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Bt
W ABSTRACT
R

The eight-county Allegheny Regfon of Pennsylvania is
E?: . 84% forested and comprises one of the state's most valuable
:;ﬁ timbersheds., Much of this area is {inaccessible to
N - conventional logging equipment due to steep slopes, poor
K
;? drainage, and high erodability, For this reason, there has
k. been a recently growing interest in using cable yarders to
‘ harvest these areas,
E; A computer simulation model was developed to aid fin
;E investigating the feasibility of cable logging on a
;; particular site in the region, Data used were those
.; collected from a cable logging operation that was conducted
é} on the Allegheny National Forest in October of 1986.

The simulation model utilizes the SIMAN simulation
5% Tanguage and simulates the functional elements of a cable
$f yarding operation. The utility of the model was
? highlighted by comparing two plausable harvest unit
;E configurations for a given site. The alternative with the
:§ shortest total harvesting time was then chosen,

Several design features will aid in the expansion of

the model as more detafled data are collected. In

particular, the model 1s modularized by harvesting
function, contains complete line-by-1line documentation of
the SIMAN source code, and contains a thorough discussion
of the statistical methodolonies used, Recommendations

werea mace for further 4data acquisition ang mocel

rafinament.
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3:: Chapter I

i

'_;;: INTRODUCTION

L. Study Rationale

W

R The eight-county Allegheny Region (Figure 1.1)

ag | is located along the northern tier of Pennsylvania and

i: comprises one of the state's most valuable timbersheds. The
.; region is 84% forested and contain. the highest per acre
I~ and total growing stock volume of any region in

i% Pennsylvania (Powell and Considine 1982). It contains 3.3
:ﬁ million acres, over 20% of the state's commercial forest

%; land (Lord 1985). Most of this 1s of the valuable northern
i? hardwood forest type consisting of high qualfty black

2%: cherry, white ash, and sugar maple.

o Much of this acreage i1s characterfzed by steep slopes,
\j poor drainage, and high erodibiiity. On the Allegheny

!} National Forest alone, it is estimated that 25,000 to

‘; 40,000 acres are eligible for cable yarding, due to

:é drainage and/or slope problems (Hockinson 1986).

Lf Environmental concerns over high soil erosfon and stream

- sedimentation have precluded the use of conventional

g logging equipment, such as rubber-tired skidders, to remove
’ﬁ . timber from these sites,

f% Cable yarding systems were used to skid timber in the
; . eastern United States 1n the early 1900's. Their use died
" out as the o01d growth stands disappeared. In the 1970's,
i; cable yarders were reintroduced to harvest steep terrain

e

:

a 1




ALIEGHENY REGION

WARREN MCKEAN POTTER TIOGA

FOREST
ELK CAMERON

Figure 1.1: The Allegheny Region of Pennsylvania.
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N and environmentally sensitive areas (Peters 1984), Cable

logging has a less detrimental impact on the environment

% . (primarily by reducing the number of haul and skid roads)
E than conventional systems. For this reason there has been
R - a recently growing interest in using cable yarders to 1log
;; environmentally sensitive areas within the Allegheny
f; National Forest.
| Using cable logging to harvest eastern hardwood logs
j? on steep terrain, however, can result in Tow production
g rates and high costs per unit of wood produced (LeDoux
1985). Logging managers can improve productivity and
;; profitability by knowing how site-specific variables
53 interact with cable 1o0gging equipment. Carrying out this
; investigation by field study or trial and error alone can
j; often be an expensive proposition. One tool that can aid
%2 in the decision-making process is computer simulation,
N Computer simulation provides the logging manager with a low
:E cost means of exploring various system aiternatives before |
F they are carried out and thus provides a valuable tool 1in |
¥ the decision-making process. :
’ Objectives |
53 This study is the first phase in the development of a
5 ) simulation model that logging planners could use to
E investigate the feasibility of cable logging on a
- particular site and under particular operating conditions,
.ﬂ The basic model proposed here does not examine the
; interaction between logging equipment and site specific
q
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variables but can be refined to do so as more data are
collected 1n the future.

In October of 1986, a cable logging operation was
performed on the Allegheny National Forest to investigate
the feasibility of 1ts use on a large scale in the region,
The data used {n the development of this model are limited
to those obtained from this one time and motion study., The
small data base will 1imit the actual use of this
particular model to plan cable-logging operations on the
Allegheny National Forest,

The specific objectives of this study were the following:

1) design a model that simulates the cable yarding
operation that was performed;

2) construct such a model, using SIMAN, with field data
that was collected during the operation;

3) evaluate the model with regard to several criteria,
including acceptability of model design, appropriateness
of regression equations, theoretical distributions, and
empirical distributions used, and ease of expanding the
model as more data are collected;

4) make recommendations for further data acquisition and
model refinement.
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Chapter II

REVIEW OF LITERATURE
Introduction

This chapter will present a review of the literature
on the following topics: (1) how elemental cycle times
of skyline logging operations have been defined in the past
for eastern harvesting operations, (2) the development of
timber-harvest simulation models in the past, and (3)
the validation and verification of simulation models, This
chapter will serve primarily as background and support for
the methods to be used in the study.

Elemental Cycle Times

Since 1971, the USDA Forest Service Engineering
Research Unit in Morgantown, West Virginia has been active
in studying eastern cable logging operations. As a result,
turn time predicting equations for various cable yarding
systems are abundant and well documented in a number of
pubiications: Cubbage and Gorse (1975), Fisher et al.
(1980), Rossie (1983), Bfifller and Peters (1982 and 1984),
Peters (1984), Fisher et al. (1984), Biller and Fisher
(1984), Peters and Baumgras (1984), Baumgras and Peters
(1985), LeDoux (1985), and LeDoux and Starnes (1986),.
In a1l of the studies, total turn time was broken down into
five elements, and delay-free elemental yarding prediction

equations were developed. These five elements were

outhaul, hooking, lateral inhaul, inhaul, and unhooking.




Additionally, a delay-free total cycle time equation was
provided in each of the studfes, This equation was
developed independently of the five elemental equations and
was not simply the sum of the parts. Since some of the
independent varfables were highly correlated, they would .
not all be needed to predict total cycle time., Thus, an
independent equation was developed.

Iimber Harvest Simulation Models

Many different timber~harvest simulation models have
been developed over the past two decades, and they
represent a number of modeling viewpoints., Some, such as
those presented by Stark (1968), Bussell et al, (1969),
American-Pulpwood Associatfon (1972), Martin (1975),
Killham (1975), and Johnson (1976) model a variety of
systems.

Others pertafin to specific systems: Johnson (1970)
modeled the loading and hauling subsystems of a logging
system; Johnson and Biller (1973) modeled a wood chipping
system; Bradley et al, (1976) and Bradley and Winsauer
(1976) modeled a whole tree field chipping operation and;
Bare et al, (1976) modeled a logging residue handling
system,

Goulet et al, (1980) evaluated five of these models: .
Simulation Applied to Logging Systems (SAPLOS) (Johnson
1976), Timber Harvest and Transport Simulator (THATS)

(Martin 1975), Full Tree Field Chipping and Transport

4 Simulator (FTFC) (Bradley et al. 1976 and Bradley and
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':: Winsauer 1976), Forest Harvest Simulation Model (FHSM)
~
M (Killham 1975), and Harvest System Simulator (HSS) (American
e Pulpwood Association 1972), They found that while many
e .
“u
p& user implementation problems exist, the models still
n
7od
o . present a good picture of state of the art 1n timber
3, harvesting computer simulation, The salient features of
¢
L)
,gﬁ each of these models are presented in Appendix A; Goulet's
o
ot conclusions are presented below,
e "
~ Implementation Problems
L
N Goulet et al, (1980) !nstalled the five models
L
Y
;; on Auburn Unfversity's IBM S 370/158 computer and ran them
f’J with test data. In summarizing their study, Goulet
A
::? concluded the following:
v 1) Each model operates under a slightly different set of
. rules and assumptions according to the philosophy of the
;tﬁ model buflder., Users are advised to proceed with
AN caution when choosing and using a mode! and to be aware
oA of the assumptions made so that output can be analyzed
APA in this 11ght,
;% 2) The models are not easy to use, and {in general, close
At coordination between a computer specfialist and the user
}s will be necessary.
s
T,
'?“ 3) The models FHSM, FTFC, SAPLOS, and THATS would require
B extensive design and reprograming to simulate systems not
Ak covered in the basic model.
=
ﬁﬁ Despite these problems the authors concluded that the
f\I
0$§ models represented a very good picture of state of the art
g in timber harvesting simulation, Furthermore, much
‘\'l
:j: learning occurred in the generation of these models and
[xﬂ many problems were uncovered in modeling and model

K04 implementation.
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They stressed that continuecd development and
ref ‘nement of timber harvesting simulatfon models were
needec¢ to effect!vely analyze current and proposed
harvesting strategies. They suggested that the results of
the research and the learning derived from the present
mocdels be fncorporated ‘n a new model that:
a; s des‘gned and written from the user's point of view;

5) fafthfylly reproduces the harvesting operations to be
modeled;

¢) maintatns a leve! of detail that 1s uniform across all
functions;

d) collects mode! statistics to estimate both the mean and
the vartance of each performance varifable;

e) cef'nes performance varfables which can be used to study
the balance/‘mbalance of the system, measure the complex
‘nteractton of personnel and machines, anc effectively
measure marginal anc total costs;

f) allows flexidility for tatloring to exfsting systems and
for tne creatfon of new systems; and

3) ts usable without extensive computer training,
A Jacong Qeneratign Mogdel

Work by Hines et al, (198]) estabiished further cesign

criteria for a seconc generation harvesting simylation,
particularly modularfzation by harvesting function within
an overall s'‘muylation frameworx established by the SLAM
(Pri+sker 1984 simulation language. The modular design
strategy proposec by Hines et al, (1G81) envisionec
separate modules, or Su‘laging blocks, each moceling a
unfque harvesting function, A simulation run would involve

assemb! ‘ng the approprtate mocules and axecuting a control
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program that would pass resources between modules and
collect model statistics.

To date, three modules have been completed. Webster
et al, (1983) reported the development and general features
of a feller/buncher module that simulates the operation of
one or two small, skid-steer machines, A highly detailed
description of the feller/buncher module 1s given by
Padgett (1982)., Hines et al, (1983) reported the general
features of a grapple skidding module that can model one or
two grapple skidders. Liu (1981) provided a detafled
description, An input data pre-processor module has also
been developed (Rogers 1984) to assfist the user in antering
data for the feller/buncher modules. Personal
communicatfon with Rummer (1986) suggested that further
model refinement was necessary before the model could be
used for planning actual logging operaticns,

Yalidation and Yerification

One of the most important phases {n the development of
a computer simulation model is determining whether the
model 1s an accurate representation of the real-world
system being studfed. Model developers address this
concern through model verification and validatifon., Law and
Kelton (1982) described verification as the determination of
whether a simulation model performs as intendec, {.,e.,
debugging the computer program, They defitned valigation as
the determination of whether a simulation mcdel ts an

accurate representation of the real-world system,

YRV S WA S A AT
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Yalidation

A model should be developed for a specific purpose or
use, and 1ts validity should be determined with respect to
that purpose. A model may be valid for one set of
experimental conditions and invalid for another. A model
i{s considered valid for a set of experimental conditions If
its accuracy {is within the acceptable range required for
the model's intended purpose (Sargent 1984),

Below 1s a description of some of the validation
techniques (and tests) used in model validation,

1) Face validity: Face validity {s asking people
knowledgeable about the system whether the model and/or
its behavior 1s reasonable, This technique can be used
fn determining iIf the logic in the model flowchart is
correct and, {f a model's {nput-output relationships are
reasonable (Sargent 1984),

2) Comparfison to other models: Computer output from the
simulation model being validated 1s compared to the
output of other (valid) models (Shannon 1975),

3) Turing Tests: People who are knowlegeable about the
operations of a system are asked {If they can
discriminate between real-world system data and mode!
output., A statistical procedure for Turing Tests s given
in Schruben (1980).

4) Historical methods: Naylor and Finger (1967) proposed
the three historical methods of validation: ratfonalism,
empiricism, and positive economics, Rationalism assumes
that everyone knows whether the underly!ng assumptions of
a model are true. Then logfc deductions are used from
these assumptions to develop the correct (valid) model.
Empiricism requires every assumption and outcome to be
empirically validated. Positive economics requires only
that the model be able to predict the future and s not
concerned with {1ts assumptions or structure,

S) Traces: The behavior of different types of specfic
entities in the model are traced through the model to
determine {f the model's logfc {s correct and {f the

ecesary accuracy fs obtained.
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Some of the comments on validation, found in the
documentation manuals of the models that were reviewed, are
fnstructive Iin showing the approach to validation that has
pbeen taken in these models, and so will be repeatec here,.
Johnson et al, (1972, p. 361) say of SAPLOS,

The model needs further validation from
studies of a variety of loggfing systems
in different locattfons, This valtcation
process will be performed in conjunctian
with the expansion of the data base.
Martin (1975, p.31) says of THATS,
The methodology of the model and fts
structure need little validation because
the simulator simply duplicates the
process of logging as it is normally
performed {in Appalachia. The sequence
of operations {s the same in both,
Bracley et al. (1976, p,1ll) cautton the user of FTFC,
The user must test the simulator on an
actual logging operation, The test fIs
required to detect errors {in efther
concept or model,

Martin's (1975) comment suggests that he used face
valicity in the valication of THATS, From the literature
reviewed, 1t is uncertafn {f any formal types of valtfgation
were used in the cevelopment of the two other mcaels,

Nebster et al, (1984) suggestes that try n: tc Zeve' D
a valid model involves a multituce cf Zompromises wn'ih
embrace desiqgn, practical, logfcal, eccnomiza’l, computer,
lanquaqge, implementation, anc philoscphical 2 #+ -y ties,
At the heart of the problem of “feve ' zpin: s myu ation mote -

Al T

is the question of complexity of the mo:e', s e roon

realistic, a mode! may reec to be -omp ex, s NCe Ly
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including more of the factors and varfations of the system
the model becomes more capable of duplicating the system's
response, But complex models take more time to develop,
are more difficult to analyze, require more computer
resources, and cost more overall than simple models.
Simple models, on the other hand, will not always provide
the user with the quality or varifabiliity of results that
are naturally inherent within the system and may lead him

into erroneous conclusions,

Yerificatiop

Law and Kelton (1982) describe five techniques which
can be used for debugging the computer code of a simulation
model .,

1) In developing the simulation model, write and debug the
computer program {n modules or subprograms,

2) Structured-walk-through: A1l people involved 1n the
model development are assembled in a room. They go
through the computer code and do not proceed from one
statement to another until everyone agrees that the
statement s correct.

3) Trace: In a trace, the state of the simulated system,
i{.e,, the contents of the event l1ist, the state
varifables, certain statistical counters, etc., 1s
printed just after each event occurs in order toc see
whether the program is operating as {intended. These
traces should be examined in order to see {if the model
logic {s correct. Most major simulation language
packages provide the capabflity to perform a trace,

4) The model, when possible, should be run under
simplifying assumptions for which the expected model
output can easily be computed. The expected output
should then be compared to the actual output,

S) with some types of simulation models, {t may be helpful
to display the simulation output on a graphics terminal
as the simulation actually progresses.




Chapter III

DESCRIPTION OF THE SIMULATION STUDY
Introduyction

A computer model to simulate the harvesting actions of
a cable yarder in the Allegheny Region of Northwestern
Pennsylvania was constructed using field data collected
from that regfon, The model predicts time to harvest a
given site and volume harvested per unit time. The
discrete event model employs the SIMAN simulation language.
This chapter describes the "real-world"™ system that was
observed and the simulation model that wa; constructed,

Ihe "Real-World" System

The focus of this section is the description of the
logging site, the logging machine, the logging operation
that was conducted, and the time study that was
performed,

Ihe Test Area

The logging operation was conducted on the Bradford

g

Ranqger District of the Allegheny National Forest 1in
Northwestern Pennsylvanfa, The total area harvested was 11l
acres, The primary tree species were black cherry, white
ash, sugar maple, and basswood., The clearcut harvest
yielded an average of 12.3 MBF/acre of sawtimber and 9.7

cords/acre of pulpwood (Table 3.1), contafned in an average

of 66 trees/acre (Table 3.,2).
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Machine Specifications

The cable machine used was a slacking (1ive) skyline
(Figure 3.1) with a Christy carriage. The yarder, used to
transport whole trees from the stump to a landing, was not
a commercial design, and would cost about $50,000 {if built
to order, It is owned and operated by Bess Skyline Logging
of virginfa, It was a cingle-drum yarder, powered by a six
cylinder Industrial Waukesha gasoline engine. Tower height
was 40 feet; the skyline was 3/4-inch IWRL regular-lay wire
rope; the mainline was 1/2-inch IWRL regular-lay wire rope;
maximum mainliine pull was 15,000 pounds.
Ihe Yarding QOperation

The layout of the harvesting area {s {llustrated in
Figure 3.2, Two log landings were constructed for the
operation (see Figure 3.2)., The yarder was positioned at
the first landing. The tower was raised and guyed to
stumps or trees above the landing. The skyline was tied
off to a tatitree downhill from the yarder., The area
from which logs were harvested, at any one of these particular
setups, is termed a logging corridor, Logs were harvested
from several corridors at each of the two landings.
Changing logging corridors consisted of anchoring the skyline
to another tafltree so that the skyline would be situated
over an area that had not yet been harvested. This

particular type of harvesting pattern is described by

Peters (1985) as a reverse fan type; the cable yarder being
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the point of common pivot and the tailtrees creating the
arc of the fan,

After a corridor was set up, the Christy
carriage traveled down the tight skyline until it engaged a
stop, which released the mainline from the carriage. Three
chokesetters took the mainline out and attached the logs,
then signaled the yarder operator to winch in the load.
When the load reached the carriage, a ball on the mainline
unlocked the carriage from the stop. The load traveled
uphill to the yarder at the log landing, where the skyline
was slackened and the logs were unhooked by a single
unhooker, These six elements (outhaul,lateral outhaul,

hooking, lateral inhaul, inhaul, and unhooking) comprise

one yarding cycle. For each corridor change, yarding
started at the top of the hill and progressed toward the
bottom. Maximum slope yarding distance was 425 feet. One
stem was usually landed per turn and occasionally two if
the trees were small,

Logs that accumulated at the landing area were
intermittently transported (by means of a rubber-tired
skidder) to a main loading area, It was necessary for the
cable yarder to cease operation while the skidder was at
the landing.

When all corridors were harvested at landing 1, the

guy lines were disconnected, the tower was lowered, and

the mainiine and skyline were wound on the drum. The cable
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yarder was then transported to landing 2 where it was
assembled by reversing this process,

The conditions at landing 1 differed from those at
landing 2 in several ways. Landing 1 was situated 1n
such a way that the skyline crossed over the main logging
road (see Figure 3.2). On several occasions, yarding was
suspended in order to allow a logging truck to pass; this
was not the case for landing 2. The slopes were much
more gentle at landing 2. This caused the logs to drag on
the ground on the inhaul phase., This, combined with the
fact that the part of the unit harvested from landing 2
was much brushier, caused logs to get hung up in the slash
more often on the inhaul phase. Separate service time
equations, for some of the yarding cycle elements, were
developed for each landing in order to explain some of this
variability.
[iming the Qperation

Time and motion study data were collected over a two
week period in October of 1986, Statistics were collected
on 183 yarding cycles from five corridors at two landings;
three corridors at the first landing and two at the second.
Throughout the study, continuous timing was used to
document elemental cycle times and delay times to the
nearest one hundredth of a second,

Most of the sampling was devoted to timing the

productive yarding elements so that elemental time

predicting equations could be developed for each of the six
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phases of a yarding cycle, or turn (ocuthaul, Tateral
outhaul, hooking, lateral inhaul, inhaul, and unhooking).
Additionally, all hauling distances as well as number of
stems yarded per turn were recorded.

Four non=-productive delay times were also recorded:
time to change landings, time to change corridors, time
needed to clear the landing of accumulated logs, and time
required to free logs hung up in the slash on the inhaul
element., The statistics collected are provided in Appendix
C, and their definitions are fn Table 3.3.

Ihe Simulation Model

This discussion will address four topics. First, the
functional elements of the "real=-world" system the model
considers and their dynamic relationship will be presented.
Two flowcharts will be employed for this purpose: the Main
flowchart (Figure 3.,3) and the Yarding Cycle flowchart
(Figure 3.4), Attention is then directed to the
development of random inputs which represent service times
and incremental distance changes in the model. Following
this, important features of SIMAN and of model construction
will be pointed out., A section on model validation will
follow.

A complete executable example that compares two
system alternatives, output, and dfrectifons for modffying
the model (e.g. such as changing the number of corrifdors,

corridor lengths, etc.) is provided in Appencix B, Thig




Table 3.3: Definitions of model statistics collected.

Quthayl time and distance: Outhau) ends when the carriage hits the stop.

wateral athaul time and distance: Lateral authaul ends when the chokers reach
the stams,

Lateral inhayl time: Lateral inhaul time ends when the carriage begins to move
uphill,

Hooking time: Hooking time ends when the signal s give to haul in,

Inhayl time: Inhaul time ends when the stams are on the ground at the landing.
Unhooking time: Unhooking time ends when the outhaul begins,

Jotal ocle time: Total cycle time begins and ends at the start of the outhaul.

Naber of stems landed: This is the nurber of stems per tum that are
successfully yarded to the landing.,

ystam gelays (frequency apd duration): System delays are defined as any event
that disrupts the "normal flow" of activity. System delays that were recorded
are as follows:

* Delay 1o ¢lear landing: This time begins when unhooking ends and ends when
arthaul begins, The duration of this delay s 0.00 unless logs are actually
cleared from the landing an that cycle,

* Delay 1o change corridors: This time begins when unhooking ends at the
previcus corridor and ends when outhaul begins at the new corridor,

* Delay to change landings: This time begins when unhooking ends at the
previous landing and ends when authaul begins at the new corridor,

* Logs hung wp {n slash on inhayl elemert: This time beings when carriage
motion stops on the fnhaul element and ends when motion of the carriage resumes
(1,e. after log {s freed from slash), -

»
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* YARDING CYCLE FLOWCHART *
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Delay by tme needed
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Frgure 3.4: Yarding cycle flowchart.




example serves to f1lustrate the potential usefulness of a
model of this type.
The Main Flowchart

The Mafn flowchart (Figure 3.3) contains the model
Togic that represents movement between corridors, and
between landings. The static and dynamic relationships are
{1lustrated.

The number of landings in the harvesting unit are
read into the model and a delay to set up a landing fis
executed. The number of corridors at the current landing,
the current corridor length, and inftfal outhaul distance
(all specified by the user) are set. A yarding cycle is
then completed.

The number of cycles to be completed at the current
outhaul distance 1s then sampled from the user-defined
empirfical distribution, When all cycles are completed at
that distance, outhaul distance is increased by an
increment that was specified by the user,

If the outhaul distance is less than the current
corridor length, more yarding cycles are performed. If
this 1s not the case, a check is made to determine {f there
are any unharvested corridors at the current landing, If

. there are, a delay to set up a new corridor is executed and
the corridor {s harvested in the same manner as described
above,

If there are no more unharvested corridors at the

current landing, than a check {is made to determine {f there
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are any more landings fn the harvesting unit, If there
are, a delay to set up the new landing 1s executed; 1f not,
the simulation fs terminated.

Ihe Yarging Cycle Flowghart

The Yardirng Cycle flowchart (Figure 3.4) contains the
model logic that represents a yarding cycle. The static
and dynamic relationships are fllustrated.

The six productive elements of a cable yarding cycle
have been considered; outhaul, lateral outhaul, hooking,
lateral inhaul, {inhaul, and unhooking, Additionally, two
nonproductive delays have been considered: inhaul delays,
and a delay time to clear the landing of accumulated logs.
Two other nonproductive delays (delay to change co;ridors
and to change landings) are included in the Main flowchart,

Statfstfcal Analysis

This sectfon describes how the data collected were
used to specify random inputs in the simulation model,.
Theoretical cdistributions, empirfcal distributions,
regression equattons, and median va]ues were used,
Theoretical Qistributions

Standard techniques of statistical inference were usec
to fit a theoretical distribution to the data for some of
the cycle elements, After a theoretical distribution was
hypothesized, maximum likelihood estimates of the
distribution parameters were calculated using the
Statgraphics statis*ical package (STSC, Inc. 1985). The

Chi-square goodness-of-fit test and Kolmogorov-5Smirnov test
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were employed to determine {f an acceptable fit was
obtained., Random numbers were sampled directly from these
theoretical distributions in the simulation. Probability
density functions, of the theoretical distributions used,
are provided in Table 3.4,

Service time distribution results for hooking (Figure
3.5 and Table 3.5), unhooking (Figure 3.6 and Table 3.6),
lateral outhaul for landing 1 (Figure 3.7 and Table 3.7),
and lateral outhaul for landing 2 (Figure 3.8 and Table
3.8) are provided,
Empirical Distributions

When a theoretical distribution form could not be
found to adequately fit the data, the data were used
directly to define an empirical distribution. In the
simulation, random numbers were sampled directly from this
empirtcal distribution, This method was employed to
descrfbe lateral {inhaul time (Table 3.9) and number of
yarding cycles to be performed at a given outhaul distance
(Table 3.10).
Regression Eguations

Wwhen two yarding cycle elements were highly
correlated, their relationship was de-~cribed through
standard regression techniques. A linear relationship was
found to exist between ocuthaul distance and outhaul and
inhaul service times, In the simulation, outhaul distance
fs usec¢ to predict ocouthaul time and {nhaul time {n two

separate regression equations, Quthaul cgistance fs highly
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Table 3.4: Probability density functions of two theoretical
distributions.

Weibull Distribution
K
: _ - - -
o f(x) = aB”® x%°1 g=(x/8) x>0
{y
'
N Lognormal Distribution
; 1
A £(x) = e-(lnx -u)2/262 x>0
™ x/ 270
N
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Figure 3:7: Frequency distribution of lateral outhaul time
for landing 1 with fitted Weibull curve superimposed.
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. Table 3.9: Continuous empirical distribution
s for lateral inhaul time.

3 QMULATIVE CUMULATIVE
PROBABILITY VALLE

A8 0.01 4
- 0.10 11
o 0.20 14
B 0.30 17
- 0.40 2
0.50 30
N 0.60 40
A 0.70 68
2 0.80 92
- 0.0 136
RN 1.00 387
N
g Table 3.10: Discrete probability distribtion
o~ for number of cycles to complete at a given
o distance.
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correlated to fnhaul time because the value of outhaul
distance will always be equal to inhaul distance.
Regression results for inhaul time for landing 1 and
landing 2 (Table 3.11 and Table 3.12 respectively) and
outhaul time for landing 1 and landing 2 (Table 3.13 and
Table 3.14 respectively) are provided.
Non-parametric Methods
When there was a low sample size on a particular
element of interest, these elements were represented in the
simulation model by using the median value of the data
points that were collected. Median values were used to
explain the frequency and duration of the four
nonproductive delays that were modeled. Results for inhaul
delays, delays to clear the landing, delays to change i
corridors and to change landings are provided in Table
3.15.
Selection of the Simulation Language
The following criteria were used in the selection of a
simulation language:
1) The completed model must run on a microcomputer,
2) The language must possess characteristics that will aid
in model modification.
3) The language must allow the collection of statistics
during the simulatfion run,
4) The language must be flexible enough to adequately model
the system under study.

The SIMAN simulation language (Pegden 1985) meets all

these criteria. It 1is a combined discrete-cont{inuous event

simulation analysis language for modeling general systems,

\
|
Developed in 1982 and under constant revision, it is !
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Regression results for outhaul time predicting equation for landing 2.

Table 3.14

- -

T-VALUE PROB(>T)

ERROR

STND.,

COEFFICIENT

VARIABLE

1}
]
]
1]
L}
]
1]
i

i i g

5,15€-10
5.71E-10

0.875 7.24

0.004

6.337
0.034

Constant

&4 TRTN LW AT AT

71.22

Outhaul Distance

ANALYSIS OF VARIANCE

DF MEAN SQUARE F-RATIO PROB(>F)

SUM OF SQUARES

SOURCE

]
1]
]
n
n
n
n
i

n
1]
1]
1}
[]

]
1}
1}
1]
"
]

Al R

0.000

52,116

778,58

778,58
1015.89

Model

14.94

68

Error

69

1794 .46

Total

0.658

=

CORRELATION COEFFICIENT

3.86

STANDARD ERROR OF ESTIMATE
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considered to be state-of-the-art in current simulation
language technology (Kleindorfer 1986)., To date no harvest
simulators exist that utilize this simulation language.
Discussion here will be 1imited to the discrete modeling
capabilities of SIMAN,
Structure

SIMAN {is designed around a logical modeling framework
in which the simulation program is decomposed into a model
frame and an experimental frame. External to this, SIMAN
has an QUTPUT processor which collects and analyzes
simulation results. Debugging the model code is aided by a
system trace and interactive debugger.

Model Frame. The model frame defines the static

and dynamic characteristics of the system., Within the
model frame, either an event or process orientation can be
used to describe the model, The primary modeling
orfentatfion for discrete change systems is the process
orientation, in which the model is constructed by depicting
the functional operations of the system as block diagrams,
The block diagram {is a l1inear top-down sequence of blocks
which represents specific process functions such as time
delays and queues, This orientation was used in the
development of the cable logging model.

A second modeling orientation is the event orientation
which may be used to augment or replace the block diagram
component of the model frame, The event component

consists of a set of user written FORTRAN subroutines which
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ks contain the mathematical and logical expressions that
4R define instantaneous state transitions within the system.
- In future model refinement the event orientatfon will
be used to augment the model that has been developed.
Ao Block functions (such as delay for hooking) will be replaced
perhaps by a very complex subroutine, thus {increasing the
level of detafl modeled.

In a sense, each block which explains a delay element
N of the logging cycle may be thought of as a module in the

e model, Each module may be refined individually by simply

;: replacing a specific block with a FORTRAN subroutine and

f% plugging it back into the model.

3% Experimental Frame. The SIMAN experimental frame

:i defines the experimental conditions under which the model
;ﬁ. 1s to be run 1in order to generate specific output data.

;éa This 1ncludes such elements as the fnitial conditions for
I

i; the run, machine capacities, the type of statistics to be
;f recorded, and the various parameters and coefficients of
.‘z the theoretical distributions”and regression equations that
j: have been developed. Since these elements are specified

fi external to the model description, they may be easily

,;? changed without affecting the basic model definition. Many
b . different scenarfos may be modeled by modifying the

;; experimental frame,

3- Qutput Processor. Based on the model and experiment, |
{' the SIMAN simulation program generates ocutput files which
:3 record the model state transitions as they occur in
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simulated time, The data in the output files can then be
subjected to various data analysis within the SIMAN output
processor or exported to a statistical package for
analysis, Within the SIMAN framework, the data analysis
follow the development and running of the simulation
program and are completely distinct from it.

System Debugging. Daobugging or model verificatfon is

the process of {solating and correcting the logic errors
that produce fnvalid results. The SIMAN system trace is
used within a discrete model to generate a detafled trace
report of the processing of entities. In the event mode,
the trace report summarizes the occurrence of each event
and detafils all operations executed within the event. When
a logic error {is detected, the SIMAN interactive debugger
may be used. It allows the user to interactively monitor
and control the execution of a simulation, Errors can be
fsolated and corrected during execution withoﬁt the need to
recompile, relink and rerun the simulation.
Model i ion

The topic of validating simulation models has been
discussed 1n the validation section of Chapter II and so
shall not be repeated here, It is the intent of this
discussion to describe two methods used in the validation
of this model,

It was discussed earlier that a model should be

developed with respect to a specific purpose and validated

for that purpose. From prior discussion in this chapter,
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it should be apparent that the purpose of this model was to

b construct a working model that will pave the way for the
N development of a more detailed model in the future; to be

{:E used as a guide to aid further simulation studies. The

:i? . model was validated with respect to that purpose,

!ﬁ First, the model was examined to determine {if it had a
f high degree of face validity. The model flowcharts (Figure
- 3.3 and Figure 3.4) were examined to determine if the model

;\?j logic "mirrors" the logic of the system under study. Any

;E; simulation study embraces a series of compromises as to the

?{2 level of detail that should be modeled. The model

‘§§ developed, contains all of the major functional elements of
éi the system studied and the static and dynamic relationships
d: seem to make sense., Therefore, the model arguab'y contains
?; a high degree of face validity.

‘Ei The following procedure was used to validate the model

'E§J empirically. Each of the theoretical input distributions
Ef were examined for goodness-of-fit., The Chi-square and

-3; Kolmogorov Smirnov goodness-of-fit tests were used.

ii Regression equations were examined and detailed residual

;i? analysis was performed. Empirical distributions and

:EZ median values are simply representative of the data points
s - sampled. A detailed discussion of these statistical results

; : were provided in the statistical analysis section of this

:f: chapter and will not be repeated here.




2

>
'l o
P af aF b ]

' g

£

o
P

Chapter IV

SUMMARY AND CONCLUSIONS
Summary

This project has resulted in the development of a
timber harvest simulator that models the actions of a cable
yarder operating in the Allegheny Region of Pennsylvania.
Elemental yarding time predicting equations were developed
from field data collected from that region.

In the model presented in this study, the level of
detail is the function itself (e.g. hooking service time,
unhooking service time, etc.). Indirectly, many different
"what-1{f" questions may be answered, but it requires the
user to estimate the change in the maximum likelihood
estimates of the parameters affected by the change
proposed. This 1s 1llustrated in Appendix B where the
model is used to examine two harvest unit configurations
in order to choose the best alternative with minimization
of make-span as the performance criteria,

The simulation model has been designed around the
central premise that a simulation model will go through
many stages of development during its lifecycle. At each
stage, the model will be refined as more data are
collected; perhaps by someone that has not been involved in
the study to date.

For this reason the model has been fully documented,

Each line of SIMAN code has been commented so that the
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model logic may easily be understood. The methodology, and
data used in the development of input distributions have
been 1ncluded and the results {l1lustrated.

As previously pointed out, the model {s modular fin
design. Specific functions of the model may be developed
independently of others. Predicting equations developed
from the time study conducted may be used for functions
where further data are not avaflable, As further data fs
collected on other functions, these functions may be
developed 1n greater detail, {independently of the others,

Areas For Further Jtudy

As previously mentioned, at the heart of any
simulation study {is the question of the level of detail to
be modeled. Very complex models take more time and
resources to develop and are more expensive to use, Less
complex models on the other hand, may not be detailed
enough to answer specific questions of interest,

The approach that has been taken in the mode)
developed 1n this study was to model the elemental yarding
cycle function as the lowest level cf detafl. Additional
data are needed if a higher degree of detafl fs to bde
modeled, These data could be incorporatec into a new mode!
that would consider speci{fic elements w'thin each fyunction
that has been currently mocdeled, Several! suggesticns
follow,

What affect coes the number of 1o7s yar<el per 47 €

have on productivity? As the numdber ¢ 1n7s yarteo cer
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cycle increases, hooking time, lateral inhaul time, and
inhaul time would be expected to increase. The total
number of cycles needed to complete the operation however,
would decrease. How many logs should be yarded per turn?

What effect does the type of cable logging machine
used have on the total cost of the operation? For example,
a very powerful machine would be expected to shorten finhaul
and lateral finhaul time. Perhaps more logs could be yarded
per turn, However, the hourly machine cost would be
expected to Increase as the machine capacity increases.
Would the total harvesting time for the entire operation
decrease enough to warrant the use of this larger machine?

In addiftion to modeling these machine specific
variables, a subroutine to calculate the cost of the
operation is needed. In general, the least expensive
system alternative will be chosen,

The size of the labor force should be consfdered when
predicting independent service times. What 1s the effect
of having a larger labor force? Does the total cost of the
operation cecrease?

Site specffic varfables such as slope, brushiness, ang
stan? structure shoulcd bHe considered. In general, a site
that ‘s very drushy woulZ take longer to harvest than one
trat 's not, The relationship between slope and
oroluntivity may not e as easy to quantify, Procuctivity
m3. te<reaze ‘2~ ,ery steep ang very flat sites, Thise

L.l Tt e aldresget fr futire meoZels,
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A subroutine to build a stand of trees to be harvested
is needed. Cartesian coordinates, a diameter, height,
and wefght for each tree could be estimated from cruise
data., A decision rule, specified by the user, would then be
employed to determine which tree or trees should be yarded
on a given turn, This would add to the realistic aspect of
the operation and many additional "what-{f" questions could
be addressed.

For example, many different logging configurations
could be considered, Several feasible log landing
locations could be examined and the best one chosen, The
question of how closely the corridors should be spaced as
opposed to increasing 1aterai outhaul distances could be
examined in greater detail than addressed in Appendix B.

With some of these suggestions for further research
implemented, the simulation model has the potential to

become a valuable tool for planning cable logging

operations in the Allegheny Region,

L I I PP T Y )
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Eorest Harvest Simulation Model

The Forest Harvesting Simulation Model (FHSM) 4s a
FORTRAN / GASP Il (Pritsker and Kaviat 1964), event-
orfented model that can be used to simulate a wide variety
of saw log and pulpwood harvesting operations {n the South
(Kil1lham 1975), Webster (1975) reported that the
requirements in developing this model were that 1t (a) be
flexible enough to duplicate the major systems used fin
timber harvesting in the South, (b) be detailed enough
allow for analysis of {individual harvesting functions, and
(3) possess a high "degree of believability" in the way 1t
duplicates a system's operations,

Webster further describes the model, To satisfy the
first objective, the model simulates the functional
elements such as felling, 1imbing, bucking, skidding, etc.
in various configurations., While the configurations do not
cover all types of harvesting systems in the South, they do
cover a wide range of them.

Each function has been built as a ‘separate component
in the model., Development of a model formulation for a
specific system involves assembling the various components
that comprise that system.

To satisfy the second objective, components of the
model (the harvesting functions) are defined so as to allow
different pifeces of equipment to perform the same function,

but also differentiates the equipment characteristics and

M A i
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work capabilities. For example, two different types of
skidders may be used in the skidding function,

To satisfy the third objective, the model {s detailed
enough to allow for the user to follow the flow of wood
through the model, In order to achieve this, a tree Is
felled and it provides the basis for wood input to the rest
of the model,

Model input can be divided up into general and
operational categories. General {input influences the
performance of all of the harvesting functions (e.g. tree
stand mix, tree size, merchantable height, etc.).
Operational {nput fs that which influences one harvesting

function (e.g. skidder capacity, travel rate of skidder,

etc.).

In general, the model output consists of production
data in board feet, cubic feet, and weight for each
harvesting component over the time horizon simulated.
Additionally, for each harvesting function, production
statistics, productive time, and {dle time are kept on each
plece of equipment or crew member,

Full-Tree Field Chipping and Transport Simulator

The Full=Tree Field Chipping and Transport Simulator
(FTFC) {is composed of two GPSS (Schriber 1974) simulation
models, one for chipping (Bradley et al., 1976) and one for
transport (Bradley and Winsauer 1976}, and was designed to

duplicate the features of a full-tree field chipping

operation including a stand of trees, feller-bunchers,
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skidders, a chipper with loader, trucks and vans, one or
two optional setout trucks, a millyard scale and a chip
dumper,

Bradley et al. (1976) provide a model description,

The model attempts to mirror the harvesting operation down
to elemental time within each function in order to give the
model a high degree of integrity. It is machine
independent in that machine speeds and capacities may be
altered to account for different equipment brands and
sizes,

FTFC does not consider delays caused by machine
breakdown but has instead concentrated on delays caused by
machine interaction. For example, the skidder may ™look
ahead”" to see if another skidder is unloading at the
chipper. If not, 1t will take its load to the chipper. If
another skidder {is unloading, however, it will deposit its
load at a stockpile and bring it to the chipper later, thus
representing a system delay.

Wood flows through FTFC in a manner {dentical to FHSM
with one exception, Instead of actually passing wocod from
one function to the other, parallel random number streams
are generated at each function., Wood flow 1is identical to
that of FHSM when wood passes through each function in the 4
same sequence, However, when the orders of two bunches
have been inverted from felling to skidding, the trees in 1
the bunches have been effectively rearranged, and hence,

skid turn statistics will vary from model to model,
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:5? Model 1{nput requirements {include tree locations (in x,y
;;ﬁ coordinates), tree volumes, and felling order of each tree
f#z in the stand., Elemental machine productivity and capacity
Eg data are also required,

£i§ . The model's report generator provides detailed production
2; and cost statistics by operation, system energy

};gs consumption, and net energy produced, the latter two in the
k-3 form of BTU's (Goulet et al, 1979).

- Harvest System Simulator

The Harvest System Simulator (HSS) is a FORTRAN-based

'- '- ‘- ‘l Il ‘l

:ﬁ time and event orfented simulation program and {s part of a
Eﬁ; larger package known as the Harvesting Analysis Technique
gf (HAT) (American Pulpwood Association 1972). The model was
;?; designed to simulate the productive and non=-productive
,%ﬁ (dow ime, breaks, etc,) activities of a harvesting system
,;& by simuiating the interaction between harvesting equipment
:;- and the stand being harvested.

o HSS 1s different from FTFC and FHSM in that it focuses

;3 on the larger systems aspect of the harvesting operation,

i; {.e., function to function interaction and not the detall }
;éi of any one function (Goulet et al, 1980).
i;éz O'Hearn (1977) described HSS. A maximum of 14
;ﬂ . machines, working in any combination, and a maximum of six
ff aggregations of 1ike machines (phase) can be simulated.

;i The harvested tract can be divided into a maximum of 14
jiz harvesting areas that can differ in stand type, volume per
Eﬁi acre, species, composition, and skidding distance to the
;ffi;:

o
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primary landing. Individual harvesting areas have no
acreage or veclume 11imits, Unique productfon rates may be
specified for each harvesting area-machine combination,
The user controls the order {in which harvesting areas are
processed, Terrain and stand 1imitations are modeled
through move or travel rate modifiers and deck locations,
Wood flows from phase to phase in aggregated volumes,

Nonproductive activities, such as machine faflures,
breakdowns, delays, and servicing, can be imposed logically
or stochastically. Repairs can be made at the stump, the
deck, or the shop. Repairs at the stump hold the machine
in place, while repairs at the deck or shop require the
machine to move to the primary deck., Delays are divided
into two types: major and minor., Major delays bring the
machine back to the deck, while minor delays leave it in
place, A distribution between productive and nonproductive
time can be provided.

Program output {is provided by two report generators
that can be called on separately or Jofntly. They provide
time, production, cost, and revenue statistics. Also,
discounted cash flow and return on investment analysis can
be made. A1l output reports and detailed and complete,.

Simulation Applied Io Logging Sytems
Simulation Applied to Logging Systems (SAPLOS)

(Johnson 1976) {fs a discrete event, FORTRAN / GASP IV

(Pritsker 1974), general harvest simulation model that fis

adaptable to a number of harvesting systems,

62
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Johnson et al, (1972) reported, the development of the
timber-harvesting model progressed through three phases of
analysis: (1) Identify and classify the most common
logging systems in Appalachia in terms cf the general
operations (subsystems themselves) fnvolved and their
points of fnteraction, (2) wWithin each subsystem {dentify
the activities particular to that subsystem adn determine
the sequence of these activities, Activities are the
varifous operations of a subsystem such as movement of a
skidder to the landing or the hook=-up of logs by the
skidder, (3) Combine the particular activities of the
subsystems into the general events and activities {involved
fn the actual computer model, Events signal the beginning
and ending of activities,

Johnson further describes the model. In the first
phase of development, six subsystems were fdentified and
represents the standard operations of this model., They are
felling, bucking, prebunching, skidding, loading, and
»;? hauling.

In the model, the operation of a particular subsystem
S is represented by the activities that make up that operation
and the events that signal activity changes. The second
phase of the model development was accomplished through

iﬁf the indentification of these activities. For example, the
{uf arrfval of a transporting vehicle at efther the stump or

skicroad signals the first skidding activity--winching or

hooking the 109 to the skidder, The stump depfcts the area
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iﬁ wnere the tree was cut, An enc-of-hooking event marks the
v
end of the winching activity and the beginning of a move to
;7 efther another tree or the lancing, depending on whether or
- not the loac is full,
) The third phase of cevelopment was accomplisheg
o
- throudn the fdentification of five "critical locaticns"
where the six logging operations overlap, A "critical
locaticn"™ on the ground forms a control point in the
- simulation model., They are (1) the stump or tree location
- in the woods, (2} the skidroad (when pretunchers are used),
.’ (3} the lancing, (4) tne prenaul Zock {(when shuttle trucks
.'::
-2- anc¢ prehau! tratlers are usec and¢, (5 the processing point
-0
) such as a mi1l1 yard),.
A Two stages of fnput are regufred fn the computer
s
. mocdel. The two stages consist of objective information anc
- , ,
- subjective fnformation, Objective {nformaticn consists of
_ the distributions used fn the procuction eguations an<d are
- used to obtain travel <distances ancg loac sfzes. Sublective
5- fnformation 1s usec¢ in eguatfons to calculate procucticn
N times, The subjective fnformaticn descrinses the “ogaing
~.
. system being simulated fn terms of the varfadlies unigue
¥ S
-~ ‘ _ ' ,
" that system, e.5., a cescription of the terrain in terms of
-
A slope and soil,
" . ) . ‘
o Model cutput consists of orofuction from the 2peration
N , _ , |
A In cuzsic feet of timber, tne time reguirec to acreve this
1
o procducticn, and the total cost ‘nvolves ‘n 2rotyc-ns the
~
- timber.




Timber Harvest and Transport Simylator

The Timber Harvest and Transport Simulator (THATS)
(Martfn 1975) 1s a FORTRAN based time and event oriented
simulation program which models the major harvesting
systems of the Appalachfan Region. Martin (1975) cescribes
the structures, methodolcgy, and main components of THATS,
THATS 1is built around a main program composed of eight
components (felling, bunching, skidding, bucking, lcading,
hauling, roadbuilding, and cost accounting) and a "clock."
The model is a time oriented simulation in which simulated
time on the clock {s advanced one minute, then checks are
macde for active events.

Simulated event times are generated efther from given
averages and standard deviations, or from event times
orocucec by a regression equation developec from collectec
jata, A1l random variable event times have efther a ncorma’

or a ‘ognormal cistribution, [f any s<ewin; {s present in

ct
(9]
2

the time study <ata, the lognormal zZistrisy e ousel,
Reqression equations from data collectedg for Appalachian

1on54%na nperations are c¢ontainec ‘n the report,

The system simulates one Zay at a time arm! s uts >wn

at tre ent of the wor-ing Jay {17 a stasterel marner, witn
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and the output from the operation is a volume. The next
operation draws trees or pieces from the deposited output
volume, but these new trees or pieces have no relation to
the fnput trees of the first operation except that their
total volume equals the doposited output volume., Ffor
example, a tree 1s generated for the felling operation,
feliing statistics are collected on that tree, and the
volume of that tree {1s deposited for the bunching
operation, The bunching operation will now generate new
trees up to the volume of the felled trees deposited.

Input for THATS includes time and motion data
appropriate to teh system being studied. For those
functions {n which operating or delay time has not been
related quantitatively to system or stand parameters, the
input consist of expected values (and their standard
deviations),

Output from THATS {include system status {information,

time summaries, production summarfes, and cost summaries

Martin (1G675),
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Comparison of Two Harvest Unit Configurations

* Falnlaliuths

The simulation model was used to compare two harvest

unit configurations, The uttlity of the model Is

= highlighted and the procedure for modifying the
experimental frame is 1llustrated.
In the first scenarifo, the unit was harvested from four

corridors at landing 1 and two corridors at landing 2; fin

LAY

the second scenarifc there were two corridors at each
landing, Minimization of make-span (total time to complete

the operation) was used as the performance criteria,

[Cof DA P M

The crux of the analysfes was determining whether *‘t
takes more time to harvest the unit from more corrfdors but !
with relatively short lateral hauls versus harvesting from
fewer corridors but with relatively long lateral hauls, ‘

The first scenario was modeled using equations
- developed from the time and motfon study that was
carried out. Mocgffications were then mace to three c¥
these equations in orcer to reflect the changes trat were
made for the second scenario,

First, the times (number of cycles to complete at a
qJiven outhaul c¢istance) empfrical cistridution was
i: modified to reflect the fincreased 'ixlihood of hPavir: mcre
yarding cycles at a qifven c'istance than ‘n thra firgt 1
scenar‘o, The ltateral {nhaul ang latera' cutrau' eqguat "

< ware then modified to reflect the ‘rcreased ' iwlikoct o

R

-

- having relatively longer lateral hau's, rece T har JEc e

fllustrated 5y compar‘ng the two “IMAN excerimerta’ +4rame
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1istings. The 11sting for scenario 1 (pp. 73-74) is
presented in {ts entirety. The 1isting for scenario 2
(p. 75) only includes the changes that were made, A1l
other code is identical to that of the first 1isting. The
SIMAN model! frame listing (identical for both scenarios)
is presented (pp. 76-79)., Directions for the modification
of the experimental frame are presented below.
Interpretaticn of Mode] Qutput

When {nput to a simulatfion model are random (as 1is the
case here) the output statistics will vary from run to run,
It s thus necessary to perform several replications of
each scenarfo and perform statistical analyses on the data
of *‘nterest. The procedure 1s strafghtforward and will not
e presented here. The output from two simulation runs
fone from each scenario) are presented in Table B.l and B.Z2

anc¢ are sufficifent to highlight the utility of the model,

From these tables 1t can be seen that make-span for
scenartoc one was 144,400 seconds (40.1 hours) and for
scenaric two 127,000 seconds (35.3 hours)., Therefore,
scanar‘o two would be chosen,

Lire

tigns For Mgogification of Experimental Frame

fey

The current mocel {s set up to model a harvesting
~onflquraticon with two landings, Modification of the SIMAN
meiel frame woul? Se necessary to consider additional

taniirgg, nis tiscyussion will thus only provice

‘ngtryatiognsg for thre mocification of the number of

corritorsg "arveste: ant of parameters associated with those

NN
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corridors (corrfdor length, starting distance, and
incremental corridor increase), In general, n corridors
may be considered as follows:

1) In the COUNTERS element change the last number to n+l;

2) In the PARAMETERS element 2, change the second number
to n;

3) In PARAMETERS element 5, specify the {ncremental
corridor increase desfred;

4} In PARAMETERS element 6 and 11, specify the last
corridor number at landing 1 and n respectively;

5) In PARAMETERS element 27 through 27+n, specify the
corridor lengths;

6) In PARAMETERS element 28+n through 28+2n, specify the
starting distance for harvesting at each corridor,
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. #SIMAN Experimental Frame - Scenario 1%*
BEGIN;
PROJECT,CARLE YARDER,PETER HXES,2/12/1987;
DISCRETE,S,3;
» TALLIES:
1, QUTHALL DISTANCE,11:
2, QUTFALL TM.]Z:
3, LAT., QUTH.. TIME,13:
4, HX TM)]A:
5, LAT, INHL, TIME,15:
6, INNAL TIME, 16:
&) 7» INH., OLY. TIME,17:
X 8, UNHOCKING TIME, 18:
- 9, AR, LAD TIM,19;

ey L Tl .0",

2 OOUNTERS: 1,END CF RN, 7;
Ay REPLICATE, 1;

4 PARAMETERS:
v 1,2,0: I TOTAL NMEER OF LANDINGS
- 2,6.0: | TOTAL NMBER (F CCRRIDCRS
; 3,14400.0: ! LADING SETWP TIME (SECONDS)
- 4,5400,0: ! CORRID(R SETWP TIME (SECONDS)
5,5: I INCREMENTAL CORRIDCR INCREASE
€,4.0: ! LAST CCRRIDCR NUMEER AT LANDING NOMEER 1
7,4.46: | BETAO FCR LANDING NNMEER 1
8,0.05204: ! BETAL FCR LANDING NLMEER 1
9,5.14: ! BETOO FCR LANDING NOMEER 1
10,0.26617: | BET.1 FOR LANDING NUMEER 1
2 11,6.0: ! LAST CORRIDCR NLMEER AT LANDING NMMEER 2
12,.9%5: ! PROB. CF NO INFALL DELAY AT LANDING NUMEER 2
13,100.63: ! DURATICN CF INHALL CELAY AT LANDING NMEER 2
14,56.59: | LATERAL QUTIME BETA PARAM (1) FOR LANDING 2
15,2,98: ! LATERAL QUTIME ALPHA PARAM (2) FCR LANDING 2
16,6.34: | BETAO FOR LANDING NOMEER 2
17,0.03038: | BETA1 FOR LANDING NMEER 2
18,24.68: | BETOO FCR LANDING NIMEER 2
- 19,0,10185: | BET11 FOR LANDING NMBER 2
- m' .24’11 .34'29 04803l .55 ’41 .58'69 .69’71 .7218p .76’9’ -791 100 .82'111
N .86,12,1,20: ITIMES DISTRIBUTION
N 21,35.50,2.56: | LATERAL QUTHALL TIME DISTRIBUTION INFORMATION
. 2,53.81,1,9015: | HOOKING TIME DISTRIBUTION INFCRMATION

) ) 3,.01,4,.1,11,.2,14, .3,17, .4,22, .5,30, .6,40, , 7,68,

- .8,92,.9,136,1,,387: | LATERAL INGALL TIME DISTRIBUTION INFO.
24,.992,0.0,1.0,94,16: | INWALL DELAY TIME INFCRMATION
x%,18.9,7.73: I UNHOCKING TIME DISTRIBUTION INFCRMATION
26,.858,0.0,1.0,45.0: QLEAR (F LANDING TIME INFCRMATICN
27,300.0: LENGTH (F CORRIDCR NMEER 1

LENGTH (F CCRRIDOR NUMEER 3
LENGTH OF CORRIDCR NUMEER 4

!

!
28,300.00: | LENGTH (F OCRRIDCR NUMEER 2
':- Eim.m: !
. 30,300.00: !
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| LENGTH (F CORRIDCR NMEER §

! LENGTH OF CORRIDCR NOMEER 6

| STARTDISTANCE AT CORRIDCR NUMEER 1
] STARTDISTANCE AT CORRIDCR NIMEER 2
! STARTDISTANCE AT CORRIDOR NUMEER 3
! STARTDISTANCE AT CORRIDOR NUMEER 4
1 STARTDISTANCE AT CORRIDOR NMEER 5
| STARTDISTANCE AT CORRIDCR NUMEER 6
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o #STMAN Experimantal Frame - Scenarfo 2%

\ -
.
o .
v -

-~ QOUNTERS: 1,END OF RUN,5;
i PARAVETERS:

o) 2:4.0: ! TOTAL NJMBER CF CCRRIDCRS

-, 6:2.0: ! LAST CORRIDCR NLMEER AT LANDING NMEER 1

S .
ks
Mo .
Sl
AN
Al .

11,4.0: ! LAST CORRIDCR NUMEER AT LANDING NUMEER 2

i}
PO

‘\" 26, 21,1, .28,2,.39,3, .42,4, .48,6, .62,7, .68,8,.74,9, .77,80, .80, 11,
-3 .86,12,1,20: ITIMES DISTRIBUTION
Y 21,50.00,2.56: { LATERAL QUTHALL TIME DISTRIBUTION INFCRMATICN

; B’ 00104’ 007l 11' 014’14’ 021) 17) .35’2’ 049’3O’ 08’40’ 077'&’
7 .92,92,.97,136,1.,387: | LATERAL INFALL TIME DISTRIBUTION INFO,

. 27,300.0: ! LENGTH OF CORRIDCR MMEER 1

= 28,300,00: | LENGTH OF CORRIDOR NUMEER 2

e 29,300.00: I LENGTH OF OORRIDCR NUVEER 3

-~ 30,300.00: | LENGTH OF OORRIDCR NUMEER 4

- 31,20.00: I STARTDISTANCE AT CORRIDCR NLMEER 1
N 32,20.00: | STARTDISTANCE AT CORRIDCR NUMEER 2

(. 33,20.00: | STARTDISTANCE AT CORRIDCR MUMEER 3

y 34,20,00; STARTDISTANCE AT CORRIDOR NUMEER 4
d)

" \:::
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HSTMAN Model Frame**

EEGIN;
SYNONYMS:
TIMES = X(1): ! NNMBER OF CYCLES AT A SPECIFIED CQUTHALL DISTANCE
CTIME = X(2): ! NIMEER OF CYCLES COMPLETED AT CLRRENT QUTHALL DISTANCE
INCRE = X(3): ! INCREMENTAL OORRIDCR DISTANCE INCREASE
BETAD = X(4): | Y=INTERCEPT IN ECLATION TO PREDICT QUTHALL TIME
BETAL = X(58): | CCEFF, OF QDIST IN EQUATION TO PREDICT QUTHALL TIME
BETO0 = X(6): 1 Y=-INTERCEPT IN EQUATION TO PREDICT INFALL TIME
BET11 = X(7): | CCEFF, OF QDIST IN EQUATION TO PREDICT INWAL TIME
LNMB = X(8): ! CURRENT LANDING NOMEER
CNMB = NC(1): I CURRENT CCRRIDCR NLMBER
NME. = X(9): | TOTAL NMEER OF LANDINGS
NMEC = X(10): ! TOTAL NMEER OF CORRIDCRS
LTIME = X(11): ! BLAPSED TIME SINCE QORRIDCR BEGAN
CLENG = X(12): | LENGTH OF CURRENT CCRRIDCR
DIST = X(13): ! DISTANCE WHERE HARVESTING BEGAN AT CLRRENT OCRRIDCR
TTDVME = A(L): 1 MARKS SIMULATED TIME AT BEGINNING CF A TURN
CDIST = X(14): 1 QURRENT QUTHALL DISTANCE
TCLEA = X(15): ] TIME TO CLEAR QURRENT LANDING OF LOGS
CTIME = X(16): ! QUTHAL TIME
LOTIM = X(17): | (ATERAL QUTHALL TIME
LITIM = X(18): U LATERAL INfALL TIME
ITDE = X(19): I INHALL TIME
HOTIM = X(20): 1 HOOKING TIME
UHTIM = X(21): 1 UNHOCKING TIME
IDTM = X(22): ! INHALL DELAY TIME
LOORR = X(23): | NIMBER COF LAST CORRIDOR AT THE CURRENT LANDING
LSUTI = X(24): ! LANDING SETWP TIME
CUTT = X(25); CORRIDCR SETWP TIME
START  CREATE,1;
ASSIGN: 'NMBL!' = CO(1); ASSIGN NMBL
ASSIGN: 'NMBC! = 00(2); ASSIGN NIMEC
ASSIGN: 'LSUTI! = C0(3); ASSIGN LTI
ASSIGN: 'CSUTT' = CO(4); ASSIGN CUTI
ASSIGN: 'INCRE' = QO(5); ASSIGN INCRE
+ IHEHHHEEEHHEAHHOREHERREHRRRHHHERHHEEHEHEEHEHHHEEOIREORHERRRHOHOHHHOOR
Pl INITIALIZE VALLES FCR LANDING NUMEER ONE *
+ FHOHHHOHHHHHHHHOHOHHOHEHRORHHHBEHEEORHEEHEHEHEOHHOOHHHOORHHOHOHEORE
LANDLT  ASSIGN: 'LNMB' = 1; ASSIGN LN.MB
ASSIGN: 'LOORR! = CO(E); ASSIGN LOCRR
ASSIGN: 'BETAD! = CO(7); ASSIGN BETAQ
ASSIGN: 'BETAL' = CO(8); ASSIGN EETAL
ASSIGN: 'BETOO!' = CO(9); ASSIGN BET0O
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ASSIGN: 'BET11' = CO(10); ASSIGN B8ET11
DELAY: "LSUTI': NEXT(NEWOCRR);  DELAY BY LOUTI THEN PROCEDE TO
; BLOK NEWOORR
» IHEEHEEHEEEEEHEEHEREEEEHEEHEEOAEEEEHOEHEEHEHEHOEEEEFIEEREHEEHEHOEEREHEOE
H INITIALIZE VALLES FCR LANDING NUMBER TWO *
I » FEEEEEEEEMEHEEEEHEEEEHEOEEREEEEEREHEBHEEHEOEEEHEEEEEHEEEEEHEEEOEEHEEOOHEHO
LANDZ  ASSIGN: 'LCCRR!' = Q0(11); ASSIGN LCORR
ASSIGN: P(24,1) = C0(12); ASSIGN PROB. OF AN INHALL DELAY
ASSIGN: P(24,4) = CO(13); ASSIGN DURATION OF AN INHALL
H DELAY
H ASSIGN LATERAL QUTHALL DISTRIBUTION:
ASSIGN: P(21,1) = C0(14); 1. BETA PARAMETER
ASSIGN: P(21,2) = CO(15); 2. ALPHA PARAMETER
ASSIGN: 'BETAQ' = CO(16); ASSIGN BETAD
ASSIGN: 'EETAL' = CO(17); ASSIGN EETAL
ASSIGN: 'BETOO' = Q0(18); ASSIGN BETO0
ASSIGN: 'EET11' = C0(19); ASSIGN EET11
DELAY: 'LSUTI': NEXT(CONTINUL); OELAY BY LSUTI THEN PROCEDE TO
BLOCK QONTINUL

B R
* INITIALIZES VALUES WHEN CHANGING CORRIDCRS *

FEHEEEEHEHEEHEEEEEREEREHHEHEEEEHEEEHRRHHEREHEHOEHERHEEOEERHEHOEOEOEOEREOR0E

we Wr we we we ws

NEWCORR  COUNT: L,1; INCREMENTS CNUMB
BRANCH, 1:
IF, 'CNMB' EQ. 'LCORR' + 1, NEWLAND:
BLSE, CONTINUL; IS LANDING COMALETED
CONTINUL DELAY: 'CSUTI'; DELAY CSUTI
ASSIGN: A(2) = 'CNUMB'™26; INCREMENTS A(2)
ASSIGN: A(3) = 'CNUMB'+26+'NUMEC!; INCREMENTS A(3)
ASSIGN: 'LTIME! = 0; ASSIGN LTIME
ASSIGN: A(1)=TNOW; ASSIGN TTIME
ASSIGN: 'CLENG' = QO(A(2)); ASSIAN QLENG
ASSIGN: 'DIST' = CO(A(3)); ASSIGN DIST
ASSIGN: '(DIST' = 'PIST'; ASSIGN DIST
ASSIGN: 'TIMES' = DP(20,1); ASSIGN TIMES
ASSIGN: 'CTIME' = 1: NEXT(CORRIDCR); ASSIGN CTIME THEN QO
; TO BLOCK CORRIDOR
i » IHEHEHEEHEHEEEHEREEHEEEEERERNEHEEEEEHEOHEHEHEEEHHEHEROHEEEEEOOOOHOMO0O0CH:
3t INITIALIZES VALUES WHEN STARTING AT A NeEw QUTHALL DISTANCE  *
» IEEEEEHEOE00HEHPEHEEHEHEOEHOOHEEHEEEEH0EHEHEEHEEREHEHEEHEEOHEOEREHOO0U0E
NEWDIST ASSIGN: 'LTIME' = TNOW - 'TTIMEY; ASSIGN LTIME
"SSIGN: '(DIST' = '(DIST! + 'INCRE?; ASSIGN DIST
ASSIGN: '"TDMES! = DP(20,1); ASSIGN TIMES
2RANCH, 1:

.- - RN
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IF, 'TIMES' .EQ. O, NEWDIST:

ELSE, CONTINUZ; ANY TURNS AT CURRENT
H DIST
CONTINLRZ ASSIGN: 'CTIME! = 1; ASSIGN CTIME
B?AN}i. 1:
IF, 'IST' .GT. 'QLENG', NEWCORR:
ELSE, CORRIDOR; TESTS IF CORRIDCR IS
H COMPLETED
+ 1I9HEEBHEHEHEHEREHEHEEERHRERHEEHHHHEEHHEEEEEHEHEHEBHHEHEHOOHHHEOHHOOHHOOHNH:
* INITIALIZES VALLES WHEN STARTING A NEW LANDING *
© FHHHHOEHHH I HHEOOCHEEHOEEEHEE0HEEEMEEREEEHOEOREEOERIHHEEHEEHHEEHO
NEMAND  ASSIGN: 'LNMB' = 'LNMB' + 1; ASSIGN LNMB
BRANCH, 1:
IF, '"LNMB'.EQ, 2, LANDZ:
ELSE, INISHED; NEW LANDING CR J(B
H COVPLETED
« IEHEEEHEEEEREHEEEERHRHEEEHEREHOHEHEEEREEHEMEEHOOEEEEOHHEEEEEEHEORHEOHOHHE
3* OOMPLETES A YAROING CYOLE *

HHHHEHEHEOOHEHEHRHHHHBHRHHBHIHEHORHHOHOHEHOROHEEREHIHEHHHHREHHEOOHE
CORRIDOR ASSIGN: 'OTIME'! = 'BETAQ' + 'BETAL'*'(DIST';  ASSIGN OTDME

DELAY: 'OTIME! ; DELAY OTIME
TALLY: 1, 'CDIST'; RECCRD CDIST
TALLY: 2, 'OTDME'; RECORD OTIME
ASSIGN:  'LOTIM!' = WE(21,1); ASSIGN LOTIM
DELAY: WWOTIM? 5 DELAY LOTIM
TALLY: 3, 'LOTIM'; RECORD LOTIM
ASSIGN:  'HOTIM! = WE(Z2,1); ASSIGN HOTIM
CELAY: 'HOTIM! ; DELAY HOTDM
TALLY: 4, "HOTIM'; RECORD HOTIM
- ASSIGN:  'LITIM' = CP(Z3,1); ASSIGN LITIM
DELAY: TLITIM! OELAY LITIM
TALLY: 5, '"WITIM!; RECORD LITIM
ASSIGN: 'ITIME' = 'BETOO' + 'BETI1Y*'CDIST'; ASSIGN ITIME
DELAY: '‘ITIME! ; DELAY ITIME
ASSIGN:  'IDTIM! = DP(24,1); ASSIGN ICTIM
CELAY: 'IOTIV! ; DELAY IDTIM
TALLY: 6, 'ITDMEY; RECORD ITIME
TALLY: 7, 'IDTIMY; RECORD IDTIM
ASSIGN: 'UHTIM! = RL(25,1); ASSIGN LHTIM
CELAY: 'WHTIM!; DELAY UHTIM
TALLY: 8, '"WHTIM'; RECORD UHTIM
ASSIGN:  'TQLEA! = DP(25,1); ASSIGN TCLEA




COMALETED AT (DIST

DELAY TCLEA
TESTS IF ALL TURNS
ENDS THE SIMULATION

RECORC TQLEA
ASSIGN CTIME

.
r

.
’
.
’

DISFCsE

'CTDE' = 'CTDE' + 1

"TOLEA';
9, 'TOLEA!
EBRANH, 1

.
.

IF, 'CTIME' LT, 'TIMES',

ELSE, NEWDIST;
ll l:

OELAY
TALLY
ASSIGN

.a oa sa
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APPENDIX C

STATISTICS COLLECTED
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