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CHAPTER I 

INTRODUCTION AND STATEMENT OF THE PROBLEM 

Transportation system planning for wildland recreation areas is 

becoming an increasingly complex and significant problem for managers 

who attempt to respond to the needs of the users of the area and the 

occupants of the region. This problem has been compounded in recent 

years by significant increases in the number of individuals using 

wildland areas for recreational purposes. Further complications have 

arisen from recent fuel availability crises and from the requirement 

that areas administered by the United States Forest Service must, in 

most cases, be multiple-use resource areas. 

In most cases, a comprehensive solution to wildland transpor

tation problems will cross political and jurisdictional boundaries. 

One of the trial applications for the procedures developed in this 

study was the Greater Yellowstone Cooperative Regional Transportation 

Study, representing three states and numerous Federal agencies. These 

agencies ranged from the Federal Aviation Administration (with an 

interest in the Jackson Airport) through the United States Department 

of Agriculture (eleven national forests administered by the Forest 

Service); the Department of the Interior (two national parks admin

istered by the Park Service); the Bureau of Land Management; the 

states of Wyoming, Montana, and Idaho; and numerous other agencies 

at all levels of government. 

Managers of wildland areas generally must be responsive to 

three groups when making their decisions. These are: 

1. Users of the area. This group includes those indi

viduals using the area for recreation, and, in 

multiple-use areas, those individuals using the area 

for timber, minerals, watershed, and grazing. Needs 
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and rights of existing concessionaires in the 

area must also be respected. 

2. Non-users of the area. This group includes 

residents of the region who do not directly 

make use of the area for recreation. It also 

includes those individuals who must pass through 

the area as part of their normal activities, 

but who do not directly depend upon it for their 

livelihood. 

3. Managers of the area. These people are respon

sible to themselves, their supervisors, and the 

two other groups for making the optimum use of 

the resources of an area as well as ensuring 

compliance with all applicable state and federal 

laws and regulations. 

Given this complexity, it should be clear to the reader that 

several elements exist inside the problem of wildland transportation 

system planning. These include: 

1. Determination of whether a transportation problem 

exists or will develop. 

2. Determination of what general class or classes of 

transportation systems are technologically capable 

of responding to the perceived or anticipated pro

blem. 

3. Determination of which systems are economically 

feasible in the area of interest. 

4. Display of the potential systems, as well as the 

characteristics which lead to their selection, to 

the three groups mentioned previously. 

5. Description of the desired system operationally to 

potential suppliers of hardware, if new hardware 

is required. 

6. Selection of a system to be installed, based on 

responses to a request for bids, if hardware con

struction is required. 



Purpose 

The purpose of this study was to develop a candidate Trans

portation System Selection Procedure to be used as part of a broader 

systematic procedure for use in selecting transportation systems to 

move people to and through wildland areas with minimal environmental 

impact. 

Objectives 

The specific objectives of the study are: 

1. To develop a procedure to assist resource managers 

in selecting candidates transportation modes appro

priate to specific site, user, and management needs. 

2. To develop a method of evaluating and displaying the 

economic, environmental, and social implications 

associated with transportation modes which meet 

selected operational requirements. 

3. To field test the procedures during the development 

process by working cooperatively with the Forest 

Service Transportation Planning Group of Region 2 

in conjunction with the Greater Yellowstone Coop

erative Regional Transportation Study. 



CHAPTER II 

SCOPE OF THE STUDY 

This thesis describes the development of a procedure which, 

while primarily intended to identify the class or classes of trans

portation systems which can best perform the required functions in 

a wildland area, can also respond to other aspects of the wildland 

transportation problem. It is important for the reader to keep in 

mind, however, that the procedure described in this paper is part of 

a larger system of procedures developed under a cooperative research 

agreement with the United States Forest Service (Burford et al., 

1978). References to the report documenting that work will be made 

where necessary to aid the reader in understanding the relationship 

of the procedure described here to the overall transportation 

problem/solution framework. 

The Candidate Transportation Systems Identification Matrix which 

is described in this paper is, by nature, a multi-purpose device whose 

usefulness extends beyond simply identifying those transportation 

systems which should receive further study. If, for example, the pro

cedure indicates that the most acceptable transportation system for a 

given area is, in fact, identical to the existing system, then perhaps 

no real problem exists (or if it does, its severity may be less than 

was first perceived). 

The matrix approach which will be described in Chapter IV is 

well suited to providing a display of those transportation systems 

which are most feasible, why they are the most feasible, and what 

compromises in "Performance Characteristics" would be necessary to 

allow any desired class of systems to be included in further analysis. 

Just as importantly, the reasons for excluding any "pet" systems will 

be immediately apparent. The "Performance Characteristics" approach 

itself will lead directly to the specifications of any desired hard-
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ware in operational terms -- that is, in its ability to do the job re

quired, rather than the number of bolts which are to secure the right-

rear wheel. 

Elements 3 and 5 of the wildland transportation system problem 

previously described will not be addressed in this thesis. It is the 

belief of the author that well known existing techniques are quite 

adequate for preparing a comparative economic analysis of transportation 

hardware as long as all future costs are considered, all sunk costs are 

ignored, and the outsiders viewpoint is maintained. 

It is appropriate to note at this point that the decision-making 

technique described in this thesis was developed from principles 

associated with several well-accepted tools of decision-making and 

management science as discussed in Chapter III. Its application 

should in no way be construed to be limited to selection of transpor

tation systems. Other potential applications, as well as limitations 

of the procedure, will be discussed in the final chapter. 



CHAPTER III 

SURVEY OF PERTINENT LITERATURE 

Overview of Wildland Recreation 

Outdoor recreation in wildland areas has become extremely 

popular throughout the United States. Some of the more popular activ

ities include backpacking, hiking, camping, fishing, hunting, bicycling, 

and sight-seeing. All of these activities depend to some extent on 

motor vehicle transportation which is the principle mode of conveyance 

linking a predominantly urban population with distant wildland recre

ation areas. 

Wildland parks, forests, and desert areas, however, are being 

overrun in many areas with conventional motor vehicles such as automo

biles, pickups and recreation vehicles as well as a host of diverse off-

road all-terrain machines. Jones has done a thorough analysis of the 

characteristics and values of wildland outdoor recreation were explored. 

(Jones et al., 1975). In spite of a growing energy shortage and pre

dictions of a continued rise in the cost of gasoline there appears to 

be no let up in the desire of Americans to travel by personal automo

bile for social or recreational purposes. 

Recreation Transportation 

The problem of the vehicle explos^ion in wildland parts and rec

reation areas can be distilled into the following major categories: 

1. Increasing incidences of extreme congestion at entrances 

to recreation areas. 

2. Increasing incidences of extensive and highly annoying 

queuing along major roads in wildland recreation areas. 

3. Inadequate road design throughout many wildland rec

reation area circulation systems. 



4. Lack of adequate public transportation access to 

some wildland recreation areas. 

5. Increasing degradation of the physical environment, 

harrassment in wildlife and a general deterioration 

of the overall quality of a wildland area and expe

rience that results from an inundation of motor 

vehicles. (USDT, 1972). 

The response to these and other wildland transportation related 

issues and problems has been a growing interest in the development and 

institutionalization of alternative strategies and modes. Several 

rather unique and innovated transportation mode shifts have been im

plemented by the National Park Service. These involve either a partial 

or total shift from private auto internal circulation system to a 

varienty of tour buses, many of which incorporate an element of the 

park interpretive program. (National Park Service, 1977). These 

systems have been found to substantially diminish park congestion, 

increase energy conservation, and please users through a more mean

ingful part visitation experience. (Butcher, 1975). Visitors have 

responded favorably to these systems, particularly when the system 

has been made a pleasing component of the recreation experience rather 

than a nagging and annoying situation imposed by park managers. 

(Oilman, 1976). 

There are many factors which come to bear upon and influence 

the nature of transportation planning and systems design in wildland 

areas. Three major concerns are: 

1. The often long distance travel from place of residence 

to the wildland recreation area. 

2. The nature of access to the area. 

3. The nature of visitor circulation within the area. 

In many instances a wildland visitor may be required to shift modes 

several times in the course of traveling from home to a wildland 

recreation area and back to home base. Another big consideration is 

the nature of lodging and related support facilities which may be 

required to support a mode shift at a key link in this chain. 

In many regions of the country the principle long distance link 
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appears to be air travel, with a growing interest in the potentials 

for revitalizing rail linkages. In these instances the use of buses 

or rental autos has been an acceptable linkage. 

Except for statutory wilderness areas or potential roadless 

area candidate units, there appears to be a well developed road sys

tem of some sort through most national forest and park areas. Over

all, the economics of mode shift strongly suggest that in all but a 

very few unique situations, alternative modes which operate on exist

ing links are most feasible. Existing links must still be used for 

multipurpose transportation, movement of supplies, maintenance, pro

tection, resource management and emergencies. Use of existing links 

also reduces the cost of new link construction as well as relocation 

of existing areas and expensive facilities. (National Park Service, 

1974). 

In short, these few exceptions with multimode systems have re

sulted in the following observations about mode shifts in transpor

tation systems in wildland areas: 

1. Mode shifts allow for substantial energy savings. 

2. There is less pressure to enlarge the existing link 

system. 

3. Traffic congestion, noise, air pollution, and other 

hazards to people and wildlife can be substantially 

diminished. 

4. People can in many instances adapt to changes in 

travel and recreation participation patterns which 

result from mode shifts within the transportation 

system. 

5. Less physical space within a wildland area would be 

required for exclusive dedication to the circulation 

system. 

6. New opportunities for private investment in lodging 

and related facilities can occur as a result of cer

tain mode changes. 

7. More opportunities for visitor management and inter

pretation seem to emerge from controlled mass convey

ance systems. 



8. Visitors are freed from the frustations of driving 

on crowded, narrow and sometimes poorly maintained 

roads which are found in many wildland areas. 

Research in Recreation Travel 

Jones reviewed the literature dealing with research in the var

ious areas of transportation and traffic engineering dealing with rec

reational travel. (Jones et al., 1975). The principle work in this 

area has been conducted as a cooperative venture between the Forest 

Service and Institute of Transportation and Traffic Engineering. The 

majority of the work in recreation related travel deals with several 

analytical tools, which include model development for the following: 

1. Forecasting recreational travel. (Sullivan, 1974). 

2. Allocating recreational travel. (Gyamfi, 1972). 

3. Estimating traffic in national forests. (Poulton, 

1969). 

4. Rural recreational travel. (Sullivan, 1974). 

5. Predicting recreational travel in national forests. 

(Poulton, 1969). 

6. Micro allocation of recreational travel. (Sullivan, 

1969). 

7. Initial analysis and attraction for recreation to 

the national forest. (Gyamfi, 1971). 

A review of these papers identified some of the engineering consider

ations, design factors and user characteristics which are employed in 

the development of the methodology for mode assessment and selection. 

A list of these elements of information which are applicable to this 

study are: 

1. Vehicle mode choice. 

2. Recreation activity performance. 

3. Site attractiveness. 

4. Location preference for visitor facilities. 

5. Special attractions — sightseeing modes. 

6. Travel pattern analysis. 

7. Land use patterns. 

8. Soci-economic characteristics of travelers. 
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9. Characteristics of existing transportation (link) 

system. 

10. Location of characteristics of population centers 

within reasonable travel zones from the wildland 

recreation area. 

11. Location and character of "competing" recreational 

complexes within the region. 

12. Travel time and travel costs for various distances 

and vehicle types. 

Variations of these kinds of considerations have appeared in the 

general literature dealing with many aspects of recreation planning 

for wildland recreation areas. 

Transportation Principles 

The term "transportation" must be understood before the problem 

of transportation in wildland areas can be approached. Webster's 

Seventh New Collegiate Dictionary defines transportation as "an act, 

process, or instance of transporting or being transported," or as a 

"means of conveyance -or travel from one place to another." (Webster, 

1972). Dickey describes the primary purposes of transportation as 

being "to serve the user or potential user of the system, that is, to 

provide accessibility to land and mobility between desired trip ends." 

Beneficial transportation, then, should provide "increased access to 

opportunities". (Dickey, 1973). 

Several authorities have classified urban travel according to 

travel-demand patterns. (Dickey, 1973). Hutchinson's classification 

groups urban travel demands into five broad categories or types: 

1. Radial-type travel along corridors focused on the 

central business district. 

2. Circumferential-type travel between activities located 

in the suburbs of cities. 

3. Travel within residential areas where the type of 

travel might be between local area activities 

or travel at the beginning or completion of a longer 

trip within an urban area. 
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4. Travel within the central business district where the 

travel might be between activities within the central 

area or to and from the terminals or regional trans

port facilities focused on the central area. 

5. Travel to and from major activity concentrations not 

located within the central area such as airports, 

universities, and recreational areas. (Hutchinson, 1974). 

In an urban setting, these types of transportation demands have each 

been known to create difficulties in the past. The relative impor

tance of each type of travel varies throughout the day as well as 

seasonally and under long-term influences. (Hutchinson, 1974). 

Type 1 demands have traditionally created the greatest number 

of problems in urban areas. It has been suggested that this type of 

demand be subdivided based on the volume of travel. Potential sub

classes might be: 

lA. Demand volumes of greater than 20,000 persons per 

hour. 

IB. Demand volumes from 8,000 to 20,000 persons per 

hour. 

IC. Less than 8,000 persons per hour. (Hutchinson, 1974). 

Each of these types of transportation demands creates a special set 

of problems which have traditionally been answered with specific 

transportation systems. 

Transportation systems using highway technology are faced with 

two major constraints. Highway capacity (vehicles per hour) is depen

dent on the physical design of the roadway (number of lands, width, 

curves, grade) and the type of vehicles operated on the roadway. Ve

hicle capacity is dependent on vehicle design. Both vehicle capacity 

and the traditional highway capacity are involved in determining the 

overall system capacity. (Oglesby, 1975). 

Transportation Systems 

Transportation systems in use today fall into two general cate

gories. The first category contains those systems which were designed 

specifically for the applications in which they are being used. A 
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recent example of this type of system is the Airtrans System in oper

ation at the Dallas/Fort Worth Regional Airport. (Vought, 1974). The 

second category contains those systems based on a preconceived design 

which is then adapted to a specific application. An example of a sys

tem of this type is the Dashaveyor Automated Transportation System 

which in 1970 was proposed by its manufacturer for implementation in 

Yellowstone National Park. (Dashaveyor, 1970). 

Most of the successfully operating transportation systems which 

utilize technology beyond that required for automobiles and buses are 

of the first type. Each system is designed to meet the specific needs 

of a given application even though it may utilize previously tested 

principles of basic operation. The principles of operation of over

head cable systems, for example, are well established. A massive 

amount of custom design work is required, however, before a new sys

tem can be constructed and placed in operation. (ITTE, 1970). When 

a specialized system utilizing a large number of new ideas is to be 

constructed, a comprehensive set of specifications must_be prepared. 

Because no previously established systems are available for compar

ison, each aspect of the design, fabrication, and operation of the 

proposed system must be prescribed in detail. The specifications for 

use in bid preparation for the Airtrans System in Texas comprised a 

volume of several hundred pages. (Airport Board, 1971). Detailed as 

these specifications were, they contained very few statements de

scribing the operation of the system. 

A typical example of the second type of transportation system 

design is described in the Feasibility Study for an Automated Trans

portation System conducted by the Dashaveyor Company for the National 

Park Service in 1970. The report discussed the fe.asibility of the 

installation of the company's Dashaveyor system in the Canyon Village 

area of Yellowstone National Park. A system which had already been 

designed but which was not yet operational was to be constructed in 

the park. Considerable space was devoted to a description of the 

system's ability to perform an intended. (Dashaveyor, 1970). 

Jones has compiled data describing various transportation sys

tems in general terms as well as providing listing of constraints 

which may apply to transportation systems in various applications. 
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(Jones et al., 1975). These needs and constraints for a wildland 

transportation system are in most cases quite different from the needs 

and constraints which apply to urban systems. Urban needs and con

straints do form a basis for discussion, however, since both the spe

cific listing and the methods for developing them are fairly well 

known. (Forbes, 1972). 

Specific data dealing wtih the operational characteristics as

sociated with various transportation systems is difficult to obtain 

from literature in many cases. General information is available from 

several systems. (ITTE, 1970). Data concerning noise levels and 

noise abatement is available, as is exhaust emission data. (Berwanger 

and Wickstron, 1972). Until recently, no reliable means were avail

able which related exhaust emissions to the desired levels of pollu

tants and to an area's ability to disperse pollutants. Except for 

very generalized statements, little information is available concern

ing fuel consumption by various systems. (Sanders and Reyner, 1974). 

Some manufacturers provide this data while others do not. (Twin Coach, 

1975). Manufacturers and operators of transportation systems generally 

have a significant amount of information concerning systems which are 

their speciality. Much of this information, however, is proprietary 

and thus usually unavailable to individuals outside the industry. 

(Hambrick, 1976). 

Management Science 

The engineering approach to problem solving is a cyclic, step by 

step approach with feedback at each step. Generally, the first step 

is recognition of a problem and the need to develop-an engineering 

solution. After information is collected and the problem is identi

fied, a search for innovative ideas is initiated. The various alter

native solutions resulting from this step are systematically evaluated. 

Preparation of a model evolves from synthesis and design activities, 

followed by experimentation, bench and field testing, economic analysis 

and final presentation of the solution. After the solution is imple

mented, new needs will usually surface, leading to the development of 

solutions for these problems. (Beakley and Leach, 1967). Other au

thors present slightly different sequences of steps, but the overall 
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approach varies very little. (Ostrofsky, 1977). 

The science of making effective decisions is much less well de

fined than the science of problem solving. Drucker says: 

There are countless books on the technique of decision
making. Complex logical and mathmatical tools have been 
developed for the decision-making process. But there is 
little concern with the essential process itself. What 
is a "decision"? What are the important elements in it? 
(Drucker, 1974). 

Japanese management scientists have developed one of the most success

ful approaches to decision-making. Their approach involves a system

atic and standarized debate of a proposed decision throughout the or

ganization concerned until there is complete agreement on it. Whereas 

the Western approach emphasizes answering a question, the important 

element in Japanese decision-making is defining the question. The 

Japanese process has several advantages. Decisions are very effect

ive. No time needs to be spent "selling" the decision. "Above all, 

the system forces the Japanese to make big decision. It is much too 

cumbersome to be put to work on minor matters." (Drucker, 1974). 

Many of the tools which are available to aid in decision-making 

are wery helpful. Delphi forecasting is a widely used "subclass of a 

more general type of forecasting-scenario generation". (Fusfeld and 

Foster, 1971). It is an accepted technique for development of a con

sensus of expert opinion concerning future events. Delphi has evolved 

from a short term forecasting method into a reliable procedure which 

pools "individual opinions in order to develop forecasts that are more 

accurate than those of any individual". (Fusfeld and Foster, 1971). 

Shaffer's group has conducted a Delphi survey of future leisure acti

vities and needs. (Shafer, Moeller and Getty, 1974). 

A decision-making technique which has found application in in

dustry in recent years is value analysis. 

"Value analysis is a philosophy implemented by the use of 
a specific set of techniques, a body of knowledge, and a 
group of learned skills. It is an organized creative 
approach which has for its purpose the efficient identi
fication of unnecessary cost, i.e., cost which provides 
neither quality nor use nor life nor appearance nor 
customer features." (Miles, 1961). 

Three basic steps are used in conducting a value analysis. These are: 
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1. Identify the function of the product. 

2. Evaluate the function by comparison. 

3. Cause value alternative to be developed. 

(Miles, 1961). 

A value analysis may also be conducted by considering a series of 

questions concerning the product. These questions are arranged in 

order of increasing specificity and are concerned with forming an 

accurate, dependable profile of the product. (Gage, 1967 and Fallon, 

1971). Carlos Fallon views value analysis as "a special way to analyze 

economic values . . . like many another discipline, value analysis is 

simply organized common sense". (Fallon, 1971). 

A third major decision-making tool is the technology assessment. 

Social scientists have used a technology assessment to relate the cur

rent state of affairs to the desired state based on the technology 

which is available for change. More recently, technology assessment 

has been applied to problems in engineering, although the complexity 

and cost of the procedure generally limits its application to pro

blems of large magnitude. (Dickey, 1973). 

When an individual applies for a job in industry, his applica

tion may be screened against a job description. The job description 

describes the responsibilities of the job, sets forth any special 

skills which may be required, and establishes the chain-of-command 

and the basis for compensation. Any applicant for the position will 

know in advance what will be required of him, and an objective selec

tion can be made by the personnel manager. Of equal importance, es

pecially to candidates seeking to move up within the company, each of 

the individuals who is not appointed to the position can be told why 

he was not accepted. (Maynard, 1971). 

Operational Aspects of Transportation Systems 

A limited amount of information is available dealing with the 

operational characteristics of various transportation systems. The 

Institute of Transportation and Traffic Engineering of the University 

of California published in 1970 a document which classified transpor

tation systems which were in either operational, developmental, or in 

various design stages at that time. After each system is classified 



16 

into a group with other similar systems, information is presented 

which includes: 

1. Side and end views of the vehicle. 

2. Manufacturer and manufacturer's system number. 

3. Vehicle size. 

4. Unique advantages of the system. 

5. Limitations of the system. 

6. Land used by the system. 

7. Typical route lengths. 

8. Speed, typical loading time. 

9. One way capacity. 

10. Vehicle capacity. 

11. Development status. 

12. Type of power system. 

13. Power required. 

14. Direct operating cost. 

15. Capital cost. (ITTE, 1970). 

People oriented operational aspects have become important to 

urban transportation systems in recent years. These aspects must be 

considered from community, non-user, user, and operator points of 

view. A compilation of transportation system objectives based on 

each of these points of view, along with suggested indicators for 

measuring whether objectives are being met has been compiled for the 

Department of Transportation. (UMTA, 1973). An extensive discussion 

of operator objectives was conducted by the Highway Research Board. 

(TRB, 1974). 

Economic Aspects 

Analysis of any set of alternatives involving expenditures over 

a period of time will require familiarity with compound interest cal

culations. The individuals conducting the analysis must be very care

ful to maintain an "outsider viewpoint". They must disassociate them

selves from any decision made in the past and seek "that course of 

action which is expected to result in the most favorable future bene

fits". (Thuesen, Fabrycky, and Thuesen, 1971). In some complex cases, 

analysis will involve expansion to the systems analysis level. If so. 
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the economic analysis will be expanded correspondingly and will deal 

with questions such as: 

1. What concepts of costs are appropriate for dealing with 

resource considerations in systems analysis of long-

range planning programs? 

2. How should the results of cost analysis be presented 

in order to be most useful in the larger systems 

analysis and hence to the decision-making? 

(Fisher, 1971). 

The Highway Research Board has developed a procedure for con

ducting a comparative analysis of passenger transportation systems. 

(HRB, 1973). Winfrey discusses the "service character of highways" 

and the resulting implications on the economic analysis. Taxes versus 

benefits to the user is an important consideration in the economic 

analysis, as is the need to consider the cost of road construction and 

maintenance equitably when comparing highway systems to those trans

portation systems which do not depend on highways for their operation. 

(Winfrey, 1969). 

The political economy of wildland management involves the con

sideration of several complex variables. In addition to the conven

tional measure of economic efficiency, economic equity or welfare, 

social or cultural acceptability and operational or administrative 

practicality be applied to the evaluation of forest or wildland uses. 

(Clawson, 1976). 

Economic analysis deals to a large extent with the development 

of a structure for rational decision-making. In actuality, given the 

best information and most realistic picture of the "future state", 

analysis of the financial an̂ d economic aspects of a potential alter

native is not as straightforward as it may initially appear. (Oglesby 

et al., 1971). 

Characterization of Wildland Transportation 

Jones provided a capsule characterization of wildland transpor

tation. A major portion of this discussion is presented in order to 

set the stage for a more thorough understanding of the need for the 
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proposed analysis procedure. (Jones, 1975). 

From the standpoint of safety, environmental impact, and visitor 

enjoyment, some change in the primary mode used for wildland recrea

tional travel should be considered. In 1971, almost one half of the 

fatalities in the national parks resulted from private automobiles. 

(Hope, 1972). Recreational Equipment Incorporated (REI) and Kelty 

Mountaineering Company, two of the largest suppliers of outdoor camp

ing equipment, have taken stands to reduce impact on wildland areas 

by proposing mass transportation in recreational areas and issuing 

"non-trip suggestions" to customers, in an effort to reduce the number 

of private autos going to recreational areas. (Brockman, 1972 and 

Grieff, 1973). Complaints about noise, air pollution, crowding, hours 

of mobility, and energy consumption are among the most widely used 

arguments against the use of the private autos in the wildland areas. 

(Grieff, 1973; Stocet, 1973; Husted, 1973; USDINPS, 1970). 

The wildland areas of the United States that could benefit from 

new approaches to recreational passenger transportation are selected 

national parks, national forests and other well used public recre

ational lands. These are the places outside of urban areas that 

potentially receive the level of use needed to economically sustain 

mass conveyance systems. Visitation in the national park system, for 

example, rose from 61 million visitor days in 1956 to 103 million in 

1966, with the estimated 1976 visitation at 300 million. (USDINPS, 

1970). These masses have brought urban congestion and pollution to 

national parks in the form of traffic jams, exhaust fumes, roadside 

litter, and noise. (USDINPS, 1970). An alternative transportation 

system may alleviate some of these distracting products of unlimited 

private automobile use in wildland recreational areas. 

National Park Transportation 

It has been suggested that the principle management problem in 

recreational areas is not people, but the private automobile. (Smith, 

1973). The National Park Service has begun to modify its basic man

agement policy and exclude private automobiles from certain critical 

areas in several heavily visited parks. Public transportation facili

ties, such as shuttle buses and tramways have transported more people. 
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provided more effective resource protection and enhanced the quality 

of the visitor experience in certain heavily used national parks. 

(USDINPS, 1969). Additionally, they provide opportunities to inter

pret park values in a more meaningful manner. This has been accom

plished with less impact on fragile resources (Dennis, 1972) and has 

enhanced the visitor's total recreational experience. (Jensen, 1970). 

The National Park Service budgeted $2.4 million to operate mass 

transit systems at Yosemite, Everglades, Mount McKinley and Grand 

Canyon National Parks in 1974. This may be an indication of future 

trends, and of the importance placed on alternative transportation 

systems. (U.S. Congress, 1973). 

National Forest Transportation 

The apparent demands for mass transportation in the national 

forests differ somewhat from those of urban areas and the national 

parks. Most national forests cover large areas and have only a few 

heavily traveled recreational roads. The Forest Service multiple use 

policy requires the development of multiple use road systems, many of 

which were initially constructed for the removal of timer resources. 

Researchers at the Institure of Transportation and Traffic Engineering 

at the University of California have developed techniques to analyze 

transportation systems within the framework of land management planning 

for national forests. They have developed travel-demand and network 

analysis models, and procedures for data collection and management. 

These methods take into account recreational travel as well as non-

recreational travel. (Sullivan, Layton, and Kanafani, 1970). 

Transportation planning for the national forests has to be con

cerned with environmental implications. Use of national forests does 

not imply degradation of the resource. Environmental problems of 

transportation for natural resources development and use depend on 

the type of "cargo" transported, the mode used for transport, the 

natural conditions of the location, and the economic, social, and com

mercial circumstances of the region. (Rechel and Witherspoon, 1970). 

A recent area of critical concern that must be taken into ac

count in transportation planning is the energy requirement of the total 
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transportation structure relating to non-emergency travel. Rising 

high prices for gasoline are already beginning to have some effect on 

recreational travel. It is still too early to accurately predict the 

exact effect that the energy shortage will have on national forest 

visitation, but indications are that mass transit to select recre

ation areas may become a reality in the not too distant future, and 

public transportation at such areas will be in demand. (Brockman, 

1972). 

Most of the current resource management planning exploring al

ternatives to the private auto for moving people in wildland areas has 

been in response to actual and potential problems of severe overcrowd

ing and air pollution. Few planning responses to articulated problems 

suggest simply limiting the number of people that will be allowed into 

an area, irrespective to the mode used for transportation to the area. 

Methods of reducing vehicle density that have been successful, 

in terms of moving the same number of people within the area, involve 

the introduction of vehicles that carry more people per trip than the 

private automobile. This type of approach also has the potential to 

reduce most of the negative impacts associated with the automobile 

in proportion to the number of automobiles replaced by the vehicle. 

Larger vehicles or more trips will enable more people to use an area. 

Noise, air and water pollution, impairment of aesthetic values 

and hazards to wildlife are some of the more readily noticeable nega

tive impacts associated with the private automobile in wildland set

tings. Technology is available to reduce most of these impacts but 

the cost in many instances is prohibitive. (Bathea, 1974). Conven

tional internal combustion engines can be modified to other fuel 

sources such as propane or liquefied natural gas to reduce air pol

lutant emmissions. (Pole, 1973). Add on equipment to reduce nega

tive impacts has been criticized because of the added weight, costs, 

and unplanned impacts. The catalytic converter installed on 1975 

model passenger cars has been criticized for producing certain acids 

and for having high operating temperatures. Although the catalytic 

converters are supposed to operate at temperatures in the 600-900° 

range, it has been estimated that during certain periods the con

verters temperature can be enough higher to create a potential wild-
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fire hazard. (Taylor, 1974). 



CHAPTER IV 

DEFINITION OF THE WILDLAND 

TRANSPORTATION PROBLEM 

The problem of planning and designing a wildland transportation 

system is extremely complex. Jones has compiled a large number of 

environmental, sociological, and physical factors impacting the users, 

non-users, and operators of a transportation system, as well as the 

environment in which the system operates. (Jones et al., 1975). 

Much of the difficulty associated with analyzing and solving the 

wildland transportation problem results from substantial differences 

in the setting and needs of wildland and urban transportation re

sources and users. 

Problem Formulation 

In an address to the Americal Automobile Association, McKenna 

called rapid transit a solution in search of a problem. Speaking 

primarily about subway systems, McKenna stated that most American 

cities have none of the conditions necessary to justify mass transit 

systems. These conditions are high density employment complexes, 

high density residential areas, and clearly defined corridors between 

the two. Further, he stated that public transit would not turn 

people away from using private automobiles because it is slower and 

more expensive. If public transit cannot turn people away from 

private automobiles, then it will not contribute to reducing pollu

tion or the acreage in pavement. (McKenna, 1972). 

In a wildland setting, the problem is much more difficult to 

formulate. The three conditions McKenna proposed for justifying the 

use of mass conveyance systems do not apply, and specific problem 

areas such as high levels of pollution and excessive paving of the 

22 
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landscape are not primary issues. Wildland planners have been pre

sented with somewhat more ambiguous statements of the problem, such 

as "too many cars," "degradation of aesthetic quality" and so on. 

Wildland managers are often charged with preserving and protecting 

the environment so that the public can derive numerous recreational 

benefits from it. The wildland environment cannot be protected in a 

pristine condition and be accessible too, without certain trade-offs, 

such as massive economic expenditures, considerable opportunity costs 

and often severe environmental impacts. These expenditures must be 

balanced against expected benefits and long-term impacts. Congress 

has stated in the Declaration of Purpose for the 1966 Act which 

established the Department of Transportation that: 

Transportation policies should be developed which would 
provide fast, safe, efficient, and convenient transpor
tation at the lowest cost that is consistent with the 
general welfare, the economic growth, the stability, and 
the security of the nation and that is consistent with 
other national objectives, including the efficient 
utilization and conservation of the nation's resources 
and the preservation of its natural beauty and historic 
sites. (USDT, 1972). 

At the time this study was begun, "a complete and integrated national, 

transportation policy" had not been promulgated. (USDT, 1972). 

The National Recreation Access Study completed in 1975 speaks to 

this point in one of its goal statements: "Priority should be given 

to policies which seek to improve recreational access without creating 

the necessity of establishing significant new federal programs, agen

cies, or funding requirements." (USDT, 1975). Other goal statements 

concern conservation of the nation's energy resources, improvement of 

access to areas close to major metropolitan regions, consideration of 

those persons who have limited personal mobility due to factors beyond 

their control, preservation of environmental quality and conservation 

of the nation's recreational resources. 

Wildland Transportation Requirements 

A wide range of potential transportation systems are available 

to the planner. These systems may be difficult to implement indivi-
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dually, and they may also conflict with each other. Wildland trans

portation planning objectives which might be accomplished by some of 

these systems are: 

1. Resource protection. 

2. Visitor movement. 

3. Energy conservation. 

4. Wise allocation of scarce resources. 

5. Minimize environmental impact. 

6. Provide an enjoyable recreation experience. 

7. Provide visitors maximum possible contact with 

the resource base. 

These objectives appear glib and even non-measurable in terms of spe

cific levels of attainment or levels of performance. They are, however, 

very real. The first step in solving a transportation problem, then, 

is stating yery clearly, and in measurable terms those performance ex

pectations which the system to be selected will be expected to deliver. 

One way to develop a useable set of transportation performance 

expectations is by carefully analyzing all constraints which will apply 

to a proposed system. These constraints fall into several categories. 

A discussion of these categories follows. 

Feasibility Constraints 

The feasibility constraints deal primarily with the initial 

determination to install a different or modify the existing trans

portation system for an area. 

In this analysis process, alternative transportation systems can 

be evaluated by how well they potentially meet the required functions 

of the ultimate system. The trade-offs of functions are made at this 

stage in proportion to the importance and values placed on each con-

staint. A typical constraint listing is as follows: 

1. Location and nature of demand for goods and services 

generated from public wildlands. 

2. Enabling legislation, e.g.. Organic Act, Multiple 

Use/Sustained Yield Act, Renewable Resources Plan

ning Act, Appropriations, Executive Orders. 
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3. Private landholdings and special use permits. 
4. Use vs. protection conflict. 
5. Public demand vs. responsibility to the public. 
6. Special interest group pressure (power). 
7. Allocation of resource. 
8. Limited resource. 
9. Conflicting activity demand. 
10. Regional goals 
11. Available technology. 
12. Location of user generators. 

Political Constraints/Institutional Constraints 

The political constraints are normally constraints outside the 
control of the administrative agency that is engaged in the wildland 
transportation planning. Statutory requirements may limit the scope t 
of wildland transportation planning as.well as restrict the adaption § 
of certain alternative strategies. Political institutional constraints 5 
include: 

1. Required interactions. ') 
a. Multiple jurisdictions and organizations in

volved. '^^ 
b. Conflict with desires of local economy. ^ 

c. User demands. 
1. Public demands. 
2. Special interest group demands. 

2. Policy. 

a. Lack of national transportation policy. 
b. Lack of unified area transportation policy. 
c. National Environmental Policy Act of 1969. 
d. Intergovernmental jurisdictions. 

1. National agencies. 
2. States. 
3. Bi-state compacts. 
4. Special (Indian jurisdictions). 

5. Regional. 
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6. County. 

7. Local. 

e. Jurisdictional and administrative agreements. 

3. Interface with area transportation system. 

4. Public resources needs. 

5. Energy availability. 

Financial Constraints 

The financial constraints are usually the most limiting of the 

factors restricting serious consideration of alternative modes. Once 

the prospects for funding are known, economic and financial analysis 

can be undertaken for the alternative strategies considered viable 

options. Financial constraints include: 

1. Finite amount of money. 

2. Cost effectiveness. 

a. Facility area. 

1. Design and construction of facilities and 

transportation system. 

2. Amortization of existing systems and faci-

1 i ti es. 

3. Lost use time during construction. 

4. Time value of money. 

b. Operating costs. 

1. Maintenance. 

2. Labor. 

3. Insurance (if required). 

4. Support facilities/functions. 

5. Fuel. 

c. Income requirements. 

1. Passenger willingness to pay. 

2. Availability of subsidy. 

Environmental Constraints 

The list of environmental constraints is intended to indicate 

characteristics as well as limitations which are key factors to be 
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considered when searching for alternative systems. Missing constraints 

should be added and all listings be carefully evaluated. Environmental 

constraints include: 

1. Size of area. 

2. Slope. 

3. Soil. 

4. Geology. 

5. Drainage patterns. 

6. Vegatation. 

7. Wildlife. 

8. Hydrological characteristics stream hydrographs. 

9. Watershed modifications. 

10. Weather patterns. 

11. Aspect. 

12. Water qual i ty. 

13. Air qual i ty . 

14. Fire potential. 

15. Aesthetic characteristics. (Jones et al., 1975). 

User Constraints 

A transportation system is designed and operated for the user. 

Therefore, an understanding of user constraints pertaining to the 

areas and the system is essential. The primary user constraints are 

preference and time. The first listing concerns only the nature of 

user preferences. The type and size of system selected should re

flect these preferences. The time element refers to the available 

time the user has to spend in the area which should be considered 

when selecting the system, routes, and schedules. User constraints 

include: 

1. Preferences. 

a. Propensity to consume recreation. 

b. Variability with time and season. 

2. Time/travel distance limitations. 

3. Disposable income. 

4. Perceived preference for: 
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a. Safety. 

b. Convenience. 

c. Aesthetics. 

d. Experience level. 

e. Conservation — education. 

f. Comfort. 

5. Physical limitations. 

Operational Constraints 

Operational constraints are those factors which influence the 

feasibility of the preferred features for a workable transportation 

system. It is important to realize that in the course of multiple 

use, forest managements many diverse transportation needs must be 

adequately and efficiently served. Operational constraints include: 

1. Financial. 

a. Lack of consistent user fee policy. 

b. Flexibility of federal priorities. 

2. Use problems. 

a. Vandalism, theft, trash, public safety, drugs, 

etc. 

b. Varying demand. 

3. Dynamic resource. 

a. Fi re. 

b. Flood. 
4. Multiple use requirements of area. 

5. Availability of labor (especially skilled). 

6. Seasonal variations in use. 

Environmental Impact 

Analysis of the potential environmental impact of each alterna

tive strategy is mandatory in planning any major transportation pro

ject on federal lands. Impacts on resources during construction and 

operation of each proposed system must be evaluated as provided by the 

National Environmental Policy Act of 1969. 
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Concerns of Wildland Managers 

Several factors and questions will be of key concern to those 

managers responsible for administration of a wildland area. These 

must be adequately considered in the analysis of a transportation pro

blem. The concerns of wildland managers include: 

1. The present status of the link. What is the present 

road standard? Is the road, for example, a dirt two 

track trail, a gravel road or paved road? What is 

the average grade? What is the nature of the switch

backs and curves? Are there turnouts? 

2. The current traffic volume on the link. Is it 50 or 

100 or perhaps 300 vehicles per day, week or month? 

Based on an accepted average of 3.46 people per 

vehicle, the number of people moving over the link 

can be calculated. What types of vehicles can J 

negotiate the link without delaying other vehicles? 

Does this include motor homes and road haul buses? 

3. The nature of the attraction or reaction complex which 

the link connects to the major circulation system 

within the wildland area. Several examples illustrate 

this situation: 

a. Sabino Canyon on the Coronado National Forest (a 

river canyon with an intermittent stream and 

slack water pools). 

1. Ideal for a variety of day use activities. 

2. Only a few miles from the metropolitan 

Tuscan area. 

3. An extremely popular and heavily used 

recreation area. 

4. Generates a high volume of traffic. 

b. Maroon Bells on the White River National Forest 

(a recreation area at the base of Maroon Bells 

mountain peaks. Maroon Lakes and Maroon Bells --

Snowmass Wilderness Area). 

1. Located near the popular resort community 
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of Aspen, Colorado. 

2. Receives use primarily from wilderness 

hikers, picnickers, and sightseers, 

c. Blanchard Springs Cavern on the Ozark 

National Forest (a unique geologic feature 

which is a popular tourist attraction). 

1. Large visitor center and parking area 

near the site. 

2. Access road has been recently upgraded 

and repaved. 

3. Mass conveyance system to minimize 

congestion, queuing at the entrance 

station, bottlenecks on the entry 

road and conflicts with pedestrians 

moving from the large parking lot to 

the visitor center needed. 

4. The nature of the environmental problems or issues 

arising out of the current situation. How do these 

problems impair the recreational quality of the area? 

For example, at Sabino Canyon, noise, air pollution 

and endangerment of wildlife were key environmental 

issues associated with the unrestricted use of per

sonal vehicles within the limited space of the can

yon. Associated with these issues were those of high 

levels of traffic congestion, parking and visitor 

safety. 

In many wildland situations, the current level of visitation is 

not sufficient to justify exclusive reliance on a mass conveyance sys

tem. In many instances, such as conditions encountered in national 

parks and recreational areas, there are many undeveloped areas which 

should be made accessible to visitors. The problem is that reliance 

on a conventional highway as the means of access would result in se

rious ecological impacts as well as highly undesirable visual impair

ments. In such a situation, it may be advisable to search for an al

ternative mode within a least impact environmental corridor. 
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A Complex Problem 

Considering the complexity of the wildland transportation pro

blem, it is not surprising that no comprehensive strategy for analyzing 

it has been developed. Gathering the overwhelming volume of data which 

is required to identify the transportation system best suited to a 

specific area would seem to be a task without end. Certain accepted 

principles of engineering and education, however, can be applied to 

the development of an analytical procedure which readily leads not only 

to a solution of the wildland transportation problem, but also, perhaps, 

to the solution of other heretofore prohibitively complex problems. 

:3 



CHAPTER V 

DEVELOPMENT OF THE PROBLEM SOLVING STRATEGY 

Analysis of the transportation system problem revealed four major 

areas where existing analysis techniques were either inadequate or un

responsive. These are: 

1. Development of explicit, measurable system objectives. 

2. Identification of the types of potential transportation 

systems. 

3. Matching of objectives to existing or proposed trans

portation hardware. ; 

4. Display of the analysis. ^ 

It was initially felt that a research response to the first area and 2 

development of a procedure to accomplish the second could lead to a 

satisfactory methodology for determining the solution to any trans- i 

portation problem. The task of displaying the results of the analysis 

would be set aside until later. As will be described in this chapter, 5 

however, the mechanism for matching candidate transportation systems "j 

to the system objectives became itself the means of displaying the 

results of the analysis. In an area of public concern, the ability 

to effectively display these results is extremely important. 

Performance Standards 

The initial step in defining any task is to determine the de

sired results of the task. It is also necessary to define what per

son or machine will do the task, and the criteria for determining 

the successful completion of the task. This approach is widely used 

in the field of education in the form of stating the behavioral ob

jective. Consider the following statement, intended as an objective: 

The students will be able to write an essay. 

It is impossible to determine from this sentence the level of perfor-

32 
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mance required for successful completion of the objective. Indeed, the 

task itself is only vaguely defined. Now consider this statement: 

At the conclusion of the semester, 90% of the students will 

be able to write a 500 word essay with no more than 3 gram

ma tide errors. 

Note that the task to be performed is clearly identfied "...write a 

500 word essay". The criterium for success is clearly stated --

"...no more than 3 grammatical errors", and the number of those who 

are to perform the task — "90% of the students" — is clearly iden

tified. Note also that exactly one task, or requirement, is treated 

by the statement, which is in the form of a specific behavioral ob

jective. 

It was decided early on that an important step in the solution 

of any complex problems was stating the operational aspects of the 

desired solution in terms of behavioral objectives. This was judged 

to be the most effective way of formulating unambiguous, measurable 8 

performance characteristics which could be used to eventually iden

tify the candidate solutions for many classes of problems. 

The Procedure 
B 
.5 

Development of a procedure to facilitate the analysis of the ,̂  

suitability of various solutions to a given problem, in this case a > 

wildland transportation problem, was accomplished in three phases. 

These were: 

1. Collection of data relevant to the construction, oper

ation, and performance of potential transportation 

systems (in general, the characteristics of the solu

tions). 

2. Organization of this data so that it could be used 

effectively by planners who might not be familiar 

with transportation system terminology. (It may be 

desireable that a decision-maker not be required to 

understand all technical aspects of the problem 

itself). 

3. Development of worksheets and other aids to guide 

planners in the use of the data to properly select 
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the best suited transportation system for a given 
application (in general, the solution of any complex 
problem). 

It is important to note here that the planner using the procedure to 
analyze the wildland transportation problem would not be told that a 
bus with a 6-cylinder engine and two speed rear axle was needed in a 
given situation. Specification at this level of detail is best left 
to manufacturers, who have a much broader base of data and experience 
on which to found a decision. The planner would, however, complete 
the analysis knowing that perhaps either a "school bus" or aerial tram 
would solve his transportation problem more effectively than a rail
road or monorail system. 

Development of the Procedure 

The procedure identfied above was developed as outlined in the 
eight steps presented below. Steps 1, 2, 3, 4, 6, and 7 have been t 

e 
completed at this time for the wildland transportation problem. fi 

Step One 
All categories of solutions which were either available or were 

projected to become available in the near future were identified. A 
significant part of the literature review associated with the re
search was devoted to identification of transportation systems meeting 
these requirements. 

Step Two 

Each category of solution technologies was subdivided where nec
essary into additional sub-categories. This was done only in those 
cases in which substantial differences in operational characteristics 
could be identified between the sub-categories. A listing of twenty 
types of transportation systems selected is presented in Figure 1. The 
rationale for the selection of these classes of systems and the prin
ciple operational characteristics of each are discussed in Chapter VI. 

^ 

s 
1 



AUTOMOBILE 

"SCHOOL" BUS 

TOUR BUS 
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COLLECTION, DISTRIBUTION BUS 

LINE HAUL BUS 

STANDARD RAILROAD (INCLUDING NARROW GAUGE) 

COG RAILWAY 

GUIDEWAY SYSTEM 

LIGHT-RAIL VEHICLE 

FUNICULAR 

OVERHEAD CABLE 

SUSPENDED RAIL SYSTEM 

ELEVATED SUPPORT RAIL SYSTEM 

GROUND-EFFECT SYSTEM 

AIR SYSTEM 

SUBWAY SYSTEM 

MARINE SYSTEM 

MOVING SIDEWALK 

PASSIVE VEHICLE SYSTEM 

INDIVIDUAL PERSONAL TRANSPORTATION SYSTEM 

J 

Figure 1: Categories of Transportation Systems 
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Step Three 

The categories and sub-categories were evaluated against each 

other to determine those operational characteristics which enabled 

each category to be differentiated from the others. Factors consid

ered in this step for the wildland transportation problem included 

the ability of the systems to negotiate grades and curves, to operate 

in adverse weather conditions, and to operate within various noise 

level constraints. Characteristics considered also included vehicle 

design life, system carrying capacity and time, speed and distance 

considerations. The data assembled in this step was also used in 

Step 6. A list of operational characteristics of transportation 

systems is presented in Figure 2. Note that this list is not intended 

to include all characteristics of all transportation systems, but 

rather to be complete enough to distinguish the capabilities of each 

type of system relative to the other systems. 

Step Four 

The reference material gathered in Step 1, along with additional 

information gathered at a later time, was used to formulate sets of 

performance characteristics from the data gathered in Step 3. These 

performance characteristics were written in the form in behavioral 

objectives, and each is repeated with performance levels altered to 

correspond to each of the categories and sub-categories of solution 

technologies to which it applies. Examples of two complete families 

of performance characteristics which are to be used in analyzing a 

wildland transportation problem are shown in Figure 3 and 4, and the 

entire list is presented in the appendix. 

Step Five 

A set of worksheets (customized to the problem being analyzed) 

is to be devised to aid the planner in selecting the appropriate per

formance standard from each group of performance characteristics. 

These worksheets for the wildland transportation problem will contain 

maps, link profiles, climatic data, and other information to facili

tate the decision-making process. A sketch of one such worksheet is 

shown in Figure 5. Note that the worksheet would be used as a tool 
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GRADE CAPABILITY 

CURVE CAPABILITY 

IMPACT OF ANNUAL RAINFALL DISTRIBUTION BY FREQUENCY 

IMPACT OF PRECIPITATION RATE OF DELIVERY • 

IMPACT OF SNOW ACCUMULATION 

IMPACT OF HIGH WIND SPEEDS 

COMPATIBILITY WITH TEMPERATURE EXTREMES 

MAXIMUM NOISE LEVEL - CONSTRUCTION 

MAXIMUM NOISE LEVEL ~ OPERATION 

MAXIMUM NOISE LEVEL - MAINTENANCE 

VEHICLE DESIGN LIFE 

SYSTEM CARRYING CAPACITY 

CARRYING CAPACITY — PEAK PERIODS 

MAXIMUM VEHICLE SPEED 

SCHEDULING TOLERANCES 

MINIMUM NODE SPACING 

MAXIMUM NODE SPACING 

SYSTEM FLEXIBILITY 

Figure 2 
Operational Characteristics of Transportation Systems 
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THE SYSTEM WILL BE CAPABLE OF OPERATION IN A VERTICAL 
DIRECTIOM. 

THE SYSTEM WILL BE CAPABLE OF OPERATION OVER GRADES 
OF UP TO 100% (450). 

THE SYSTEM WILL BE CAPABLE OF OPERATION OVER GRADES 
OF UP TO 40%. 

THE SYSTEM WILL BE CAPABLE OF OPERATION OVER GRADES 
OF UP TO 20%. 

THE SYSTEM WILL BE CAPABLE OF OPERATION OVER GRADES 
OF UP TO 15%. 

THE SYSTEM WILL BE CAPABLE OF OPERATION OVER GRADES 
OF UP TO 8%. 

THE SYSTEM WILL BE CAPABLE OF OPERATION OVER GRADES 
OF UP TO 4%. 

THE SYSTEM WILL BE CAPABLE OF OPERATION OVER GRADES 
OF UP TO lh%. 

THE SYSTEM WILL ONLY BE REQUIRED TO OPERATE ON A 
LEVEL SURFACE. 

Figure 3: Grade Compatibility of Transportation Systems 
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THE SYSTEM WILL REMAIN FULLY OPERATIONAL WHEN SNOW DEPTH IS 240 INCHES 

THE SYSTEM WILL REMAIN FULLY OPERATIONAL WHEN SNOW DEPTH IS 120 INCHES 

THE SYSTEM WILL REMAIN FULLY OPERATIONAL WHEN SNOW DEPTH IS 60 INCHES 

THE SYSTEM WILL REMAIN FULLY OPERATIONAL WHEN SNOW DEPTH IS 30 INCHES 

THE SYSTEM WILL REMAIN FULLY OPERATIONAL WHEN SNOW DEPTH IS 15 INCHES 

THE SYSTEM WILL REMAIN FULLY OPERATIONAL WHEN SNOW DEPTH IS 6 INCHES 

THE SYSTEM WILL REMAIN FULLY OPERATIONAL WHEN SNOW DEPTH IS 3 INCHES 

THE SYSTEM WILL NOT BE REQUIRED TO OPERATE DURING PERIODS OF SNOW 
ACCUMULATION. 

Figure 4: Effect of Snow Accumulation on System Operation 



40 

(U a. 
=3 

00 

a. 

Ui o 
< : 
on 
i3 

o. 
rO (/> 
U Q> 

.a s. 

^ i -

S > 
o 

£ 
<u c 
•M O 
t/» ' ^ 

.c a. 
H- O 

O ^ >« 5< 
O O Lf) ^ ^ A^>« 

3 ^ ^ f-H 00 ^^ »-• o 

«-«cvje*^^uovor*»oo 

— 

o 
i n 
r*«. 

n 
• 

A« 
d) 

f " " 

(O 
u 
VI 

, _ 

<o 
u 

•f— 

4 J 

<1l 

. 
•f— 

£ 
t o 
CO 

II 

• 

1-t 

<u 
^ ^ 
<o 
u 
</» 

r ~ 

<a 
+ j 

c 
o N 

o 

- ez i 

- - 6 0 I 

qq.oujuieî  
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to determine the necessary grade compatibility from the list of per

formance characteristics in Figure 3. The selected characteristic 

would then become a performance standard which would be required of 

any transportation system implemented in the area being analyzed. 

Step Six 

A Candidate Solution Matrix was developed relating the potential 

solutions (transportation systems) identified in Steps 1 and 2 to the 

performance characteristics developed in Step 4. The column headings 

include each category and sub-category of solution technology, and 

the row headings are the performance characteristics. The elements 

of the matrix are intended to describe the extent to which each po

tential solution successfully responds to a selected performance 

standard, using the symbols shown in Figure 6. It is important to 

note that since the performance standards are written as behavioral 

objectives, a solution technology will clearly either fulfill or not 

fulfill the standard. In some cases, however, slight modifications 

of the system would enable it to meet a performance standard, or the 

impact of the system not meeting the standard is very minor. These 

two cases are represented by the additional symbols in Figure 6. A 

portion of the matrix which was developed for the wildland transpor

tation problem is shown in Figure 7. 

Once a matrix of this type has been developed, and all perfor

mance standards have been identified, the individuals conducting the 

analysis of a given problem simply follow the procedure described in 

detail in Chapter VI to identify the potential solutions most likely 

to solve the problem under construction. 

Step Seven 

A case study was conducted to evaluate the adequacy and comple

tion of this analysis procedure as an engineering tool. This case 

study involved application of the procedure to the previously men

tioned wildland transportation problem and is discussed in detail 

in Appendix A of the document by Burford, Page, and Mertes which was 

submitted to the United States Forest Service. (Burford et al., 1978) 
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(Horizontal Solid Line) The system i«ieading the column does 
not meet the performance characteristics. 

, (Horizontal Solid Line with Vertical Dashed Line) The system 
i — heading in the column does not meet the performance character-
' isties but could conceivably be made to do so. 

4-
(Vertical Solid Line with Horizontal Dashed Line) The system 
heading in the column generally meets the performance charac
teristics, but some problems may arise in this area if the 
system is selected. 

(Vertical Solid Line) The system heading the column meets 
the performance characteristics. 

I (Horizontal Dashed Line and Vertical Dashed Line) Conclusive 
•i*-- data is not available which relates the performance character-
• isties to the system heading the column. 

ŷ/l (Not Available) No data is available which relates the per
formance characteristics to the system heading the column. 

(Asterisk) If an asterisk is the only entry for a given 
*• performance characteristic and system, the performance 

characteristic does not apply to that system. If it ap
pears, in conjunction with another symbol, the performance 
characteristic does not apply to the column system in the 
same manner as it applies to the other systems. 

Figure 6 
Elements of the Candidate System Selection Matrix 
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Step Eight 

A handbook is to be prepared to guide the decision-maker in the 

use of the materials developed and data gathered by this research. 

This handbook will set forth the criteria used in development of per

formance characteristics and selections of categories and sub

categories of solution technologies, as well as the procedure for es

tablishing the elements of the matrix which is then defined. Much of 

the information presented in this matrix should be applicable to such 

a handbook. 



CHAPTER VI 

DEVELOPMENT OF THE PROCEDURE FOR WILDLAND 

TRANSPORTATION PROBLEMS 

The wildland transportation analysis was developed because of a 

need to match acceptable transportation systems to a set of perfor

mance standards which would be developed by the managers of a wild-

land area. While references and examples in this chapter respond 

specifically to the wildland transportation problem, the reader 

should continue to keep in mind that the general approach to the pro

blem which is presented here is also useful in addressing a wide range 

of other complex problems. 

Within the general framework of the solution, the materials which 

are developed respond to a specific type of problem. This is accom

plished by defining the column headings, row headings, and elements of 

what is in this case called the Candidate Transportation System Selec

tion Matrix. A detailed discussion of this matrix, as it was built 

to address wildland transportation, is presented in the remainder of 

this chapter. 

Categories of Transportation System 

The performance characteristics discussed in the following sec

tion are intended to apply to a list of Available Transportation Sys

tems from which Candidate Systems can be selected for further analysis. 

The categories of transportation systems were selected in accordance 

with three guidelines: 

1. The categories should be all-inclusive. 

2. The categories should be mutually exclusive. 

3. The final listings should be of a size compatible 

with use as column headings of a matrix. 

In many cases, the literature did not yield a functional definition 
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for a given system. When this occurred, a description was arbitrarily 

developed to serve the purposed of the research. The objective is to 

provide a description of each system category which presents the cate

gory sufficiently to facilitate placing a specific system into a cate

gory. The categories of transportation systems to be considered, and 

some characteristics of each system are discussed below. 

Automobile 

This category contains all vehicles which would normally be 

owned and operated by individuals. Thus, this category includes auto

mobiles, pickups, motor homes, motorcycles, pickup campers, and per

sonally owned buses. Vehicles primarily intended for off-road opera

tion are not included in this category. Typical characteristics of 

automobiles are as follows: 

1. Passenger capacity — 4-6. 

2. Fuel consumption — 0.088 gallons/seat mile. 

(Kneiling, 1975). 

3. Link type — standard roadway. 

4. Grade restrictions — 8% or less. (Lowe, 1976). 

5. Curvature restrictions — 15 ft. radius. 

6. Load capacity — 200-2000 lbs. 

"School" Bus 

This type bus is characterized by high density seating and ab

sence of standing space. Seats are not designed for passenger com

fort, ride quality if generally poor, and restrooms and luggage space 

are not provided. The school bus is intended as a low-cost means of 

moving large numbers of people. Typical characteristics of school 

buses are as follows: 

1. Passenger capacity — 24-72. 

2. Fuel consumption — .005 gallons/seat mile. 

3. Link type — standard roadway. 

4. Grade restrictions — 8% or less. (Lowe, 1976). 

5. Curvature restrictions — 25 ft. radius. 

(Baerwald, 1976). 

6. Load capacity — passengers only. 
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Tour Bus 

The tour bus is designed to accommodate passengers for several 

days. A snack bar and sleeping provisions may be provided. Restroom 

facilities and luggage space are available. The tour bus serves as 

temporary living quarters for the passengers. 

1. Passenger capacity --

2. Fuel consumption --

3. Link type — standard roadway. 

4. Grade restrictions — 8% or less. 

5. Curvature restrictions -- 25 ft. radius. 

6. Load capacity --

Collection-Distribution Bus 

This is the "city bus". It is designed for more demanding ser

vice than the school bus. Ride quality is usually fairly good over a 

wide range of loads. Seating space is generally limited, but a gen

erous amount of room is allowed for standees. The bus is designed 

for frequent starts and stops with adequate acceleration and braking 

capabilities. No space is generally provided for luggage. (Baerwald, 

1976; Lubbock, 1975). 

1. Passenger capacity -- 17-50. 

2. Fuel consumption — .002-.006 gallons/seat mile. 

(Lowe, 1976). 

3. Link type -- standard roadway. 

4. Grade restrictions — 8% or less. 

5. Curvature restrictions — 25 ft. radius. 

6. Load capacity — passengers only. 

Line Haul Bus 

Line haul buses are designed for intercity passenger and freight 

service. They are designed for sustained operation at maximum allowed 

highway speeds. Comfortable seats, generous luggage/cargo space, low 

interior noise levels, and excellent ride qualities characterize the 

modern line haul bus. (ITTE, 1970; Taylor, 1971). Line haul buses 

also have a very favorable ratio of fuel consumption per seat mile. 

(Montooth, 1975). 
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1. Passenger capacity — 47 (typical). 

(Kneiling, 1975). 

2. Fuel consumption — .0035 gallons/seat mile. 

(Kneiling, 1975). 

3. Link type — standard roadway. 

4. Grade restrictions — S%. (Lowe, 1976). 

5. Curvature restrictions — 25 ft. radius. 

6. Load capacity — 

Standard Railroad (Including Narrow-Gauge) 

Railroad systems, as defined for this research, include all sys

tems which utilize a steel wheel rolling on a steel rail at ground 

level. Exceptions are cog railways, light-rail vehicles conforms to 

all Interstate Commerce Commission and Department of Transportation 

requirements and regulations for interstate rail traffic regardless 

of the gauge (spacing between the rails). 

1. Passenger capacity — 550-770 seats/train. 

(Kneiling, 1975). 

2. Fuel consumption -- .0028-.0037 gallons/seat mile. 

(Kneiling, 1975). 

3. Link type -- steel rails on wooden ties. 

4. Grade restrictions — 4% or less. (Smith, 1976). 

5. Curvature restrictions — 120 direction change for 

100 ft. of movement. (Smith, 1976). 

Cog Railway 

A cog railway is a (usually) narrow gauge railway which is mod

ified to make operation possible over heavy (but constant) grades. 

The weight of the engine and cars is supported on rails in the usual 

manner, but a third rail, in the form of a continuous rack gear, is 

added between the normal running rails. A pinion gear on the loco

motive engages with this rack and provides thrust to propel the train 

over grades which would cause normal driving wheels to slip. Seats 

and windows in the cars may be inclined to give the passengers a more 

comfortable ride. 

1. Passenger capacity — 40-80 seats/train. 
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2. Fuel consumption --

3. Link type — support tails plus rack rail on 

wooden ties. 

4. Grade restrictions — 100%. 

5. Curvature restrictions — 24^. 

6. Load capacity — passengers only. 

Guideway Systems 

In a true railroad system the rails both support and guide the 

vehicles. In a guideway system, however, the vehicles are supported 

on a modified roadway and guided by auxiliary devices adjacent to the 

roadway which activate mechanisms on each vehicle. (Vought, 1974). 

These systems lend themselves readily to automation. The most suc

cessful automated guideway system currently in operation is the 

Airtrans System at the Dallas/Fort Worth Regional Airport in Texas. 

1. Passenger capacity — 15-60 riders/vehicle. 

(Vought, 1974). 

2. Fuel type -- electric power. 

3. Link type -- specially designed guideway. 

4. Grade restrictions — 10% (typical). (Vought, 1974). 

5. Curvature restrictions -- 25 ft. radius. 

6. Load capacity --

Light-Rail Vehicles 

Light-rail vehicles are self-contained passenger vehicles which 

are designed to operate on steel rails. Instead of separate locomo

tives and coaches, one self-contained vehicle provides both motive 

power and seating facilities. In some cases, a powered or unpowered 

trailer car may be attached to a lead car (car with controls) to form 

a train. The vehicles are lighter than standard railway equipment, 

reducing track requirements and making the trains more suitable for 

frequent starts and stops. Seating is generally similar to that on 

collection-distribution buses, and power is generally provided by 

overhead electric lines or a diesel engine. (Airesearch, 1975). 

1. Passenger capacity — 60 passengers/vehicle. 

(Airesearch, 1975). 
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2. Fuel consumption --

3. Link type -- steel rails on wooden ties. 

4. Grade restrictions --

5. Curvature restrictions — 

6. Load capacity — passengers only. 

Funicular 

The funicular combines the basic principles of an elevator, an 

aerial tramway, and an inclined railway. It is used for traversing 

the side of a mountain where grade is constant. The system consists 

of two identical vehicles, one on each end of a long cable, two tracks, 

and a power house. The vehicles counterbalance each other as they 

travel in opposite directions on the ends of the cable. Curves and 

changes in grade are not compatible with the funicular. 

1. Passenger capacity — 

2. Fuel consumption --

3. Link type — steel rails on wooden ties. 

4. Grade restrictions — 100%. 'I 

5. Curvature restrictions -- straight-line operation. 2 

6. Load capacity -- j 

Overhead Cable 

> 

3 

5 
Overhead cable systems include all systems in which the load is ' 

carried by a cable which is supported at intervals by towers. At the 

present time, systems in operation in the United States also use the 

cable to move the vehicle. It is conceivable, however, that systems 

could be designed which use a stationary cable and a power unit in 

each car. 

li Passenger capacity -- 2-40 passengers/car. 

2. Fuel consumption — 

3. Link type — steel cable supported by towers. 

4. Grade restrictions — 100%. 
5. Curvature restrictions — straight-line operation. 

6. Load capacity — 
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Suspended Rail System 

In the suspended rail system, the vehicle hangs from a rigid 
support rail structure, but is elevated above ground level. Certain 
monorail systems fit into the category. 

1. Passenger capacity — 50-200 passengers. 
2. Fuel consumption — 
3. Link type — elevated support structure. 

4. Grade restrictions — 4%. 
5. Curvature restrictions — 12%. 
6. Load capacity — passengers only. 

Elevated Support Rail Systems 

This category contains all rail systems which are specifically 
designed to operate on an elevated link. It also includes standard 
railroads operating on an elevated right-of-way which allows free 
movement underneath. -J 

1. Passenger capacity -- 550-700 seats/train. • ; 
(Kneiling, 1975). ] 

2. Fuel consumption -- .0028-.0037 gallons/seat mile. i 
(Kneiling, 1975). ' ] 

3. Link type -- elevated bridge structure supporting 
steel rails on wooden ties. Free space under the 
structure. 

4. Grade restrictions — 4% or less. (Smith, 1976). 
5. Curvature restrictions --
6. Load capacity -- 100 tons/car for freight equipment. 

(Pullman, 1975). 

Ground-Effect Systems 
Ground-effect vehicles are supported a few inches above the 

ground (or water) on a low-pressure cushion of air. The air cushion 
is provided by engines and fans in the vehicle, and propulsion is 
provided by additional engines and propellers. (ITTE, 1970). 

1. Passenger capacity — 
2. Fuel consumption --

3. Link type — cleared lane (large obstructions and 

« 
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5%. 

projections removed). 

4. Grade restrictions — 

5. Curvature restrictions — can turn in place. 

6. Load capacity --

Air Systems 

All fixed wing and rotary wing aircraft are included in this 

category. 

1. Passenger capacity — 1-400 seats. 

2. Fuel consumption — .0196-.027 gallons/seat mile. 

(Kneiling, 1975). 

3. Link type -- link construction required only at nodes. 

4. Grade restrictions -- not applicable. 

5. Curvature restrictions — not applicable. 

6. Load capacity — 100,000 lbs. 

Subway Systems 

This category includes all transportation systems which are de

signed to operate totally or principally underground. The system may 

be constructed by excavation or tunnelling, and the vehicles are al

most exclusively electrically powered. 

1. Passenger capacity — 500-700 seats. 

2. Fuel consumption — 

3. Link type — underground tunnel. 

4. Grade restrictions — 4%. 

5. Curvature restrictions — 12°. (DRGW, 1974). 

6. Load capacity — 

Marine Systems 

Passenger boats or ships, pleasure crafts, ferries, and any other 

systems designed for operation on rivers, lakes, or other bodies of 

water are in the category of marine systems. 

1. Passenger capacity — 1-400. 

2. Fuel consumption — 

3. Link type — water surface. 

4. Grade restrictions -- 0%. 
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5. Curvature restrictions — can turn in place. 

6. Load capacity --

Moving Sidewalk<; 

Any transportation system on which the rider stands and is moved 

from one node to another is included in this category. These systems 

generally move continuously at a speed which is slow enough to allow 

the users to step on and off at the nodes. 

1. Passenger capacity — 20 passengers/minute. 

2. Fuel consumption --

3. Link type — special design. 

4. Grade restrictions — 8%. (ITTE, 1970). 

5. Curvature restrictions — straight-line operations. 

(ITTE, 1970). 

6. Load capacity -- design-dependent 

Passive Vehicle Systems 

These systems are based on the materials movement (conveyor) 

systems used in industry and generally consist of some type of "box" 

riding on a belt or roller system. At the present time, these systems 

are in the "speculation" phase. 

Individual Personal Transportation System 

This category includes systems with no mechanical prime mover. 

Examples are hiking, bicycling, horseback riding, cross-country skiing, 

snow shoeing, and so forth. 

Categories of Performance Characteristics 

In order to eventually select the most appropriate transportation 

system from among various transportation systems is was necessary to 

develop a list of performance characteristics. These performance 

characteristics relate to each system and distinguish one system from 

another according to their operational characteristics. From a re

view of the transportation literature, field observation of various 

public transportation systems, interviews with transportation systems. 
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several categories of performance characteristics were developed. 

These performance characteristics respond to three categories of fac

tors which influence the planning and design of a transportation sys

tem. 

Topographic Characteristics 

Grade 

The grade along the existing or proposed link is an important 

consideration in the selection of a transportation system. Grade is 

also an important system design parameter once the system has been 

selected. Operating costs will vary as fuel consumption increases on 

steeper grades, and initial capital expenditures for construction may 

depend on the severity of the grades along the link, especially in the 

case of buses or railroads. (Reynolds, 1976). 

Radius of Curvature 

Curvature has a significant bearing on the selection of a trans

portation system. In very few instances will it be possible to con

struct a perfectly straight link between the nodes of a system. The 

terrain between nodes will generally require several curves along the 

link. If sharp curves are necessary, some transportation systems will 

not be applicable. Curvature is a constraint when the existing link 

must be used or when finances will not allow link construction which 

eliminates curves of small radii. Several systems and their corre

sponding minimum radii of curvature are displayed in Figure 9. In 

some transportation systems, especially those using curves of large 

radius, the curves are measured in terms of degrees of curvature. 

Degrees of curvature is numerically equal to the change in heading 

(in degrees) which accompanies a displacement of 100 feet along the 

link. A 57 degree curve has a radius of curvature of 100 feet. 

Environmental Characteristics 

The following categories (Rainfall, Snow Accumulation, Wind and 

Temperature) all relate to ambient weather conditions which could in

fluence the operation of a transportation system. 
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TRANSPORTATION 
SYSTEM 

Overhead Cable 

Funicular 

Railroad 

Automobile & Buses 

Buses (cornering) 

Automobiles (cornering) 
and certain marine 
system 

Hikers and horseback 
riders 

MAXIMUM 
COMPATIBLE 
CURVES(0) 

OR CORNER (FT) 

0° 

0° 

6° 

12° 

25-50 ft. 

6-25 ft. 

Turn in place 

REFERENCES 

Institute of Trans
portation Traffic 
Engineering (1975) 

Institute of Trans
portation Traffic 
Engineering (1975) 

Hambrick (1971) and 
Smith (1976) 

Oglesby (1975) 

McBride (1976) 

Oglesby (1975) and 
IHE (1975) 

I ! 

Figure 8: Transportation System Grade Compatibility 
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TRANSPORTATION 
SYSTEM 

Marine 

Rail 

Automobile 

Automated Guideway 
Vehicle 

Buses 

Automobile 

Cog Railway 

Overhead Cable 

MAXIMUM 
COMPATIBLE 

GRADES 

0% 

lh%'A% 

Q% (where ice is 
likely) 

1555 

15% (short distance 
dry pavement) 

20% (short distance 
dry pavement) 

100% 

REFERENCES 

Hambrick (1971) and 
Reynolds (1975) 

Low (1971) 

Vought Systems 
Division (1974) 

Twin Coach (1973) 

Oglesby (1975) 

Institute of Trans
portation Traffic 
Engineering (1975) 

Figure 9: Transportation System Curve Compatibility 
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Annual Rainfall Distribution by Frequency 

The purpose of this category is to provide information which cor

relates the distribution of precipitation with peak visitation periods. 

This information may influence the number of systems which can operate 

under the range of rainstorms and electrical storms encountered in the 

area. 

Precipitation - Rate of Delivery 

In addition to the frequency of rainfall, the rate of delivery 

influences the operation of many transportation systems. For example, 

on numerous occasions a ten to fifteen inch rainfall has been re

corded over a one-hour period in the Kerrville-San Antonio area of 

Central Texas. (Norton, 1976). If inadequate drainage does not pre

sent an operational problem, the reduction of visibility is a major 

operational and safety consideration associated with heavy rainfall. ; 

In many instances, drainage is an obstacle to certain modes. At this 

level of analysis, data concerning the drainage characteristics of the 

link is not essential to the selection of a candidate system. 
I 

Any vehicle which operates over an exclusive right-of-way should ! 

be operable in rainfall of any intensity provided there is a reliable • 

means of detecting the presence and location of other system vehicles ) 

on the link. According to Norton, aircraft can operate in heavy rain- I 

fall, but takeoffs and landings may be difficult or impossible at 

rainfall rate of over one inch per hour. Norton also states that rates 

much over two inches per hour make operation of automobiles or buses 

extremely difficult. Rainfall rates greater than four inches per hour 

affect the safe operation of railroads which are not isolated from 

grade crossings with automobiles. Marine systems (except ferries or 

open tour boats) can operate in almost any rainfall as long as water 

does not accumulate to the extent that it makes operation unsafe. 

Hikers or horseback riders are adversely affected by rainfall rate 

much greater than h inch per hour. (Norton, 1976). 

Snow Accumulation 

Snow accumulation must be correlated with the visitation period 

or the time frame when the transportation system will be required to 
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operate. Once this has been determined, the average or maximum snow 

depth with which the system must be compatible can be determined. 

Snow depths of three inches are likely to have a noticeable im

pact on automobile or bus operation. Six inches is the maximum un-

plowed depth through which motor vehicles can operate. Depths greater 

than six inches also present some minor problems for railroad opera

tion. A significant note here is that a three inch snow will usually 

drift to two or three feet. (Norton, 1976). The degree to which snow 

removal is possible varies widely from system to system. Rail systems 

generally can be kept operable despite snow accumulation while guide-

way systems generally cannot if any significant snow or ice accumu

lates in the guideway (although it is generally possible to provide 

for keeping the guideway clear during snow accumulation). (Vaught, 

1974). 

Wind 

Wind affects several systems in a variety of ways. Boating in 

small or medium craft becomes dangerous with wind speeds of greater 

than 25 mph. Sand pick up begins at 40 miles per hour and a decrease 

in visibility results at 45-50 mph. Walking becomes difficult in wind 

velocities exceeding 25 mph, although a tailwind has less impact than 

a headwind or crosswind. At winds of 50 mph, operation becomes dif

ficult for large aircraft, and crosswinds of this magnitude make 

automobile and bus operation dangerous. Winds in excess of 75 mph 

make any type of driving almost impossible and virtually all types of 

transportation systems are rendered inoperable by winds of 100 mph. 

Railroad operation, however, is possible but difficult in winds of this 

velocity. (Norton, 1976). 

Temperature 

Research suggests that most transportation systems are operable 

over a wide temperature range. The main problem which arises is the 

necessity of providing adequate heating or cooling for the passengers. 

Some systems, such as the overhead cable, do not have the capability 

to provide environmental control. The maximum operating temperature 

ranges may be an important consideration when final specifications are 
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being prepared. For example, it may be nessary to specify heavy-duty 

cooling systems or special low-temperature features to insure reli

able operation. 

Noise Level 

Analysis and stratification of noise levels generated by various 

transportation systems can become a yery complex problem. The type of 

terrain and elevation or depression of the link surface, along with 

the types of vegatation along the link influence the extent to which 

noise propagates away from the link. For this type of transportation 

analysis, it was decide to assume flat, open terrain for comparison 

of sound levels of various transportation systems. A standardized 

distance of fifty feet from the vehicle has been arbitrarily selected. 

Sound level is typically measured in decibels (dB) where: 

Sound level in dB = 10 log Î  . 

2 
I is the intensity of the sound in watts/meter , and I^ is a reference 

-12 2 

intensity which is generally taken to be 10 watts/meter . This 

value corresponds with the threshold of audibility. (Smith and Cooper, 

1972). An increase in sound level of 3dB represents a doubling of the 

intensity, while an increase of lOdB represents a doubling of the per

ceived (subjective) loudness. 

Operational Characteristics 

Operating characteristics of the Candidate Systems describes the 

ability of the system to perform the function required of it. Many of 

these operating characteristics will also influence the economic fac

tors in later levels of analysis. The list of characteristics which 

follows is intended to provide a means whereby management can arti

culate preference for features of an acceptable system. 

Vehicle Design Life 

Vehicle design life is the length of time for which the vehicles 

in a transportation system are able to operate to the extent for which 

they were designed. Vehicle design life is an important consideration 



60 

at this level of analysis because the design life of the vehicles in 

the system which is selected should correspond roughly with the degree 

of permanence desired from the system. A transportation system re

quiring a high initial investment and having design life of 20 years, 

such as on an automated people mover, would not be installed in an 

area where the estimated period for which a system is required is only 

three years. (DFW, 1971). 

System Carrying Capacity 

The system carrying capacity is the number of people the system 

can move past a fixed point per unit of time. Most of the on-line 

transportation systems have fixed carrying capacities, although the 

nature of each system suggests a range of feasible carrying capaci

ties. System carrying capacity is based on the number of vehicles, 

the maximum number of people a vehicle can accommodate, and the loop 

time of the vehicle. The Airtrans system currently in operation at 

the Dallas/Fort Worth Regional Airport has a carrying capacity in its 

present configuration of 9,000 users/hour. (Vought, 1974). Overhead 

cable systems, on the other hand have carrying capacities which vary 

from 200 users/hour to 500 users/hour or more, depending on the design 

of the system. (ITTE, 1970). 

Systems for which the variable cost per passenger represents the 

major portion of the cost can operate with a satisfactory economic re

turn when loaded to a point less than the design capacity. Most sys

tems, however, have high fixed costs. These systems, which include 

commercial airlines and railroads, must operate at or very near their 

design capacity to avoid an economic loss. (Hambrick, 1976 and McBride, 

1976). 

Carrying capacity has a significant bearing on the selection of 

a transportation system. A system with an insufficient carrying capa

city will not be able to perform the function for which it is intended. 

Long waits by the users and crowded conditions on the vehicles will 

make the system unpopular and probably lead to a lower level of use. 

A system with an excessively high carrying capacity, on the other hand, 

will likely be a financial disaster. 
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Carrying Capacity — Peak Periods 

The carrying capacity of the system during peak periods reflects 

the ability of the system to accommodate additional users after all 

seats have been filled. Whether the system should be able to do this 

is an important consideration in the selection of a transportation 

system. In a particular area, for instance, the necessary capacity of 

the system may be 1000 users per hour on most days of operation. On 

Independance Day and the Labor Day weekend, however, it is determined 

that the system must accommodate 2000 users/hour should be selected. 

One operational system for which this analysis has been conducted 

rather extensively is the automated Airtrans system at the Dallas/Fort 

Worth Regional Airport in Texas. This system uses vehicles which have 

been designed specifically to accommodate overloads. Each vehicle 

has an interior floor area of 130 square feet and is equipped with 

seats for eighteen people. Under normal loading conditions, the ve

hicle can accommodate sixteen seated users and 24 standees for a total 

vehicle capacity of 40 users. At this level of use, each seated users 

is allotted 3.9 square feet and each standee occupies 2.5 square feet. 

Under crush loading the vehicle will accommodate 16 seated users each 

occupying 3.5 square feet (under these conditions a seated passenger 

will sit more erect, pulling his knees back and will put his feet 

under him) and 44 standees each occupying 1.5 square feet. (McBride, 

1978 and Randolph, 1976). 

In many wildland situations it is reasonable to assume a vehicle 

which accommodates standees and overflow crowds will be judged to be 

undesirable. In this case, a system should be selected which uses ve

hicle which limit occupancy to the predetermined seating capacity, 

such as automobiles, overhead cables, etc. 

Maximum Vehicle Speed 

The maximum speed capacity of the system vehicles is yet another 

important consideration. Several factors will influence the desired 

top speed. These include the distance between nodes, the desired 

transit time between nodes, and the desirability of interpretation 

during transit. Under current state regulations, vehicles which use 

public highways are limited to 55 mph. An additional consideration is 
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that the power and energy required to operate a vehicle is approxi

mately proportional to the square of the speed of the vehicle. Other 

factors, including the profile of the link, may limit safe operating 

speeds. If a link limits safe operation of buses, for instance, to 

speeds of less than 30 mph, there is no need to use buses capable of 

90 mph. 

Scheduling Tolerances 

The ability of the system to meet pre-established schedules may 

be of great importance. When an exclusive system is implemented in 

an area, that system must adhere to the published schedule to insure 

confidence and use by the area visitors. Closely scheduled transpor

tation systems can also be used to limit either the total number of 

visitors to an area in an interval of time or to limit the amount of 

time spent by each visitor. Closest schedule tolerances are possible 

with systems which have exclusive links. Automated systems operate 

within generally close scheduling tolerances, but random variations 

from planned interarrival times will occur. (ITTE, 1970). 

Minimum Node Spacing 

Compatibility of the system with the minimum node spacing along 

the link can help assure that the system will operate properly. Elec

tric vehicles using rechargeable or replaceable batteries, for instance, 

generally have a range of 30 to 50 miles. (ITTE, 1970). For maximum 

vehicle utilization vehicles of this nature should be used on links 

much shorter than their ultimate range. This allows multiple trips 

for each battery service, improving vehicle utilization, and also 

eliminating the possibility of vehicle failure a great distance from 

a node in case of premature battery discharge. In the case of rail

roads or airlines, however, a substantial portion of fuel consumption 

occurs during the initiation of a trip. (McBride, 1976 and Reynolds, 

1976). As a result, these systems are better suited for trips of 

longer distances for optimum operation, both in terms of the economics 

of operation and structural stresses on the vehicles. "School" buses 

are constructed with brakes and drive trains which are intended for 

frequent stops and low or moderate top speeds. Line haul buses, how-
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ever, are designed for higher speeds and greater distances between 

stops. (ATSF, 1975). 

Maximum Node Spacing 

The maximum distance between nodes is also an important consi

deration. This spacing influences the mechanical design of the vehi

cle, and, along with the travel time required, the facilities which 

must be provided for the users. Almost any vehicle could be designed 

to accommodate most link lengths, but some types of vehicles are in

herently better suited for specific distances. For long distances 

between nodes, these are two basic alternatives for meeting the needs 

of the passengers: 

1. Travel at high speed to minimize travel time. 

2. Travel at lower speed but have available in 

the vehicle food, concessions, restrooms, and 

(if necessary) sleeping accommodations. 

If the maximum distance between nodes is short (on the order of 

a fraction of a mile), then further analysis of the total number of 

nodes and the total length of the links is necessary before a system 

can be selected. The system must, however, be compatible with fre

quent starts and stops (school bus, cable car, etc.). 

System Flexibility 

The ability of various systems to carry payloads other than pas

sengers varies widely. Since most systems which use a link other than 

a standard roadway will not accommodate automobiles or other motor ve

hicles, this can be a yery important consideration. If a system using 

a specialized link is contemplated, careful consideration should be 

given to the system's ability to accomplish trash removal, fire protec

tion, supply transport, and other necessary functions. 

Selecting the Specifications 

The procedure for selecting the system specfications is a pro

grammed approach to selecting the key performance standards for a 

multi-purpose wildland transportation system. Several categories of 

operational, physical, or environmental performance characteristics, 
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for the study situation are selected. This can be done with the aid 

of the worksheets provided. Joint performance standards make up the 

transportation system operation specifications and will be used to 

idenfity, through the Candidate Systems Matrix (CSM) those categories 

of transportation systems which most nearly meet the conditions of the 

area, management, and users. Together, the worksheets and the CSM 

provide a systematic approach for the search for one or more applicable 

systems which could possibly respond to an existing or perceived pro

blem relating to the movement of people within a wildland area. 

Specification Screening Procedure 

The procedure for selecting mode or system specifications involves 

a systematic approach to selecting key performance standards for candi

date wildland transportation systems. Conceptually, the procedure is 

similar to the process of preparing a job specification or position 

description for a specific slot in an organization. Just as require

ments for a position can be prescribed, so also can a planner or-plan

ning group establish specifications which a transportation system must 

or ought to meet. 

Selection of specifications is based on several considerations 

which include: 

1. Operational characteristics. 

2. Physical characteristics and constraints such as 

topography and utilizing an existing road bed. 

3. Environmental such as levels of noise and exhaust 

emissions. 

4. Visitor comfort and safety. 

Aided by a set of specifications selection worksheets., an example 

of which was shown in Figure 5, the planner can prepare a list of per

formance standards which he believes any future system will probably 

have to meet to be acceptable, taking into account its intended uses 

and users and the environment in which it is to operate. This is much 

different from the more standard approach of first selecting a trans

portation system, such as buses, then attempting to make that system 

fit the conditions encountered in the area where the system is expected 

to operate. Such a procedure has more often than not led to the failure 
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of many systems, not because the system itself was defective, but 

because a less than comprehensive search led to the selection of the 

system that did not fit the needs of the operating entity. 

Categorization of Transportation Systems and Performance Characteristics 

Review of the literature led to the identification of twenty ca

tegories of transportation systems. Every mode known to exist today 

was assigned to one of these categories. For each category, a group 

of common operational characteristics was identified. These charac

teristics include passenger capacity, fuel consumption, link type, 

grade restrictions, curvature restrictions, and load capacity. Data 

on each characteristic was sumnarized for all modes within each system 

category. 

User preferences and requirements, such as seating configura

tion, protection from the elements, window space, en-route interpre

tation, baggage and equipment storage, ease of entry and exit, ride 

comfort, and headway were also summarized for each category. The 

compatibility of each with a wide range of possible link and environ

mental conditions within the area was also assessed. These include 

link width, grade, curve radii, and surface, as well as temperature, 

rainfall, snow accumulation, wind velocity and direction, and heat. 

Such requirements and conditions characterize as well as constrain 

the selection of possible modes to serve the area. Once a particular 

mix of these characteristics is selected that best suits the specific 

need and area of application, this mix may be referred to as the mode 

design and performance standards or requirements which must be met 

prior to designating any mode as a candidate for further considerations. 

Performance characteristics or requirements fall into two cate

gories. The planner may select certain essential features or charac

teristics any candidate mode must meet. These become the most or ab

solute features or characteristics specified by the planner. Those 

features or characteristics for which the planner can accept some 

variable range of performance are referred to as the ought features. 

This latter group provides the planner some latitude in making trade

offs and adjustments where necessary or appropriate. The specification 

selection activity requires substantial broadbased input from the pub-
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lie, planners, and decision-makers, and in many cases from represen

tatives of the various manufacturers of mode hardware as well. In 

short, by using the complete list of possible performance character

istics or features as a check list the planner can prepare a set of 

musi or ought specifications which can then be matched against the 

twenty categories of transportation systems. 

The Candidate Systems Identification Matrix 

The Candidate Systems Identification Matrix (CSM) is a simple 

procedure for matching must and ought specifications with on-line 

hardware. The CSM is a vehicle for identifying and displaying quickly, 

clearly and accurately those major systems which meet all of the must 

and the greatest number of ought specifications established by the user. 

Through the CSM, the planner examines all systems, rather than selecting 

at the outset the one or two he intuitively believes will do the best 

job. Where any system fails to meet the specifications, the CSM dis

plays the rejection on technological rather than emotional or arbi

trary grounds. Decision-makers and public interest groups can see for 

themselves how their pet ideas or modes measure up to the constraints 

of the area, as well as to their expectations for a satisfactory solu

tion. 

Procedure for Using a Candidate Systems Identification Matrix 

The link must be analyzed in terms of physical features, environ

mental characteristics which impact on the operation of a transportation 

system, and management requirements. To aid in this task, a master 

list of 205 potential performance characteristics was prepared. Po

tential characteristics are presented in statement form, grouped first 

into series and then into three broad categories: topographic, envi

ronmental, and operational. Statements in a given series are identi

cal except for the level of performance each indicates. This master 

list is found in the appendix. 

In using the master list to help identify specific performance 

characteristics which are desired for the system, a planner would 

first assemble pertinent information displays concerning the link 

profile and link corridor, and then refer to these displays while 
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searching relevant statement series. 

Once a set of statements has been selected as being most appro

priate for describing what is required of a transportation mode for 

n to receive further considerations for the area, each statement in 

the set becomes a performance standard for a candidate mode. 

As previously mentioned, performance standards will represent 

absolute mimimum performance levels or features the candidate trans

portation modes must meet or ought to meet. At the time performance 

standards are established, each should be clearly designated as a must 

or ought standard, since the two types will be treated differently in 

the Candidate Systems Identification Matrix (CSM). 

Use of the master list has been tested in selecting performance 

standards for possible future systems to operate in corridors within 

the Greater Yellowstone Cooperative Regional Transportation Study 

Area. As an example, the south side access corridor to scenic over

looks of Upper and Lower Falls on the Yellowstone River is repre

sentative. It is a current concern because, during the peak months 

of July and August, the existing parking areas are yery near capacity. 

The present parking locations within walking distance of the 3 attrac

tions have yery little room for expansion. At the corridor entrance, 

just beyond Chittenden Bridge where the existing road crosses over the 

Yellowstone River, there is a parking lot which is under utilized and 

in terrain which lends itself to expansion. This location is farther 

from the attractions than most people would be willing to walk, but 

it would be a suitable location for a portion of the visitors to park 

their personal autos and transfer to another mode of travel. Thus, 

to accommodate additional visitors some multimode system operating 

in this corridor could be considered as an alternatives to the existing 

system. A set of performance standards typical to those that might be 

selected for modes operating within this three-mile corridor is repre

sented in Figure 10. 

After such a set of applicable performance standards has been 

selected, the next step is to determine which transportation systems 

meet those specifications. The CSM provides a means for accomplishing 

this task. The CSM consists of a list of twenty categories of on-line 

transportation systems as headings for the columns and listings of the 
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Grade 

Grade 

Curvature 

Travel way width 

Snow depth 

Rain intensity 

Wind speed 

Wind speed 

Temperature 

Temperature 

Noise 

Area disrupted 
during construction 

Link maintenance 
frequency 

Vehicle maintenance 
frequency 

Link Reconstruction 
frequency 

Vehicle Replacement 
frequency 

Mode Capacity 

Mode Capacity 

Departure frequency 

Departure frequency 

Break even point 

Speed 

Speed 

4% maximum 

1^% maximum 

230 (250' radius) 
minimum 

30 foot maximum 

3" maximum 

k" per hour maximum 
30 mph maximum 

50 mph maximum 

100F. minimum 

100^F. maximum 

Less than 80 dB at a 
distance of 50* 

Less than twice the area 
needed for operation 

Not more than once 
every two weeks 

Not more than once 
a day 

Not more than once 
every 15 years 

Not more than once 
every 7 years 

250 people/hour minimum 

500 people/hour minimum 

15 minute average headways 

5 minute average headways 

50% occupancy 

20 mph average 

30 mph average 

Ought 

Must 

Must 

Ought 

Ought 

Must 

Must 

Ought 

Must 

Must 

Must 

Ought 

• 

Ought 

Ought 

Ought 

Must 

Must 

Ought 

Must 

Ought 

Ought 

Must 

Ought 

Figure 10: A Typical Set of Performance Standards 
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of the performance characteristics as labels for the rows. A portion 

of the CSM is depicted in Figure 7. As illustrated, the entries in 

the CSM cells consist of combinations of dashed or solid horizontal 

and/or vertical lines. These notations were defined in Chapter V 

(Figure 6). 

The next step in using the Candidate Systems Identification 

Matrix is to transfer the information on selected performance stand

ards to the first column of the matrix. For each performance stand

ard which was selected, a line can be drawn through the row of the 

matrix which corresponds to that performance standard. This is il

lustrated in Figure 11. The line should be drawn with a yellow high

light pen for an ought standard or a pink high-light pen for a must 

standard. These pens produce a mark which is bright enough to be seen 

readily, yet transparent enough that the original entries can be read 

clearly. 

After all performance standards have been entered on the CSM, 

an examination is made of the cells in each column. Each marked cell 

in a given column is checked to determine whether the category meets 

the performance standard in the row. The system categories which meet 

all of the must standards and the greater number of ought standards 

becomes the candidate transportation systems categories -- those 

which merit further operational, economic, financial, and environ

mental analysis in subsequent planning phases. A portion of the CSM 

for which failure tabulations have been made for each column is shown 

in Figure 12. 

Display of the Analysis 

The CSM is a device for both display and analysis. While it may 

appear simplistic at the onset, further examination will reveal that 

its use produces a sequential procedure in the analysis of a wildland 

transportation problem. It requires managers and planners to become 

quite specific about requirements their area and specifie transporta

tion needs will place upon any system of interest. Further, it re

quires managers and planners to become familiar with the current state 

of transportation technology so that they can evaluate each mode on 

an empirical rather than arbitrary or speculative basis. Finally, it 
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allows management to demonstrate to all interested parties the full 

range of systems which have been considered as potential candidates 

for the problem under analysis. Thus the frequent and typical "Have 

you considered this system" question can be easily handled via the 

CSM in a credible manner. 
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CHAPTER VII 

EVALUATION OF THE PROCEDURE AND 

SUGGESTIONS FOR FURTHER STUDY 

Discussion of the Procedure 

The specification selection procedure described in this thesis 

is intended to assist wildland planners and managers in selecting the 

most appropriate transportation alternatives for use in a wildland 

situation. The most significant contribution of the procedure to wild-

land transportation planning technology is that it provides a workable 

approach for a systematic approach to analyzing complex wildland 

transportation problems and seeking technically feasible solutions 

which have met rigorously derived specifications. Perhaps the most 

important feature of the procedure is the activity of preparing the 

specifications for use with the Candidate Systems Matrix. This re

quires management and users to acquire a thorough understanding of the 

basic problem, the setting in which a solution will be implemented and 

the full range of possible implications associated with each prospec

tive alternative. Preparation of the specifications involves a sub

stantial amount of public, staff, and vendor discussion and input. 

Our case studies have clearly illustrated the interplay of these groups 

in the formulation of system modes and packages for rigorous testing 

and analysis. The procedure is designed to provide the public with a 

clear picture of the problem analysis process and the evaluation of 

the alternative strategies. Future refinement of the factor profile 

analysis procedure will substantially enhance this capability. 

Successful use of the procedure requires that a large package 

of technical information be available in order to construct the Can

didate Systems Matrix. Since this information must be as precise as 

possible, it is also subject to rapid obsolescence. Periodic review 

and update of the information entered in the matrix will be necessary 
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as new transportation systems come on-line and as existing systems 
are upgraded. 

Information presented in the Candidate System Selection Matrix 

represents a summary of systems operational characteristics. As a 

result, any transportation system which emerges from the analysis does 

so because it can be reasonable expected to accomplish the functions 

which are expected of it. Use of the procedure will not lead to the 

preparation of engineering drawings for a specific link-vehicle mode. 

Rather, a system or system family will be selected which can perform 

acceptably within the environmental, physical, and operational con

straints developed by the managing agency. These constraints are 

based on the area itself, user needs and desires, and management needs. 

Since the analysis concentrates on what various transportation systems 

can do, the end result is a set of engineering data which may be 

provided to concessionaires and/or manufacturers when a call for bids 

is issued. 

Several cautionary remarks must be made concerning the procedure. 

As has been stated earlier, the performance characteristics in the 

analysis are limited to those categories which differentiate categories 

of transportation systems from each other. As a result, not every-

design parameter is considered concerning the system or systems which 

are selected. Such questions as power source (gasoline, diesel, or 

electric) and link design (optimum grades, curves, etc.) are left to 

be analyzed by other methods. The presumption must be made that before 

beginning the analysis (or during its early stages), the link corridor 

has been established and that the basic desires of management and 

the public must be known. 

As the procedure is used, modifications and refinements which 

will improve the effectiveness of the methodology should become apparent. 

Possible changes include addition and/or deletion of categories of 

performance characteristics, modification of the form in which data 

is presented on the worksheets, and correction of entries in the 

Candidate System Selection Matrix. Any modifications which are made 

to the procedure should preserve the integrity of the operational 

approach to transportation system selection. 
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Other Applications 

The problem solving technique which has been developed here was 

originally intended to respond specifically to the selection of wild-

land transportation modes. Since the completion of the original re

search, however, it has become apparent to the author that the proce

dure can be useful in addressing a wide range of complex problems. 

Indeed, one of the greatest strengths of the procedure is its appli

cability to problems which are too complex to be adequately treated 

by more conventional means. 

Numerous potential areas of application have been perceived by 

the author and by others who were involved in the original research. 

These include: 

1. Evaluation of small business or educational computer 

systems. 

2. Evaluation of industrial anti-pollution equipment. 

(Burford and Bethea, 1978). 

3. Evaluation of potential and existing air, bus, or 

rail routes. 

4. Evaluation of alternative plant sites. 

5. Evaluation of equipment for plant expansion or 

removal. 

In each area, a substantial amount of research will be required to for

mulate the worksheets and Candidate Solution Selection Matrix which 

will be needed to execute the analysis. In some cases, it will be de

sirable to incorporate the procedure described in this paper into a 

larger solution system. This system will usually include a compara

tive economic analysis, and, if absolutely necessary, a preliminary 

screening procedure. In each case, if the spirit of the procedure 

developed in this paper is followed, the result will not be a one-shot 

"cure-all" solution, but rather a yery useful, usable framework for 

decision-making. If the system is maintained and updated as it is 

used, it need not become obsolete. 

Suggestions for Further Study 

The procedure described in this paper has been shown to be a 
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powerful problem solving and decision-making tool. The trial applica

tion to which the examples refer has demonstrated its feasibility and 

integrity in managing the wildland transportation problem. (Burford 

et al., 1978). 

Five additional areas of potential application of the procedure 

were enumerated in the previous section. This list should be analyzed 

and expanded to identify additional types of problems which can be 

solved using the techniques described here. Worksheets and matrices 

should be developed and applied in a field trial to determine whether 

modifications to the procedure are necessary. The final step would be 

the development of a computer aided system to manage the data, perform 

the mechanics, and generate a display of the analysis. 



APPENDIX 

Listing of Transportation System 

Performance Characteristics 
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18 

19 

20 

LISTING OF TRANSPORTATION SYSTEM 

PERFORMANCE CHARACTERISTICS 

1. The system will be capable of operation over grades of up to 100%. 

2. The system will be capable of operation over grades of up to 40%. 

3. The system will be capable of operation over grades of up to 20%. 

4. The system will be capable of operation over grades of up to 15%. 

5. The system will be capable of operation over grades of up to 10% 

6. The system will be capable of operation over grades of up to 4%. 

7. The system will be capable of operation over grades of up to 1̂ $%. 

8. The system will only be required to operate over a level surface. 

9. The system will be compatible with curves of 0 radius. 

10. The system will be compatible with curves of 6 ft. radius. 

11. The system will be compatible with curves of 15 ft. radius. 

12. The system will be compatible with curves of 25 ft. radius. 

13. The system will be compatible with curves of 50 ft. radius. 

14. The system will be compatible with curves of up to 57^ (100 ft. radius) 

15. The system will be compatible with curves of up to 24 . 

16. The system will be compatible with curves of up to 12 . 

17. The system will be compatible with curves of up to 6 . 

The system will be compatible with curves of up to 4 . 

The system will be compatible with curves of up to 2 . 

tw. The system will be compatible with curves of up to 1 . 

21. The system will be compatible with curves of 0 (operation in a 

straight line). 

22. The system will be capable of transition from maximum upgrade to 

maximum downgrade in a distance of 0 ft. 

23. The system will be capable of transition from maximum upgrade to 

maximum downgrade in a distance of 100 ft. 

24. The system will be capable of transition from maximum upgrade to 

maximum downgrade in a distance of 500 ft. 
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25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

The system will be capable of transition from maximum upgrade to 

maximum downgrade in a distance of 1000 ft. 

The system will be capable of transition from maximum downgrade 

to maximum upgrade in a distance of 0 ft. 

The system will be capable of transition from maximum downgrade 

to maximum upgrade in a distance of 10 ft. 

The system will be capable of transition from maximum downgrade 

to maximum upgrade in a distance of 25 ft. 

The system will be capable of transition from maximum downgrade 

to maximum upgrade in a distance of 50 ft. 

The system will be capable of transition from maximum downgrade 

to maximum upgrade in a distance of 100 ft. 

The system will be capable of transition from maximum downgrade 

to maximum upgrade in a distance of 500 ft. 

The system will be capable of transition from maximum downgrade 

to maximum upgrade in a distance of 1000 ft. 

The system will be capable of transition from maximum downgrade 

to maximum upgrade in a distance of 2500 ft. 

The system will be capable of transition from maximum downgrade 

to maximum upgrade in a distance of 5000 ft. 

The link width wi 

The link width wi 

The link width wi 

The link width wi 

The link width wi 

The link width wi 

The link width wi 

The link width wi 

The link width wi 

be less than Ih miles, 
be less than 500 ft. 

be less than 330 ft. 

be less than 66 ft. 

be less than 33 ft. 

be less than 17 ft. 

be less than 10 ft. 

be less than 5 ft. 

be less than 2 ft. 

The system will remain fully operational during rainfall of 8 in./hr. 

The system will remain fully operational during rainfall of 6 in./hr, 

The system will remain fully operational during rainfall of 3 in./hr 

The system will not be required to operate during periods of snow 

accumulation. 

The system will remain fully operational in headwinds of up to 100 

mph. 
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49. The system wi 

mph. 

50. The system wi 

mph. 

51. The system wi 

mph. 

52. The system wi 

mph. 

53. The system wi 

mph. 

54. The system wi 

mph. 

55. The system wi 

mph. 

56. The system wi 

mph. 

57. The system wi 

mph. 

58. The system wi 

mph. 

59. The system wi 

mph. 

60. The system wi 

mph. 

61. The system wi 

mph. 

62. The system wi 

mph. 

63. The system wi 

64. The system wi 

65. The system wi 

66. The system wi 

67. The system wi 

68. The system wi 

temperature of 

remain fu 

remain fu 

remain fu 

remain fu 

remain fu 

remain fu 

remain fu 

remain fu 

remain fu 

remain fu 

remain fu 

remain fu 

remain fu 

y operational in headwinds of up to 75 

y operational in headwinds of up to 50 

y operational in headwinds of up to 25 

y operational in headwinds of up to 10 

y operational in tailwinds of up to 100 

y operational in tailwinds of up to 75 

y operational in tailwinds of up to 50 

y operational in tailwinds of up to 25 

y operational in tailwinds of up to 10 

y operational in crosswinds of up to 100 

y operational in crosswinds of up to 75 

y operational in crosswinds of up to 50 

y operational in crosswinds of up to 25 

remain fully operational in crosswinds of up to 10 

be undamaged by winds of up to 100 mph. 

be undamaged by winds of up to 75 mph. 

be undamaged by winds of up to 50 mph. 

be undamaged by winds of up to 25 mph. 

be undamaged by winds of up to 10 mph. 

fully operational at a maximum daytime operating 

130°F. 
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69. The system will be fully operational at a maximum daytime operating 

temperature of 110°F. 

70. The system will be fully operational at a maximum daytime operating 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

temperature of 95 F. 

The system will be fully operational at a maximum daytime operating 

temperature of 80 F. 

The system will be fully operational at a maximum daytime operating 

temperature of 32°F. 

The system will be fully operational at a minimum ambient operating 

temperature of -20°F. 

The system will be fully operational at a minimum ambient operating 

temperature of 0°F. 

The system will be fully operational at a minimum ambient operating 

temperature of 32°F. 

The system will be fully operational at a minimum ambient operating 

temperature of 40°F. 

The system will be fully operational at a minimum ambient operating 

temperature of 60°F. 

At no time during construction wi 

level >110 dB (A) at a distance of 

At no time during construction wi 

level >100 dB (A) @ 25 ft. 

At no time during construction wi 

level >90 dB (A) (a 25 ft. 

At no time during construction wi 

level >80 dB (A) @ 25 ft. 

At no time during construction wi 

level >70 dB (A) @ 25 ft. 

No vehicle operated on the link w 

(A) (9 50 ft. 

No vehicle operated on the link w 

(A) @ 50 ft. 

No vehicle operated on the link w 

(A) (a 60 ft. 

any equipment generate noise 

25 feet from the equipment, 

any equipment generate noise 

any equipment generate noise 

any equipment generate noise 

any equipment generate noise 

1 produce a noise level >40 dB 

1 produce a noise level >50 dB 

1 produce a noise level >60 dB 
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produce a noise level >70 dB 

produce a noise level >75 dB 

produce a noise level >80 dB 

produce a noise level >85 dB 

produce a noise level >88 dB 

produce a noise level >90 dB 

produce a noise level >115 dB 

86. No vehicle operated on the link wil 

(A) @ 50 ft. 

87. No vehicle operated on the link wil 

(A) @ 50 ft. 

88. No vehicle operated on the link wil 

(A) (a 50 ft. 

89. No vehicle operated on the link wil 

(A) @ 50 ft. 

90. No vehicle operated on the link wil 

(A) (a 50 ft. 

91. No vehicle operated on the link wil 

(A) @ 50 ft. 

92. No vehicle operated on the link wil 

(A) at a distance of 500 ft. 

93. No equipment used in maintenance of the link will produce a noise 

level of >110 dB (A) 0 a distance of 25 ft. 

94. No equipment used in maintenance of the link will produce a noise 

level of >100 dB (A) (a 25 ft. 

95. No equipment used in maintenance of the link will produce a noise 

level of >90 dB (A) @ 25 ft. 

96. No equipment used in maintenance of the link will produce a noise 

level of >80 dB (A) (a 25 ft. 

97. No equipment used in maintenance of the link will produce a noise 

level of >70 dB (A) (a 25 ft. 

98. The ratio of area disrupted in construction to area disrupted in 

operation will be <l. 

99. The ratio of area disrupted in construction to area disrupted in 

operation will be <2, 

100. The ratio of area disrupted to construction to area disrupted in 

operation will be <3. 

101. The ratio of area disrupted to construction to area disrupted in 

operation will be £5. 

102. The ratio of area disrupted to construction to area disrupted in 

operation will be <10. 

103. The link will require periodic maintenance no more frequently than 

eyery five years. 
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104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

The link will require periodic maintenance no more frequently than 

every two years 

The link will require periodic maintenance no more frequently than 

annually. 

The link will require periodic maintenance no more frequently than 
semi-annually. 

The link will require periodic maintenance no more frequently than 
guarterly. 

The link will require periodic maintenance no more frequently than 
bi-monthly. 

The link will require periodic maintenance no more frequently than 

monthly. 

The link will require periodic maintenance no more frequently than 

bi-weekly. 

The link will require periodic maintenance no more frequently than 

weekly. 

The link will require periodic maintenance no more frequently than 

daily. 

The vehicles wi 

than eyery five 

The vehicles wi 

than eyery two years. 

The vehicles wi 

than annually. 

The vehicles wi 

than semi-annua 

The vehicles wi 

than quarterly. 

The vehicles wi 

than bi-monthly 

The vehicles wi 

than monthly. 

The vehicles wi 

than bi-weekly. 

The vehicles wi 

than weekly. 

1 require periodic maintenance no more frequently 

years. 

1 require periodic maintenance no more frequently 

1 require periodic maintenance no more frequently 

1 require periodic maintenance no more frequently 

ly. 

1 require periodic maintenance no more frequently 

1 require periodic maintenance no more frequently 

1 require periodic maintenance no more frequently 

1 require periodic maintenance no more frequently 

1 require periodic maintenance no more frequently 
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123, 

124, 

125, 

126, 

127, 

128, 

129. 

130. 

131, 

132. 

133. 

134, 

135, 

136. 

137. 

138. 

140. 

141. 

142. 

143. 

144. 

145. 

146. 

147. 

148. 

149. 

150. 

151. 

152. 
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The vehicles will require periodic maintenance no more frequently 

than daily. 

The link will require rebuilding no more often than every 40 years. 

The link will require rebuilding no more often than eyery 30 years. 

The link will require rebuilding no more often than eyery 20 years. 

The link will require rebuilding no more often than eyery 15 years. 

The link will require rebuilding no more often than every 10 years. 

The link will require rebuilding no more often than every 5 years. 

The link will require rebuilding no more often than every 2 years. 

The link will require rebuilding no more often than every 1 year. 

The vehicles w 

The vehicles w 

The vehicles w 

The vehicles w 

The vehicles w 

The vehicles w 

The vehicles w 

The system wil 

The system wil 

The system wil 

The system wil 

The system wil 

The system wil 

The system wil 

The system wil 

The system wil 

The system wil 

periods. 

The system wil 

periods. 

The system wil 

periods. 

The system wil 

periods. 

The system wil 

periods. 

1 have a design life of 40 years. 

1 have a design life of 30 years. 

1 have a design life of 20 years. 

1 have a design life of 15 years. 

1 have a design life of 10 years. 

1 have a design life of 5 years. 

1 have a design life of 3 years or less, 

have a carrying capacity of 1 user/hr. 

have a carrying capacity of 10 users/hr. 

have a carrying capacity of 200 users/hr. 

have a carrying capacity of 500 users/hr. 

have a carrying capacity of 2000 users/hr. 

have a carrying capacity of 5000 users/hr. 

have a carrying capacity of 20,000 users/hr. 

have a carrying capacity of 30,000 users/hr. 

have a carrying capacity of 60,000 users/hr. 

accommodate 250% of normal capacity during peak 

accommodate 200% of normal capacity during peak 

accommodate 150% of normal capacity during peak 

accommodate 125% of normal capacity during peak 

accommodate 100% of normal capacity during peak 
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153. The system will have a break-even point at a ridership of 25% of 

capacity. 

154. The system will have a break-even point at a ridership of 50% of 

capacity. 

155. The system will have a break-even point at a ridership of 66 2/3% 

of capacity. 

156. The system will have a break-even point at a ridership of 75% of 

capacity. 

157. The system will have a break-even point at a ridership of 100% of 

capacity. 

158. The vehicles will be capable of speed of 100 mph. 

159. The vehicles will be capable of speed of 55 mph. 

160. The vehicles will be capable of speed of 30 mph. 

161. The vehicles will be capable of speed of 10 mph. 

162. The vehicles will be capable of speed of 3 mph. 

163. The system will be capable of scheduled operation within tolerances 

- of +_ 50% of scheduled interarrival times. 
164. The system will be capable of scheduled operation within tolerances 

of ĵ  25% of scheduled interarrival times. 

165. The system will be capable of scheduled operation within tolerances 

of ĵ  10% of scheduled interarrival times. 

166. The system will be capable of scheduled operation within tolerances 

of + 5% of scheduled interarrival times. 

167. The system will be capable of scheduled operation within tolerances 

of ĵ  0% of scheduled interarrival times. 

168. The system will be compatible with a minimum node spacing of 100 

mi 1es. 

169. The system will be compatible with a minimum node spacing of 10-100 

mi 1es. 

170. The system will be compatible with a minimum node spacing of 2-10 

mi 1es. 

171. The system will be compatible with a minimum node spacing of h-2. 
mi 1es. 

172. The system will be compatible with a minimum node spacing of h mile 
173. The system will be compatible with a maximum distance between nodes 

of 1000 miles. 
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174. The system will be compatible with a maximum distance between nodes 

of 500-1000 miles. 

175. The system will be compatible with a maximum distance between nodes 

of 100-500 miles. 

176. The system will be compatible with a maximum distance between nodes 

of 15-100 miles. 

177. The system will be compatible with a maximum distance between nodes 

of 3-15 miles. 

178. The system will be compatible with a maximum distance between nodes 

of 1-3 miles. 

179. The system will be compatible with a maximum distance between nodes 

of 1 mile. 

180. The system will allow the operation of passenger cars over the link. 

181. The system will be capable of transporting passenger cars over the 

link. 

182. The system will allow the operation of recreational vehicles over 

the link. 

183. The system will be capable of transporting recreational vehicles 

over the link. 

184. The system will allow the operation of trucks over the link. 

185. The system will be capable of transporting trucks over the link. 

186. The system will allow the operation of buses over the link. 

187. The system will be capable of transporting buses over the link. 

188. The system will allow the operation of oversize vehicles over the 

link. 

189. The system will be capable of transporting oversize vehicles over 

the link. 

190. The system will accommodate non-passenger payloads of up to 100 tons 

with no interference to passenger service. 

191. The system will accommodate non-passenger payloads of up to 20 tons 

with no interference to passenger service. 

192. The system will accommodate non-passenger payloads of up to 5 tons 

with no interference to passenger service. 

193. The system will accommodate non-passenger payloads of up to 1 ton 

with no interference to passenger service. 
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194. The system will accommodate non-passenger payloads of up to h ton 
with no interference to passenger service. 

195. The system will accommodate non-passenger payloads of up to 500 

pounds with no interference to passenger service. 

196. The system will accommodate non-passenger payloads of up to 100 

pounds with no interference to passenger service. 

197. The cost of the system will be less than $.01/user-mile at the 

break-even point. 

198. The cost of the system will be less than $.02/user-mile at the 

break-even point. 

199. The cost of the system will be less than $.03/user-mile at the 

break-even point. 

200. The cost of the system will be less than $.06/user-mile at the 

break-even point. 

201. The cost of the system will be less than $.10/user-mile at the 

break-even point. 

202. The cost of the system will be less than $.15/user-mile at the 

break-even point. 

203. The cost of the system will be less than $.25/user-mile at the 

break-even point. 

204. The cost of the system will be less than $.50/user-mile at the 

break-even point. 

205. The cost of the system will be less than $1.00/user-mile at the 

break-even point. 
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