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ABSTRACT

This paper is a compilation of most of the recent cable yarding

production equations generated by the Forest Engineering Department

at Oregon State University. Additional production equations found

in the literature review have also been included. Background

information for each of the studies involved has been summarized.

Data is basically organized into a set of tables for small,

medium, and large sized yarders. Each sheet in a set of tables

contains a particular type of information, such as production data,

equipment information, crew information, and physical characteristics

of the sale area.

Guidelines on the potential use of the compendium and a dis.-

cussion of equations as predictive tools is provided. A graphical

summary was developed to assist the reader in locating an equation

representing a particular set of conditions.
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INTRODUCTION

BACKGROUND

Numerous production equations have been generated from recent

cable yarding time studies. Such equations can be quite useful

in arriving at production rate estimates. Although many of these

papers may be readily available, the effort required in developing

a good familiarity with the conditions of each study can be another

matter. A review of the lfterature did not disclose any summaries

of recent production equations and their study conditions. Digests

are available of production studies listing background information

and production rates, but equations are not included (Yancy, 1980).

There are examples of "in-house" compilations of equations with a

limited amount of background data attached, but these are not

immediately available to the public.

In 1972, the Forest Engineering Department at Oregon State

University began a small wood harvesting research program. Research

projects have included both clearcut and partial cut prescriptions;

uphill and downhill logging; live, standing, and running skylines;

a number of different carriage models and slackpulling options;

and both full cycle yarding as well as prebunch and swing operations.

In addition, other research papers written in the department during

this period have been concerned with medium and large yarders in a

number of different cutting regimes and yarding configurations.

This paper is a compilation of the production equations generated

by most of these projects. Additional equations obtained in the

literature are also listed. Background information for each



equation is included.

OBJECTIVES

The intent of this paper is to provide a compendium of cable

yarding regression equations to assist forest rnanayers and others in

estimating yarding production rates. Specific objectives are:

Summarize the production equations and background information

of cable yarding research projects conducted at Oregon State

University in the Forest Engineering Department.

Summarize any other recent (1974 to the present) cable

yarding studies found during the literature review which

resulted in production equations and contained background

information about study conditions.

List suggestions for improving future research papers in

this area with the intention to make these papers more

understandable and useful to the reader.

SCOPE

The paper is intended to aid the forest manager in arriving at

estimated production rates. The equations listed were developed under

a particular set of circumstances and study conditions. Differences

between the project area and the forest manager's site, as well as

discrepancies among the parameters of each logging "show;' may

result in large disparities between production rates predicted by the

equation and actual rates of production realized on the ground. The

summary of study conditions will provide some idea of how closely
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the two "logging shows" match. The equations can be quite useful

to the forest manager if their limitations are kept in mind, but

strict reliance on equations alone could result in unreliable

production estimates.
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ORGANIZATION OF THE DATA

BASIC APPROACH

The production studies and equations presented in this paper

have been sumarized in a set of tables organized by type of

information. Equations were initially segregated on the basis of

yarder size: small, medium, or large. Small yarders have maximum

mainline pulls less than 25,000 pounds. Medium yarders have

maximum mainline pulls equal to or greater than 25,000 pounds and

less than 71,000 pounds. Large yarders have maximum mainline pulls

of 71,000 pounds and greater. A particular set of tables (e.g.,

small yarders) contains individual sheets summarizing the production

equations; variables measured during the study, but not used in the

equations; machine data of the yarding equipment used; rigging and

yarding configuration; crew information; physical data of the sale

area (e.g., topography, age and size of timber, species, density,

etc.); and time study information (e.g., values of parameters

commonly included in production equations). The tabular suiinriaries

are intended to provide the background information necessary for

the reader to compare study conditions of a particular equation

with the site conditions and circumstances of their own area.

INFORMATION LISTED

Only information presented in a reference was included in the

summaries. Assumptions concerning equipment specifications, crew

data, or any other study conditions were avoided. Although



specification sheets for many of the yarders used are available,

information about line size, pull, drum capacity, etc., was not

listed unless specifically mentioned in the paper. This same

approach was used in filling out all the tables. The possibility

of error by assuming normal or expected conditions precluded the use

of any information sources other than the research paper itself.

If the reference does not indicate a certain piece of information,

that block is left blank in the table. Items which have a value of

or "nones' in the study are listed that way in the tables.

Many of the tabular variables were subject to different

interpretations by various authors0 Definitions were not constant.

Methods of measuring particular parameters differed. When additional

explanation about a particii'lar value was needed or more information

was available than could be accomodated by the table, footnotes were

employed. The footnotes for a particular table immediately follow

that sheet. The tabular sumaries and their footnotes appear in

Appendix A.

TABULAR HEADINGS

Most of the column headings for each of the tables is self-

explanatory. Units of measure are also included in the headings.

Any abbreviations or symbols used in the tables are defined in

Appendix C. In most instances, if there is some discrepancy between

the entry value and the column definition9 a footnote clarifies

the point. There are, however, a few columns which require some

discussion. Each table with column headings subject to interpretation

will be discussed separately.
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Production Data

The majority of regression equations are for turn time in

minutes, and this is the indicated unit of measure in the

column heading. In addition, there are some equations which

result in a logs/hour value rather than minutes/turn. When

this occurs, the row entry for that particular equation begins

with "logs/hr =

The variables listed in each production equation are

defined in Appendix B.

Rigging and Yarding Configuration Data

Entries under the "yarding system used" column assume full

cycle yarding. If the equation is for a pre-bunching or

swinging operation, this will be specified.

Crew Data

Quite often crew experience was not discussed in the reference.

A distinction was made between regular logging crews and crews

composed of researchers and graduate students. Given no

additional information on crew experience, regular logging crews

were entered under the "Experience" column as "commercial logging

crews,1' whether they were working on normal logging production

sides or were involved in specific logging research projects.

Crews composed of researchers and graduate students were

described as such.



Time Study Data 1/3

Chordslope values are taken from the landing. Therefore9

chordlopes for uphill yarding will be negative, while they1ll

be positive for downhill yarding. Groundslope values are taken

along the inhaul direction. Therefore, groundslopes for uphill

yarding will be positive. Downhill yarding will result in

negative groundslopes.

Time Study Data 3/3

Values entered under the "carriage height" column indicate the

height of the carriage in feet above the ground at the hook

point or position of lateral yarding. Deck height is defined

as the height of the log deck at the landing. Any values

entered in this column having a different definition are foot-

noted. The pre-bunched column indicates whether pre-bunched

logs were being hswungsl or not. This column does not indicate

the pre-bunching of logs. The value entered under the "total

number of turns" column is the number of observations used to

generate that particular regression equation. Any deviation

from this definition is indicated by a footnote.
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COMMENTS ON USING THE COMPENDIUM

This paper is a summary of recent production studies. It can

serve as a central source of information on all the included research

projects. However, if more detail is needed, the original article

should be reviewed.

EQUATIONS AS PREDICTIVE TOOLS

Each of these equations were developed under a particular set

of circumstances. For those specific conditions during that study,

the equation may be a good estimate of production. However, when

the equation is applied to another area, its ability to predict

reliably should be viewed with caution. Circumstances cannot be

identical. Physical parameters of the site will differ. Production

can be affected dramatically by changes increw size and personnel

(Mclntire, 1981; Zielinsky, 1980). Differences will occur; and

estimated production rates based entirely on a particular regression

equation, even when conditions seem to be matched closely, may not

reflect actual production with any degree of accuracy. These equations

can be useful if they are treated as yet one more source of information

available to the land manager. They can be used as an aid in com-

paring different alternatives. Too much reliance upon them in

estimating production rates can lead to serious errors.

Most of the production studies listed in this paper have used

a detailed time study procedure. During these studies, subcycle

data are usually recorded to some fraction of a minute. The

duration of detailed time studies is short when compared to gross

(shift-level) time studies. Detailed time studies tend to miss
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seasonal influences and lengthy downtimes because of their small

time frame (Linjala, 1979). Dykstra (1976) has suggested that gross

time studies may be more appropriate in appraisal work since the

data may more accurately reflect total downtime. Curtis (1978)

compared production rates determined from both detailed and gross

time studies: both studies had analyzed the same systems (running

skyline, inverted skyline balloon, highlead balloon, and heavy

helicopter). The rates measured by the gross time study were

consistently lower. Curtis concluded that the gross time study more

accurately reflected total downtime and, therefore, was better

suited for developing information useful for appraisal purposes.

Another point that should be remembered when using these equations

is the fact that most of them have been developed for a particular

yarder model. Attempts to "fit such an equation to a similar model

may prove unsatisfactory. Mann (1979) used a regression equation

developed for the Washington Iron Works 108 Skylok Yarding Crane

in a running skyline configuration to predict turn times for a

Madill 044 running skyline system. The equation overestimated

actual turn times by an average of 33%. Mann concluded that the use

of one regression model as a predictive tool for a wide-range of

running skyline yarders operating under different conditions is

questionabi e.

The ulimitsl of the study should always be kept in mind while

using these equations. Attempts to extrapolate the equation beyond

those limits can yield unpredictable results. Little confidence



should be placed in such production estimates. Applying a shortspan

equation to a logging show requiring long horizontal spans is a

futile exercise. Before using any of the regressions, compare the

range of values of the study parameters with those of the proposed

logging operation.

INTERPRETING PARTICULAR TABLES

Some of the information listed on two of the tabular summaries

need additional explanation. Each table will be discussed separately.

Production Data

The 11% delay" column on this sheet is heavily footnoted because

of the numerous methods and interpretations used by authors

in calculating this value. There were basically two types of

variations involved: 1. differing total time bases on which

delay percentages were calculated, and 2. differing inter-

pretations of what should be considered a delay or how a delay

should be categorized (e.g., operational or non-operational).

When information about calculating % delays was listed in the

reference, it was included as a footnote appended to the entry

in the % delay column.

Many authors used as a total time base the combined totals

of productive time and operational delay time. Operational delay

time was then divided by this total time base for a percent

delay figure. Non-operational delays (many authors considered

major mechanical repairs to fall in this category) and skyline

10
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corridor and landing changes where excluded from the calculations.

Other authors chose to include both operational and non-operational

delays in their total time base while excluding corridor and

landing changes. They would then divide either total delays

or only operational delays by their total time base to arrive

at % delay. Some authors made no distinction between operational

and non-'operational delays. Still others added an additional

category called experimental delays. The possible combination

of these different delay categories when determining a total

time base makes the delay % figure anything but straightforward.

To further compound the matter, there were several inter

pretations on what constituted delay time as opposed to pro-

ductive time. For example, resetting the chokers was sometimes

considered part of the yarding cycle (productive time) and in

other studies was categorized as a delay. Even when there was

agreement about a particular item being a delay, the manner in

which it was categorized and that category's inclusion or

exclusion in the % delay calculations further clouded the issue.

It is hoped that the footnotes will provide enough background

for the reader to correctly interpret these figures. Unfor-

tunately, some authors did not provide many details concerning

their delay % calculations.

While a reader may be interested in the procedure a

particular study used to calculate % delay9 he should not assume

the percentages will appTy to his own situation. Delays are not

consistent, even for a specific yarding system, and a better



approach at estimating nonproductive time is to use local

experience (Dykstra, 1976).

Variables Measured But Not Used In Regression Equations

Most of the entries listed on this table are given in

descriptive terms rather than the variable form used in the

regression equations. This approach was used to make the table

more accessible to the reader and eliminate the need to refer to

regression variable definitions. On occasion, the description

of a variable was so involved that the regression variable had

to be used instead. Definitions of all regression variables

appear in Appendix B.

There were a number of reasons why variables in a study

were not included in the regression equation. In some instances

they did not meet the study's statistical criteria for inclusion.

This may be the result of the variable's limited range of values,

rather than its inherent ability to influence production rates.

Also, human error in measurement or faulty sampling procedures

could bias the variable against inclusion (Dykstra, 1975). At

times a variable did meet the statistical criteria, but was

eliminated from the equation since it could not be easily

measured and used for predictive purposes (e.g., a measure of

the percent defect, Curtis, 1978; volumn per turn, Linjala,

1979).
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"COMBINED" EQUATIONS VERSUS "INDIVIDUAL" EQUATIONS

Some of the equations listed use the combined data base of a

number of different yarders. Sometimes the combined equations are

segregated by yarding direction (uphill versus downhill.) or system

used (e.g., highlead versus grabinski) (Linjala9 1979). Equations

may also be grouped by yarder size or some physical parameter of the

sale area (e.g., external yarding distance) (Gorsh, 1982). Estimating

production rates using either "combined" equations or equations

developed for a particular machine represent two distinct approaches.

Quite often the appraiser does not know which yarder model will

be used to yard a sale area (Linjala, 1979). A combined yarder

equation may be the solution. Also, combined equations may be pre-

ferred when specific equations do not react well to those variables

causing the greatest amount of variation in production rates (eg.,

crew performance) (Gorsh, 1982). The potential problem of estimating

production rates of one yarder model with a regression developed for

a different yarder has already been discussed (Mann9 1979). Faced

with this situation, a combined equation may, again, be preferred.

Curtis (1978) and Linjala (1979) tested the hypothesis that

combined equations in their studies could describe the data as well

as their respective set of individual equations. Curtis could not

reject the hypothesis at = .95 for any of the combined equations.

Linjala rejected the hypothesis at the .005 probability level for

all his combined equations and concluded that there is a statistical

difference between the individual equations and their respective

combined equation. The combined equation did not explain the data

as well as the individual equation.

13



Depending upon the circumstances of a particular sale,

appraisers may find either approach (combined versus individual

equations) appropriate. They should keep in mind the respective

advantages and limitations of each method when making their

selection.
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REFERENCE KEY

To assist the reader in locating equations of interest, a

graphical summary has been provided (Figure 1). Equations were

first separated by yarding system; either skyline or highlead.

Skyline yarding was subdivided into standing, live, or running

skyline systems. Equations for each of these yarding systems were

then segregated on the basis of yarder model size: small, medium,

or larye. A final subdivision was made according to the type of cut:

either clearcut or partial cut.

A code was used to designate each equation and provide a link

between the graphical sumary and the tables in Appendix A. Small,

medium and large yarders were represented by the Roman numerals I,

II, and III, respectively. The Roman numeral is followed by a dashed

line and the arabic number assigned to the equation as it is listed

in the tables. Single spans, uphill yarding, and full cycle yarding

are assumed for all equations in the chart. Deviation from these

assumptions are indicated by one or more letters following the arabic

number. Pre-bunch or swing yarding operations are designated by P or

S, respectively. Downhill yarding or both downhill and uphill yarding

are denoted with the letters D and B, respectively. Multispans or a

combination of multispans and single spans are assigned the letters

M and C, respectively. A legend with these designations is included

on the chart. In instances where equations involved more than one

category on the chart (e.g., both clearcut and partial cut, or both

highlead and live skyline), the equation was listed under both

designations.
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Following is an example of how the chart could be used. If

the reader was interested in equations for standing skylines

operating in partial cuts and he believed that a medium sized yarder

was adequate, there would be two equations available: II-14SM and

11-15. The letters included in the first code would indicate that

this was a swinging operation and it utilized one or more intermediate

supports. Yarding would be uphill. The other equation (11-15), since

no letters were included in the code, would be for an uphill yarding

operation with no intermediate supports. The logging show would be

full cycle yarding, rather than a pre-bunch or swing operation.

By reviewing data listed for equations 14 and 15 in the medium-sized

yarder tables in Appendix A, the reader should have a good idea of

how well these equations fit his or her situation.
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SUGGESTED IMPROVEMENTS IN FUTURE RESEARCH PAPERS

In reviewIng the studies presented in this paper, there were a

number of occasions where additional information or clarification

would have made the equations more useful. If one of the objectives

of the study is to provide the forest manager some means of estimating

production rates, the following points should be considered.

BAC KGROUND

Enough background information should be included in the study

report so that an individual can determine how closely the production

equation matches his or her circumstances. Study dates, site

location, sale area information, weather conditions, crew and machine

data, yarding system information, as well as the range of parameters

involved in the time study should all be included in the report.

VAR IABL ES

The variables included in the regression equation should be

easily measured and applicable to most situations. Variables such as

percent defect and volume per turn are difficult, if not impossible,

to measure prior to actually yarding the area. These variables may be

significant in explaining production variation, but their usefulness

in an equation utilized for estimating production is questionable.

Variables should be defined precisely. Their units should be

specified and the manner in which they are measured should be described.

This also applies to background data listed in the text. Some reports

17



described stand composition in percentages of different species.

However, the reader did not know if these values were in terms of

stand volume or total stems per acre, or determined in some other

manner. Volumes were often given, but the procedure or log rule with

which they were calculated was not mentioned.

Standardizing the definition and manner of measuring commonly

used variables would eliminate a good deal of confusion. Based upon

the literature review, the worst examples of common variables having

numerous definitions and disparate schemes of measurement are those

listed below.

Lateral Distance

Lateral distance has been defined as the slope distance per-

pendicular to the corridor from the first log hooked or the last

log hooked. In some studies, lateral distance meant the actual

slope distance the log traveled from hook point to corridor.

The length of skidding line from hook point to corridor was

another definition. Lateral distances were both estimated by

eye and measured. Pacing was also used. In a few studies,

a log lead angle and the log's perpendicular distance to the

corridor were manipulated to give an "actual lateral yarding

distance."

Volume

Volumes were recorded in board feet, cubic feet, and cunits.

A number of different log rules were used to calculate volumes.

18



Groundslope

Groundslope was always given in percent. However, authors used

different sign conventions. A positive groundslope in one study

would be recorded as a negative value in another study. Ground-

slope was also recorded as an absolute value.

Chords lope

Different sign conventions were also used when reporting chord-

slopes. The unit used was always percent. For those equations

which used a percent value of any parameter, no instruction was

given concerning the form of the value to be entered in the

equation. The reader did not know if a percentage should be

entered as a decimal or a whole number.

Lead Angle

Definitions for lead angles considered either a single log or

the average value for a turn of logs. In some cases it was a

deflection angle from the corridor, but depending upon the

author, the angle could be turned either uphill or downhill to

the log. Another definition of lead angle was the angle formed

by the winch line and a projected line travelling along the length

of and through the center of the log. For one author, turning the

angle in a counter-clockwise direction resulted in a negative

value. In that study, the range of lead angle values was +900 to

-90°. For all the papers reviewed, lead angles were reported in

degrees.

19



With so many different definitions for common variables,

there is a very real possibility that equations can be mis-

interpreted. A mistake made about the sign convention is just

one example. By standardizing the definitions of common

variables and agreeing upon one method of measuring them,

mistakes of this kind can be avoided.

PRODUCTION EQUATIONS

Most of the studies reviewed were detailed time studies. In

some instances regression equations were developed for each of the

defined cycle elements (eg., outhaul9 lateral outhaul, hook, lateral

inhaul9 inhaul, and unhook). The total production time equation (full

cycle yarding) would then be obtained by suming the elemental

equations. For other studies, a total production time equation was

developed separately. The study should specify which type of total

time equation was developed.

Although none appear in this paper, some production equations

created by combining elemental equations include cycle elements

which do not always occur. The reader should be aware of this

possibility and modify his or her approach because of this non-constant

cycle element.

All production equations should have their cycle elements well

defined. There should be complete understanding of exactly what the

author considers to be productive time. Among the papers reviewed,

an activity such as resetting chokers was sometimes included in a

cycle element and in other studies it was considered a delay.

20



Exactly how an activity will be categorized should be evident

to the readerS

DELAYS

The discussion on delays is similar to the coments about cycle

elements. If delays are to be separated into different classes

(operational, non-operational, experimental, etc), the classes

should be defined precisely. Examples for the different classes or

categories of delay should be given. Exactly how are skyline

corridor changes, landing changes, pre-rigging time, and major

mechanical repairs handled? Are these items considered separately,

or are they included in one of the standard delay categories? The

reader should have no doubts.

The procedure by which delays and productive time are represented

as percentages of total time should be thoroughly explained. Total

time was defined in a number of ways among the studies sumarized in

this paper. For example, one definition of total time was the

sumation of productive time, operating delays, non-operating delays,

and skyline corridor changes. Most studies excluded corridor changes.

A common definition of total time was the combination of productive

time and operating delays alone.

Because of the different definitions of delays, delay categories

and total time; it is difficult to compare percentage values among

studies. Interpreting these values can also be a problem. If a set

of standards could be agreed upon by researchers, the information about

delays would be much more useful. Set categories and definitions of

21



delays, as well as one specific procedure to calculate percentages

for productive time and delay time, would improve this section of the

time study tremendously. The following are references that may be

useful in standardizing terms and procedures: 1. Mifflin and Lysons,

1978; 2. Berrard, Dibblee, and Horncastle, Undated; and 3. Haarlaa,

1981.

COMMENTS ON THE STUDY

A section should be reserved in the research paper to comment

on any complications or pecularities about the study that could

influence the interpretation of results. Changes in equipment,

personnel, or procedures during the project should be noted. Assumptions

made by the authors should be specified. If necessary, a guide should

be provided on how to interpret information contained in charts,

graphs, tables, or any other summaries of data.
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COMMON ERRORS WHEN USING MID-RiNGE VALUES

When mid-range values of independent variables are assumed to

be the average values, and these values are used in the regression

equation to estimate an average production rate, errors will result

if either of two common conditions exist:

The regression has nonlinear terms, or

The independent variable has a nonsymmetrical (skewed)

distribution (Olsen, unpublished).

If either of these two conditions are present, a weighted average

of each independent variable should be used instead of its mid-range.

Olsen (unpublished) has developed a method, using integral

calculus, to determine the correct weighted average. A table listing

his formulas for computing weighted averages of common nonlinear

regression terms for two types of distributions (uniform and trian-

gular) appears in Appendix D.. The uniform and triangular distributions

represent the extremes normally encountered in logging applications.

The uniform distribution (symmetrical) would be appropriate for a

slope yarding distance variable on a long, narrow corridor, since

equal numbers of turns would be expected throughout the length. An

example of the triangular (nonsymmetrical) distribution would be

slope yarding distance on a circular setting where more turns will

come from farther distances as the area yarded increases in proportion

to distance from the landing. Variable distributions can be identified

by analyzing production studies or they may be determined on the

basis of logging engineering principles or past experience
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(Olsen, unpublished). Given uphill yarding on a steep, clearcut

slope, a nonsymmetrical distribution of slope yarding distances would

be expected because of the tendency for logs to roll downhill after

cutting, thus increasing the number of turns farther from the landing.

When the mid-range value is incorrectly applied, the resulting

estimate can be as much as 50% in error. In most cases, the error

is an underestimation (Olsen, unpublished).

- If a regression equation is to be used for predicting an average

production rate, the terms of the regression and the distribution

of the independent variables must be assessed. Given the proper

formula for computing a weighted average and the end points of a

variable's range, estimates can be correctly calculated.

A complete numerical example using one of the regression's

listed, in this paper and considering the need for weighted averages

of independent variables, appears below:

Numerical Example:

GIVEN: y = 5.102 + O97O (LOGS) + O.00000172(SYDIST)2 + 0.031 (LDIST)

- 0J94 (CREW) (Hensel et. al., 1979)

where:

y = delay-free turn time estimate (minutes)

LOGS = number of pieces yarded per turn

SYDIST = the slope yarding distance (feet)

LDIST = lateral yarding distance (feet). Actual slope distance

the log travels from hook point to corridor.

CREW = the number of persons in the yarding crew.



Range of variables and actual average values (Hensel, 1977)

Yarding Conditions: Uphill logging with a Wyssen system -

Slopes range from 45% to 75%

Variable Distribution Assumptions Formula

"LOGS" - UNIFORM b(X1+X0)

2

(IISYDISTtI)2 - UNIFORM b(X-X)

3(X1 -X0)

"LDIST" - UNIFORM b(X1+X0)

2

where:

b = coefficient

X1 = maximum value

X0 = minimum value

Comparing the true averages of "LOGS," "SYDIST,' and "LDIST" to

their respective range of values indicated that a uniform distribution

was the most likely. Given a triangular distribution, the true

average for each variable would not have approximated its mid-range

figure so closely. Normally, variable distributions will have to be

determined based on logging engineering principles and past experience.

The distribution of the variable "CREW" was not considered. A whole

number will be used rather than a weighted average sirce fractional

loggers are hard to find these days.
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This example will compare the actual average cycle time of the

study to two estimates from the regression equation. The first

calculation will use the true averages of the independent variables.

The second estimation will use weighted averages computed from the

formulas in Appendix D with the exception of the variable "CREW."

In most cases, the second approach will be more appropriate

when using an equation to predict cycle time for a proposed logging

operation. The true average of the independent variables will not

be known until logging has been completed. However, the appraiser

will have a good idea of the -range of values for each variable on the

proposed sale area. The formulas in Appendix D utilize this range

to determine weighted averages.

The actual average cycle time in the study was 19.292 minutes

(Hensel, et. al., 1979). Using the true variable averages, the

predicted average cycle time [E(Y)] is:

E(Y) = 5.102 + 0.970(4.87) + 0.00000172(1990)2 + 0.031 (97)

0J 94 (4. 25)

= 18.820 minutes

Using the formulas in Appendix D and setting "CREW" equal to 4

(average number in the study was 4.25), the predicted average cycle

time is:

E(Y) = 5.102 + 0.970(6.00 + 3.50) + 0.00000l72(3000 - l000)
2 3(3000-1000)

+ 0.03l (150 + 50) - 0.194(4)
2

= l9487 minutes.

If "CREWt' had been set equal to 5, E(Y) would equal 19.293 minutes.
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OBTAINING INPUT DATA

Caution should be used when estimating or calculating values

of independent variables. A clear understanding of the variable's

definition will help eliminate potential errors. Special attention

should be given to the sign conventions and units associated with

each yariable. Time spent in accurately estimating slope yarding

distance will be wasted if input is made in feet while the equation

requires distances in stations. Groundslopes entered with the wrong

sign convention will nullify any potential usefulness of the equation.

One common error involves estimating yarding distances from topographic

maps. Keep in mind that measuring distances on such maps will only

account for the horizontal component. If the input desired is slope

distance, the average slopes over the area will have to be incorporated

into the calculations to account for the vertical component.
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SUMMARY

A number of production equations have been developed in recent

years by researchers in the Forest Engineering Department at Oregon

State University. This paper is a summary of most of those equations.

Background information about the study conditions for each of the

listed projects has also been included. Besides studies conducted

at Oregon State University, any recent production equations found

during the literature review were also included.

Data from the production studies was basically organized into

a set of tables. Each table dealt with a particular type of infor-

mation: production data (regression equations and delay percentages),

independent variables measured but not used in the equation, machine

data, rigging and yarding configuration information, crew data,

physical data of the sale area, and time study data.

A section of the paper was devoted to guidelines on using the

compendium. Equations as predictive tools was discussed. Comments

were made on interpreting information listed in two of the summary

tables: "production data' and "variables measured but not used."

The relative merits of using ucombinedu equations or "individual"

equations were listed.

A graphical summary was developed as a quick reference for the

reader and an example was provided on how it might be used and

interpreted. The chart can easily be used in conjunction with the

tabular summaries.
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In reviewing the studies listed in this paper, there appeared

to be a number of opportunities for improving the organization and

conduct of future studies. Background information was sometimes

insufficient. Comonly used variables had many different definitions

and methods of measurement. Activities involved in the logging

operation were considered either a delay or productive time, depending

upon the study. - Different approaches were used in calculating

delay percentages. Standardization would remedy much of the

confusion. A section reserved in each study to discuss complications

or peculiarities of the project and comment on interpretation of

data would also help.

If an individual as3umes the mid-range value of a variable

is the average value and he uses this figure in the regression

equation to arrive at an average production rate, he or she may be

in error. Nonlinear terms in the equation or a nonsymmetrical

(skewed) distribution of the independent variable will normally cause

an underestimation of turn time. A method to compensate for this by

using weighted averages is provided in the paper. The equations can

also be incorrectly used if there are errors in calculating or

estimating values of the independent variables. Inputing data with

the wrong sign convention or units of measure will nullify any

potential benefit of the equation.
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c
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c
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c
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i
d
 
a
 
h
a
n
g
-
u
p
 
d
u
r
i
n
g
 
I
n
h
a
u
l
.

A
u
t
h
o
r
 
p
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p
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c
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i
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e
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e
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i
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.
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p
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r
t
i
o
n
:

i
n
h
a
u
l
,
 
r
e
p
o
s
i
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p
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r
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l
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E
xcludes landing and road changes.

M
oving the carriage stop w

as excluded from
 delay tim

e and yarding tim
e in this study.

M
oving the carriage stop accounted for 9.1Z

 of total tim
e.

T
otal cycle tim

e equation determ
ined by sunm

iing individual cycle elem
ent equations.

R
ange of R

2 for individual cycle elem
ent equations w

hich w
ere added to form

 total cycle tim
e equation.

V
alue is total delay percentage based on total scheduled operations tim

e w
hich includes total cycle elem

ent
tim

e, operating delays, m
aintenance

and repair delays, planning delays and personnel delays, but excludes yarding road change tim
es.

P
ercentages listed below

 are based on total yarding tim
e w

hich is the sum
 of total productive tim

e,
total operating delay tim

e and total non-
operating delay tim

e.
E

xam
ples of operating delays are:

resets, repositioning logs, yarding road changes, changingpre-bunch spars, block changes,
and repositioning drum

 setto facilitate line spooling.
E

xam
ples of non-operating delays are breaking line, line fouled on the drum

, personal
delays and m

echanical failures.
T

otal productive tim
e =

 53%
.

O
perating delays

32%
.

N
on-O

perating delays =
 15%

.

®0

V
olum

e calculated by S
m

alian's form
ula:

V
(13 +

 t

w
here:

v =
 cubic foot volum

e inside bark
b

basal area in square feet at the large end of the log
t =

 basal area in square feet at the sm
all end of the log

L =
 length of the log in feet

V
alue is total delay percentage based on total turn tim

e.
T

otal turn tim
e is the sum

 of all operational delay tim
e and yarding cycle tune.

R
oad

changes, landing changes and experim
ental delays are excluded.

O
perational delay categories are:

m
oving the carriage stop, resets, sort rigging,

transit tinie for a choker setter out of position to m
ove to the correct position,

landing delays, repositioning a turn on the log deck, m
echanical

(carriage), niechanical (yarder-lines), personal, and other.
E

xperim
ental delays w

ere defined as the tim
e required due to the researchers or the study

that norm
ally w

ould not occur had not an experim
ental study been in

progress.

1n additional operational delay besides those listed in footnote #8
w

as "bunch".
"B

unch" is defined as any tim
e required over and above one cycle

of lateral outhaul, hook, and inhaul to build
up a turn of logs.

O
perational delay tim

e w
as recorded for m

oving the carriage stop only if
no other activity, typically unhooking, w

as occurring.
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x

x
U

npubl istied

9.
N

eilson, 1977
N

one
23.7

35186D
x

x

10.
K

ellogg, 1976
N

one
N

one
-

11.
K

ellogg, 1976
N

one
x

x

12.
K

eller, 1979
N

one
23.7

x
x

13.
K

eller, S
11

N
one

23.7
x

x

14.
K

eller, 1979
N

one
23.7

IIda.A
.

C
lii ,sty



I.
S

M
A

ll Y
A

R
O

E
R

S
:

M
A

X
IM

U
M

 M
A

IN
lIN

E
 P

U
Ik

- 25,000 lbs.

M
A

C
H

IN
E

 D
A

T
A

 (2
f z)

R
E

F
E

R
E

N
C

E

Y
A

R
O

E
R

 S
P

E
C

IF
IC

A
T

IO
N

S

T
O

W
E

R
 (IF

 IG
H

T
IN

T
E

R
IO

C
K

(F
T

)
W

E
IO

IIT
(Ik)

IA
T

E
R

A
I C

A
P

A
B

ftIT
Y

()

C
A

R
R

IA
G

E
 S

P
E

C
IF

IC
A

T
IO

N
S

P
O

S
IT

IO
N

 H
O

U
flIIG

O
P

E
R

.
LIN

E
S

C
LA

M
P

S
T

O
P

C
A

P
A

C
IT

Y

15.
M

clntlre, 1981
N

one
22.97

330
x

x
1

T
or

16.
M

clntlre, 1981
N

one
22.97

330
x

X
1

T
ot

17.
M

cjntjre, 1981
N

one
22.97

330
X

X
1

T
or

18.
M

clntlre, 1981
N

one
22.97

330
x

x
1

T
ot

19.
M

clntlre, 1981
N

one
22.97

330
x

x
1

T
or

20.
ticlntire, 1981

N
one

22.97
330

x
x

1
T

or

21.
M

clntlre, 1981
N

one
22.97

330
x

x
1

T
or



IO
O

T
N

O
T

E
S

D
rum

 half full.

M
ounted on 130-horsepow

er tree farm
er C

D
 skidder, yarder equiped w

ith rem
ote electronic controls.

B
ase of D

rum
.

R
ated at 80 horsepow

er.

R
ated at 66 horsepow

er.

T
w

o Igland-Jones carriages used, one for singlespan and one for m
ultispan.

S
inglespan carriage/m

ultlspan carriage.

toad capacity.

P
ow

er unit w
as John D

eere 2640 10 horsepow
er farm

 tractor.

R
adio controlled single drum

 w
inch contained on a sled and pow

ered by a 47 horsepow
er V

olksw
agan industrial engine (m

achine w
eight

-
1600 1bs.).janufactured by M

odern Logging E
quipm

ent, Inc.

F
laulback line w

as rigged laterally to pull the m
ainline out from

 the carriage
("squirrel" block attached to the end of the haulback

and the m
ainline w

as pulled through the "squirrel" block.).

P
eew

ee yarder prototype m
ounted on John D

eere JD
 640 cable skidder (110 horsepow

er at 2200 R
P

M
).

P
ow

er source is a 60 horsepow
er gasoline engine.



I.
S

M
A

U
 V

P
R

D
F

R
S

:
M

!X
IM

U
M

 M
A

IN
lIN

E
 P

U
ll <

 25,000 lbs.

M
I\C

H
IN

E
 D

M
A

(1 0f 2)

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

R
E

F
E

R
E

N
C

E
 S

O
U

R
C

E
Y

A
R

D
E

R
M

O
D

E
l

C
A

R
R

IA
G

E
M

O
D

E
l

T
O

W
E

R

M
O

D
E

l
S

K
Y

lIN
E

Y
A

R
D

E
R

 S
P

E
C

 111C
M

 IO
N

S

D
R

U
M

 P
U

lL/S
P

E
E

D
/C

A
P

A
C

IT
Y

 (K
IP

S
/F

P
M

/F
T

)

M
A

IN
lIN

E
S

IA
C

K
P

U
IIIN

G
IIA

U
L.R

A
C

K

U
N

E
 S

IZ
E

S
L/M

IJS
P

/H
fl

(IflC
U

E
S

)

A
ulerich, 1975

!u1erich, 1975
!u1erich, 1975

A
ulerich efcI.,fl7't

1F
F

, 1982

1F
F

, 1982

in, 1982

1F
F

, 1982

Z
ielirisky, 1980

G
abrielli, 1980

G
abrielli, 1980

G
abrielli, 1980.

5chie1d-ant.jn
1-3 50

"
"

(1)

S
kagit S

J2-R
M

obil T
hinning

Y
arder

"
"

R
oss

M
ki Iog

C
arriage

R
oss

C
hristy

S
ingle

flock
U

sed

igland
D

ouble
flock
C

arriage

"
"

N
one

C
hristy

C
hristy

C
hristy

-1-11000
N

one

N
one

N
one

--
N

one

N
one

N
one

-/-/900
-/492/600

-/492/600

-/492/600

-/492/600

N
one

N
one

N
one

N
one

N
one

N
one

N
one

N
one

N
one

N
one

N
one

N
one

-1-11600

-1-11300
//-/.

-1-11300

-1-11300

-/-/1300



I.
S

N
A

Il Y
A

R
U

E
R

S
:

M
A

X
IM

U
M

 M
A

IN
lIN

E
 P

U
ll <

 25,000 lbs.

M
A

C
H

IN
E

 D
A

T
A

(2
f 2)

C
IP

IC
IT

Y
R

E
F

E
R

E
N

C
E

Y
A

R
D

E
R

 S
P

E
C

IF
IC

A
T

IO
N

S

T
O

W
E

R
 U

E
IG

IIT
IN

T
E

R
lO

C
K

(F
T

)
W

E
IG

IIT
(Ik

A
T

E
R

A
I C

A
P

A
R

ILIT
Y

U
)

ii'

C
A

R
R

IA
G

E
 S

P
E

C
IF

IC
A

T
IO

N
S

P
O

S
IT

IO
N

 H
O

IIJIN
G

O
P

E
R

.
LIN

E
S

C
U

V
IP

S
T

O
P

22.
Iu1erich, 1975

N
one

x
x

23.
Iu1er1ch, 1975

N
one

x
x

21.
Iu1erich, 1975

N
one

x
x

25.
Iu1erichet.l.,I7y

N
one

x
x

26.
1F

F
, 1982

N
one

12
170

x
x

27,

28.

1F
F

, 1982

1F
F

, 1982

N
one

N
one

12
x

x

12
x

x

29.
1F

F
, 1982

N
one

12
x

x

30.
Z

lelInsky, 1980
N

one
N

one
N

o C
arriage Involved.

31.
G

abrIelli, 1980
40

6O
J

x
X

32.
G

abriellI, 1980
40

6O
x

x

33.
G

abrIelli, 1980
40

6O
x

X



I
O
O
T
N
O
I
E
S

I
g
l
a
n
d
 
4
0
0
0
/
2
 
w
i
n
c
h
 
m
o
u
n
t
e
d
 
o
n
 
a
 
H
o
l
d
e
r
 
A
5
5
-
F
 
r
u
b
b
e
r
 
t
i
r
e
d
,
 
a
r
t
i
c
u
l
a
t
e
d

l
o
g
g
i
n
g
 
t
r
a
c
t
o
r
 
w
i
t
h
 
a
 
1
2
 
f
o
o
t
 
t
o
w
e
r
.

2
 
d
r
u
m
 
y
a
r
d
e
r
.

T
w
o
-
s
p
e
e
d
 
S
k
a
g
i
t
 
G
U
-
l
O
 
d
r
u
m
 
s
e
t
 
p
o
w
e
r
e
d
 
b
y
 
a
 
3
5
0
 
c
u
b
i
c
 
i
n
t
h
 
C
h
e
v
r
o
l
e
t
 
V
-
B
 
e
n
g
i
n
e
.

(
C
a
p
a
b
l
e
 
o
f
 
d
e
l
i
v
e
r
i
n
l
 
1
7
5
 
h
o
r
s
e
p
o
w
e
r
)
.
 
T
h
e
 
e
n
t
i
r
e

u
n
i
t
 
w
a
s
 
m
o
u
n
t
e
d
 
o
n
 
t
h
e
 
b
a
c
k
 
o
f
 
a
 
d
u
m
p
 
t
r
u
c
k
.

O
n
l
y
 
o
n
e
 
o
f
 
t
h
e
 
t
w
o
 
d
r
u
m
s
 
w
a
s
 
r
e
q
u
i
r
e
d
 
f
o
r
 
p
r
e
-
b
u
n
c
h
i
n
g
.

M
i
d
-
d
r
u
m
,
 
l
o
w
 
g
e
a
r
:

2
3
.
8
 
K
L
P
S
/
2
4
5
 
F
.
P
.
M
.
/
l
l
O
O
 
f
e
e
t

H
i
g
h
 
g
e
a
r
:

1
1
.
7
5
 
K
I
P
S
/
5
0
0
 
r
.
P
.
M
.
/
l
l
o
o
 
f
e
e
t

O
n
l
y
 
o
n
e
 
o
f
 
t
w
o
 
d
r
u
m
s
 
u
s
e
d
 
i
n
 
t
h
i
s
 
p
r
e
-
b
u
n
c
h
i
n
g
 
o
p
e
r
a
t
i
o
n
.

H
o
 
i
n
f
o
r
m
a
t
i
o
n
 
g
i
v
e
n
 
o
n
 
s
e
c
o
n
d
 
d
r
u
m
.

3
0
0
 
p
o
u
n
d
 
C
h
r
i
s
t
y
 
c
a
r
r
i
a
g
e
 
h
a
d
 
3
/
4
'
s
 
s
t
e
e
l
 
p
l
a
t
e
s
 
a
d
d
e
d
 
t
o
 
i
n
c
r
e
a
s
e
 
w
e
i
g
h
t
 
t
o
 
6
0
0
 
p
o
u
n
d
s
 
(
a
i
d
e
d
g
r
a
v
i
t
y
 
o
u
t
h
a
u
l
 
o
n
 
r
e
l
a
t
i
v
e
l
y
 
f
l
a
t
 
c
h
o
r
d
s
l
o
p
e
s
)
.



I.
S

M
A

LL Y
/R

D
[R

:
M

A
X

IM
U

M
 M

A
IN

LIN
E

 P
U

LL <
 25000 lbs.

R
IG

G
IN

G
 A

N
D

 Y
A

R
D

IN
G

 C
O

N
F

IG
U

R
A

T
IO

N
 D

A
T

A

R
E

F
E

R
E

N
C

E
Y

A
R

D
IN

G
S

Y
S

T
E

M
 U

S
E

D
U

P
H

ILL/
D

O
W

N
H

ILL
S

I N
G

LE
S

P
A

N
/

M
U

LT
I S

P
A

N
C

IIO
K

E
R

S
/

G
R

A
P

P
LE

Y
A

R
D

E
R

 H
A

S
S

W
IN

G
IN

G
 B

O
O

M
?

Y
es

N
o

C
O

M
M

E
N

T
S

1.
P

ursell, 1979
R

unning S
kyline

G
enera 1ly

S
inglespan

C
hokers

X
0

U
phill

2.
F

isher, et al, 1980
live-G

ravity O
uthaul

U
phill

S
inglespan

C
hokers

X

3.
llensel, et al, 1979

S
tandi ng-W

yssen
D

ow
nh ii P

S
inglespan

C
hokers

X

4.
H

ensel, et al, 1979
S

tand i ng-W
yssen

U
phill

M
ultispan

C
hokers

X

5.
K

ram
er, 1978

Live-G
ravity O

uthaul
U

phill
S

inglespan
C

hokers
X

0
6.

K
ram

er, 1978
S

tanding-ilaulback
line

R
equired

U
phill

D
o

IP
C

hokers
X

7.
K

ellogg, 1978
U

npublished
S

tanding-Ilaulback
runs S

lack
D

ow
nhill

M
ulti spa

C
hokers

X

8.
K

ellogg, 1978
tlnpubl ished

S
tand 1 ng-Iiaul back

P
ulls S

lack
D

ow
nhill

B
oth

C
hokers

X

9.
N

eilson, 1977
S

tanding-H
aulback

U
phill

B
ot4

C
hokers

X

Line R
equired

10.
K

ellogg, 1976
S

ingle D
rum

 U
inch-

U
phill

N
ot applicable

C
hokers

N
ot applicable

R
adio C

ontrolled9 P
re-

B
unching to the C

orridor

11.
K

ellogg, 1976
Live-G

ravity O
uthaul,

S
w

inging from
 the C

orridor
U

phill
S

inglespan
C

hokers
X

12.
K

eller, 1979
S

tanding - P
rebunch®

to eorridor
U

phill
M

ulti span
C

hokers
X

0
13.

K
eller, 1979

S
tanding P

re-B
unc1

to C
orridor

U
phill

M
ul t I span

C
hokers

X
0



C
O

M
M

E
N

T
S

I.
S

M
A

U
 Y

A
R

D
E

R
S

:
M

A
X

IM
U

M
 M

A
IN

LIN
E

 P
U

ll
25000 lbs.

R
IG

G
IN

G
 A

N
D

 Y
A

R
D

IN
G

 C
O

N
F

IG
U

R
A

T
IO

N
 D

A
T

A

R
E

F
E

R
E

N
C

E
Y

A
R

D
IN

G
S

Y
S

T
E

M
 U

S
E

D
U

P
IIILL/

D
O

W
N

H
ILL

S
IN

G
LE

S
P

A
N

/
M

U
LT

IS
P

IN
C

H
O

K
E

R
S

/
G

R
/P

P
LE

Y
A

R
D

E
R

 H
i't

S
W

IN
G

IN
G

 B
O

O
M

?
Y

E
S

N
O

14.
K

eller, 1979
S

tandIngP
re-B

unch
to C

orridor
U

phill
M

ultispan
C

hokers
X

15.
M

clntire, 1981
S

tanding S
kyline

U
phill

B
oth®

C
hokers

X

G
ravity O

uthaul

16.
M

clntire, 1981
S

tanding S
kyline

U
phill

B
oth®

C
hokers

X

G
ravity O

uthaul

17.
M

clntire, 1981
S

tanding S
kyline

U
phill

B
oth®

C
hokers

X

G
ravity O

uthaul

18.
M

clntire, 1981
S

tanding S
kyline

U
phill

floth®
C

hokers
X

G
ravity O

uthaul

19.
M

clnti,e, 1981
S

tanding S
kyline -

U
phill

B
oth®

C
hokers

X

G
ravity O

uthaul

20.
Ilclntlre, 1981

S
tanding S

kyline -
U

phill
M

ultispan
C

hokers
X

G
ravity O

uthaul

21.
M

clntire, 1981
S

tanding S
kyline

G
ravity O

uthaul
U

phill
B

oth®
C

hokers
X

22.
A

ulerich, 1915
Live S

kyline w
ith H

aulback-
U

phill
S

inglespan
C

hokers
X

M
anual S

lackpull

23.
A

ulerich, 1915
Live S

kyline w
ith H

aulback-
U

phill
S

inglespan
C

hokers
X

M
anual S

lackpull

24.
A

ulerich, 1915
Live S

kyline - N
o H

aulback,
M

anual S
lackpull, S

elf
locking C

arriage

U
phill

S
inglespan

C
hokers

X

25.
!ulerfch, et al,
1914

Live S
kyline w

ith Ilaulback
M

anual S
lackpulling

U
phill

S
inglespan

C
hokers

X



C
O

M
M

E
N

T
S

I.
S

M
A

IJ Y
A

R
D

E
R

:
M

A
X

IM
U

M
 M

A
IN

I_IN
E

 P
U

Ll <
 25000 lbs.

R
IG

G
IN

G
 A

N
D

 Y
A

R
D

IN
G

 C
O

N
F

IG
U

R
A

T
IO

N
 D

A
T

A

R
E

F
E

R
E

N
C

E
Y

A
R

D
IN

G
S

Y
S

T
E

M
 U

S
E

D
U

P
H

ILI/
D

O
W

N
IIftL

S
IN

G
IE

S
P

A
N

/
M

U
IT

IS
P

A
N

C
F

IO
K

E
R

S
/

G
R

A
P

P
LE

Y
A

R
D

E
R

 P
M

S
S

W
IN

G
IN

G
 R

O
O

M
?

Y
E

S
N

O

26.
Iii, 1982

Live S
kyline..G

ravity
U

phill
S

inglespan
C

hain C
hokers

X

O
uthaul C

arriage, C
hain

C
hokers, M

anual S
lackpull,

N
o Ilaulback

27.
1F

F
, 1982

Ilighlead,.Lateral
U

phill
S

inglespan
C

hokers
X

C
apability using B

lock
Instead of B

utt R
igging,

M
anual S

lackpull, C
able

C
hokers

28.
1F

F
, 1982

R
unning S

kyline - D
ouble

U
phill

S
inglespan

T
ow

 G
rapple

X

B
lock C

arriage, M
anual

S
lackpull, T

o
G

rapple

29.
1F

F
, 1982

R
unning S

kyline - D
ouble

U
phill

S
inglespan

C
hokers

X

B
lock C

arriage, M
anual

S
lackpull, C

able
C

hokers



F
O
O
T
N
O
T
E
S

Y
a
r
d
e
r
 
I
s
 
u
p
h
i
l
l
.

G
r
a
v
i
t
y
,
 
w
i
t
h
 
y
a
r
d
e
r
 
a
c
t
i
n
g
 
a
s
 
a
 
b
r
a
k
e
,
 
i
s
 
u
s
e
d
 
t
o
 
l
o
w
e
r
 
l
o
g
s
 
d
o
w
n
h
i
l
l
 
t
o
 
t
h
e
 
l
a
n
d
i
n
g
.

2
 
s
k
y
l
i
n
e
 
r
o
a
d
s
 
-
 
m
u
l
t
i
s
p
a
n
,
 
i
 
s
k
y
l
i
n
e
 
r
o
a
d

-
 
s
i
n
g
l
e
s
p
a
n
.

4
 
s
k
y
l
i
n
e
 
r
o
a
d
s
 
-
 
m
u
l
t
i
s
p
a
n
,
 
3
 
s
k
y
l
i
n
e
 
r
o
a
d
s
 
-
 
s
i
n
g
l
e
 
s
p
a
n
.

I
n
 
I
g
l
a
n
d
-
J
o
n
e
s
m
u
l
t
i
s
p
a
n
 
c
a
r
r
i
a
g
e
 
w
a
s
 
u
s
e
d
 
a
n
d
 
m
a
n
u
a
l

s
l
a
c
k
p
u
l
l
i
n
g
 
w
a
s
 
r
e
q
u
i
r
e
d
 
i
n
 
t
h
i
s
 
p
r
e
-
b
u
n
c
h
i
n
g
 
o
p
e
r
a
t
i
o
n
.

S
i
n
c
e
 
i
n
h
a
u
l
 
a
n
d
 
o
u
t
h
a
u
l

t
o
 
t
h
e
 
l
a
n
d
i
n
g
 
w
a
s
 
n
o
t
 
r
e
q
u
i
r
e
d
,
 
t
h
e
 
h
a
u
l
b
a
c
k
 
w
a
s
n
'
t
 
u
s
e
d
.

1
*
 
t
i
e
-
b
a
c
k
 
l
i
n
e
 
w
a
s
 
s
u
b
s
t
i
t
u
t
e
d
 
f
o
r
 
t
h
e
 
h
a
u
l
b
a
c
k
 
t
o
 
m
a
i
n
t
a
i
n
 
t
h
e
 
c
a
r
r
i
a
g
e

p
o
s
i
t
i
o
n
 
d
u
r
i
n
g
 
l
a
t
e
r
a
l
 
o
u
t
h
a
u
l
 
a
n
d
 
l
a
t
e
r
a
l
 
i
n
h
a
u
l
.

C
h
r
i
s
t
y
 
g
r
a
v
i
t
y
 
o
u
t
h
a
u
l
 
c
a
r
r
i
a
g
e
 
w
a
s
 
u
s
e
d
 
a
n
d
 
m
a
n
u
a
l

s
l
a
c
k
p
u
l
l
i
n
g
 
r
e
q
u
i
r
e
d
 
i
n
 
t
h
i
s
 
p
r
e
-
b
u
n
c
h
i
n
g
 
o
p
e
r
a
t
i
o
n
.

I
n
h
a
u
l
 
a
n
d
 
o
u
t
h
a
u
l
 
n
o
t
 
r
e
q
u
i
r
e
d

s
i
n
c
e
 
l
o
g
s
 
w
e
r
e
 
b
e
i
n
g
 
p
r
e
-
b
u
n
c
h
e
d
 
a
t
 
t
h
e
 
c
o
r
r
i
d
o
r
.

C
a
r
r
i
a
g
e
 
w
a
s
 
l
o
c
k
e
d
 
t
o
 
t
h
e
 
s
k
y
l
i
n
e
 
"
s
t
o
p
"
 
(
"
s
t
o
p
"
 
a
t
t
a
c
h
e
d
 
t
o
 
s
k
y
l
i
n
e
 
b
y
 
m
e
a
n
s
 
o
f
 
a

m
e
c
h
a
n
i
c
a
l
 
c
l
a
m
p
)
.

T
h
e
 
s
k
y
l
i
n
e
 
h
a
d
 
t
o
 
b
e
 
l
o
w
e
r
e
d
 
t
o
 
r
e
l
e
a
s
e
 
t
h
e
 
c
l
a
m
p
 
e
a
c
h
 
t
i
m
e
 
t
h
e
 
c
a
r
r
i
a
g
e
 
w
a
s
 
m
o
v
e
d
 
t
o
 
a
 
n
e
w
 
p
r
e
-
b
u
n
c
h
i
n
g
 
p
o
s
i
t
i
o
n
.

T
h
e
 
i
n
t
e
r
m
e
d
i
a
t
e
 
s
u
p
p
o
r
t
s
 
h
a
d
 
t
o
 
b
e
 
l
o
w
e
r
e
d
 
i
n
 
o
r
d
e
r
 
t
o
 
m
o
v
e
 
t
h
e
 
c
a
r
r
i
a
g
e
 
p
a
s
t
 
t
h
e
 
s
u
p
p
o
r
t
s
.

T
h
i
s
 
p
r
e
-
b
u
n
c
h
i
n
g
 
o
p
e
r
a
t
i
o
n
 
u
s
e
d
 
b
o
t
h
 
t
h
e
 
I
g
l
a
n
d
-
J
o
n
e
s
 
m
u
l
t
i
s
p
a
n
 
c
a
r
r
i
a
g
e
 
a
n
d
 
t
h
e
 
C
h
r
i
s
t
y
 
g
r
a
v
i
t
y
 
o
u
t
h
a
u
l
 
c
a
r
r
i
a
g
e
.

T
h
e
 
h
a
u
i
l
b
a
c
k
 
l
i
n
e
 
w
a
s

u
s
e
d
 
t
o
 
a
s
s
i
s
t

s
l
a
c
k
p
u
l
l
i
n
g
.

T
h
e
 
h
a
u
l
b
a
c
k
 
w
a
s
 
r
i
g
g
e
d
 
l
a
t
e
r
a
l
l
y
 
t
o
 
p
u
l
l
 
t
h
e
 
m
a
i
n
l
i
n
e
 
o
u
t
 
f
r
o
m
 
t
h
e
 
c
a
r
r
i
a
g
e
.

I
"
s
q
u
i
r
r
e
l
"
 
b
l
o
c
k
 
w
a
s
 
a
t
t
a
c
h
e
d

t
o
 
t
h
e
 
e
n
d
 
o
f
 
t
h
e
 
h
a
u
l
b
a
c
k
 
a
n
d
 
t
h
e
 
m
a
i
n
l
i
n
e
 
w
a
s
 
p
u
l
l
e
d
 
t
h
r
o
u
g
h
 
t
h
e
 
s
q
u
i
r
r
e
l
 
b
l
o
c
k
.

E
x
c
e
p
t
 
f
o
r
 
m
a
n
u
a
l
 
s
l
a
c
k
p
u
l
l
i
n
g
,
 
t
h
e
 
c
o
n
v
,
e
n
t
s
 
i
n

(43
a
n
d
 
J
 
r
e
g
a
r
d
i
n
g
 
t
h
e
s
e
 
t
w
o
 
c
a
r
r
i
a
g
e
s
 
a
p
p
l
y
 
h
e
r
e
 
a
s
 
w
e
l
l
.

2
 
s
k
y
l
i
n
e
 
r
o
a
d
s
 
-
 
s
i
n
g
l
e
s
p
a
n
,

1
s
k
y
l
i
n
e
 
r
o
a
d
 
-
 
m
u
l
t
i
s
p
a
n
.

1
0
 
s
k
y
l
i
n
e
 
r
o
a
d
s
 
-
 
s
i
n
g
l
e
s
p
a
n
,
 
6
 
s
k
y
l
i
n
e
 
r
o
a
d
s
 
-
 
m
u
l
t
i
s
p
a
n
.

3
 
s
k
y
l
i
n
e
 
r
o
a
d
s
 
-

2
 
i
n
t
e
r
m
e
d
i
a
t
e
 
s
u
p
p
o
r
t
s
,
 
2
 
s
k
y
l
i
n
e
 
r
o
a
d
s
 
-

1
i
n
t
e
r
m
e
d
i
a
t
e
 
s
u
p
p
o
r
t
.

2
s
k
y
l
i
n
e

r
o
a
d
s
 
-

1
i
n
t
e
r
m
e
d
i
a
t
e
 
s
u
p
p
o
r
t
,

1
s
k
y
l
i
n
e
 
r
o
a
d
 
-
 
2
 
I
n
t
e
r
m
e
d
i
a
t
e
 
s
u
p
p
o
r
t
s
,

1
s
k
y
l
i
n
e
 
r
o
a
d
 
-
 
s
i
n
g
l
e
s
p
a
n
.

M
i
n
i
m
u
m
 
l
a
n
d
i
n
g
 
w
i
d
t
h
 
w
a
s
 
1
1
5
 
f
e
e
t
.

M
a
x
i
m
u
m
 
l
a
n
d
i
n
g
 
w
i
d
t
h
 
w
a
s
 
1
9
0
 
f
e
e
t
.

M
i
n
i
m
u
m
 
l
e
n
g
t
h
 
o
f
 
s
p
a
n
 
(
h
o
r
i
z
o
n
t
a
l
)
 
w
a
s
 
4
3
2
 
f
e
e
t
.

M
a
x
i
m
u
i
i
,
 
l
e
n
g
t
h

o
f
 
s
p
a
n
 
(
h
o
r
i
z
o
n
t
a
l
)
 
w
a
s
 
1
0
1
1
 
f
e
e
t
.

I
 
t
a
l
l
h
o
l
d
s
 
o
u
t
s
i
d
e
 
t
h
e
 
u
n
i
t
 
b
o
u
n
d
a
r
I
e
s
,
 
2
 
t
a
i
l
h
o
l
d
s
 
i
n
s
i
d
e
 
t
h
e
 
u
n
i
t
 
b
o
u
n
d
a
r
i
e
s
.

T
a
l
l
h
o
l
d
s
 
a
r
e
 
i
n
s
i
d
e
 
t
h
e
 
u
n
i
t
 
b
o
u
n
d
a
r
i
e
s
.



F
O
O
l

(
c
o
n
t
i
n
u
e
d
)

I
n
 
t
e
r
m
s
 
o
f
 
c
o
r
d
s
l
o
p
e
,
1
3
 
o
f
 
t
h
e
 
c
o
r
r
i
d
o
r
s
 
w
e
r
e
 
d
o
w
n
h
i
l
l
 
a
n
d
 
5
 
c
o
r
r
i
d
o
r
s
 
w
e
r
e
 
e
s
s
e
n
t
i
a
l
l
y
 
f
l
a
t
.

S
l
o
p
e
s
 
r
a
n
g
e
d
t
r
o
m
 
2
2
%
 
d
o
w
n
h
i
l
l
 
t
o

3
%
 
u
p
h
I
l
l
.

2
 
u
i
i
a
n
 
c
r
e
w
:

y
a
r
d
e
r
 
o
p
e
r
a
t
o
r
 
a
n
d
 
c
h
o
k
e
r
 
s
e
t
t
e
r
,
 
n
o
 
s
w
i
n
g
 
s
k
i
d
d
e
r
.

3
 
m
a
n
 
c
r
e
w
:

y
a
r
d
e
r
 
o
p
e
r
a
t
o
r
 
a
n
d
 
2
 
c
h
o
k
e
r
 
s
e
t
t
e
r
s
,
 
n
o
 
s
w
i
n
g
 
s
k
i
d
d
e
r
.

4
 
m
a
n
 
c
r
e
w
:

y
a
r
d
e
r
 
o
p
e
r
a
t
o
r
,
 
c
h
a
s
e
r
 
a
n
d
 
2
 
c
h
o
k
e
r
 
s
e
t
t
e
r
s
,
 
n
o
 
s
w
i
n
g
 
s
k
i
d
d
e
r
.

3
 
m
a
n
 
c
r
e
w
:

y
a
r
d
e
r
 
o
p
e
r
a
t
o
r
,
 
c
h
o
k
e
r
 
s
e
t
t
e
r
 
a
n
d
 
s
k
i
d
d
e
r
 
o
p
e
r
a
t
o
r
 
t
o
 
s
w
i
n
g
 
a
n
d
 
s
o
r
t
 
l
o
g
s
 
a
w
a
y
 
f
r
o
m
 
t
h
e
 
y
a
r
d
i
n
g
 
a
r
e
a
.

4
 
m
a
n
 
c
r
e
w
:

y
a
r
d
e
r
 
o
p
e
r
a
t
o
r
,
 
2
 
c
h
o
k
e
r
 
s
e
t
t
e
r
s
,
 
a
n
d
 
s
k
i
d
d
e
r
 
o
p
e
r
a
t
o
r
 
t
o
 
s
w
i
n
g
 
a
n
d
 
s
o
r
t
 
l
o
g
s
 
a
w
a
y
 
f
r
o
m
 
t
h
e
 
y
a
r
d
i
n
g

a
r
e
a
.

S
 
m
a
n
 
c
r
e
w
:

y
a
r
d
e
r
 
o
p
e
r
a
t
o
r
,
 
c
h
a
s
e
r
,
 
2
 
c
h
o
k
e
r
 
s
e
t
t
e
r
s
 
a
n
d
 
s
k
i
d
d
e
r
 
o
p
e
r
a
t
o
r
 
t
o
 
s
w
i
n
g
 
a
n
d
 
s
o
r
t
 
l
o
g
s
 
a
w
a
y
 
f
r
o
m
 
t
h
e
 
y
a
r
d
i
n
g
 
a
r
e
a
.

A
u
t
h
o
r
'
s
 
"
c
o
m
b
i
n
e
d
"
 
e
q
u
a
t
i
o
n
:

i
n
d
e
p
e
n
d
e
n
t
 
v
a
r
i
a
b
l
e
s
 
i
n
c
l
u
d
e
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
c
h
o
k
e
r
 
s
e
t
t
e
r
s
,
 
l
a
n
d
i
n
g
 
c
r
e
w
 
s
i
z
e
 
(
y
a
r
d
e
r
 
o
p
e
r
a
t
o
r
 
w
i
t
h
 
o
r
 
w
i
t
h
o
u
t

a
 
c
h
a
s
e
r
)
 
a
n
d
 
a
 
v
a
r
i
a
b
l
e
 
w
h
i
c
h
 
i
n
d
i
c
a
t
e
s
 
t
h
e
 
p
r
e
s
e
n
c
e
 
o
r
 
a
b
s
e
n
c
e
 
o
f
 
a
 
"
s
w
i
n
g
"
 
s
k
i
d
d
e
r
 
o
n
 
t
h
e
 
l
a
n
d
i
n
g
.
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F
o
o
l
 
N
O
T
E
S

C
D

T
w
o
 
l
a
n
d
i
n
g
s
 
i
n
 
t
h
i
s
 
s
t
u
d
y
:

l
a
n
d
i
n
g
 
1
 
w
a
s
 
0
.
1
 
a
c
r
e
s
.

l
a
n
d
i
n
g
 
2
 
w
a
s
 
0
.
0
8
 
a
c
r
e
s
.

C
D

T
h
i
s
 
p
r
e
-
b
u
n
c
h
i
n
g
 
y
a
r
d
e
r
 
w
a
s
 
p
o
s
i
t
i
o
n
e
d
 
o
n
 
t
h
e
 
l
a
n
d
i
n
g
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
w
h
e
r
e
 
t
h
e
 
s
w
i
n
g
 
y
a
r
d
e
r
 
w
o
u
l
d
 
l
a
t
e
r
 
b
e
 
l
o
c
a
t
e
d
.

T
h
e
 
p
r
e
-
b
u
n
c
h
i
n
g

l
i
n
e
 
w
a
s
 
s
t
r
u
n
g
 
d
o
w
n
 
t
h
e
 
c
o
r
r
i
d
o
r
 
a
n
d
 
t
h
r
o
u
g
h
 
a
 
b
l
o
c
k
 
a
t
t
a
c
h
e
d
 
t
o
 
a
 
c
h
o
k
e
r
 
o
r
 
s
t
r
a
p
 
h
u
n
g
 
i
n
 
t
h
e
 
p
r
e
-
b
u
n
c
h
i
n
g
 
s
p
a
r
 
w
h
i
c
h
 
w
a
s
 
s
i
t
u
a
t
e
d

a
l
o
n
g
 
t
h
e
 
c
o
r
r
i
d
o
r
 
e
d
g
e
.

l
i
n
e
 
w
a
s
 
m
a
n
u
a
l
l
y
 
p
u
l
l
e
d
 
o
u
t
 
t
o
 
a
 
t
u
r
n
 
o
f
 
l
o
g
s
 
a
n
d
 
t
h
e
 
t
u
r
n
 
w
a
s
 
t
h
e
n
 
y
a
r
d
e
d
 
i
n
t
o
 
a
 
d
e
c
k
 
a
t
 
t
h
e
 
p
r
e
-
b
u
n
c
h
i
n
g

s
p
a
r
.

T
h
i
s
 
p
r
o
c
e
d
u
r
e
 
w
a
s
 
r
e
p
e
a
t
e
d
 
u
n
t
i
l
a
l
l
 
l
o
g
s
 
t
h
a
t
 
w
e
r
e
 
t
o
 
b
e
 
b
u
n
c
h
e
d
 
t
o
 
t
h
e
 
s
p
a
r
 
w
e
r
e
 
y
a
r
d
e
d
.

T
h
e
 
r
i
g
g
i
n
g
 
w
a
s
 
t
h
e
n
 
m
o
v
e
d
 
d
o
w
n
 
t
h
e

c
o
r
r
i
d
o
r
 
t
o
 
t
h
e
 
n
e
x
t
 
p
r
e
-
b
u
n
c
h
i
n
g
 
s
p
a
r
.

C
D

T
h
r
e
e
 
c
h
o
k
e
r
s
 
a
n
d
 
s
l
i
d
e
r
s
 
w
e
r
e
 
u
s
e
d
.

T
h
r
e
e
 
p
r
e
s
e
t
 
r
i
n
g
 
c
h
o
k
e
r
s
 
a
n
d
 
a
 
t
o
g
g
l
e
 
h
o
o
k
 
w
e
r
e
 
u
s
e
d
.

S
i
x
 
r
i
n
g
 
c
h
o
k
e
r
s
 
a
n
d
 
a
 
t
o
g
g
l
e
 
h
o
o
k
 
w
e
r
e
 
u
s
e
d
.

C
D

L
o
g
s
 
w
e
r
e
 
c
o
l
d
 
d
e
c
k
e
d
 
a
n
d
 
l
o
a
d
i
n
g
 
o
c
c
u
r
r
e
d
 
a
f
t
e
r
 
t
h
e
 
y
a
r
d
e
r
 
m
o
v
e
d
 
o
u
t
.

U
s
i
n
g
 
t
h
e
 
y
a
r
d
e
r
'
s
 
s
w
i
n
g
 
c
a
p
a
b
i
l
i
t
y
,
 
a
 
d
e
c
k
 
w
a
s
 
f
i
r
s
t
 
b
u
i
l
t
 
o
n

t
h
e
 
r
o
a
d
 
b
e
h
i
n
d
 
t
h
e
 
y
a
r
d
e
r
.

W
h
e
n
 
t
h
e
r
e
 
w
e
r
e
 
m
o
r
e
 
l
o
g
s
 
t
h
a
n
 
a
 
d
e
c
k
 
o
n
 
t
h
e
 
r
o
a
d
 
c
o
u
l
d
 
h
o
l
d
9
 
t
h
e
 
r
e
m
a
i
n
i
n
g
 
l
o
g
s
 
w
e
r
e
 
d
e
c
k
e
d
 
i
n
 
f
r
o
n
t
 
o
f
 
t
u
e

y
a
r
d
e
r
 
i
n
 
t
h
e
 
c
o
r
r
i
d
o
r
.

C
D

l
e
n
g
t
h
 
o
f
 
s
p
a
n
s
 
(
h
o
r
i
z
o
n
t
a
l
)
 
r
a
n
g
e
d
 
f
r
o
m
 
6
2
0
 
f
e
e
t
 
t
o
 
9
3
0
 
f
e
e
t
,
 
t
h
e
 
a
v
e
r
a
g
e
 
s
p
a
n
 
w
a
s
 
8
0
2
 
f
e
e
t
.
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K
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M
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C
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ith
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achine.

U
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ith new

m
achine.
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0
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0
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0
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0
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0
1

0
0 or 1
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E
X

P
E

R
IE

N
C
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Y
arding technique w

as new
to the crew

.

Y
arding technique w

as new
to the crew

.

Y
arding technique w

as new
to the crew

.

C
rew

 unfam
iliar w

ith new
yarder and carriaqe.

C
rew

 unfam
iliar w

ith new
yarder and carriage.

C
rew

 unfam
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ith new
yarder and carriage.

C
rew

 unfam
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ith new
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C
rew

 unfam
fliar w

ith new
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C
rew
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iliar w

ith new
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C
rew

 unfam
iliar w

ith new
yarder and carriage.
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p
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d
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o
u
r
l
y
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I
s
i
n
q
i
e
 
c
h
o
k
e
r
 
s
e
t
t
e
r
 
o
p
e
r
a
t
e
d
 
f
o
r
 
7
5
%
 
o
f
 
t
h
e
 
t
u
r
n
s
 
o
b
s
e
r
v
e
d
.

S
t
u
d
y
 
c
o
n
d
u
c
t
e
d
 
t
w
o
 
w
e
e
k
s
 
a
f
t
e
r
 
m
a
c
h
i
n
e
 
w
a
s
 
d
e
l
i
v
e
r
e
d
 
t
o
 
y
a
r
d
i
n
g

c
r
e
w
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O
n
e
 
m
a
n
 
p
e
r
f
o
r
m
e
d
 
a
l
l
 
y
a
r
d
i
n
g
 
f
u
n
c
t
i
o
n
s
.

P
r
e
-
b
u
n
c
h
i
n
g
 
o
p
e
r
a
t
i
o
n
-
c
h
o
k
e
r
 
s
e
t
t
e
r
s
 
p
e
r
f
o
r
m
e
d
 
b
o
t
h
 
h
o
o
k
 
a
n
d
 
u
n
h
o
o
k

t
a
s
k
s
.

U
s
e
d
 
t
o
 
k
e
e
p
 
l
a
n
d
i
n
g
 
c
l
e
a
r
 
b
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r
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n
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e
c
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n
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e
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o
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n
d
e
p
e
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t
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a
r
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a
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I
n
 
p
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u
c
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n
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q
u
a
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I
n
c
l
u
d
e
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a
)
 
n
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b
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c
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o
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r
 
s
e
t
t
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r
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1
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r
 
2
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b
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r
e
s
e
n
c
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r
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b
s
e
n
c
e
 
o
f
 
c
h
a
s
e
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(
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n
g

c
r
e
w

1
 
(
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r
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p
e
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(
y
a
r
d
e
r
 
o
p
e
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a
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a
n
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c
h
a
s
e
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n
d

c
)
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r
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s
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n
c
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o
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a
b
s
e
n
c
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s
w
i
n
g
 
s
k
i
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d
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p
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e
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t
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n
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r
e
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o
t
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A
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4
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F
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1
0

4
C
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0

1
1

0
4

C
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G
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0

1
1

0
4

C
ornercial logging crew
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p
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t
o
 
s
w
i
n
g
 
l
o
g
s
 
f
r
o
m
 
t
h
e
 
l
a
n
d
i
n
g
 
t
o
 
t
h
e
 
l
o
a
d
i
n
g
 
d
e
c
k
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u
b
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a
s
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r
.

O
n
e
 
c
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r
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e
t
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o
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s
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p
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r
i
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n
c
e
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e
 
o
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b
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(
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p
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c
e
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i
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i
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n
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r
i
g
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p
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e
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p
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a
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i
g
g
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n
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s
l
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n
g
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w
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r
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p
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c
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p
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f
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w
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t
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h
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S
J
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2
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A
 
t
h
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c
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e
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e
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p
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p
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R
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R
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P
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R
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T
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T
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S
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=

 10"
23O

O
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200
P

ack F
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C
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A
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F
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R
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--
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. near

M
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W
ashington/Idaho A
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4.
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W
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S
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K
ram
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S

m
all D
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N

ear R
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R
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B
ig Leaf

M
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S
paulding T
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B
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R
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K

ram
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P
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C
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reak
35-40

"
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B
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C
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R
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K

ellogg, 1978
U
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R
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G
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M
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C
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R
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M

cD
onald F
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R
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N
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P
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D
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B

lodgett T
ract F

orest
H

eight
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K
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M
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M
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M
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M
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M
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M
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B
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F
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T
h
e
 
a
v
e
r
a
g
e
 
d
i
a
m
e
t
e
r
 
(
a
v
e
r
a
g
e
 
o
f
 
s
m
a
l
l
 
a
n
d
 
l
a
r
g
e
 
e
n
d
s
)
 
o
f
 
t
h
e
 
h
a
r
v
e
s
t
e
d
 
l
o
g
s
 
w
i
t
h
 
a
 
m
i
n
i
m
u
m
 
t
o
p
 
d
i
a
m
e
t
e
r
 
o
f
 
8
 
i
n
c
h
e
,
A
v
e
r
a
q
e
 
l
e
n
g
t
h
 
w
a
s
 
3
4
 
f
e
e
t
.

P
r
i
m
a
r
i
l
y
 
b
a
s
s
w
o
o
d
,
 
b
l
a
c
k
 
a
n
d
 
y
e
l
l
o
w
 
b
i
r
c
h
,
 
r
e
d
 
a
n
d
 
w
h
i
t
e
 
o
a
k
 
a
n
d
 
s
u
g
a
r
 
m
a
p
l
e
.

S
m
a
l
l
e
r
 
a
m
o
u
n
t
s
 
o
f
 
a
s
h
,
 
h
a
r
d
 
m
a
p
l
e
 
a
n
d
 
c
h
e
r
r
y
.

T
i
m
b
e
r
 
h
a
r
v
e
s
t
e
d
 
w
a
s
 
p
u
r
c
h
a
s
e
d
 
a
s
 
f
i
r
e
 
s
a
l
v
a
g
e
.

C
u
t
t
i
n
g
 
p
r
e
s
c
r
i
p
t
i
o
n
 
c
a
l
l
e
d
 
f
o
r
 
a
 
s
e
l
e
c
t
i
o
n
 
c
u
t
.

A
v
e
r
a
g
e
 
l
o
g
 
l
e
n
g
t
h
 
=
 
2
6
.
4
'
.

A
v
e
r
a
g
e
 
s
c
a
l
i
n
g
 
d
i
a
m
e
t
e
r
 
I
n
s
i
d
e
 
b
a
r
k
 
=
 
1
0
.
1
"

A
v
e
r
a
g
e
 
l
o
g
 
v
o
l
u
m
e
 
p
e
r
 
a
c
r
e
 
i
n
 
c
u
b
I
c
 
f
e
e
t
.

A
v
e
r
a
g
e
 
l
o
g
 
l
e
n
g
t
h

2
2
.
0
'
.

A
v
e
r
a
g
e
 
s
c
a
l
i
n
g
 
d
i
a
m
e
t
e
r
 
I
n
s
i
d
e
 
b
a
r
k

9
.
6
"
.

V
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c
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.
0
0
1
8
1
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h
e
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V
l
o
g
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o
l
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m
e
 
i
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F
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o
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l
e
n
g
t
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I
n
 
f
e
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1

l
a
r
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e
n
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.
 
I
n
 
I
n
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h
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=
 
s
m
a
l
l
 
e
n
d
 
d
,
i
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b
.
 
I
n
 
i
n
c
h
e
s

S
e
v
e
n
 
c
o
r
r
i
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r
s
 
f
a
n
s
h
a
p
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r
o
m
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n
e
 
l
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n
d
i
n
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.

R
e
m
a
i
n
i
n
g
 
t
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o
 
c
o
r
r
i
d
o
r
s
 
p
a
r
a
l
l
e
l
 
t
h
e
 
l
a
s
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c
o
r
r
i
d
o
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I
n
 
t
h
e
 
f
a
n
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s
h
a
p
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s
e
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.
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o
t
a
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r
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o
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t
u
d
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.
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r
e
a
 
d
i
v
i
d
e
d
 
i
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d
i
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f
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e
n
t
 
y
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r
d
i
n
g
 
t
e
c
h
n
i
q
u
e
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p
l
u
s
 
a
n
 
u
n
c
u
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t
r
e
a
t
m
e
n
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f
o
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o
t
a
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o
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s
i
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d
i
f
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r
e
n
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r
e
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m
e
n
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U
n
c
u
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n
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o
v
e
r
s
 
a
p
p
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t
e
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t
h
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o
t
a
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a
r
e
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r
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p
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c
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t
h
i
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p
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o
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u
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e
q
u
a
t
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o
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i
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o
r
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t
h
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r
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m
a
i
n
i
n
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a
c
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r
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p
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r
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g
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n
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p
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c
t
s
.

JiB
il
(
D
o
u
g
l
a
s
-
f
i
r
)
 
=
 
1
6
.
7
"

H
E
I
G
H
T
 
(
D
o
u
g
l
a
s
-
f
i
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=
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c
k
)
 
=
 
1
2
.
0
"

H
E
I
G
H
T
 
(
W
e
s
t
e
r
n
 
H
e
m
l
o
c
k
)
 
=
 
7
9
.
1
'

U
U

11
(
t
o
t
a
l
 
m
e
r
c
h
a
n
t
a
b
l
e
 
c
o
n
i
f
e
r
)
 
=
 
1
3
.
8
"



F
O
O
T
N
O
T
E
S

(
c
o
n
t
i
n
u
e
d
)

A
p
p
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c
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R
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d
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o
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r
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p
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u
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p
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b
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p
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.
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p
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r
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r
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u
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c
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R
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.
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p
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i
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i
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p
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c
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p
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c
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p
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b
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n
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l
a
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n
i
n
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o
u
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l
e
s
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t
h
a
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2
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b
o
u
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n
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t
h
i
r
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o
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t
h
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w
a
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d
o
w
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h
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l
o
p
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a
i
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p
e
c
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u
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a
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W
e
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t
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r
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H
e
m
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o
c
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a
c
c
o
u
n
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o
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0
.
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b
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m
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M
e
r
c
h
a
n
t
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l
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t
e
r
n
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(
o
v
e
r
 
6
"
 
d
b
h
)
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T
o
t
a
l
 
n
u
m
b
e
r
 
o
f
 
t
r
e
e
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(
o
v
e
r
 
1
.
5
"
 
d
b
h
)
p
e
r
 
a
c
r
e
 
w
a
s
 
1
0
9
1

©
A
v
e
r
a
g
e
 
e
l
e
v
a
t
i
o
n
 
I
s
 
2
0
0
0
 
f
e
e
t
.
a
b
o
v
e
 
m
e
a
n
 
s
e
a
 
l
e
v
e
l
.

E
a
s
t
 
a
s
p
e
c
t
.

S
l
o
p
e
 
a
v
e
r
a
g
e
s
 
4
0
%
.

M
e
a
n
 
d
b
h
 
o
f
 
m
e
r
c
h
a
n
t
a
b
l
e
 
s
t
e
m
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(
o
v
e
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6
"
 
d
b
h
)
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M
e
a
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d
b
h
 
o
f
 
t
h
e
 
t
o
t
a
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s
t
a
n
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(
o
v
e
r
 
1
.
5
"
)
 
w
a
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5
.
7
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A
v
e
r
a
g
e
 
o
f
 
d
o
m
i
n
a
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t
r
e
e
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i
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t
h
i
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u
n
e
v
e
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a
g
e
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t
a
n
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S
p
e
c
i
e
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m
i
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w
a
s
 
4
8
%
 
W
e
s
t
e
r
n
 
H
e
m
l
o
c
k
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4
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D
o
u
g
l
a
s
-
f
i
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a
n
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1
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W
h
I
t
e
 
f
i
r
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C
u
b
i
c
 
f
e
e
t
/
a
c
r
e
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B
o
a
r
d
 
f
e
e
t
/
a
c
r
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=
 
1
7
8
5
0
 
(
b
a
s
e
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o
n
 
c
o
n
v
e
r
s
i
o
n
 
f
a
c
t
o
r
 
o
f
 
3
.
4
2
 
b
o
a
r
d
 
f
e
e
t
 
p
e
r
 
c
u
b
i
c
 
f
o
o
t
)
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U
n
d
e
r
s
t
o
r
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c
o
n
s
i
s
t
e
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o
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v
i
n
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a
p
l
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a
n
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c
a
t
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a
c
i
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c
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W
here chokers are preset, only the num

ber of choker setters actually participatthg
t
h

the hooking operaU
on Ic

used.

©
S

cribner volum
e w

as approxhnated w
ith K

nouf's rule:
V

[(D
- 3D

5)/lO
] (1/2]

w
here:

sm
all end diam

eter in thches
I

length
t
h

feet
V

 =
 board feet volum

e

Iogs over 40 feet long w
ere scaled as tw

o logs, one 40 feet long and the other 1-4O
 feet long.

S
ource of data used to generate these equaU

ons w
ere gross (shift-level) tim

e study records w
hich the thither purchasers w

ere required
to keep.
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o
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m
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r
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i
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o
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n
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d
i
n
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g
r
o
u
n
d
 
p
r
o
f
i
l
e

i
n
d
e
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t
o
t
a
l
 
n
u
m
b
e
r
 
o
f
 
m
e
n
 
w
o
r
k
i
n
g
 
o
n
 
y
a
r
d
i
n
g
 
o
p
e
r
a
t
i
o
n
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t
y
p
e
 
o
f
 
c
u
t
,
 
i
n
d
e
x
 
c
o
m
b
i
n
i
n
g
 
t
h
e
 
a
s
p
e
c
t
 
o
f
 
t
h
e
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o
r
k
 
s
i
t
e
 
w
i
t
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t
h
e

s
e
a
s
o
n
 
o
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w
o
r
k
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i
n
i
t
i
a
l
 
n
u
m
b
e
r
 
o
f
 
t
r
e
e
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p
e
r
 
a
c
r
e
,
 
n
u
m
b
e
r
 
o
f
 
t
r
e
e
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c
u
t
 
p
e
r
 
a
c
r
e
,
 
c
h
o
r
d
s
l
o
p
e
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d
u
n
n
y
 
v
a
r
i
a
b
l
e
 
r
e
l
a
t
i
n
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r
e
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u
i
r
e
m
e
n
t
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f
o
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y
a
r
d
i
n
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"
y
u
m
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d
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p
i
e
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v
a
r
i
a
b
l
e
 
c
o
r
r
e
s
p
o
n
d
i
n
g
 
t
o
 
F
o
r
e
s
t
 
S
e
r
v
i
c
e
 
l
a
n
d
s
c
a
p
e
 
m
a
n
a
g
e
m
e
n
t
 
c
l
a
s
s
e
s
 
(
O
r
p
r
e
s
e
r
v
a
t
 
i
o
n
 
t
o

4
 
=
 
m
a
x
i
m
u
m
 
m
o
d
i
f
i
c
a
t
i
o
n
)
,
 
"
r
a
t
i
o
"
 
(
t
o
t
a
l

i
f
 
o
f
 
m
e
c
h
a
n
t
a
b
l
e
 
l
o
g
s
 
y
a
r
d
e
d
 
f
o
r
 
t
h
e
 
d
a
y
 
d
i
v
i
d
e
d
 
b
y
 
t
o
t
a
l
 
l
o
g
s
 
y
a
r
d
e
d
 
t
h
a
t
 
d
a
y
)

S
a
m
e
 
a
s
 
r
e
g
r
e
s
s
i
o
n
 
e
q
u
a
t
i
o
n
 
a
b
o
v
e
 
(
r
e
g
r
e
s
s
i
o
n
 
f
f
1
2
)
 
w
i
t
h
 
t
h
e
 
e
x
c
e
p
t
i
o
n
 
o
f
 
c
h
o
r
d
s
l
o
p
e
.

C
a
r
r
i
a
g
e
 
h
e
i
g
h
t
,
 
g
r
o
u
n
d
s
l
o
p
e
 
%
,
 
n
u
m
b
e
r
 
o
f
 
l
o
g
s
 
h
o
o
k
e
d
 
i
n
 
a
 
t
u
r
n
,
 
d
e
c
k
 
h
e
i
g
h
t
,
 
p
e
r
p
e
n
d
i
c
u
l
a
r
 
l
a
t
e
r
a
l
 
d
i
s
t
a
n
c
e
 
o
f
 
t
u
r
n
 
f
r
o
m
 
c
o
r
r
i
d
o
r
,

s
l
o
p
e
 
d
i
r
e
c
t
i
o
n
 
w
i
t
h
 
r
e
s
p
e
c
t
 
t
o
 
o
u
t
h
a
u
l
 
d
i
r
e
c
t
i
o
n
.

G
r
o
u
n
d
s
l
o
p
e
 
%
,
 
l
e
a
d
 
a
n
g
l
e
,
 
a
c
t
u
a
l
 
l
a
t
e
r
a
l
 
y
a
r
d
i
n
g
 
d
i
s
t
a
n
c
e
,
 
s
l
o
p
e
 
d
i
r
e
c
t
i
o
n
 
w
i
t
h
 
t
s
p
e
c
t
 
t
o
 
o
u
t
h
a
u
l
 
d
i
r
e
c
t
i
o
n
.
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R
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R
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P
E

C
IF

IC
kIIO

N
S

D
R

(R
I P

U
LL/S

P
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alcon
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-1-12700

2. D
ykstra, 1975

W
est C

oast
F

alcon
-/-/2000

61l2dl200
-1-127 00

3. D
ykstra, 1975

S
nil th-B

erger
P

lanet-Lok L-1
M
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S

el f-P
ropel led

-/-/2300
2Jl80/4400

-/ p / ;'/
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S
kagit G

T
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p
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ardner, 1980

S
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T
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2600
-/-/1

-I-I
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0. G
ardner, 1980

link B
elt

H
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-/-/1100

-i-il 300
;J// I-I-

11. G
ardner, 1980

Link B
elt

H
C

-78B
-1-11100

-/-/1300
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T

-3
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o
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W
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W
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W
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R
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n
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'
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P
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R
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1.
D

ykstra, 1975
Iiighlead

U
phill

N
ot A

pplicable
C
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'C

2.
D

ykstra, 1975
N

orth B
end

U
phill

S
inglespan

C
hokers

'C

3.
D

ykstra, 1975
G

rabinski
U

phill
S

inglespan
C

hokers
'C

4.
D

ykstra, 1976
R
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kyline

U
phill

S
inglespan

C
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'C
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G
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R

unning S
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U
phill

S
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C
hokers

'C

6.
G
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R
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D
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S
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C
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'C

7.
G
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R

unning S
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U
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S
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C
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'C
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G
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R

unning S
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D
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S

inglespan
C
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'C
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G
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R
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U
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S
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C
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G
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U
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S
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C
hokers
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G
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ravity O
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U
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S
inglespan
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C
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N

orth B
end

U
phill

S
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C
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13.
C
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R

unning S
kyline

U
phill

S
inglespan

C
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'C

14.
K

eller, 1979
S
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ravity

O
uthauI S

w
inging

U
phill

M
ultispan

C
hokers

'C

15.
K

eller, 1979
S

tanding_H
aulback®

R
equired

U
phill

S
inglespan

C
hokers

'C



F
O

O
T

N
O

T
E

S

T
ailbolds w

ere generally outside the unit boundaries.

logs sw
ung from

 corridor to landing, K
oller carriage

w
ith hydraulic clam

p used.

Ilaulback holds carriage in position during lateral yarding.
W

est C
oast m

echanical slackpulling carriage used. G
uinea

line pulls slackS
Il4inline takes up slack.

T
ailholds w

ere inside the unit boundaries.
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G
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E
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O
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A
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S
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T
T

E
R

C
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A
S

E
R

T
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T
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l
E

X
P

E
R
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C
E

1.
D

ykstra, 1975
M

m
2, A

vg 2.8
M

m
1, A

vg 1.0
C

oninerclal logging C
rew

M
ax3

M
ax2

2.
D

ykstra, 1975
M

m
2, A

vg 2.8
M

iii 1, A
vg 1.2

C
onm

iercial logging C
rew

M
ax3

M
ax2

3.
D

ykstra, 1975
-

-
M

m
2, A

vg 3,0
M

iii 1, A
vg 1.0

C
oun,uercial logging C

rew
M

ax4
M

axi
4.

D
ykstra, 1976

-
M

m
i, A

vg 2.0
M

iii 1, A
vg 1.0

C
onm

iercial logging
C

rew
M

ax3
M

ax

5.
G

ardner, 1980
-

1
-

1
2

1
5

C
oninercial logging C

rew
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M
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M
ax 0

F
orest, O

regon

M
m

0, A
vg 0

M
t. flood N

ational
M

ax 0
®

F
orest, O

regon

Ilin 09 A
vg 1

M
t. F

lood N
ational

M
ax 2

F
orest

O
regon

C
orant E

xperinienta
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F
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xperim
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F
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M
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xperim
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F
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C
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E
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F
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C
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xperim
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F
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C
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F
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G
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II
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G
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-lO

G
ardner, 1980
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"
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G
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U
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A
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R
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R
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F
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R
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P
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P
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/
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R
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U
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th
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R
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S

T
E

M
S

/
IO

C
A

T
 JO

N
S

P
E

C
IE

S
(M

I3F
)

A
C

R
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R
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R
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P
U
L
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0
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l
b
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P
F
I
Y
S
I
C
N
 
D
A
T
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O
F
 
S
A
L
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A
R
E
A

1
2
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R
E
F
E
R
E
N
C
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S
O
U
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E

S
I
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N
I
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I
N
V
O
L
V
E
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T
U
D
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E
N
E
R
A
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R
E
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P
H
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P
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O
K
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O
R
 
N
O
T
)

S
I
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I
M
B
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R
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R
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R
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C
u
r
t
I
s
,
 
1
9
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2
2
.
0

r
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0
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A
v
g

M
a
x
 
2

L
a
r
g
e
i
y

O
l
d
-
G
r
o
w
t
h

Pun
0
.
5
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A
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M
a
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1
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0

O
r
e
g
o
n

1
3
.

C
u
r
t
i
s
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1
9
7
8

6
4

M
m

0
,
 
A
v
g
 
O
.
4

L
a
r
g
e
l
y

©
I
l
I
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0
.
3
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I
v
g
O
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7
®
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H
o
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N
.
F
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M
a
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2

O
l
d
-
G
r
o
w
t
h

M
a
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1
.
0

O
r
e
g
o
n

1
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K
e
l
l
e
r
,
 
1
9
7
9

2
0
.
6
1

R
e
c
t
a
n
g
u
l
a
r

0
2
7
-
5
3

0
6
6
0
1
(
f
t
3
)

1
9
5

B
l
o
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g
e
t
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T
r
a
c
t

C
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F
o
r
e
s
t
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C
o
l
u
i
t
i
b
l
a

2
5
0
'

W
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C
o
u
n
t
y
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O
r
e
q
o
n

1
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.

K
e
l
l
e
r
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1
9
7
9

1
0
.
0
6

R
e
c
t
a
n
g
u
l
a
r

©
0

2
7
-
5
3

0
6
6
0
1
(
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t
'
)

1
9
5

B
l
o
d
g
e
t
t
 
T
r
a
c
t

C
o
r
r
i
d
o
r
s

F
o
r
e
s
t
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C
o
l
u
m
b
i
a

2
5
0
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W
I
d
e

C
o
u
n
t
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r
e
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O
O
T
N
O
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G
r
o
u
n
d
 
s
u
r
f
a
c
e
 
c
o
n
d
i
t
i
o
n
s
 
r
a
n
g
e
d
 
f
r
o
m
 
f
i
r
m
,
 
e
v
e
n
 
f
o
o
t
i
n
g
 
w
i
t
h
 
s
o
l
i
d
 
a
n
d
 
d
r
y
 
s
o
i
l
 
t
o
 
r
o
c
k
y
,
 
g
r
a
v
e
l
-
s
t
r
e
w
n
,
 
o
r
 
o
t
h
e
r
w
i
s
e
 
h
a
z
a
r
d
o
u
s
 
f
o
o
t
i
n
g
.

A
v
e
r
a
g
e
 
g
r
o
u
n
d
 
s
u
r
f
a
c
e
 
c
o
n
d
i
t
i
o
n
s
 
p
r
o
v
i
d
e
d
 
f
i
r
m
,
 
e
v
e
n
 
f
o
o
t
i
n
g
.

B
r
u
s
h
 
a
n
d
 
s
l
a
s
h
 
c
o
n
d
i
t
i
o
n
s
 
a
t
 
t
h
e
 
h
o
o
k
 
p
o
i
n
t
 
d
e
s
c
r
i
b
e
d
 
a
s
 
f
o
l
l
o
w
s
:
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l
i
g
h
t
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r
 
n
o
n
e
x
i
s
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n
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d
o
e
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o
t
 
r
e
s
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r
i
c
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o
v
e
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e
n
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=
 
m
e
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i
u
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o
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i
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c
u
l
t
y
 
i
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o
v
e
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e
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=
 
h
e
a
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a
m
p
e
r
s
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o
v
e
m
e
n
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o
n
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i
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a
b
l
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o
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o
l
u
m
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e
s
t
i
m
a
t
e
s
 
w
e
r
e
 
b
a
s
e
d
 
o
n
 
S
c
r
i
b
n
e
r
 
l
o
n
g
-
l
o
g
 
s
c
a
l
e
.

B
y
 
v
o
l
u
m
e
:

6
0
-
7
5
%
 
D
o
u
g
l
a
s
-
f
i
r
.

O
t
h
e
r
 
s
p
e
c
i
e
s
:

W
e
s
t
e
r
n
 
H
e
m
l
o
c
k
,
 
W
e
s
t
e
r
n
 
R
e
d
 
C
e
d
a
r
,
 
W
e
s
t
e
r
n
 
W
h
i
t
e
 
P
i
n
e
,
 
W
e
s
t
e
r
n
 
I
a
r
c
h
,
 
a
n
d
 
N
o
b
l
e
 
f
i
r
.

R
a
n
g
e
 
I
n
 
1
0
0
'
s
 
o
f
 
F
T
3
 
f
o
r
 
t
h
e
 
e
n
t
i
r
e
 
s
t
u
d
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a
r
e
a
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7
 
r
e
g
r
e
s
s
i
o
n
 
e
q
u
a
t
i
o
n
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w
e
r
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g
e
n
e
r
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f
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o
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t
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a
r
e
a
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D
e
n
s
i
t
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o
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t
h
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a
r
e
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s
e
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o
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a
t
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a
 
p
a
r
t
i
c
u
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r
e
g
r
e
s
s
i
o
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e
q
u
a
t
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f
a
l
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w
i
t
h
i
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t
h
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r
a
n
g
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V
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l
u
e
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a
r
e

a
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i
n
d
e
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d
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s
c
r
i
b
i
n
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s
h
a
p
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o
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g
r
o
u
n
d
 
p
r
o
f
i
l
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a
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o
n
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t
h
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c
a
b
l
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o
a
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b
a
s
e
d
 
o
n
 
t
h
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l
o
g
g
e
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a
p
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O
c
o
n
c
a
v
e

1
c
o
n
s
t
a
n
t

2
 
=
 
c
o
n
v
e
x

G
e
n
e
r
a
l
 
t
i
m
b
e
r
 
t
y
p
e
 
w
a
s
 
o
l
d
-
g
r
o
w
t
h
 
D
o
u
g
l
a
s
-
f
i
r
 
w
i
t
h
 
m
i
x
e
d
 
h
e
m
l
o
c
k
,
 
W
e
s
t
e
r
n
 
R
e
d
 
C
e
d
a
r
 
a
n
d
 
a
s
s
o
c
i
a
t
e
d
 
s
u
b
a
l
p
i
n
e
 
f
i
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s
p
e
c
i
e
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.

V
a
l
u
e
s
 
a
r
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a
 
r
a
t
i
o
 
o
f
 
t
h
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o
t
a
l
 
n
u
m
b
e
r
 
o
f
 
m
e
r
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h
a
n
t
a
b
l
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o
g
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r
d
e
d
 
f
o
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t
h
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d
a
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d
i
v
i
d
e
d
 
b
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t
h
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o
t
a
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n
u
m
b
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o
f
 
l
o
g
s
 
y
a
r
d
e
d
 
f
o
r
 
t
h
e

d
a
y
.

T
o
p
o
g
r
a
p
h
y
 
r
e
q
u
i
r
e
d
 
I
n
t
e
r
m
e
d
i
a
t
e
 
s
u
p
p
o
r
t
s
.

I
o
g
g
i
n
g
 
c
o
r
r
i
d
o
r
s
 
h
a
d
 
n
o
r
t
h
e
a
s
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o
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o
u
t
h
w
e
s
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a
s
p
e
c
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1iT
i
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D
o
u
g
l
a
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-
f
i
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.
7
"

H
E
I
G
H
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D
o
u
g
l
a
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-
f
i
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8
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.
4
'

H
(
W
e
s
t
e
r
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H
e
m
l
o
c
k
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=
 
1
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.
0
"
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(
W
e
s
t
e
r
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H
e
m
l
o
c
k
)
 
=
 
7
9
.
1
'

0
0
1
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o
t
a
l
 
m
e
r
c
h
a
n
t
a
b
l
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c
o
n
i
f
e
r
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3
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8
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n
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A
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b
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R
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l
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u
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u
m
e
 
r
a
t
i
o
 
w
a
s
 
8
0
%
.

G
r
o
u
n
d
 
s
u
r
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p
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o
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d
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l
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p
p
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x
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p
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i
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s
t
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r
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e
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e
d
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b
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Appendix B. DEFINITIONS OF VARIABLES USED IN REGRESSION EQUATIONS.

ANGLE The lead angle, in degrees, at which a turn of logs

is lateral inhauled. The angle is measured as a

deflection angle from the skyline corridor to the

inhaul path of the logs. The angle is turned

looking toward the landing.

AYD The average slope yarding distance for the day,

recorded in 100's of feet (i.e., 400 feet = 4).

BFVOL The gross board-feet volume in the turn--includes

unmerchantable pieces. Volumes given in board-feet.

BLOCK A variable used by the author to help isolate

variations which may have occurred between

observations in Block I and Block II of the study

area. Block equals "1" if the observation is

from Block I, and equals "0" if from Block II.

The author states that, for prediction purposes,

"Block" can be set to zero in the equation.
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CH Height of the carriage above the ground at the

position of lateral yarding in feet.

CHOK The number of chokers flown.

CHOKERS The number of chokers used in the turn.



CHORDSLOPE

CREW The number of persons in the yarding crew.

C RE Wl

DMYSKID

The slope, in percent, of a line segment that

connects the support points of the skyline.

Chordslope inclination is taken from the landing

(i.e., for uphill yarding, chordslopes were

negative). Percent values given as a whole

number (e.g. 30.5% - 30.5).

A zero-one dummy variable: HQII when the owner!

operator was a chokersetter, and "1" when he was

not. (NOTE: tn this study the crew with the

more experienced owner/operator as a chokersetter

averaged 54% more volume per hour than the crew

with the less experienced alternate chokersetter).

DKHT Height of the log deck on the landing after the

turn was landed and decked in feet.

A dumy variable to indicate the presence of a

skidder used to keep the landing clear by sorting

and decking logs along the road prior to loading

by a self-loading truck. Skidder Present = 1.

No Skidder Present = 0.

1 30

HOOKLOG The number of logs hooked in a turn.

LAN DL OG The number of logs landed in a turn.



LANGLE The angle, in degrees, formed by the winch line

and a projected line travelling along the length

of and through the center of the log (e.g., a
Q0

"LANGLE" implies the log and winch line are

co-linear, a90° "LANGLE" implies the log is at

right angles to the winch line).

LATDIST The length on the slope measured in feet from the

location of the furthest log in the turn to the

skyline corridor. The distance measured is

perpendicular to the skyline corridor.

LATS D

LDGCREW

LD 1ST

The actual lateral slope distance, in feet, from

the pre-bunching spar to the first log in the

turn (estimated to the nearest five feet).

The number of people in the landing crew (e.g.,

yarder operator and one chaser would result in a

value of 2 for LDGCREW). The skidder operator is

not considered.

The lateral yarding distance in feet. This is the

actual slope distance the log travels from hook

point to corridor.
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LEADTURN The average lead angle, in degrees, of a turn.

The lead angle is the angle formed between the line

of sight down a log (in the direction of the



SIDIST

SI NANG

landing), and a line parallel to the skyline

corridor. If the line of sight is rotated

toward the corridor in a counter-clockwise

direction, the angle is negative. The

possible range of angles is 900 to 9O°.

LOGS The number of pieces yarded per turn.

RIGGERS The number of chokersetters, including a rigging

slinger if present.

The slope distance down the corridor to the pre-

bunching spar from the yarder measured to the

nearest foot.

SETTERS The number of chokersetters working on the yarding

operation. The rigging slinger is not included.

The distance, in feet, a chokersetter had to reach

from the lead of the mainline and haulback to

the position of the farthest log when using the

haulback to pull mainline out from the carriage.

(A 'squirrel11 block was attached to the end of the

haulback and the mainline was pulled through the

"squirrel" block.)

The reciprocal of the sine
siie

of the lead

angle (ANGLE).

1'



SLOPE

SLOP El
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SLO The groundslope at the carriage position in percent.

The percentage is given as a whole number (e.g.

60.5% -p 60.5).

The average groundslope in percent. The per-

centage is given as a whole number (e.g., 60.5% -
60.5). The groundslope inclination is taken

looking toward the landing from the skyline road

(i.e., uphill yarding - "slope" is positive, down-

hill yarding - "slope" is negative).

The slope measured from the landing to the hook

point in percent. Percentage given as a whole

number (e.g., 65.5% = 65.5). For uphill yarding,

the value is negative. For downhill yarding, the

value is positive.

SYD The slope yarding distance in 100-foot stations.

SYDIST The slope yarding distance, in feet.

TI The percentage of merchantable stems removed.

Percentage given as a whole number (e.g., 35% =

35.0).

TN VOL The gross board foot volume per turn (Scribner

decimal log rule). Volume given in 10's of

board feet.
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V The volume of logs per turn measured in cunits.

VOL The gross board-foot volume in the turn. Volume

given in board feet

VOLUME The volume of logs per turn in cubic feet.,

WEIGHT The turn weight in pounds.

ZONE The average lead angle a turn of logs forms with

the skyline. Angles are measured from the skyline

and rotate in a downhill direction toward the

log turn (egg., 00 - turn is parallel to the

skyline). The possible range of angles is 00

179°).



Appendix C. SYMBOLS AND ABBREVIATIONS.

MBF = Thousand Board Feet

Ac = Acre

KIPS = Thousand Pounds

lbs = Pounds

FPM = Feet per Minute

Ft = Foot

SL = Skyline

ML = Mainline

SP = Slackpulling Line

HB = Haulback Line

= Percent

Bd. Ft. = Board Feet

(Ft)3 = Cubic Feet

= Degree

= Coefficient of Multiple Determination

= Average Value of X Variable
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Appendix D. Formulas for Computing Weighted Averages of Nonlinear Terms in Regression Equations For Two
Types of Distributions.

Regreson Formulas for Weighted Averages, by Distribution Type

Name ternc Uniform TriangulaiLV

Constant b b (1) b (8)

Linear bx b(x1 x0) (2) 2bx1

Squared bx2 b(x13 - x03)
?bx 2 (10)

xl - xO

Powe,

n n+1 n+1n + (-1) bx b(x1 - x0 ) (4) 2b (11)

- x0) (n+2)

Inverse

n (-1) b b(lnx1 - lnx0) (5) 2b (12)

xl _xO xl

Natural
Logarithn blnx bt(x1lnx1 - x1) - (x0lnx0 - x0)] (6) b(lnx1 - 1/2) (13)

xl xO

Exponential aebX

a = coefficient of "e'
b = coefficients in regression equation

'i)Assuming x0 = 0 simplifies the formulas.

Corresponds to the widely known 2/3 correction for average yarding distance on circular settings

Constant, linear, and squared functions are special cases of the general formula for power.

a(ebxl - ebxO)

b(x1 - x0)

LEGEND: n = power or exponent
in natural logarithm
e base of natural logarithm (approximately 2.72)

maximum value
x0 minimum value
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(7) !_ [ebxl(x1_l/b)
+ 2] (14)

x12 E




