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1. NATUR® oF THE RESEARCH PROGRAM

Objectives: 'fhd obijective of the Résearch shail be the structuring
of a systems model of'mbdeis sufficient to ﬁilidly represent the endeavors
involved in the "Hdtvesting and Transpottat{ot of ?ﬁipwood." Such model
or models shall portrdy the significatt chatdcterlstics and coastraints on
such systeins ak they now exist, and as they are likely to exist prior to
the year 2000. Such model or models shall portray the compatibility or
incompatibility of the various existing résoutce ownership patterns, sil-
vicultural aspects, labor patterns, techniques of harvesting, and tech-
niques of transportation; and such patterns and techniques anticipated
prior'to the year 2000. The resultant model or models shall have the abil-
ity of quantifying the productivity of the maiér‘;esoutces utllized in the
system and its relationship to economic investment and resource pricing.

- Scope: The Reséarch shall be limit;d to the "Southern Pines Pro-
ducing' geographical region and shall comsider the resource material for
paper manufacturing from the time of the'éianting of the seed to the time
of chemical treatmeui of the fiber in the paper-making process. The Re-
search shall consider transportation of the resource material in any
fiber form from stump to paper-making facility. For purposes of model
construction, one paper-making facility and its resource area shall be
the endeavor unit to be measured, providing its interfaces with other
adjacent facilities and resocurce areas are firmly delineated. Nomn-typical

facilities or resource areas shall be given due consideration. Provision

in the model or models shall be made to quantify the socilal and political



interrelationships between the paper-making facility and its fesource
owners and processors, to equate them to the economic quantification of
the model or models. Management téchniques and business skills of the
resource harvesters shall be given consideration in the model building
proéesses.

Method of Approach: After an introductory and familiarization
period necesdary for the Research Group té become adquainted with the
current state of the art, presént characteristics and constraints on the
fsystem shall be defined and quantified using the systems approach for
analytical purpose. Inputs, outputs, and levels will be explored for
model compatibility and classification, and to define problem areas within
tﬁe models. Various models of the present systems will then be designed
for testing the present system, using simulatioﬁ téchniques apparently
applicable. After problem aregs have been minimized, then the most likely
model or combination of models will be selected for testing the parameters
for sensitivity. Further testing shall be made to insure the model or
combination of models is responsive to the objectives of the research
program, Results shall be reported in accordance with the schedule and

format proposed by the Research Sponsor.



IT. GOALS OF THE FIRST TWO YEARS OF THE PROGRAM

\

Considering little prior work in the pulpwood harvesting and trans~-
‘portation field ha& been previously performed in the School of Industrial
Engineering, the first two goals of the program were:

(A) Indoctrination, and

(B) Involvement.

Indoctrination was accomplished by a comprehensive visitation program
to producers, dealer organizations, wood yards, managed Forests, pulp

. and paper mills and professional meetings. This was coupled with detailad
literature searches as outlined in the bibliographies of the research
reports abstracted in this report. Attendance at professional meetings
.such as T, A, P. P. I., A. P, A., and F. P. R. C. and joint meetings
with the A, P. A, Harﬁesting Research Group, at Dr. Walbridge's suggestion,
were most beneficial. Weekly meerings were held wiﬁh the entire Preject
- group, in the early stages of the program, to promote free exchange of iu-
formation and resource information encountered. Various S. E. A. mills
and forest management groups were extremely helpful during this indoctrinmation
-period.

Involvement was accomplished simply by putting people to work doing some-
thing in which they were particularly interested. Wide latitude was given
éll‘members of the Project group to study, analyze and report on facets of

~ the general problem which, in their initial opinien, would result in new
‘conciusions. Naturally, as this work was performed and more resources in-
formation became available, many of the participants found that their
original ideas had already been well processed elsewhere, so they were forced

to modify their original goals. Practically the only limitation placed on



these early projects was that the approach must be made from the systems
viewpoint.v This caused somé ﬁikficulty as much of the resource information
appeared to be concerned with bﬁb Eachine, Or one crew, Or one company.
Both qualitative and quantiéétl*ﬁ Works were produced, generally as term
papers or term project reports. The quality ranged from excellent to poor
as ﬁould be expected, but the results of creat;ng active involvement was
achieved. ﬂ

Further goals of the first two years of the program were to develop:

(C) Continuity, and

(D) Definition of scope.

Continuity of effort became more apparent in the second year. As non-
funded Graduate and Undergraduate participants produced various works,

. the necessity for amplification or furtﬁer study in areas of great potential
became apparent. Thus the work pérfofmed by funded Graduate Research
assistants became a foundation upon ﬁhicﬁ all could”buiid. A study of the

- T abstracts in Section VII demonstrates how this was slowly accomplished.
Programs and simulafions developed with synthetic data have revealed what
sort of "real world” data was necessary. This was gathefed from the S.E.A.

-membership in order that there be a continuation from theoretical to applied
results.

Definition of scope for the research effort was an area of major concern
at the end of the firet year. The variety of works performed by the Profact
group hﬁd, "so to speak", unlocked many more facets of the basic problem
than initially were outlined to the original three Research Associates. Using
the systems approach to the problem naturally broadened the research effort
beyond the one forest, one producer, one woodyard pulpwood producing activities.

Proofs of some of the tentative conclusions of early works even within the



feferénca framework of one mill and its support systems, appeared much more
involved than ofginally anticipated. This can be revealed in a comment

made by J. J. Stark upon submission of his Master Thesis, "Two more pages

and this thesis would have made a fine Ph.D. dissertation."” The Research
Associates therefore had to set reasonable restrictions on the 3cope of work
being performed. This could not be done until the "involvement" stage in the

development of the program had been'accomplished.

. .



I11. GOALS OF THE LATER YEARS OF THE PROGRAY
,UlFour_gogls were basically been eétablished for the later years the
program. The first two of these are:

(A) Refinement, and

(B) Consolida*isn.

Refinement was necessary ih order to pxhca the creative work already
performed into easily useable fdrm. W1E£ écope fairly well defined, the basic
individual -ork had to be tested ané evaluaféd and tﬂen révised to fit within
the overall purposes of the Resesrch Program,

Consolidation of various small models, created individually, into one
or ﬁore master models of the area under study consumed an ever increasing

’propottion of the time available to the Project group. In the simulation

oriented research areas there appeared to be at least seven typical types

of models necessary to be responsive to the purpose of .the Research. These

- were:
(a) A Forecasting Model : ' (d) A Forest Manazement Model
(b) An Organizational Policy Model (e) A Design Evaluation Model
(c) An Equipment Systems Model (£) A Financilal Evaluation Model

(g) A Transportation Analysis Model
Individual models of a restricted nature were created for all typical model
types. However, omne 6f the concern of éhe Project Director was to allow
Freedom of research outside the scope of systems simulation. Therefore, other
Jesearch was allowed to continue. Both refinement and consolidation stages
of any research program always consume more man-hou.s than originally con-

templated. This was true in the case of the work reported hereafter.



The second pair of goals for the later years were:

(C) Communications, and

(D) Sponsor Comprehension and Acceptance.

Communications can cover a wide variéé& of methods of presenting
researcﬁ activities, ranging orally from informal presentation of research
to a small group to the short course-seminar presentation open to industry
attenéance, and ranging verbally from the in—ﬁouﬁe written teport for the
sponsor group to the submissibh 8f refereed r¥search papers to international
publichbiona. 8. E. A. advised HHe reseirch Hroub to develop these lines
of cottunicatisnd wich litﬁih raéttictioﬁ athithed to dissemination policy.

Sponsor comprehension and acceptance was paramount to a project of this
pature. Having placed a research group in position to become involved in

'a pew environment was one thing. Maintaining and amplifying involvement,
particularly at the undergraduate and graduate levels was an entirely dif-
. . ferent problem as the participants constantly changed from one year to

the next, sometimes before they co&ld éven learn of the sponsor's reaction.
So, quite naturally, as work was produced and communicated to the spon-

’soring group, as reported in the abstracte found in Section VIL and VIII, and in
other presentations to them, the Project group was anxious for the sponsor
feedback for this could have stimulated greater responsive effort. The

Research group anticiﬁated acceptance, but, as in all research programs,
rejection of segments of the research or requests for modifications did occur.
The Project group, therefore, in comsultation with S, E. A. counsel erace-
fully modified those pottiéns of iﬁs efforts to best fit the needs of tle

Sponsoring group.
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IV. FACULTY INVOLVEMENT

Two members of the Ceorgia Tech faculty, Dr. Joseph Krol, and Mr.
H. K. Rogefs, and one member of the University of Georgia faculty, Dr.
Peter Dyson, were funded in the S. E. A. sponsored work. Approximately,
fifteen other members of the Georgia Tech faculty contributed to the
projgct in the direction or reviewing functions required.

Dr. Krol directed the work which resulted in five of the Special
Lesearch Reports, while Mr. Rogers directed the work in the remaining
oix Special Research areas, all previously submitted to the sponsoring
agency. Dr. Dyson'acted as advisor for silvacultural and other forestry
consideration and was directly imvolved in six of the eleven problem areas.
HMr. Rogers acted as Project Director.

All three faculty members have given lecturer, seminars, and presented

papers as a result of the research preject. All three faculty members

have published and disseminated the general results of the research to

industry. Considcrable interest in research activities in the pulpwood

industry was brought about by these activities.



V. GRADUATE STUDENT INVOLVEMENT
Approximately, nide éraduate students were funded by the project for six
to fifteen‘months each. Approximﬂéely twelve other graduate students
rerformed Special Research Projedts or Masters Thesis in this work area
during its funded iife.
In fact the ﬁéjor ﬁorﬁ in six of the eleveh Special Research ﬁepbité
fumiahed to the sponsor wete ;'ierforme& iay non-funded Graduate students
who developed an interest in this work area. Further interest at the
Graduate level was stimulated by course work given to the general Graduate
students based on tﬁe problems encountered in the research area.
Unhappily, to our knowledge after four years of research effort, not
one of thé Graduate students exposed to the challengeé of the research area
‘have been employed by pulp or paper industries. In only four instances
were the twenty-odd Graduate students directly 1nvolve§.offered positions
.1n the industry and in those Instances the salary offered was not competitive

vith other industrial opportunities.
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VI;. UNCERGRADUATZ STUDENT INVOLVEMENT

Approximately four Undergraduate students received funded benefits
from the résearch program. 1In several imstances the completeness of the
-doéumentatidn of computer programs presented in the Specilal Research
Reports vere»tha result of a number of months of effort on their behalf.

Some further student interest of the undergraduate level was generated
by their being made aware of the large member of faculty and graduate students
at the School of Industrial and Systems Enginéering who were participating
to some degrée in the project.

Undergraduate séudents attended Georgia Tech #nd induatry sponsored

seminars and meetings reléting to the work area.
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VII. SIMULATION ORIENTED RESEARCH
As the main thrust of the research was to apply systems analysis
techniques to the problems involved in the harvesting and transportation
of pulpwood; the creaiion of many different models was attempted. Each
was created for use by the individual mill or company in the solution

of its own particular problems. The scope of application to the single
prﬁduct pulpwood industfy was much wider than had originally been antici-
pated ahd eight computer programs were developed for syg;ems analysis

activities. The basic Uses dre discussed below. o
i. Scope of Computer Simuid%ioh Uses In The Pulpwood iﬁéustry

It is therefore approaprite to simmarize the variety of uses found for
computer simulation programs.

; a. To gain an appreciation for the future production required in the
field under study, it was felt apprupriate to design a long-~range forecasting
model for the industry. This required a dynamic feedback model using

" contlnuous simulation. It was useé primarily to analyze the prediction func—
. tion 1n the pulpwood paﬁer industry. This particular simulation model was
expected to be of interest to the sales departmen:s of the various paper
-companies and thelr dealer/producer systems in order to predict the volume
of work to be performed in the future and the revenues to be obtained there-~
from. It required a ;ong-range model analyzing the order-production flow

'telgtionship. | A

b. It then became neceséary to examine the types of organizations that
are used to produce the product. To accomplish this objective, a model was
needed wherein one could experiment with changes of organizational policies
within these sfstems. This required another use of continuous computer simu~
lation techniques to create a dynamic feedback model which could analyze

the communication functions in the system and theilr response times. This
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model would be of parﬁicuiar intetest to the procurement/déaler system
in any paper company, particular gslthé output of such computer model
predicates not only the inventcries of goods on hand and the time lags be-
tveen orders and resultant production, but to a greater degree the or-
ganizational reaction time of the éystéﬁ which predicates its costs. A
short-term time span was used and, fdk short range analysis of the order~pro-
duction flow telatioﬁships, this model was ¥ound to be an especially
‘helpful tocl in studying anticipated delays ﬂﬂd in finding the difficulties
in commudication Flows within existing organiéétions.
¢. At this bbiﬁt. it became desira%le té éxamine the changes which might
occur -In the production potential of the physical system involved in the
'harvesting function. Hence, a computer simulation model was built to
experiment with changes in or substitution of, different physical components
in the system. In this instance the producer is moving wood through a
- ~ machine system. Thus, a discrete qodel was necessary, for the user was
primarily interested in determining the utiliration rates and queues within
the production function being analyzed. This simulation model, it was
.felt, would be of particular interest to the producer himself, as his selection
of tha many physical harvesting alternatives predicates his costs. This was
a short-range model primarily concerned with analyzing physical alternatives.
d. The question tﬁen arose regarding some method of predicting the forest
to be worked on in the future aﬁd experimenting with changes in resource
allocation policies within the system. This work was undertaken and required
the combination of a continuous and a discrete simulation model. The discrete
section‘of the model was used to analyze various allocation decisions, and

these results were pumped into the continuous section of the program to
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determine investment outcomes. It was felt that this type of analysis would
be particu}arly useful to the land use or forestry group within a paper
aompany primarily involved with investment decisions., Naturally, this was

' o
a long-range model, but again primarily concerned with physical alternatives
and their resultant outcomes.

e. As a gide issue, one of the research memﬂers wished to see if a computer
sfmulation model could be developed to bvaluaté machinery desiga options
vhich might occur within the harvestiné ;ystéhi In this instance a discrete
simulation model was used to analyze the deéién function itself. This
gtudy it was felt would be of particular interest to engineéring groups pri-

_marily engaged in converting investment monies into physical equipment to be
used in the future. This was a short-range analysis of physical alternatives
:1n order to evaluate the different options in design for the different
environments in which that equipment might become involved in the future.

f. As the aforementioned work developed, it became apparent that it would
be desirzble to be able to experimé;t with changes in financial policies

" within such a system responsive to the changes in the order-production flow
gystems or the changes in the physical alternatives which affect the

'System. Since the money flows within the pulp and paper industry are dynamic

over time, a continuous model was used to imsure that any producer's particular

model could be evaluated. It was felt that this model would be of particular

interes to the financial departments of the paper companies, as it specified

in great detail the profits and cash flow which might occur as various

policies were chosen to accomplish the work evaluated in earlier models. This

simulation model could be either a short-range analysis of production and

money flows for a given year, or it could be a long-range predictive model

of the behavior of the system as it was affected bty investment monies.
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g It finally became necessary to look at the togting options for
- movement from the harvesting site to the mill, Experimeats with trarspor:--
ation alternatives were required and a computer model was built to examine
the cost alternatives of possible routings. This was primarily a short
range, discrete, computation model. It was felt this would be of valuc to
the producer, dealer, and mill procurement segments of the pulpwood industry.
Thus, models reported herein run the gamut of the management function:
forecasting, orgenizing, producing, allocating? designing, evaluating, and -
routing. All simulation models reported hereafter were presented to the
sponsoring organization in such a manner that they could be used by any pulp
and paper organization having access to a computer system responsive to the
gimulation language chosen.
2. Abstracts of Previously Forwarded Reports
The Title Page and Summary or Abstract from each of the previously sub-
mitted Theses of Special Research Reports are reprcduce& on the following
f‘bages.; The seven works cited include all eight simulation oriented computer

. programs. Results and instructions in the use of these models vmaybe found.

by referring to the individual reports,

-
H
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SUMMARY

An important problem facing the scuthern pulp and paper industry requires
decisions pertaining to future iavestments in land, timber, silvicultural and mana-
gerial operations, in the light of changing consumption and productivity levels pro-
jected twenty or even thirty years into the future,

The objective of the thesis is to use a dynamic approach to the simulation
of the future growth of the pulp and paper industry in the Southern United States.

The study identifies th2 dynamics of the system as an interrelationship
between national economy, pulp and paper industry, and forest management. Through
the study of past statistical data and the use of regression equation techniques, it is
possible to find rates, factors, and constants necessary for the construction of a
"DYNAMO" program. Part of the ‘.results ohtained concern projections of paper
and board consumption, pulpwood requirements angd production, én a national and
regional scg.}e, covering a period of 50 yea}s. These results are connected with a
section of the model concerned with the land policy of the paper companies, in order
p highlight the implications of teday's policies concerning forest management, over
the next few decades. “

‘The projictions given by the program, in the form of tabulated data and
graphs, are compiared with the actual data of the period 1950-1966, in order to
establish the validity of thc approach, An assessment of the quality of long-run
forgc‘asts (up tok ﬁxe year 2000) is made through comparison with other studies in

this area.
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The main conclusion reached by the study is the forecasted impossibility,
by the end of the century, of mecting the requested shares of pulpwood production
in the South adopting the present level of individual forest management. All indi-

cations point toward a necessary consolidation of land, in order to achieve the

economic feasibility and efficient operation of large scale plantations,

*
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SUMMARY

This reséarch ivas undertaken in conjunction with a research grant awarded
to the School of Industrial Engineering at Georgia Institute of Techﬂology by the
Southern Executives Assoclation to’study the systems and transportation aspects
of pulpwood harvesting, The objective of this research was to formulete a scien-
ﬁﬁc basis for determining whether or not the present harvesting system in the
South, which {s composed largely of independent producers, should be coatinued
over ﬁxe long run, |

The philosophy and techniques of industrial dynamics were applied in this

. research, The DYNAMO computer simulation language was used to build a mathe-
matical model of the actual system. Simulation exper'i-ments on the modei led to
the fﬁrmulatlon of the decision basis sought, -

| The results of the experiments performed on the model led to the decision
that the overall present pulpwood harvesting system must move in the direction
of larger company operated harvesting systems, A system composed of large
compény harvestihg operations reacts much faster to ‘changes in mill consumption
rates., This system also has a much' greater capability for increasing productivity
per créw than does the present system.

Because average parameter values were used in this model of the general
case, it is strongly recommended that individual mills experiment with this model
uéing data representative of their current procurement system. The results

obtained will provide information pertaining to the response capabilities of the
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procurement system of that particular mill.
' The capabilities of the model are much greater than were exhibited in this
research, The model can be used to experiment with almost any phase of the

present procurement system,
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21
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SUMMARY

The purpose of this report is to form the groundwork necessary
for further research and study in the area of pulpwood harvesting and
transportation, i.e., to study the basic systems comméﬁly‘uée&}aé
present by the majokity of pulpwood producers! In order to achieve
this objective the following specific éoalé were attained: (1) charac-
teristics and constraints presently imposed on the common systedis of
pﬁlpwood harvesting were defined and quantified, (2) three basic sys-—
tems were defined, and (3) a General Simulation model was developed
wﬁich is fepresentative of the common 5'3; pulpwood harvesting methods.

.The approach used in this study is that of system analysis. The
system analysis methodology consists of eight distinct parts: (1) system
definition, (2) reticulation, {3) abstraction, (4) identification,
{5} measurement, (6) solution, (7) optimization, and (8) validation.

Two conclusions are drawn directly from the sample model. First,
the model does represent the system, aﬁd second, quantitative insight

into the real world system can be obtained from the model with respect

to system limiting operations.
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SUMMARY

A signifitant problem confronting the southern pulp and paper
industry is decision making in the area of long-term forest management.
‘In particular, the fbrest hust be consldered a renewable resource which
must be man&&é& 1t ah ebotiomital ahd effective manner,

The abiébtiVG of this thesis is the development of a technique
whereby the individdal pulp-producing company can evaluate the level of
forest managémeuf réQuiréﬂ to support a continuing demand for pulp from
a limited company controlled forett resoursd. o AbhiaQe fhis goal,
separate but related digital simulation models are developed for forest
investment and management. o

The forest investment model is constructed in the "DYNAMO" com-
'-putér language. The model is used to evaluate the relative profita-
bility of different forest management treatments on different types of
land using rate-of-return on investment as the ﬁeasure of effectiveness.

Multiple runs of the forest investment model are used in deter-
mining a unique cutting sequence fcr an exhaustive set of different
types of land. The sequence is based on a regret functicn involving
incrementa® changes in rate-of-return.

The concept of the unique cutting sequence is used in developing
a large-séale simulation model of a heterogeneous forest resource. Con-
structed in the "ALCOL" language, the forest management model simulates
the dynamic behavior of the forest resource as affected by grovth,

forest management policies, and harvesting decisions. The model
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incékporates the dual objectives of demand satisfaction and profitable
investment.

The models are general in nature and allow experimentation with
differing sets of parameters, coefficients, and policies. Numerical
results are of course dependent on input parameters. Although no poli-
cies of optimal forest management are evident from this study, the
models are representative of the real-world forest management environ-
ment and can be used as a decision making tool by the company engaged

in forest rescurce management.
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SUMMARY

A major problem facing the pulpwood producer is the purchasing
of ﬁérvesting_équipment with appfopriats operating options. In view
of increasing equipment costs the prodiicer cannot afford mistakes in
equipmen#fSeleétion.

The objective of this thesis isktb pﬁovide the pulpwoed producer
with a means to evaluate typical pulpwded ﬁarVesting vehicles prior to
purchase, in relation to their performance in various different terrain
‘conditions.

To accomplish this objective a digital computer simulation model
is used to simulate the movement of a typical'pulpwood harvesting
vehicle across the terrain to be encountered in five pulpwood resource
areas within Georgia. Generai Purpose Systems Simulator II is the
simulation language employed in order that the model may_be as clear
as possible to those individuals unfamiliar with simulation techniques.

In order to construct the cemputer simulatior model, it is
necessary to conduct a thorough literature search to determine vehicle
* mobility characteristics which define a vehicle's ability to negotiate
terrain. Likewise the qualities of terrain must be defined in quanti-
. tative terms so that interaction between the vehicle and the terrain
can be described. It was determined that no widely acknowledged meti.od
exists to accomplish the above. The researcher selected the U. S. Army
Co::ps of Enéi.neers Waterways Experiment Station's method of defining

terrain and vehicle mobility and added refinements.
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The results of the computer simulation show the percentage of
the resource areas that the vehicle éaﬂ negotiate prior to being
halted. An analysis of variance is conducted to determine if there is
a significant difference in trafficability among the five resource
areas and if changing the tire size of the vehicle modelled results in .
a significant difference in vehicle performance.

The conclusions reached by the researcher are primarily that
the simulation model does evaluate a vehicle, that differences do
exist between the areas modélled and also that vehicle performance
dods vary with different tire sizes.

Further research is propésed to provide additional analysis of

araas .other than those modelled.
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- more mechanized.

" ABSTRACT
THE DEVELOPMENT OF A

PULPWOOD PRODUCERS FINANCIAL MODEL

The objective of this research project is to use the systems
approach to create a model for the simulation analysis of pro-forma
financial data developed by thevtypical pulpwood producer in the
Southeastern part of the United States. This model is useful to
pulp and paper industries, their dealer structure, and independent
pulpwood producers in determining-the future financial policy option

available to a prcducer of pulpwood as his operation may become

The system model 1s divided into six sections, as follows:

1. Investment and Debt 4. Revenues-and Expenses
- -

-

2. Desired Assets and Productivity 3. Tax Treatment
3. Actual Assets and Productivffy - 6. Cash Generation

| As the monetary feedback procesées and the asgbciated time lags
between desired and actual financial policies are critical to the ;
system, an Industrial Dynamics model 1is used to simulate the system.
The model is prog;ammed in DYNAMO computer language and is described
in gufficient detail to be comprehended by typicgl corporate systems

analysts,
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SUMMARY

This research was undertaken in comjunction with a research grant

awarded to the School of Industrial and Systems Engineering at Georgia

Institute of Technology by the Southern Executives Association to study
the gystems aspects 5f pulpwood harvesting and transportation. The
objective of this thesis is tc study various tfuck and rail pulpwood
traznsportation systems and develop a method by which a pulpwood mill
could evaluate their uvtility in specific situations.

To eccomplish this objective a digital computer model is used to
compute the transportation cost of shipping wood from forest landings to
the mill by 15 different methods. These methods include various combina-
tions of longwood, shortwood, palletized, unpalleti;;d, truck and rail
trangportation either from the forest landing directly to the mill or
via an intermediate location. The model is not limited to linear relacion-
ships but also includes non-linear functions and step functions,

The model developed could be uged by ; pulpwood mill to study
their present transportation situation and to simulate future systems.
:he input data required is cost information particular to a mill's
operating area, the locations of their foreQE resource areas, and the
location of intermediate dealers.

| Purther research is recommended in this area to include modes of

transportation not considered in this study and the expansion of the

model. to include constraints due to volume.
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' VIII. OTHER RESEARCH

Naturally all work performed by the research group did not fall under
the category of systems analysis or computer simulation of pulpwood pro-
duction activities. The sponsoring agency was most lenilent in allowing the
participants to roam where their research interests led them. Three Special
Reseatth Reports were submitted in this Lroader category.

1. 8ctpe of Other Research. )

" One recsarch assistant with a long wotk history &n reltabtliry of
systems ia the Afr Force Wesired to tradslate this knowledge for use by
pulpwood producer's and equipment mahufactirers. He brep;réd a Special
Research Report on Maintainéﬁility tohuiderations dt the desisn stages of
i.iéveioping hatve'sting equipment. o date this has proved to be the most
'&gsired report by members of the sponsoring group. It is interesting to
‘note that this work which was rejected as a Master's Thesis academically
. ‘18 by far our "best seller" to the seventeen sponsoring companies.

Another research assistant, baséd on his work experience with a sponsoring
'coméany, felt that the development of a mathematical model for determinatipn
'qf pulp and paper mill locations in the future was necessary. His mathematical
formulation has received considerable aéademic recognition as a new approach
to an old problem. However, no further developmental ﬁork by any sponsoring
company has enhanced tﬁis work at this time.

A final short research work came about as a result of a tremendous amount
.of library research. It was felt that little had been done to place in one
report many of the techniques of scientific decision-~making in the management
of forest resources. These guidelines for the use of researchers eatering
the field-of hatveéting syétems was almost lost due to rejection of our "First

Annual Report" by S. E. A. counsel. It was however been revised for recent
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gubmission to the sponsor.
2. Abstracts of Previously Forwarded Reports

' Eﬁe Titie Page and Summary or Abstract from each of the previously sub-
mitted Theses or Special Research Reports are reproduced on the following
pages; The three works cited lie perhaps outside the scope of System Analysis
but are pertinent to the sponsoring industry. In just these three works
clone over one hundred and fifty references are provided in the Bibliographies

vhich have a bearing on the problems of the industry today.
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SUMMARY

. The rapid advances in technology which have occurred during
recent years have resulted in machines that perform many tasks much
mofe efficiently than ever before. Such machines, however, are
usually complex and are expensive to acquire and operate. Opera-
tional costs are affected greatly By the direct and indirect costs
of maintaining the equipment. Reliability has become a very import-
ant factor iij‘e_d’tig__i‘r}g,main&enan£§“59§£$,bu&dn§ing.Mfa_,il.t.l_ze_!it%s.:
Main&a{ﬁggiiity is a reiated factor that 1s concerned with restoring
___a _system to effective useable condition after a failure occurs. It
has not yet received sufficient attention from the manufacturers or
purchasers of pulpwood harvesting equipment.

The failure rate of many kinds of equipment may be predicted
by use of the exponential dist{}bution function. Analysis of failure
data recorded for a power saw is shown to follow such a distribution.
In this report, the lognormal distribution is found to be applicable
for describing empirical repair time data that was collected for a
multifunction pulpwood harvester.

The report indicates characteristics that pertain to reliabil-
'ity and maintainaiility such as availability, downtime, and the

different types of maintenance. Graphical aids are used to describe

reliability and maintainability quantitatively.
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SUMMARY

This thesis presents a method for selecting pulpwood and paper
mill locations which minimizes total product cost* under a cet of
forest resource and market demand constraints. Although both economic
and sccial facfors enter into this location decision, only economic
factors are included in the mathematical model.

The three main parts of the thesis are (1) defining the factors
~ pertinent to the location decision, (2) mathematically modeling these
factors, and (3) deriving é solution technique for solving the model.,
Defini_hg the factors provides the groundwork for formulating the model.
The resulting model is a thixed zero~-one integer programming formulation
which includes both fixed and variable operating costs. Benders' par-
titioning and a modified integ;r programming procedure are presented as

a solution technique. The research concludes with an example applica-

tion of the model and solution technique. -

*Total product cost refers to financial expenditures for stump-
age; harvesting; loading; transporting from forest to mill to market;
" fixed cost such as plant construction, equipmert, and taxes; and vari-
able expenses such as labor, power, and water.
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SUMMARY
‘The purpose of this paper is to formulate some guidelines that would be

useful to research workers entering the field of harvesting systems. These

men are in general well educated in the theoretical aspects of systems analysis
but often lack thé necessary baekgtound in forestry.

- the area of fotest résolitte utilization is still in 1tl {htancy altd

mich remains to be done. This papht reviswed some of the téhhhiques of
scientific decision-making i1 the wanagémént of forest tésourbes. Tﬁg coh-
eepts presented have been dbdwn from thd idess of several intérrelated dts-
¢dpithes such ad heurtstic-btiented matHematics, general systain theot¥;

systebs analysid, redource system modelitig, forest econotiics dhd compiter
simulatiéns. In»addition, the policies of a large-scdle fbredt-product
industrial concera have been desctibea as an illustration of a practical

application of the theoretical concepts.

‘s
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