weight prediction equations were developed 
along with equations to predict the weight of acceptable chips. 
These equations used age, DBH, and merchantable or total height as 
independent variables. The equations were developed from 
measurements of volume and weight of the total tree, merchantable 
stem, and the debarked stem. The stems measured in this study were 
plantation grown loblolly pine, Pinus teada,· taken from Green Bay 
Packaging's holdings near Morrilton, Arkansas. 

INTRODUCTION 

standing timber is valued according to the products that can be 
produced from it. Volume tables were initially developed for the 
solid wood industry, to predict the amount of lumber that could be 
produced from each tree. However, to benefit the pulp and paper 
sector, it is the ability to predict the weight of the acceptable 
sized chip fraction that is important. 

Trees, as a raw material, are inherently variable. The proportion 
of acceptable chips produced from a stem is dependent on many 
factors, such as the fiber characteristics, age and diameter of the 
tree •. In addition, the type and setup of the machinery used in the 
conversion process also affects yield. It is desirable to quantify 



these relationships and establish equations. that would accurately 
predict pulp chip yield. 

To this end, a study was undertaken with Green Bay Packaging 
company's Woodlands operations in Morrilton, Arkansas and with 
Price Industries' southern Chips mill in Perry, Arkansas. 

METHODS 

sample trees were hand selected and tracked from the stump to the 
chip pile. Trees were selected from plantations in four age 
classes (14, 19, 23, 29) that were currently considered for harvest 
by Green Bay Packaging Company's Woodlands operations. Within each 
of these stands, between three and ten stems were chosen from each 
of the five diameter classes consistently found in the plantations 
(see table 1). The exception being that no 13 inch diameter trees 
were found in the 14 and 19 year old plantations. 

!!!able 1: Number of trees included in the study by age and 
diameter class. 

Stand Age 

14 19 23 29 ,--------------.--------------------------------
5 10 10 10 10 

Diameter 
7 10 10 10 10 

Class 9 6 9 8 7 
(inches) 

11 3 3 3 5 

13 3 3 

total 29 32 34 35 

Each tree was hand felled, leaving a six inch stump, and skidded to 
a common landing. Several measurements were taken for each tree. 
Total height and weight prior to delimbing and topping, 
merchantable height (to a four inch top) and weight, diameter 
measurements at the butt and at five foot increments along the 
stem, and the number of exposed knots was recorded. A o.5 inch 
core was taken from the tree at 4. 5 feet and at mid-stem. The butt 
of each stem was then color coded by age class and numbered to keep 
track of individual stems. 

The stems were transported to the Perry chip mill and stored (for 
a maximum of 20 days) until all the sample trees· could be 



accumulated. A sub-sample of the stems from each age and diameter 
class was reweighed prior to processing and cores were again taken 
from all stems to determine moisture loss. 

The debarking drum, which was 100 feet long and 13. 5 feet in 
diameter, was completely purged prior to processing. All the test 
stems were placed in the drum at the same time and debarked 
according to the standard operating procedure of the mill. As the 
stems exited the drum they were removed by a stationary 
knuckleboom, placed in the grapple of a front-end loader, and 
transported to a collection point for further measurements. 

Each debarked stem was reweighed and total length measured. If it 
could be determined from which stem a broken piece came, the 
weights and lengths were combined. Broken pieces that could not be 
identified were kept separate. Some.of the smaller stems broke at 
midstem where the increment core had been taken. These stems were 
removed from the study. Diameter measurements were taken at the 
butt, top and at five foot intervals along the stem. 

The stems were then separated by age and diameter class. Each 
class was processed separately through the chipper (a Carthage, 116 
inch, 15 knife) in a single batch. The chipper was set to cut a 
5/8 inch chip and was powered by a 2000 horse power synchronous 
motor with a chipper speed of 327 rpm. The outfeed conveyor under 
the chipper was cleared prior to processing each batch. A batch 
consisted of enough stems to fill the chipper throat. Each batch 
was completely processed and samples were collected from chips that 
were manufactured from the butt, middle and top portions of the 
stems, before the next group of stems was introduced to the 
chipper. 

RESULTS 

Prediction equations were developed for stem volume, stem weight, 
cubic foot weight, percent bark and weight of acceptable chips. 
All the equations were generated using least squares regression 
techniques. 

Stem Volume Equations 

The volume of each sample tree, before and after debarking, was 
calculated using the diameter measurements taken along each stem 
and Samlian•s method (Wenger, 1984): 

Volume= 0.002727 (Di2 + D/) L 

where: 
D = diameter in inches 
L = length in feet 



~able 2: Cubic foot volume equations for the merchantable stem. 

1. Volume of White wood and Bark = - 0.87894 + 0.00261 02TH 
R2 = 0.9809 

2. Volume of White Wood = ~ 0.94243 + 0.00207 0 2 TH 
R2 = 0.9673 

3. Volume of White wood and Bark = + 0.83518 + 0.00319 D2MH 
R2 = 0.9910 

4. Volume of White Wood = + 0.38451 + 0.00253 D2MH 
R2 = 0.9753 

Where: 
D = DBH in inches 

TH= Total height in feet 
MH = Merchantable height in feet 

Equations to predict white wood and bark volume, and white wood 
only in the merchantable stem, were developed using .the computed 
volumes of the sample trees. Two sets of equations were generated; 
one using DBH and total height and the other using DBH and 
merchantable height (see Table 2). 

Stem Weight Equations: 

The sample stems were weighed three times during the course of the 
study: before delimbing and topping, after delimbing and topping, 
and after debarking. The ·equation developed to predict the weight 
of the whole tree used DBH and total height as independent 
variables.· Equations for merchantable weight and white wood weight 
were· constructed using DBH and total height and using DBH and 
merchantable height (see Table 3). 

Cubic Foot Weight Equations: 

The weight of a cubic foot of white wood and bark, and white wood 
alone was calculated for each sample tree.. The prediction 
equations were developed using age, DBH and both merchantable and 
total heights (see Table 4). It should be noted that these 
equations explain very little of the variation (R2 's range between 
o .15 and o .19) • Thus, in most instances, the means of these ratios 
would be sufficient. 



~able 3: Weight (pounds) equations. 

1. Weight of Whole Tree = - 17.6019 + 0.17873 0 2 TH 
R2 = 0.9702 

2. Weight of White Wood and Bark = - 53.0629 + 0.14060 
R2 = 0.9742 

3. Weight of White Wood = - 56.8996 + 0.11960 0 2 TH 
R2 = 0.9678 

4. Weight of White Wood and Bark = + 38.7901 + 0.17178 
R2 = 0.9846 

5. Weight of White Wood = 19.866 + 0.14637 D2MH 
R2 = 0.9748 

Where: 
D = DBH in inches 

TH = Total height in feet 
MH = Merchantable height in feet 

~able 4: Cubic foot weight equations. 

1. Weight of a CUbic Foot of White Wood and 
Bark = + 53.049 0.15671 A + 0.0006933 D2TH 
R2 = 0.1464 Average = 51.82 

2. Weight of a Cubic Foot of White 
Wood = + 62.9715 0.3264 A - 0.0003897 02TH 
R2 = 0.1889 Average = 57.11 

3. Weight of a Cubic Foot of White Wood and 
Bark = + 53.4141 0.15394 A + 0.0008553 D2MH 
R2 = 0.1503 Average = 51.82 

4. Weight of a Cubic Foot of White 
Wood = + 63.3163 0.32936 A + 0.0004687 0 2 MB 
R2 = 0.1865 Average = 57.11 

Where: 
A= Age in years 
D = DBH in inches 

TH= Total height in feet 
MH = Merchantable height in feet 

0 2 TH 

D2 MH 



~able Sz Percent bark equations. 

1. Percent Bark by Weight = + 33.7072 - 0.62869 A 
R2 = 0.2485 

2~ Percent Bark by Volume = + 44.3504 - 0.67857 A - 0.0007646 D2 TH 
R2 = 0.3459 

3. Percent Bark by Volume = 45.0259 - 0.72507 A - 0.0009182 D2 MH 
R2 = 0.3628 

Where: 

Bark Equations: 

A~ Age in years 
D = DBH in inches 

TH= Total height in feet 
MB= Merchantable height in feet 

Another quantity for which it would be desirable to have prediction 
equations is for the amount of material lost during the debarking 
operation. For each sample stem, the percentage of the 
merchantable volume and weight lost during debarking was 
calculated. The stems that broke as a result of the increment 
cores taken at mid-stem, were excluded from this analysis. The age 
of the stem was the only factor found to be significantly related 
to the percent of the stems in bark by weight. The percent bark by 
volume was related to age, diameter and height. Separate 
prediction equations were developed using total and merchantable 
height (see Table 5). Note that these equations would be very 
specific to the debarking drum used, the amount of bark that is 
acceptable in the chips, and the origin of the stems. The stems 
used in this study had a high proportion of bark, thus losses in 
the debarking drum would be higher than might be expected for trees 
from other locations. · 

Chip Equations: 

The last set of equations that was developed was equations to 
predict the expected weight of the acceptable chip fraction. An 
acceptable chip was defined as a chip passing through an 8 mm bar 
screen and retained on a 2 mm bar screen (Flowers et al, 1993). 

Percent Accepts= 83.9 + 0.469 (st~nd age) - 0.391 (diameter 
class [cm]) - 1.55 (1 if butt) 

The equations developed by Flowers were used in conjunction with 
the weight data ·calculated for the sample stems. A weighing factor 



~able 6: Weight (pounds) of acceptable chip equations. 

1. Weight of Acceptable Chips= - 115.410 + 3.75936 A + 0.09650 02TH 
R2 = 0.9636 

2. Weight of Acceptable Chips= - 51.5840 + 3.65169 A + 0.11833 02MH 
R2 = 0.9724 

Where: 
A= Age in years 
D = DBB in inches 

TB= Total height in feet 
MH = Merchantable height in feet 

had to be established between the butt, mid and top portions of the 
trees. Each sample stem was divided into thirds and the volume of 
each third of the stem was calculated using samalian' s formula 
(Wenger, 1984). Since measurements were only taken at five foot 
intervals along the stem, interpolation was used when necessary. 
The volumes were used as weights to obtain a weighted average 
percent of acceptable chips in each sample tree (Flowers' equation 
was used to obtain the percent of acceptable sized chips in each 
third of the tree). The weighted average was multiplied by the 
observed white wood weight to obtain the weight of acceptable chips 
in the sample stem. Prediction equations were generated using age, 
DBH and height (merchantable and total) as independent variables 
(see Table 6). Again, one should note that the definition of 
acceptable chips as well as the factors impacting the bark 
equations would affect the yield of acceptable chips from a stem. 

DISCUSSION 

A word of warning should be heeded by any potential user. The data 
used in this study was collected on loblolly pine at the edge (or 
outside) of the natural range of this species. Also, chip yields 
are specific to the facility studied. However, the techniques 
could be carried over to other locations. 

The end product that is of interest to most firms is not the chips 
but the pulp. The attribute of most interest of this product is 
not only yield but strength, whiteness, etc. The procurement 
foresters purchasing wood for a pulp mill would have a ·distinct 
advantage in a competitive market if he could concentrate his 
purchases on wood that would best satisfy his mill's needs and 
markets for their pulp. Making this step to developing pulp yield 
and pulp characteristic equations from stand data is the focus of 
ongoing work at Mississippi State University. 
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Equipment for Spreading Solid Waste on Forest Land 
by 

J. H. Wilhoit, Q. Ling, and S. Aygarn1 

IN'.rRODOCTION 

Forest land application is a promising disposal alternative for 
organic solid wastes because of environmental regulations that are 
making landfill sites less available and more expensive and the high 
proportion of the total land area in forests in many areas. This 
disposal alternative is becoming increasingly important to the forest 
products industry because they can use their own land to dispose of 
the large quantities of wood ash and sludge generated at pulp and 
paper mills. Forest land may be a good disposal option for other 
materials such as poultry litter and compost which are generated in 
significant quantities in close proximity to large areas of forest. 

Spreading solid waste materials on forest land presents some 
unique challenges in terms of materials handling and equipment 
considerations. Waste materials such as wood ash, sludge, and poultry 
litter are bulky, so they must be applied to forest land using ground
based spreaders. Waste materials can be applied to cut~over land or 
to plantations. In either case, the terrain can be rough and uneven. 
Plantations also have the particular problems of limited mobility, due 
to the presence of the forest stand, and concerns about damage to that 
stand. There are also difficulties and cost considerations associated 
with transporting equipment and waste materials to remote forest sites 
and loading waste materials at the site. 

Important considerations which directly affect equipment 
requirements for spreading organic solid waste materials on forest 
land include site conditions, the characteristics of the material to 
be spread, and the scale of the disposal operations. Important design 
aspects of the spreader itself include the carrier, the configuration 
and capacity of the hopper, the type of spreader mechanism and the 
distance that it can throw the material, and capital and op~rating 
costs. Various combinations of carrier and spreader types are 
possible, and many have been tried for spreading wood ash and similar 
types of waste materials on forest land. 

The standard horizontal spinner-type spreaders used in 
agriculture for lime and poultry litter applications have also been 
tried for spreading wood ash and other paper mill wastes on 
agricultural and forest land. A project investigating the application 
of organic solid wastes to forest land in the southeastern United 
States using this type of spreader has been initiated at Auburn 
University. A self-loading spreader for use in the study has been 
assembled by mounting a spreader on the back of a forwarder and 
replacing the grapple with clamshell buckets. This spreader has so 
far only been used for applying poultry litter to thinned, mid-

1Respectively, Assistant Professor and Graduate Research 
Assistant, Agricultural Engineering Department, Auburn University, 
Alabama and former Forest Spread;ng Manager, Browning Ferris 
Industries Organic Waste Services, Bangor, Maine. · 



rotation age pine plantation research plots. Further calibration and 
distribution pattern tests with this spreader broadcasting poultry 
litter, wood ash, and fly ash on forest land are planned. 

This paper reviews different organic solid wastes for which 
forest land application is likely to be an important disposal option 
and describes some of the different combinations of carriers and 
spreaders that have been tried for this application. Details about 
the forwarder/spreader unit that we are working with are also 
reported. We hope that this information will be useful as more and 
more companies and public agencies look at forest land application as 
a disposal alternative for their organic solid wastes. 

ORGANIC SOLm WASTE MATERIALS 

Forest land utilization may be a particularly good waste disposal 
option for two of the largest industries in the Southeast, forest 
products and poultry, which generate substantial amounts of organic 
solid wastes and are in close proximity to large areas of· forest. 
Pulp and paper mills generate large quantities of wood ash. Some 
paper mills in Alabama can produce as much as 150 tons per day of 
ashes. ·Wood ash has been shown to be a safe and effective soil 
amendment valued primarily as a liming material (Naylor and Schmidt, 
1989; Campbell,· 1990). A significant amount of the wood ash produced 
in the northeastern United States is land applied (Greene, 1988). In 
Alabama, Scott Paper Company began a pilot program in 1987 to make 
ashes from their paper mill in Mobile available to farmers for liming 
th~ir fields (Mitchell and Dunn, 1989). The ash was being spread 
using horizontal spinner-type spreaders standard for use with poultry 
litter and lime. 

The pulp and paper making process also generates large quantities 
of sludges of various types. Paper mill sludges vary considerably in 
consistency and composition depending on the source and process. Like 
wood ash, some sludges have significant neutralizing value. Paper 
mill sludge and fine-textured lime sludge have been shown to react 
faster than agricultural limestone when applied at equivalent rates 
based on neutralizing value (Simson et al., 1981; Simpson et al., 
1983). Secondary sludges may contain beneficial nutrients such as 
slow-release ntrogen as well. 

The poultry industry generates vast quantities of poultry litter, 
nearly two million tons a year in Alabama alone (Wood, 1992). The 
litter, a mixture of partially decomposed bedding material such as 
wood shavings and accumulated manure that is cleaned out of broiler 
houses, ·is valued as a fertilizer and soil amendment for agricultural 
land. Poultry litter samples taken over a ten year period in Alabama 
averaged 20% moisture content, 3.9% N, 3.7% P205 , and 2.5% K20 (Mitchell 
et al., 1989). It has typically been applied to pasture land, but 
high application rates are common because poultry litter production 
tends to be concentrated in small areas and transportation costs limit 
the distance that the bulky litter can be hauled economically (Weaver 
and Souder, 1990). Excess nutrients from poultry litter are a water 
quality concern. Compost is another poultry waste being produced in 
increasing quantities as more and more broiler pr~ducers use 

2 



composting to process dead birds (Blake, 1993). The compost is 
usually applied to agricultural fields in the same manner as poultry 
litter, using spinner-type spreaders. 

Interest in disposal alternatives for other waste materials is 
likely to grow. The production of fly ash, which is scrubbed from the 
stacks of coal-fired electric generating plants, has increased as 
pollution control requirements have become more stringent. Many 
municipal programs for composting yard wastes, thereby keeping them 
out of landfills, have recently been started. Composting reduces the 
volume of the original material, but the compost still has to be 
disposed of or utilized. 

SPREADERS FOR WASTE APPL:CCAT:CON TO l'OBEST LAND 

Very little has been reported about spreaders for organic type 
materials. Wilhoit et al. (1992) evaluated the distribution pattern 
of a poultry litter spreader, ,concluding that the distance between 
swaths should be much closer than manufacturer's recommendations in 
order to maximize uniformity. The only report related specifically to 
forest land spreading operations concerned a prototype spreader 
designed to disperse debris produced by a delimber/debarker/chipper 
(Araki, 1993). The spreader, a trailer model pulled by a skidder, had 
a hopper with floor conveyor, similar to poultry litter spreaders but 
with an open back, and two horizontal spinning chain-flail discs for 
breaking up clumps of debris and flinging them in a radius of up to 20 
ft behind the spreader. 

Although very little has been reported about spreaders operating 
on forest land, there has been considerable activity in the spreading 
of wood ash and paper mill sludges on forest land by forest products 
companies. The spreader mechanisms that have been tried for these 
operations have been of three main types. They are 1) vertical 
impeller/blower units designed to propel organic-type materials long 
distances, 2) horizontal axis side-discharge units designed for 
spreading sludges and other heavy materials, and 3) horizontal spinner 
spreaders of the type previously mentioned for distributing poultry 
litter and wood ash. 

Vertical Impeller/Blower 
In Maine, Resource Conservation Services (RCS, now part of 

Browning Ferris Ind., Bangor, Maine) has been spreading wood ash and 
various paper mill sludge mixtures on forest land operationally for 
several years. They contract primarily with forest products companies 
to spread wastes on their own land. They started out using a side
discharge manure spreader but switched to a unit with a vertical 
impeller/blower because it had a far greater throw distance (up to 125 
ft to one side instead of 30 ft or less). ·The spreader unit, called 
Aero-Spread2 and made by Highway Equipment Company (Cedar Rapids, 
Iowa), has a three-bladed blower attached to the rear of a hopper-type 
body with floor chain conveyor. The hydraulic-powered unit has a high 

2The use of trade names does not imply endorsement of products 
named nor criticism of similar products not named. 
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power requirement, so it has its own separate diesel engine. The 
units are mounted on,the back .of six-wheel drive ·Rottne forwardei:s 
with the loaders removed. They are used for one-time applications of 
wood ash and paper mill sludge at rates of up to 18 tons/ac on clear 
cuts and thinned stands. The spreaders have difficulties propelling 
the material far enough in mature stands because of the interference 
of.the crown with the parabolic.path of·the material, but have no 
problems in trees 15 to 20 ft tall that have been thinned. 

Horizontal Axis, Side-Discharge Spreaders 
Other companies besides RCS have tried side-discharge spreaders. 

Georgia-Pacific had a paper mill sludge spreading program that was 
operational for a couple of years in Wisconsin (Repsa, 1991). They
used a heavy-duty side-discharge spreader mounted on the back.of a 
large, 6-wheel drive construction-type tractor. The damp sludge was 
applied either to young plantations, straddling the trees which were 
less than 3 ft tall, or to thinned stands, driving down a take~out 
row. Specifics about the spreader itself are not available, but it 
was probably similar to other side-discharge spreaders. Gehl (West 
Bend, Wisconsin) advertises a side-discharge spreader specifically for 
sludge and organic.wastes. That spreader has an expeller reel 46 in. 
wide by 18 in. diameter which rotates at 810 rpm. A heavy-duty square 
tube auger along the bottom of the v-shaped hopper helps break up the 
material and delivers it to the expeller for discharge. 

Horizontal Spinner-Type Spreaders 
Horizontal spinner-type spreaders mounted on skidders or 

forwarders have been used for applying both granular fertilizers and 
wastes such as wood ash and sludge to forest land. The spreaders are 
usually powered hydraulically from the skidder or forwarder hydraulic 
system or via a PTO shaft driving a separate hydraulic system for the 
spreader. Weyerhauser uses horizontal spinner-type spre~ders mounted 
on the back of skidders to fertiliz~ several thousand acres every year 
in the coastal plains of North Carolina (Barber, 1993). A company in 
the south Georgia/north Florida area spreads sludge on thousands of 
acres every year for several forest products companies using 
horizontal spinner-type spreaders mounted on the back of skidders 
(Webb, 1991). They apply 1;:he sludge to cut over sites and to both 
thinned and unthinned plantations stands. They also use the same 
units for applying granular fertilizer to forest land. Several other 
forest products companies in the Southeast have already started or are 
planning to start ash and sludge spreading programs using some type of 
horizontal spinner ·Spreaders. 

The spreaders used for these forest spreading operations are 
similar to those used for poultry litter. Poultry litter spreaders 
typically have floor chain conveyors 24 to 36 in .. wide at the bottom 
of the hopper for moving the material, a gate at the back that can be 
adjusted to an opening height up to approximately 15 in., and two 
horizontal, ribbed spinners that rotate at 600 to 700 rpm. The 
spreader being used for the Auburn University study is a poultry 
litter spreader made by Chandler Equipment Co.· (Gainesvi11e, Georgia) 
with a 24 in. wide floor chain, a PTO-powered self-contained hydraulic 
system, and a stainless steel hopper 12 ft long with a capacity of 
approximately 300· ft 3 • The spreader is mounted on the back of a 
Franklin Pack-A-Back forwarder with the loader grapple replaced by 
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clamshell buckets for loading poultry litter and wood ash. During 
spreading operations, the knuckleboom is fully extended with the 
buckets positioned to the rear of the hopper, held out of the way of 
the spinners by a bumper guard. Due to problems with the forwarder's 
hydraulic system, the forwarder/spreader unit has only been used a 
limited amount so far. It was used to apply poultry litter treatments 
of up to 4 tons/ac to a 19 year old upland plantation pine stand in 
Cullman County, Alabama that had been thinned about six months 
earlier. A third row thinning was used, and the forwarder was driven 
down the take-out rows which ranged from 24 to 30 ft apart. The 
poultry litter was loaded into the hopper using the clamshell buckets. 

DISCUSSION' 

Although our experience so far with the forwarder/spreader unit 
in Alabama is limited, we have learned some important things. 
Maneuverability has been more of a limitation than we expected. In 
upland plantation stands, even with a third-row thinning, there are 
still too many "blind alleys" and inaccessible areas. We often had to 
back the forwarder out of the stand. Such maneuvering was made more 
difficult because the hopper obstructed the view of the operator, a 
problem also encountered by RCS in their spreader operations in Maine. 
Access would be less of a problem in low land plantation stands that 
are flatter and have longer, more uniform rows of trees. 
Maneuverability can still be a problem on these sites, however, 
because space limitations can prohibit turning around, requiring the 
spreader to be backed long distances for reloading. 

Stability concerns due to steep side slopes added to the 
maneuverability and access limitations on our site. Side slope 
limitations were also a consideration in Maine, where regulations 
limit forest spreading operations to a 20% side slope but 15% was 
considered maximum operationally. Spreaders using a skidder or 
forwarder for a carrier have a high center-of-gravity because the 
hopper sits up high on top of the carrier frame. Trailer-model 
spreaders are a possible alternative with a lower hopper configuration 
and therefore lower center-of-gravity, but the discharge point is 
lower as well, a possible disadvantage in terms of throw distance with 
side-discharge and spinner-type spreaders. Maneuverability will be 
more restricted with a trailer spreader as well. 

Poor visibility and stability considerations which limited the 
lifting capacity of the buckets made loading operations with our 
spreader somewhat difficult. The operator improved each time he 
loaded the hopper, however, and was down to about a 20 minute loading 
time by the third load. A smaller, lighter set of clamshell buckets 
would improve stability and lifting capacity during loading. With 
improvements and more practice, we feel that our hopper could be self
loaded in as little as 12 minutes, or a rate of approximately 1 yd3 of 
material loaded per minute. Such a loading rate may still be too slow 
to make the self-loading capability practical for large-scale 
spreading operations. The added weight of the loader and buckets is a 
further disadvantage of this feature. However, it could offer time 
and money savings for smaller-scale operations at more remote sites 
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because of reduced equipment requirements. 

Maximizing the production efficiency of forest spreading 
operations will require a careful matching of carrier, spreader type, 
site conditions, and the material to be spread. Organic solid wastes 
are bulky, so large hopper capacity is needed to minimize spreader 
travel time back to landings for reloading. This requirement, 
combined with rough terrain conditions in the forest, necessitates the 
use· of heavy-duty carriers such as skidders and forwarders. 
Maneuverability, soil compaction, and floatation concerns .will limit 
the overall weight and size of the carrier/spreader unit, however. 

Throw distance and costs are important considerations in matching 
spreader type to stand and travel spacing requirements and the 
material to be spread. Vertical impeller/blower spreaders can propel 
material much farther than other types of spreaders, but they have a 
high power requirement and are ther~fore fairly expensive. Spinner
type spreaders, on the other hand, have limited throw distances but 
are relatively inexpensive because they are a standard type of 
agricultural equipment. Both of these types of spreaders can handle a 
wide range of waste materials, but more care is required with the 
vertical impeller/blower spreaders to keep contaminants that could 
damage the blower out of the waste material. Also, the actual throw 
distance will vary considerably depending·on the properties of the 
waste-material. Side-discharge spreaders have a shorter throw 
distance, but they may be able to handle·wetter, heavier materials 
than the other spreader types. Other costs associated with equipment 
and transportation must also be taken into account. For large-scale 
spreading operations, equipment to process and load the waste material 
on site may be required. In ·that situation, the cost of the spreader 
itself may be o~ly a small part of the overall cost. 

More and more forest products companies are spreading their 
wastes on their own land in the Southeast and in other parts of the 
country. As forest land waste spreading operations become more 
commonplace, the manufacture and operation of spreading equipment is 
becoming more standardized. Franklin Equipment Co. (Franklin, 
Virginia) now markets a forwarder body specifically intended as a 
carrier for ash and sludge spreaders. The variables affecting the 
planning of forest land waste spreading operations are very 
complicated, however, and they will only become more so with 
increasing environmental regulations and the need for disposal 
alternatives for more types of waste materials. Careful planning will 
remain critical to the success of forest waste spreading operations. 

Aclcnowledgement. Funding for this project was provided in part by 
Alabama Power Company, Alabama Poultry and Egg Association, and 
Tennessee Valley Authority. 
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EFFECTS OF WOODWASTE ROAD CONSTRUCTION 
ON STREAM WATER CHEMISTRY IN SOUTHEAST ALASKA1 

Michael D. Wolanek2 

Abstract. A road segment where mill-generated woodwaste is the 
primary fill material has been under construction on the Stikine 
Area of the Tongass National Forest for one year. A water quality 
monitoring effort has detected minimal effects of leachates from the 
road on the chemistry of two small streams crossed by the road. Ph 
is the stream parameter most effected; increases of O. 5 to 1. 1 pH 
units have been observed in the naturally acidic streams. Dissolved 
oxygen in the streams remains unaffected. Any effects observed 
appear to be within the limits of Alaska Water Quality Standards. 

INTRODUCTION 

Timber processing in Southeast Alaska generates large 
concentrations of woodwaste from milling processes as well as from 
sortyard and log transfer facility maintenance. The wet 
environment of Southeast Alaska makes cost efficient disposal of 
this woodwaste extremely difficult. Woodwaste stockpiles leach 
fluids which.may adversely affect receiving waters, presenting a 
solid waste disposal problem recognized by many in industry, 
government agencies, environmental groups, and universities 
(Tarricone, 1993; Vause, 1980; Econotech services, 1977; Schermer 
and Phipps, 1976). . . 

The Stikine Area.of the Tongass National Forest recognized 
woodwaste as an issue that warranted further study. Aware that 
wood fiber has been useful as an alternative construction material 
in road fills and landslide stabilization in other areas (Kilian 
and Ferry, 1992; Arola,et. al., 1991; Coulter, 1975; Nelson and 
Allen, 1974), we proposed a demonstration project that would 
evaluate the use of woodwaste as road construction material. Road 
construction utilizing woodwaste from a nearby mill, or from cull 
wood chipped on-site, could reduce road costs by reducing rock 
volume and rock haul quantities. In areas where rock quality is 
marginal, woodwaste road construction could stretch the existing, 
better-quality rock over a greater length of road and reduce 
maintenance costs. Reduced rock volumes require fewer (or smaller) 
rock quarries--an important consideration in both geologically 
unstable and visually sensitive areas. 

One of the most significant issues arising from this proposal 
is the potential effect of woodwaste leachates from the road prism 
on water quality (ADEC, 1982; Vause, 1980). Healthy stream systems 

1 This .paper contains the viewpoints of the author and does not. 
necessarily represent the opinion or policies of the USDA, Forest Service. 

2 Hydrologist, Stikine Area, Tongass National Forest 



support the valuable fishery resource which is vital to Southeast 
Alaska's economy. would leachates.from the concentrated woodwaste 
adversely impact the high quality water of the region's streams? 
Is woodwaste road construction compatible with a sustained, 
productive fishery in those streams? 

on nearby zarembo Island, 
a small fish rearing stream 
influenced by leachates draining 
from a woodwaste-filled rock pit 
showed a dramatic · decrease in 
dissolved oxygen levels (Reed 
and Wolanek, 1992). Figure 1 
shows this. decrease from 
saturation to near total 
depletion followed by recovery 
about 800 feet downstream. DO 
levels were below state quality 
standards for several hundred 
feet. Though roads are a much 
more dispersed application of 
woodwastes than ·storage in 
rockpits or sortyards, these 
observed· effects underscored the 
need to monitor the effects of 
woodwaste road construction on 
water quality. 

Objectives 
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Figure 1. Woodwaste Leachate 
Effect~ on a Small Fish Rearing 
Stream near St. John Harbqr, 
Zarembo Island, SE Alaska. 
Leachate from a woodwaste-filled 
rockpit enters the stream at 
station 22. Alaska WQS for 
minimum DO is 7 mg/L. 

This demonstration project consists of constructing 
approximately 3 miles of Forest Road 6267 using mill-generated 
woodwaste as the · primary subgrade material. A water quality 
monitoring program was developed which included the following· 
objectives: 

1. Quantify surface and subsurface water quality and 
determine any changes associated with a woodwaste road. 
Intermediate and supporting objectives include: 

A. Quantify the salient physical and chemical properties 
of the woodwaste leachates over time; 
B. Compare the salient properties of the leachate with 
those existing in the natural, organic environment of 
Southeast Alaska; 
c. Determine the distribution and concentration of the 
leachate adjacent to the road; and 

2. Determine which state of Alaska water quality standards 
are applicable, and the extent to which they are affected or 
exceeded. 
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METHODS 

Site Description 
The woodwaste road segment is located near Nemo Point on 

Wrangell Island, Southeast Alaska (Map 1). The area receives so to 
100 inches of annual precipitation, approximately half of which 
falls between September and December. The 10-year 24-hour rain 
event is about six inches. 

The road traverses three small coastal watersheds and an area 
largely undissected by streams. The three monitored streams are 
approximately 3 ft, 5 ft, and 22 ft wide at the road crossings. 
Watershed areas for Streams 1, 2, and 3, are about 0.1 sq mi, 0.3 
sq mi, and 4.45 sq mi, respectively. Streams 1 and 2 average 16% 
gradient, with a cobble to small boulder substrate, and contain no 
fish or fish habitat. Stream 3 averages 6% gradient (range 1% to 
18%), with a substrate ranging from well sorted gravel to small 
boulders. Small, resident Dolly Varden char and Cutthroat trout 
inhabit this stream, but 
numerous barriers t~Lv' 
upstream migration and f ceder k 

poor int7r-~idal spawnin rAT N ,~,-..v 
areas limit anadromous 
fish use. Mean annual ~ 
flow for stream 3 is(°) 
estimated to be 22 cfs.·t}Caiiu 
The 10 year peak flow is ~ 
670 cfs, and the ~n 
10-year, 7-day summer v~ 
1 0 w f 1 0 w i s 
approximately 2 cfs. 

Ten. sampling 
stations were set up 
along streams 1 and 2, 
and 6 stations were set~ 
up along Stream 3 to(/ 
monitor the water 
quality of the streams 
above and below the road 
(Map 2). Water quality 
data is limited prior to 
construction. Upstream 
stations provide 
monitoring controls, 
while the downstream 
stations provide the 
experimental data. 

Two 25 foot square 
geocomposi te liners Map 1. Woodwaste Road Location, Nemo 
buried in the road serve Point, Wrangell Island, Southeast Alaska. 
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as in-situ leachate 
sampling devices. Both 
were installed so that 
intercepted leachate 
drains to a pipe which 
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discharges downslope of 
the road fills lope. 
Liner 1 (LNl) reflects 
the influences of 
groundwater, rainwater 
percolation, and lateral i-..,0 

flow through the road~ 
prism. Liner 2 (LN2), 
installed with thick (10 
mil) plastic vertical 
walls, minimizes the 
groundwater influx. By 
comparing the volwne and 
chemistry of the 
discharge of the two 
liners, groundwater 
influences on leachate 
generation and transport n 
might be observed. Two - ~ 
additional liners are I 
s C h e d u l e d f O r - WRANGELL STATION as 

installation late 'in the _ '2• ROAo 1217~ 

summer of 1993. ~"~~::::::::-:_:_-----...-
Data Collection STATION 21 AT sAuwATl!R 7 .-..., 

KEY 
~ STA&AM 
.. STATION 

Wl!IJ. NEST 
LOCATION 

U!Y8L Al!COAOElit 

IJ!ACHATI! 
COLLeCTtON 
SVST!JI 

Several water Map 2. Site Plan Showing Location of 
quality parameters have Streams and stream stations. 
been monitored 
periodically (referr~d 
to as "trips"; see Appendix 1) since beginning the project in June 
1992 (Table 1). A YSI 38003 water quality data logger is used in 
a random sampling scheme (within stations) to collec~ in-situ data 
on parameters one through five. A portable Corning PS-18 meter 
measures Total Dissolved Solids (TDS) in-situ using the electrode 
method. Grab samples are collected from the center of flow for 
analysis of apparent color (using a Hach color wheel), Biochemical 
Oxygen Demand (BOD), and Total Organic Carbon (TOC). · Residues are 
visually descriptive items (sheens, scums) recorded if observed 
while on site. Analyses for all parameters except turbidity, TDS, 
and apparent color followed standard Methods criteria (APHA, 1989). 

Other data recorded to support analyses include depths to 

3 Mention of any manufacturer of any product in this paper does not 
constitute endorsement by the USDA Forest Service, nor imply assistance from or 
alliance with said manufacturer. 
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Table 1. Parameters considered in Nemo Point water quality 
monitoring project. 

1. Dissolved oxygen (DO) 
2. pH 

3. Electrical 
Conductivity (EC) 

4. Temperature 
5. Turbidity 

6. Total Dissolved Solids (TDS) 
7. Apparent Color 
8. Residues 

9. Total Organic Carbon (TOC) 
10. Biochemical oxygen Demand 

(BOD) 
, 

groundwater in shallow wells, groundwater chemistry, precipitation 
using standard and weighing rain gages, stream stage and discharge 
measurements, and internal road temperature. 

Statistical Analyses 
Samples collected to date from the various stream stations 

have been evaluated for trends using the analysis of variance 
(ANOVA) and Tukey multiple comparison tests (Zar, 1984) • The 

. stations were compared independently, upstream to downstream, with 
the following null hypothesis: 

Bo: woodwaste leachate does not affect water quality downslope of 
the road for the given stream and parameter. 

If the appropriate statistical and graphical tests detected 
significant differences in the data, then the null hypothesis was 
rejected with the conclusion that leachates do affect stream 
chemistry for that parameter. If no significant differences were 
observed, the null hypothesis was not rejected. Changes in 
leachate characteristics are observed and described through 
graphical analysis. 

RESULTS AND DISCUSSION 

At the time of this writing, the woodwaste road segment is 
about half constructed, and data collection continues near 
existing crossings (Streams 1 and 2) and planned crossings (Stream 
3). The project began June 1, 1992 (Day 0). Using this 
convention, Stream 1 was crossed on Day 58 (July 29); Stream 2 was 
crossed on Day 65 (August 5); and liners LNl and LN2 were installed 
in the road on Day 92 (September 1--which may also be considered 
Day o of liner installation; a cross-reference table is provided 
in Appendix 1). The results of initial analyses on woodwaste 
leachate and the water quality of Streams 1 and 2 will be presented 
while addressing the objectives listed above. 
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Leachate Characterization (Obj. 1A) 
The discharge of leachates from each of the in-situ collection 

devices (LNl and LN2) . is shown in Figure 2. . Total discharge 
through either liner has been 
relatively minimal and erratic. 
Each liner yielded about a half 
gallon of leachate within 18 
days of installation due to 
intense mid-September storms. 
LNl did not begin consistently 
discharging until about 45 days 
after installation. LN2 
discharged unexpec~edly early 
prior to Day 51 during a storm 
which delivered 4. 8 inches of 
rain in 6 days. LN2 continued 
to increase its discharge 
compared to LNl, but disc~arges 
from both have been quite 
sporadic and not always 
initiated by similar storm 

Days Since lnstallatron of Uners 
(Not. x GXls II NOT lnear) 

Figure 2. Volume of Leachate 
Discharged from Collection 
Devices (Liners) LNl and LN2. 

events. Discharge has decreased to trace levels with a drier tha~ 
normal spring. An ·exception -is an unexplained discharge of 22 
gallons in LN2 on Day 297. 

Initial leachate discharges for both liners were moderately to 
mildly acidic (pH 5.8 to 6.6; FigureJ(pH)). Spring 1993 sampling 
indicated an increase toward alkalinity, particularly with LNl 
leachate (maximum 8.3). LN2 pH is decreasing toward fall 1992 
values, while LNl remains variable. 

Leachate pH observed on this project, with the·exception of 
the alkaline spike, is in the . range of pH observed in· tn~ 
literature for a variety of wood species (Eeonotech, 1977; Vause:, 
1980). Econotech's extensive study of leachates, including 
leachates from pulping wastes, reported consistently alkaline 
leachates only from the stored waste of one kraft bleaching 
operation. No pulp waste was used on the Nemo Point project. This 
peculiar trend will continue to be monitored. 

Total dissolved solids (TDS) in the leachate of the two liners 
has demonstrated interesting differences (Figure 3 (TDS)). LNl 
discharged a spike of dissolved substances reaching 2000 ppm around 
Day -66 where discharge volume was less than 5 gallons in over 15 
days. Reservoir LN2 remained dry for that same period. LNl TDS 
concentrations quickly declined to around 800 ppm, remaining 
slightl_y above th_ose of LN2 (about 600 ppm). Spring 1993 
measurements (Day JOO) indicate another similar increase in TDS at 
LNl that is not observed at LN2, but it discharges only in trace 
volumes (ounces). · 

Leachate oxygen levels are typically low, less than 3 ppm for 
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both liners. As shown in Figure 3(D.O.), however, there are a few 
erratic instances where leachates from both liners had dissolved 
oxygen contents of 5 to 8 ppm. 

Total Organic carbon (TOC) and Biochemical oxygen Demand {BOD) 
are the best indicators of the "strength" of the leachates. BOD 
analyses encountered difficult start-up obstacles and yielded 

_questionable results which will not be reported here. TOC data, 
analyzed by an outside laboratory, are displayed in Figure 3(TOC). 
Results indicate rapid peak concentrations of 1250 mg Carbon/Liter 
in LNl, and 450 mg C/L for both liners. They both quickly decline 
by a factor of about 4. The trend in LNl was increasing again with 
the last 3 measurements taken before winter ·1992. -· 
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The peak "strength" of the leachate compares intermediately to 
that found in the literature. Vause (1980) reports a peak of about 
320 mg C/L obtained from a similar collection device installed in 
a road in western Washington state. Econotech (1977) reports peaks 
of 1100 and 850 mg C/L for Douglas fir and Western red cedar bark, 
respectively, and 8500 mg C/L for spruce/pine. "hog fue1 11 ·from the 
Interior of British Columbia. Relatively rapid declines in TOC 
concentration are reported in the literature, and our initial 
results appear to be following. a similar trend. 

Characterization or the Receiving Waters (Obj. 1B) 
Table 2 is a summary of baseline · ("untreated") chemical 

characteristics for each of the 3 streams from June 1992 to June 
1993. The three monitored streams are typical of small drainages 
in.central Southeast Alaska with an acidic pH (range 4.9 to 6.6), 
dissolved oxygen content consistently near saturation (typical 
range 9 ·to 12 mg/L),, and low suspended sediment loads (as expressed 
by low turbidities). Streams 1 and 2 responded quickly to short 
duration (hours. to days) precipitation events of about a half inch 
or more. Over-bank torrents occurred during the unattended winter 
months. 

Control vs. Treatment Analysis of Water Quality (Obj. 1) 
Because not enough data has been collected at this point to 

Table 2. Baseline data for Nemo Point Streams 1 and 2. 

Para- Stream 1 Stream 2 Stream 3 
meter Mean~ Min, Mean Max Min ~ Max Min 
pH 5.8 6.6 4.9 5.6 6.4 4.5 6.0 6.6 5.5 

DO 10.7 13.8 7.8 10.9 14.4 a. 6. 11.9 15.0 10.6 
(mg/L) 
EC 12 21 7 10 60. 7 9 12 6 
(umhos/cm) 
TDS <10 10 <10 <10' 10 <10 <10 50 <10 
(ppm) 
Temp. 10.2 14.1 1.8 10.6 14.6 1.1 9.1 13.8 0.2 
(OC) 

Tur- i3 534 0 2 17 0 1 23 0 
bidity 

(NTUs) 

App. 50 75 32 46 65 27 25 43 15 
Color 

(Platinum 
Color Units) 

* Elevated baseline turbidity readings generally reflect in-situ sampling 
in cascades; no r~~dings were corrected to laboratory methods; readings 
reflect the "apparent turbidity" viewed by an observer 
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allow for reasonable analysis of data variance across seasons, 
statistical tests were applied to data collected on each monitoring 
trip from stations within each stream. The overall null hypothesis 
(stated earlier) that woodwaste road construction does not affect 
stream water quality was rejected if both of the following criteria 
were met: 1) Post-construction ANOVAs consistently rejected the 
null hypothesis that there is no difference between any station 
means; and 2) Tukey Multiple Comparison tests and graphical 
analyses indicated the development of consistent increasing or 
decreasing trends with regard to control vs. treated stations. If 
these criteria were not met, the conclusion was "Do Not Reject" 
the null hypothesis. Table 3 summarizes the results of analyses to 
date. 

As the conclusions show pH, EC and TDS as affected by 
woodwaste road construction, further analysis and discussion on 
these parameters follows. We will also look at D.O. data in some 
detail as it is the driver of this monitoring effort. 

RB Mean pH data are presented in Figure 4 by stream stations 

Table 3. Results of ANOVA and Tukey Multiple Comparison Tests 
for Each Parameter in Streams 1 and 2. 

overall Test Results 
Parameter Test No. Tests stream 1 stream 2 
pH AT 17 Reject Reject 

o.o. AT 17 DNR DNR 

E.C. AT 16 Reject Reject 

TDS AT 15 Reject Reject 

Turbidity AT 15 DNR DNR 

Temperature AT 17 DNR DNR 

Apparent Color AT 10 DNR DNR 

Residues V 25 DNR DNR 

TOC N/A N/A 
BOD N/A N/A 

Test AT= ANOVA/Tukey Multiple Comparison Test 
Test V = Visual Observations/Conclusions Made Each Trip 
Test Conclusion "Reject"= Reject Null Hypothesis Given Under 

Methods 
Test Conclusion "DNR" = Do Not Reject Null Hypothesis 
Test conclusion N/A = Tests Incomplete, or Not Enough Data 
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Figure· 4 . ·:' . ,pH of· Strea~·s . l and ... 2 by Trip Numb.er arid .· Stream 
· :Station~ . • Stations: 11 a:nd 21 · -~~.e .. locat~d upstream of the 

:woodwaste·.' road. All · other stations..:.are· downstr·eam. · ·streams 
.. :w~fe:·:-:.· c;:r,~si:;e~\: .. : af~~r .. ·.·ri~.:i,:ps, ·., 7' .. :_; (1:ftrec:t~ ·. 1:) . :and : .a.,· : ·.c.sf .i;-~am . 2 ).. 

i:?~[~t~l!i~i~~il~!i~;;~~~~;s!~~~~~~~!j~t~~~~~~~;~~";, 
within each trip for Streams 1 and 2, respectively. (Note that 
insufficient data did not allow for ANOVAs on Trips 1 through 4, 
and that Trips 17, 18, 20, and 23 did not include instream data 
collection. Data presented are analyzed through Trip 25.) Results 
of the ANOVA and Tukey Multiple Comparison tests for pH in Streams 
1 and 2 indicate pH is the parameter most affected by woodwaste 
road construction at this site. For brevity, only the results of 
four sampling trips will be displayed for each of the two streams. 
These were selected to show two trips before construction (5 and 
7), one during observed peak influenc~ on stream chemistr y (13), 
and one in late fall as leachate influences decline. These 

10 



selected trips are presented in the graphs on the right half of 
Figure 4. 

In each stream, statistically significant differences were 
commonly observed between stations even before road construction. 
These initial observations detected the minor differences between 
maximum and minimum station means in the preconstruction data sets. 
The "corporate" or overall data sets for each stream ·(the graphs in 
the left half of Figure 4) show a change in the trend of station 
within trips beginning with Trip 12--about 2 months after the road 
crossed the streams. From that point, the ANOVAs detected 
consistent significant increases in pH below the road. The degree 
of this increase varies between trips but remains statistically 
significant. The marked increase in pH from 5.0 to 6.0 from 
Station 11 to Station 14 on Trip 19 is among the largest increases 
seen in a stream on any one trip. Overall, pH increases from 
upstream to downstream of the road by about 0.5 pH units on Stream 
1, and by 0.3 pH units on stream 2. 

The Alaska Water Quality Standards. for waters where fish and 
wildlife are the primary beneficial uses, sets a range in pH from 
6.5 to 9.0. An additional departure clause states. pH should not 
vary more .. than o. 5 units from natural conditions.· pH in these 
streams almost always naturally ranges below the minimum standard, 
but statistical tests detect woodwaste leachates are creating an 
exceedence of the o. 5 pH range . of inf l'Uence. The significant 
differences detected for pH after road construction should be 
considered in the light~ that ANOVAs also detected naturally 
significant differences before construction. And notably, 
increases detected are actually elevating pH toward the· minimum 
Standard. 

Electrical conductivity (BC) ·· No detectable differences in 
conductivity occurred between stations prior to Trip 10, but 
significant downstream increases have been consistent in both 
streams since then (Figure 5). Trips 11, 12 and 13 registered the 
largest differences between the upstream and downstream stations. 
Beginning with Trip 14, differences were statistically significant 
but smaller. Spring 1993 measurements indicate an increase in 
ionic activity downstream of the road similar to that of Trips 11 
through 13. No Alaska Water Quality standards exist for EC. 

TDS Total Dissolved Solids results imitate EC because the 
simple TDS meter used operates on the same principle as EC, but 
uses a TDS display. A benefit derived from using two similar 
meters is the quality assurance obtained in conductivity data 
analysis. · 

TDS results for Streams 1 and 2 are displayed in Figure 6. A 
range of 5 to 40 ppm was observed for all data collected on 
Stream 1. Stream 2 TDS ranged from 5. to 30 ppm. Alaska WQS for 
TDS state that it will not exceed 1500 mg/L, so Nemo Point 
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measurements are 150 times less than the maximum limit. 
Exceedences to a "no increase greater than 1/3 of natural" clause 
are similar to pH. The departure clause is exceeded, but most 
measurements observed, even the peak measurements ·of Trips 11 
through 13, were less than or equal to the TDS of tapwater in the 
households of nearby Wrangell, Alaska (about 10 to 30 mg/L). This 
is considered a statistically significant, but not environmentally 
significant, increase. 

Dissolved oxygen Although initially one of the greatest 
concerns of this project, preliminary results indicate that oxygen 
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in these streams is not affected by leachates from woodwaste road 
construction. Figure 7 gives an overview of the data by trip for 
both Streams 1 and 2. The two graphs on the right half of Figure 7 
show the dissolved oxygen levels in the streams for four selected 
trips. As with pH, stati stically significant differences were 
occasionally observed even before construction for both streams. 
Even when differences were not detected, cons i stent trends occurred 
in the data, wi th downstream stations bearing higher DO levels than 
upstream stations. This is attributed to two reasons. Sampling 
generally followed the same pattern from downstream to upstream 
stations in an effort to avoid disturbing t he streamflow before 
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sampling. In doing so, upstream temperatures were typically higher 
as they were sampled later in the day. Consequently , upstream DO 
levels are slightly lower when measured. Secondly, some downward 
instrumental drift is believed to occur through the day. Therefore 
samples collected later in the day may erroneously read lower than 
true. The size of this drift appears to be· about 0.4 ppm. Indeed, 
many of the differences between stations detected by the ANOVAs 
approximate that value (0.4 ppm). 

Dissolved oxygen limits set for non-fisheries streams range 
from a minimum of 5 mg/L to a maximum of 17 mg/L. The minimum DO 
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for fish rearing is 7 mg/L. As shown in Figure 7, most station 
means are well above these minimums and easily within the maximum. 

Distribution and Concentration of Leachates Adjacent to the Road 
(Obj. lC) 

The sampling design was originally conceived to be able to 
detect recovery of water quality (stations 13, 14, and 23, 24, and 
25) with increasing distance downslope of the road (stations 12 and 
22). However, trends show pH and EC in stations 24 and 25 are 
often significantly increased even above stations 22 and 23. 
Likewise, stations 13 and 14 have been noted to have readings for 
various parameters elevated above station 12 (Figures 4 and 5). 

Supplemental data collected from small tributary rills 
indicates that these are likely significant contributors to the 
parameter changes observed. These rills drain from ditch relief 
culverts in the roadfill. Comparison of supplemental data 
collected from the ditches with data collected from rills indicates 
that leachates primarily influence rill water downslope of the road 
(i.e., not in the ditches). These rills are very slow in 
transporting water at lower flows. The dilution and mixing effect 
of the riffles and cascade/step pool features found in the streams 
is absent. Similar observations have been made regarding muskeg 
overland flow near Stream 2 during saturated conditions. The 
muskeg and rills serve as alternate routes for leachates around the 
mainstems of the streams. These observations indicate the 
importance of depressions, swales, and rills in concentrating and 
transporting leachates downslope. 

Comparison of Stream Quality Data to Water Quality Standards (Obj 
2) 

Table 4 briefly summarizes Alaska Water Quality Standards 
affected by this project (ADEC, 1989), and compares the mean, 
maximum, and minimum values of each parameter ever observed on each 
stream. In no case do parameter values exceed the "typical" limits 
set by the Standards as a result of road construction and the 
leaching of woodwaste. However, pH (as mentioned) and apparent 
color naturally exceed these standards. With the exception of the 
acidic pH and organic-stained color, these Standards verify the 
high quality of water found downslope of the woodwaste road. The 
exceptions are attributed to the organic soils which compose most 
of the soil matrix found in these two small watersheds. 

CONCLUSIONS 

Water quality monitoring for the year from June 1992 to 
June 1993 has indicated minimal effects in the chemistry of streams 
downslope of woodwaste road construction. pH is the parameter 
which is most often affected, increasing significantly by 0.2 to 
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Table 4. Comparison of State of Alaska Water Quality Standards 
(WQS) with Baseline and "Treated" Water Chemistry Data for 
Streams 1 and 2. Data collected from June 1992 to June 1993. 

Parameter 
(Units) 

DO 
(mg/L) 

Fish: 7 to 17; 10.7 
Non fish: 5-17; 
Interstitial 11.5 
gravels: >5; 

Never >110% 
saturation; 

stream 1 Stream 2 
Max Min ~ Hg Min 
First ~of data is baseline; 
Second row of data is "treated". 

13.8 7.8 10.9 14.1 8.6 

13.9 7.5 12.2 -14.5 9.6 

-------------------------------------------------------------------------pH Minimum: 6.5; 5.8 6.6 4.9 5.6 6.4 4.5 
Maximum: 9.0; 
Effects+/- s.a 6.9 4.8 5.4 6.4 4.5 

0.5 unit from 
natural; 

-------------------------------------------------------------------------Turbidity Effects <25 
(NTUs) above natural; 

Temper- Maximum: 20; 
ature Egg & fry maxi-
(OC) mum: 13; 

Weekly averages 
maintained; no 
nuisance 
organisms; 

23 

5 

10.2 

8.2 

534 

40 

14.1 

14.2 

------------------------------------------TDS Maximum: 1500; <10 10 
(mg/L) No effects exceed 

1/3 natural; 17 40 

0 

0 

1.8 

1.9 

<10 

<10 

2 

8 

10.6 

7.3 

17 

220 

14.6 

13.5 

0 

0 

1.1 

1.3 

------------------------<10 <10 <10 

<10 30 <10 

-------------------------------------- -----------------------------. Apparent No reduction 50 75 
Color in depth of 
(platinum photosynthetic 60 90 
color activity; 
units) Maximum: 50; 

Residues No films or None observed 
sheens on water 
surface; No None observed 
sludge, solid, 
or emulsion 
deposited on 
surface or 
substrate; 

32 

42 

46 65 

55 70 

None observed 

None observed 

27 

43 

1.1 pH units as it passes through a zone of leachate influence. 
This trend is, in all instances observed, an increase toward the 
minimum pH of 6.5 set. by the Alaska Water Q~ality Standards for the 
protection of a stream's beneficial uses (fisheries). No 
significant differences in dissolved oxygen levels have· been 
detected. Results demonstrate that, from a water quality approach 
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on similar terrain, 
environmentally sound, 
construction method. 

woodwaste 
practical, 

road construction is an 
and perhaps even a pref erred 
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APPENDIX 1 

The table below correlates the date, day of project, day since 
liner installation, trip number, and any other applicable notes. 
Highlighted rows are specifically referred to in the text. 

Days since 
Day of LNl and LN2 Trip 

Date Project Installed No. Notes 
0l-Jun-92 0 -92 Start of Project 
02-Jun-92 1 -91 1 First of 4 Days 
09-Jun-92 8 -84 2 4 Days 
17-Jun-92 16 -76 3 3 Days 
23-Jun-92 22 -70 4 4 Days 
30-Jun-92 29 -63 5 3 Days 
07-Jul-92 36 -56 5.3 3 Days 
13-Jul-92 42 -49 5.7 2 Days 
21-Jul-92 50 -42 6 2 Days 
27-Jul-92 56 -36 7 3 Days 
29-Jul-92 58 -34 7 culvert Installed 

at stream 1 
03-Aug-92 63 -29 8 5 Days 
os-Aug-92 65 -27 8 culvert Installed 

at Stream 2 
17-Aug-92 77 -15 9 2 Days 
24-Aug-92 84 - 8 10 3 Days 
31-Aug-92 91 - 1 10.5 3 Days 
01-Sep-92 92 0 10.s LN1/LN2 Installed 
18-Sep-92 109 17 11 2 Days 
29-Sep-92 120 28 11.5 1 Day 
05-Oct-92 126 34 12 1 Day 
1s-oct-92 136 44 13 2 Days 
21-oct-92 142 50 14 2 Days 
26-Oct-92 147 55 14.5 1 Day 
05-Nov-92 157 65 15 2 Days 
12-Nov-92 164 72 16 2 Days 
23-Nov-92 175 83 17 2 Days 
03-Dec-92 185 93 18 1 Day 
09-Dec-92 191 99 19 3 Days 
18-Dec-92 200 108 Approx. Winter 

Shutdown 
14-Jan-93 227 135 20 Winter OVerflight 
12-Mar-93 275 183 20.5 1st Spring Visit 
30-Apr-93 3.33 241 21 1 Day 
14-May-93 347 255 22 1 Day 
20-May-93 353 261 23 2 Days 
24-May-93 357 265 Begin Volunteer 

Daily Monitoring 
25-May-93 358 266 23.5 1 Day 
02-Jun-93 366 274 24 4 Days 
07-Jun-93 371 279 25 5 Days 
16-Jun-93 380 288 26 3 Days 
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