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INTRODUCTION

This manuval has a twofold purpose. Primarily, it is intended for the instruction
and guidance of those officers of the Dominion Forestry Braneh who are charged wit)
the protection of the forest reserves and other Dominion-owned timber and who find
rapid and reliable means of communieation an indispensable adjunct to their work.
In order to fulfil this purpose, the various methods of communication which experience
has demonstrated to be best adapted for use in forest protection are dealt with in
detail, and the methods herein set forth are to be followed without deviation wherever
permanent lines of communication are established.

Particu'ar attention is given to instructions for the building of forest telephone
lines. In some important respects these lines possess unique characteristics. The
distinetive requirements of telephone communication for forest protection purposes have
been the subject of much intensive study and experiment during the past decade both
in Canada and the United States, and the equipment and methods of construction
which have been adopted or developed have been standardized by the United States
Forest Service and adopted by many state and private forest protection organizations
in both countries. These standard methods with slight modification to fit Canadian
conditions are set forth in detail in this manual and form the main body of the portion
devoted to the telephone.

It is felt, however, that information with regard to the usefulness of the telephone
and other means of rapid communication in forest protection is of timely interest to
all owners of timber in Canada. Thus far, there has been relatively little specialization
in the work of forest protection on Canadian timber-lands. The usual system followed
by both government and private owners has been to send out each year a large number
of fire rangers, each of whom works on a more or less independent basis. In many
cases a new crew is raised each year and in most cases dependence is placed on chance
and the native ability of the rangers for the prevention, detection, and suppression of
fires in their districts, without aid from special training, organization, or equipment.
There are a few notable exceptions to this practice but as a general rule forest
protection in Canada is handled by forces wholly lacking the training, organization,
or equipment necessary for the employment of modern specialized methods and is,
therefore, of necessity, costly and inefficient.

One of the prime essentials in the organization of fire protection on a specialized
basis, in contrast to the present non-specialized methods, is a reliable means of rapid
communication linking up all strategic points within the forest with those outside
of it and forming a network of lines of communication by which every unit of its
protection staff is in constant touch with every other unit, and the whole is in direct
communication with the chief ranger or other officer immediately responsible for the
protection work on the area. In this manual, the principal means by which this inter-
communication may be maintained in an unsettled timbered country are explained.
Naturally, wherever adequate commercial telephone or telegraph services exist they
will be employed, but these are of little importance in forest protection in Canada
because settlement in timbered regions is extremely meagre.
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xvi METHODS OF COMMUNICATION FOR FOREST PROTECTION

Being intended for non-technical readers, it has been necessary in many instances
to elaborate points that might otherwise have been passed over very briefly. For the
same reason a certain amount of repetition has been thought desirable. The aim has
been to bring together in one publication not only the details of telephone construction
and operation practice as exemplified on the Dominion forest reserves, but also all
available information on various communication methods that have proved to be
useful in connection with forest protection activities. It is believed that only one
subject of importance has been given very inadequate treatment and that is the
question of pole preservation. This, it is planned to treat in a supplementary
publication when certain investigations now being conducted are completed.



PART 1
COMMUNICATION IN SPECIALIZED FOREST PROTECTION

CHAPTER 1
SPECTALIZED FOREST PROTECTION

-

o AL AT PR

Section 1—Specialization Defined. ' :., - 574 % .-

As applied to forest protection, specialization involves two primary modifications
of old style methods. These are, on the one hand, an extensive centralization of
executive authority in the hands of certain field officers who are responsible for the
protection of certain clearly defined forest tracts and, on the other hand, a classifi-
cation of the duties of the field staff into certain well-defined functions and the
assignment of special men to the performance of these special functions. This is best
understood, perhaps, by comparing the actual organization of the old style
forest protection staff with the modern specialized staff. In the more primitive
of the former the staff consists of a number of district chiefs or inspectors
each of whom is responsible for the general supervision of the patrol staff in a certain
area. These inspectors are most likely permanent employees. Under each is a
number of patrolmen or rangers, assigned either singly or in pairs, to a certain
subdivision of the inspector’s district, called as a rule a “beat.” Each of these
rangers is responsible for his own beat only and within that area he performs all the
functions of the fire prevention staff. The district chief or inspector is required to keep
moving from beat to beat principally for the purpose of ensuring that the rangers are
in the areas assigned to them and are performing their duties. In addition, he, being
a permanent employee and presumably more skilled in those duties than the temporary
staff, can assist the latter by advice and instruction. This extremely simple form of
organization has, however, only one point in its favour which is that it can be
employed where the field staff is wholly untrained or unskilled in modern protection
methods while no other form can be so employed. Tt is, therefore, particularly adapted
to regions where the subordinate protection staff consists of extremely low-priced
labour, as in India where natives are largely employed for this work. Where our own
standards of wages prevail, such a system to be effective must be tremendously
expensive. This is as inevitable in forest protection as it is in other forms of organized
human activity such as manufacturing, transportation, or military affairs, from all
of which in the modern world this system has long since disappeared.

Contrasted with this method of protection are the various more or less elaborated
systems of specialization that have been developed by the leaders in forest protection.
These developments differ in no material respect from those that have taken place in
other large-scale activity but, owing to the nature of the work, they have followed more
closely the methods of organiz:tion employed in military operations rather than those
of most industrial activities. The most striking characteristic of a specialized staff
is that instead of being a constantly moving patrol, each man confined to a limited area
within which he performs all functions, it becomes very largely a stationary staff,
each member of which performs only one function but may extend his activities over
a large number of the old-time beats. ‘Thus, instead of each man being individually
responsible for detecting fires, certain men are specially assigned to this work and
are located permanently on prominent lookout peaks or towers; instead of each man
being respcnsible for putting out such fires as occur, special men, selected, equipped,.
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and located with this one end in view are placed at strategic points and are despatched
only to such fires as are discovered by the lookout men; instead of each man getting in
his own supplies for himself or a fire-fighting crew, a special man operating over a
large area with suitable equipment and assistants takes care of all the supplies and
transportation. In short, to establish a specialized forest protection staff means
nothing more or less than the extension of division .of labour on the modern basis
of function to the work of protecting forests from fire.

Sectlon 2—Communication Defined

Wben we Speak of ‘communication in connection with forest protection we may
have in mind one or ‘the: other of two rather distinct concepts. ‘On the one hand,
commurication’ referaﬂ to, the conveyance of materials or of men from one place to
another. In this sense communication becomes a problem of transportation and lines
of communication become roads, railways, trails, etc. With this type of communi-
cation, although it is of vast importance in forest protection, this manual is not
concerned.

Communication in the other sense means the conveyance of information from one
place to another. Obviously this does not necessarily involve any transfer of material
substance, and lines of communication become telephone or telegraph wires, wireless
installations, or mgnals of an almost endless variety. In this sense, communication
' is one of the prime essentials in specialized forest protection. Without well-developed
means of transmitting information rapidly between all the numerous elements of a
specialized force it is wholly impracticable to employ the distinctive features of
specialized organization, and entire responsibility for all lines of work must necessarily
be left in the hands of the patrolman, the least trained, and most pooriy paid and
equipped man in the whole force. This is obviously inevitable, however, in the
absence of lines of rapid communication. At the same time it must be kept in mind
that forest telephones and other modern devieces for securing intercommunication do
not of themselves produce specialization in a forest protection staff, but are merely a
necessary mechanical device through the use of which functional orrramzatxon and
centralized control are rendered feasible.

Section 3—Present Protection Methods

It is well recognized in Canada that forests if they are to be kept from burning
up must have some kind of systematic protection during that portion of the year
generally referred to as the “fire season.” The extent of protection attempted largely
depends upon the enlightenment of the owner of the timber, the value placed upon it
and the fire danger or risk. This last is an extremely complex element made up of
several factors which vary with the season, the character of the forest, the local causes
of fire, and other local conditions which tend to favour or to obstruct the protection
work. It is equally well recognized in the forested regions of Canada that the only
kind of protection that has even a remote chance of success is patrol by a force of
specially employed fire rangers. The patrol of timber-lands has been a feature of fire
protection in certain parts of Canada for more than thirty years. In other parts it
is only. of recent origin, while very large areas in all parts of the country, bearing a
young growth whose value and vital national importance are unrealized, are as yet
wholly unprotected. A careful study of most of these patrol forces, however, reveals
the fact that they are organized and operated on extremely individualistic lines. Some
of the very largest operate almost without a directive staff and in no case has there
as yet been developed a staff capable of making a close scientific study of this problem
of fire protection, resolving it into its elements and building up on a basis of known
.facts a business-like organization and mode of procedure. In almost every case a
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forest protection force in Canada consists simply of an indefinite number of more or
less qualified men hired each year for the fire seacon only, and sent into the woods with
only the most meagre instructions. In general they are told to prevent or to detect
and suppress, so far as possible, forest fires in a specified district. Between rangers
even in adjoining districts there is little or no relationship. There is practically no
differentiation of duties and no guidance or supervision exeept a very oceasional visit
of inspection, primarily to determine that they are actually present in their district
and are not employed at some other work. Even this is successful only to a very
limited extent because of the inherent difficulties of maintaining close personal super-
vision over a force which of necessity is widely scattered over a vast area of undeveloped
country.

The total annual expenditure for forest protection by all agencies in Canada is
probably not less than $1,500,000. Single agencies spend as much as $350,000 per
annum and employ 800 to 1,000 men annually. The value of the resource protected is
of immense importance to the nation since fully 65 per cent of the country is capable
of producing no other form of useful commodity. This resource is the raw material
for the second largest industry of Canada. From this may be gained some idea of the
relative importance of a scientific study of the business of protecting forests from fire.

Section 4—Analogy to Military Operations

Tt requires but little knowledge of the operations involved in forest protectiom
under conditions existing in Canada to appreciate the striking resemblances which
exist between this work and military operations on a large scale. - It is noted at once
that therc exist the same problems of transportation, of commissary and supply, of
scouting and reconnaissance, of Intercommunication, of camp management, and the
handling of men on the fire-line. Also there are frequently involved problems in
field engineering, and in animal management. Further, it is readily possible to
divide the actual process of placing a forest fire under control by frontal attack, flank-
ing trenches, or back-fires into two main sets of operations, namely tactical and
strategical. The present is perhaps an opportune time to point out the vital import-
ance of organization and discipline, of special training for individual units, of perfect
equipment, and of a skilied and scientific directive staff in military operations. Months,
even years, are spent in training men for the least responsible of military positions
and we know that an army without this highly perfected organization and equipment,
no matter how individually excellent, is a pitiable thing before a modern military
machine. It is little realized, however, that forest protection, which in all its essen-
tial operations bears such a striking resemblance to military operations, is susceptible
of just as intensive study and development and that an unspecialized fire-ranger staff
i8, in its own sphere, just as pitiable an object when ecompared to a highly specialized
staff as is an untrained ill-equipped army when compared to our modern troops.

As is well known, the extent and perfection of control maintained in modern
military operations is largely the result on the one hand of the perfection of functional
control secured through the General Staff and on the other of two elements of
mechanical equipment, the gasolene engine as applied to transportation. and the tele-
phone and telegraph as employed in intercommunication. Tt is one of the aims of
this manual to indicate how these same highly developed means of intercommunication
may be applied at small expense to the operation of directing forest protection forces.

Section 5—Functions of a Forest Protection Force

A careful analysis of the operations involved in the protection of forests from
fire reveals the fact that a fire-control force exercises four principal functions. These
may be called Prevention, Detection, Suppression, and Supervision. In an unspecial-
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ized staff each member of the staff exercises all four functions. Naturally there is no
organized staff so completely unspecialized that there is absolutely no differentiation
of funetions performed by different members, but nearly all of the forest protection
forees of Canada ave so little specialized that the overwhelming majority of the staff
actually does have all these functions to perform. As in other industries so in forest
protection, non-specialization means independence of action and lack of close co-opera-
tion. Thus we find that practically all fire rangers employed in Canadian forests are
independent units, each supreme in his own district, performing individually all
functions of fire control, and neither assisting nor receiving assistance from any other
unit. .

Where specialization has been adopted, however, the whole organization is
radically different. Specialization is the basis of modern industry, and the gain in
efficiency that resulted from the industrial revolution is no more striking than is the
improvement that results from the adoption of similar specialization in forest protec-
tion. Obviously, no other result could reasonably be anticipated.

Specialization in forest protection is secured by employing separate units to
perform each of the distinct functions revealed by the analysis of the operations of
forest protection. It is neither possible, nor necessary, to differentiate functions
absolutely in all cases, but instead of each member of the control forece performing all
functions each is given one as a primary function and exercises the others only to a
very minor degree, if at all.

Section 6—Prevention of Forest Fires

The function of Prevention, as the name would indicate, includes all those
activities whose aim is to ensure that fires do not start in the forest. Statistics of
the causes of forest fires, upon which all prevention plans must be based, show that
for the eastern part of the country human agencies are responsible for at least 95
per cent of forest fires, while in the West about 80 per cent are thus caused. This
difference is due to the lightning-caused fires which are relatively more numerous in
the mountainous regions of the West. Fires due to human causes may be considered
almost wholly preventable, and a forest protection staff must be prepared to make an
exhaustive study of the causes of the fires with which it has to deal and to apply
the necessary remedies. Prevention of forest fires involves a whole host of considera-
tions mostly beyond the range of this discussion and even in actual application largely
beyond the influence of the direct control forces in the woods. Certain preventive
measures, however, belong primarily to the woods staff. Such, for instance, are adviece
and warning to forest travellers and tourists. This is of very great importance in
many forested regions of Canada. A specialized forest protection force will have
certain of its members specifically assigned to this duty wherever the directive staff
determines, as a result of a careful study of fire records, that such preventive measures
are needed. In maintaining this observation of tourists and other travellers a well-
developed system of communication by which the patrol force is kept constantly
informed of the entrance of parties into the forest and of their movements while
there is of immense value. By means of it every person in the force is enabled to
contribute indirectly to the prevention work and to assume this as a secondary function
without in any way interfering with whatever happens to be his primary funection.

Similarly, the supervision of “clearing ” fires employed by settlers, an extremely
frequent cause of disastrous forest fires, is preventive in nature, and many other
activities of this kind must be provided for, according to local conditions. Im all
cases, however, it is necessary to emphasize that the fundamental basis for scientific
and effective prevention work is an accurate knowledge of fire causes in any given .
region. This is best secured by rigid investigation of all fires that occur and the
accumulation of statistics of causes over a period of years.
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Section 7—Detection of Forest Fires

The method of performing the funetion of Detection has to some degree become
a distinctive characteristic of a specialized staff. In the usual type of organization
with little or no internal co-operation or interdependence of units, each ranger must
depend upon himself alone to detect and locate all fires in his distriet. To aceow-
plish this he adopts various methods according to the nature of the country and
forest, the causes of fires, and his own energy, experience, and ingenuity. To some
extent he relies upon reports received from various volunteer sources, supplementing
this with patrol of routes of travel, and, if the region is favourable, with observations
from commanding peaks, ridges, or even unusually tall trees. If he sights a smoke from
a distance he can determine its location only by his knowledge of the country, aided
by a map if he has one and knows how to use it. In most cases his determination is
likely to be only a mere approximation and much time is lost in searching for the
fire and making the exact location. This done, he must then undertake its suppres-

Fig. 1 Lookout station on a Dominion forest reserve in British Columbia

sion either alone or with such assistance, often inadequate, as he is able to summon
to his aid. During the Suppression period, the protection of his district will most
likely be left entirely to chance. The fatal weakness of this system is the slowness
and uncertainty with which it operates. One of the most efficient fire-preventive
organizations in the world has as its motto “ Minutes Count” and nowhere in the
course of a fire do they count more disastrously than in the first few hours. Prac- .
tically all forest fires start as mere sparks. A neglected or half-extinguished camp-
fire, a carelessly dropped match, the spark from a pipe or an engine, or some other
similar insignificant source gives rise to the great bulk of disastrous fires. At the
start and for some little time afterward, aceording to the weather, the season, and
other local conditions, all such fires are easily within the power of one man to
extinguish. But as they increase in size they increase even more rapidly in intensity.
What was at first only a spark soon becomes a conflagration which only a very large
crew of men can make headway against. The lesson, therefore, that every ranger
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has learned is that the way to prevent large fires is to extinguish them when they
are small—an obvious lesson—the accomplishment of which task is the primary
purpose of specialization in forest protection.

There are in general but two ways to ensure that all fires will be extinguished
in their incipiency. ‘The one is to put in an overwhelming force and depend upon
-weight of numbers and extremely small districts to ensure success. The possibilities
.of this system are soon reached, owing to the prohibitive expense. The other system
is to adopt specialization, to use fewer but more highly trained men, to co-ordinate
‘their activities by organization and discipline and to assist them with every form of
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Fig. 2 Steel lookout tower on a Dominion forest reserve in Saskatchewan

" mechanical appliance that will multiply their individual effectiveness. Among these
appliances modern means of intercommunication are of basic importance, and in no
respect is this more evident than in specialized means of Detection.

The function of Detection in a specialized staff is performed by units entirely
distinet from the rest of the force. The nature of their duties is such that they can
rarely perform any other duties even as a secondary function, and only in a very
imperfect way can other units perform the function of Detection on a secondary
basis. These units, charged specifically with the duty of detecting and locating fires,
are known as “lookout men” and hundreds of them are employed in specialized forest
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protection forces in the United States. They are a most picturesque unit, perform-
ing a little-known but valuable service under most unusual and often trying cvon-
ditions.

For the most part lookout stations are established on the tops of prominent
mountain peaks; mount Hood in the Cascades, mount Fairview in the Rockies, even
the active voleano, Lassen peak, in northern California, and scores of other mountains
throughout the Western States are used for lookout purposes. Several have also
been established in British Columbia by both the Dominion and provineial forest
services. In the Eastern States, notably in New England, a very extensive develop-
ment of the lookout system has taken place. Practically the entire timbered area of
these states, and large parts of many others as far west as Minnesota, are watched Ty
permanent lookout men throughout the fire season. The location and character of
the lookout stations is determined by the nature of the topography. If suitable
sharp-topped peaks are not available towers must be erected. Lookout towers as high
as 150 ft. have been built but ordinarily the standard steel towers which run from
30 to SO ft. high are satisfactory.

Satisfactory lookout service in a specialized organization demands the continuous
presence of the lookout man at his station throughout the daylight hours seven days
in the week. This can be.accomplished only by making the lookout station and
dwelling-house one and the same. Accordingly a type of building has been especially
designed for this work which is so arranged that no matter where the lookout may
be while in the station he can always have a clear and unobstructed view of the
entire area for which he is responsible. His duty, therefore, is easily defined. It is
to remain at his station continuously throughout the day and maintain a constant
watch over the area within his range of vision, noting all indications of fire, determin-
ing their location ,and reporting immediately to the proper unit of the control force.
For the purpose of aiding him to fulfil his function he is provided with "certain
mechanical devices. These include tinted glasses to protect his eyes and aid him to
distinguish faint smoke at long range, field-glasses with which to examine suspicious-
looking smudges, a special form of lookout map correctly oriented, a fire locator (or
alidade) for determining the bearing of a smoke, and finally a telephone or other
means of communication by which he may report without delay. Rapid means of
communication are fundamental to successful lookout service. For this purpose the
forest telephone i3 universally preferred, but other means are sometimes used for
reasons of expediency and are nearly always maintained in order to guard against
temporary isolation of the station should the telephone line be broken.

Wherever a region is fully covered by lookout stations, the precise location of a
fire within a distance of a fraction of a mile may be quickly secured by the simple
process of intersecting from two or more stations. Where the fire is visible from
only one station, other methods of location, slightly less exact, have been devised.
Many difficulties in the establishment and maintenance of dwellings on the high peaks
of the western mountains have been encountered and many ingenious devices resorted
to in overcoming them which it is beyond the scope of this manual to discuss. Also,
it is impossible to discuss the human factor in lookout service which is in itself an
element of much importance.

Section 8—Suppression of Forest Fires

A fire having been discovered and reported by the lookout man, the third element
of the specialized staff is brought into action. This is the unit whose main function
is Suppression. The title “smoke chaser” applied to this unit adequately indieates
the nature of the service. The “smoke chaser” corresponds to the fireman of a
city fire brigade. His duty is to remain within call of his telephone bell or other
communicating apparatus and upon being advised of the location of a fire to proceed
to it by the shortest route in the least possible time and to extinguish it. Tere,
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again, minutes count and every possible measure is taken to see that none are lost.
If he travels on foot, his pack is ready to be instantly shouldered. After careful
study and experiment a “smoke chaser’s” pack, containing all essentials for three
days and the tools needed for fighting a fire, has been devised to weigh only 21
pounds. If he can use a horse, it stands ready saddled and bridled; if he travels by
power boat, it floats at his dock fully equipped. His only duty is to leave instantly,
get to the fire in the least possible time, and do everything in his power to put it
under control.

Section 9—Supervision of Protection Forces

The “smoke chaser,” however, is only the first or skirmish line of defence.
Back of him stands the whole organized control force, the entire man-power of the
community where this system has been most highly developed. This brings up the
fourth function, that of Supervision. For the successful operation of a specialized
protective force it is essential that the function of Supervision be performed by a
permanent staff. In order to provide year-long employment economically this staff
must necessarily be incorporated in the organization which is concerned with the-
woods operations. Private owners ean incorporate it in their logging crews; govern-
ments, in the scaling or inzpection staff. This is a particularly easy problem in
Canada where logging is confined almost exclusively to the winter season and fire-
ranging almost wholly to the season when logging ceases.

~ Keeping in mind the military analogy already alluded to, it will be evident that
the supervising staff is nothing more or less than a skeleton organization composed
wholly of officers, which organization can be rounded into a complete defensive unit .
by calling upon a large body of assistants of various degrees of training, according
to the necessities of the season. In a region where anything in the nature of
permanent settlement is found, this training may, indeed, be carried to considerable
lengths and the efficiency of the force greatly enhanced.

It will be realized, however, in studying the details of forest protection work
that it divides rather distinetly into two general classes. There is on the one hand
the more strictly administrative duties which fall to the various supervising officers.
These include the day-by-day supervision of the work of prevention and detection
forces; the inspection of field conditions; study of fire conditions and labour supply;
preparation and revision of mobilization schemes; the supply of provisions to field
forces; direction of construction on improvement projects and various other activities
not concerned with the actual process of fighting fires, but either preventive in
character or in the nature of preparation for fighting fires that are anticipated.

On the other hand there is the actual forest fire-fighting, mostly on a small scale
in a smoothly running organization but sometimes on a very large scale and with
crews of considerable size. This, too, will as a rule be under the direction of the
same supervisory officer, although in some cases the actual executive work on the
fire-line is placed in the hands of a fire-line foreman while the supervisory officers
devote their attention to co-ordinating the various auxiliary services and determining
the general strategy of the fire-control operations. Here is seen a distinet develop-
ment of staff and line functions as will be hereinafter explained.

Section 10—Duties of Supervising Officers

It will be readily apparent that the duties and responsibilities of the supervisory
officer in a specialized staff are much more extensive and call for a far more careful
training than those of any grade of employee in a non-specialized force, or even in
the other units of his own organization. He must be more carefully selected, more
highly trained, and, naturally, better paid. His duties in connection with fire preven-
tion are ag follows:—
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1—DIrecTOR OF PERMANENT FoORCES

The maintenance of supervisory control over the entire prevention, detection, and
suppression staff regularly employed in his district is of first importance to the super-
visory officer.

To do this it is essential that he be able to maintain communication with all units
of this staff. This is accomplished by the proper planning of the permanent lines of
communication within the distriet and the skilful use of the portable and emergency
equipment described in this manual.

9— MOBILIZATION OF SUPPRESSION IFORCES

The supervising officer must organize and direct the mobilization of all the forces
needed to form the main and supporting lines of defence in fire suppression. While the
aim of specialized forest protection is always to handle all fires in the inecipient stage
this ideal eannot always be maintained, and throngh delays in detection or reporting,
faulty location or other failures, some fires will prove too formidable for the “smoke
chaser” alone. There are few forest regions even in the more remote parts of Canada’s
commercial timber-belt where there is not some form of local settlement. Where agri-
cultural settlers are not found there are still logging camps, miners, construetion crews,
or perhaps surveyors, tourists, summer residents, hunters, etc. The eommunication
system must be planned to put the supervising officer in direct touch with all these
sources of labour and he must organize this labour so that in ease of emergency it may
be called upon for assistance with a reasonable certainty of an immediate and effective
response. This has been accomplished in several ways but probably the most successful
has been through the organization of volunteer fire companies, organized with all the
necessary officers and bound by agreement to report on call at designated points. Many
factors and local conditions necessarily cause wide variations in the possibilities of
developing these forces for use in fire emergencies.

In the more highly perfected organizations it is possible to distinguish three lines
of defence or classes of forces behind the “smoke chaser.” These may be called:—

(@) Main line forces, which are as a rule made up of all the available employees of
the timber-owner;

(b) Supports, which consist of local residents usually scattered through or on the
immediate borders of the forest who are under definite contract to perform certain
specified emergency fire duties; and

(¢) The Reserves, which may consist of organized volunteer fire companies as out-
lined above or may be simply an available labour supply at some adjacent centre where
arrangements for securing men have been made through labour agencies or other
means.

Whatever is the form and composition of the Supports and Reserves, the mobiliza-
tion, equipment, and transportation of these forces to the fire-line must be handled by
the supervisory officer and his staff. Fire plans, which are an essential feature of
specialized fire protection, detail the means for accomplishing this concentration, but
the expeditious carrying out of the features of such a plan is largely dependent upon
the system of communication.

3—MAINTENANCE AND DIRECTION OF SUPPRESSION IFORCES

Finally, the supervisory officer must provide for the maintenance of his forces on
the fire-line and the direction of the work of suppression by these forces. In this, his
problems differ from that of the military officer in no material aspect except the merely
rudimentary development of his medical service and the absence from his transportation
columns of anything corresponding to the enormous quantity of ammunition required
by modern troops. A complete discussion of this phase of the function of supervision
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might constitute the subject matter of a manual of forest protection and is beyond the
scope of a manual on communication alone, but the main divisions of it may be very
briefly considered. In doing so, however, it is necessary to recollect that although the
object of all fire-protection forces is prineipally to prevent fires, nevertheless the supreme
test will come in the actual handling of a dangerous forest fire and all organization
must be based upon preparation for this contingency. This, of necessity, involves a
somewhat elaborate organization which must be provided though it may never in praec-
tice be utilized for the purpose intended. From this it does not necessarily follow that
a staff is held idle merely awaiting emergencies that no effort is spared to avoid. On
the contrary, the skill of the organizer is shown by the way the necessary staff is
secured for emergency work without continuous maintenance. This force as already
indicated is divided into line and staff according to the nature of its duties.

Section 11—Duties of Suppression Staff Officers

These are five in number and give rise to five separate departments, but it is seldomn,
even in a very dangerous region, that all are separately organized.

1—TRANSPORT

The transportation problem becomes important only when relatively large fires
must be fought at a considerable distance from a base of supplies. Its difficulties
arise more from the poor quality of the lines of communication over which trans-
portation takes place than from any other factor. Crews seldom exceed 100 men
though more than 1,000 have at times been engaged in one locality. Distances are
sometimes considerable, frequently 25 miles beyond the railways, sometimes more
than 100 miles. Wagons, boats, or pack-horses are the usual equipment employed.
Sometimes motor-cars may be used but on the other hand it is sometimes necessary
to pack supplies on men’s backs. When, as is nearly always the case in the western
forests, pack-horses are the only feasible means of transport, the maintenance of a
hundred men on a fire-line is quite as difficult a transport problem as is the main-
tenance of 2,000 or 3,000 men in a country where modern motor-trucks may be
employed.

The transport service in a specialized force is seldom under the direct charge
of the supervisory officer having immediate charge of the smallest fire-protection
district or unit of area. As a rule ten or more such districts are combined under an
officer of higher rank and the transport service for the entire group is handled from
a central headquarters. Where necessary a chief transport officer, generally called
the “ packmaster,” is employed for this purpose.

A very important element of transportation is the condition of the lines of com-
munication, such as roads and trails. It must be the constant aim of a forest-
protection force to improve these lines at every possible opportunity. In the accom-
pl'shment of this an intercommunicating system is of the highest importance. Its
value arises from the fact that in scarcely any forest region is the fire season continu-
ous, but owing to rains there are periods of greater or less length when no fire is
likely to occur. The efficient organization will plan to use the fire-protection staff
during such periods for the extension or improvement of lines of communication.
This is accomplished by preparing in advance careful plans for necessary improve-
ments to roads, trails, or other permanent works, distributing the work as much as
possible to all districts. Immediately on the occurrence of a heavy “rain, the fire-
control force is swung on to improvement work through the medium of the inter-
communication system and is kept employed on this work at the discretion of the
supervising officer until conditions again require a return to fire-control duties. The
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amount of work that may be accomplished in this way depends on the seasonal condi-
tions but it rarely happens that a fairly considerable total does not result from
careful preliminary preparation and skilful use of opportunity and of the means
of communiecation available.

2-—COM MISSARY

The bulk of the material handled by the transport service to fire-fighting erews is
food. This is supplied in the most successfully organized forest districts through a
central depot which distributes to a group of fire-control districts, generally the same
group as is handled by a single transport officer.

The officer in charge of the commissary is called the “quartermaster” and, in
fact, very often combines the duties of quartermaster with those of packmaster. Ile
arranges for the delivery of the necessary food, tools, and miscellaneous camp
supplies, such as tobacco, socks, ete., from the main supply points in the nearest
towns to one or more base stations from which they are distributed to the fire-fighting
crews as required. The eooks at the various camps make requisition upon him for
supplies either directly by telephone or other line of rapid communication, or
indirectly by message to the nearest telephone station. The extreme uneertainty of
the extent or duration of this class of work constitutes the principal element of
difficulty for the quartermaster, and this he is' enabled to minimize by being in
constant direct communication with each camp.

3—TFINANCE AND ACCOUNTING

The payment of fire-fighters must be handled promptly, especially where large
crews of a floating class of labour are involved. Also, an efficient organization will
want to maintain an accurate record of its expenditure and an adequate cost-
accounting system. This is generally handled by a paymaster who disburses for a
group of fire-control districts, often including two or more groups of the size handled
by a single quartermaster or packmaster. The intercommunicating system expedites
the work of the paymaster by enabling him to get advance information in regard to
the men coming out and the amount of disbursement he must be prepared to
malke each day. This is often of great importance in regions where banking facili-
ties are limited. On the fire-line he is represented by the timekeeper who, however,
generally has other duties to perform as well.

4—INTERCOMMUNICATION AND RECONNAISSANCE

As has already been indieated it is of vital importance to the efficient operation
of each of the several departments of the fire-control staff that constant communi-
cation be maintained between the fire-fichting erew and the various headquarters in
the rear of the fire-line.

It is also of much importance on a large fire that the officer in charge be kept
constantly informed of the progress of the fire in all its parts and of the success or
failure of the various control measures undertaken by the forces combating it. This, of
course, assumes that a relatively large fire is being subdued. Small fires may be readily
observed by the officer in charge and no special organization for securing information
is needed. On large fires, however, it is frequently found desirable to employ a scout
or intelligenee officer. The duty of this member of the force is to keep the chief of the
fire-fighting force informed of all important features of the work of fire control and of
the progress of the fire itself where not yet under control. He is also, as a rule, charged
with establishing and maintaining communication with the headquarters in the
rear. Now, it rarely happens that a fire camp is located on a permanent telephone
line. If, therefore, it is considered necessary that the camp be equipped for direct
communication it becomes the duty of this officer to provide telephone connection or
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establish communication by some other direct means. The methods by which this may
be done are explained in this manual in Chapter X of Part II and in Part ITI. It is
desirable here only to indicate the organization by which it is effected. Naturally, such
communiecation will be required only in exceptional cases. A camp that will be oceupied
for only a few days at the most and that would need to send only a very few messages
would handle them by messenger. But where a large camp may be occupied for a period
of weeks, perhaps, and is only one of several engaged in the control of a single large
fire, then it may be extremely important to establish direct connection. It is the same
problem that faces the military officer who must decide whether to send an order by
messenger or have it transmitted by signal. The circumstances in each case and
knowledge of the possibilities of all means available must be the guide in the action
taken.

5—TFIRE SUPPRESSION STRATEGY

The strategy of fire-fighting as distinet from tacties has the same significance as in
military operations, that is, it comprises all those broader elements of the problem such
as existing conditions of fire, topography, season, forest, forces available, and other
factors which taken together determine in a broad way the generfl method of attack.
Unfortunately there is not available in fire-fighting records any body of detailed reports
of fire-fighting operations with the reasons therefor and the results attained, such as
exist in military history, and lacking this essential data fire-fighting strategy still
remains in a condition of very rudimentary development as a practical art. In actual
practice it is necessary to rely entirely upon the individual capacity of some member
of the force who has himself only his own individual experience to depend upon. Non-
specialized forces assume this knowledge of all their members. Specialized forces
undertake to bring to bear on this important line of work a more extensive experience
by making available for study by the permanent staff such detailed reports of fire-fight-
ing strategical operations as can be secured and by relieving some of the staff officers of
most of the usual details of forest protection work so that they may give special atten-
tion to this important phase.

Section 12—Duties of Suppression Line Officers
1—CaMP MANAGEMENT

Unlike military camps, fire camps are extremely simple.” It is very seldom that
such camps are large enough or remain in one place long enotigh to require special
sanitary precautions or highly specialized organization. Provision for safety in loca-
tion is necessary but usually is easily secured. The same is true of provision for
medical service. Injuries, sometimes fatal, are not uncommon in fighting fires and yet,
on the whole, they are not sufficiently numerous to require any special organization.
There is, therefore, in a specialized fire-protection staff nothing that corresponds to the
medical corps or sanitary corps of an army. All responsibilities of this nature as a rule
fall upon one of the line officers, such as the camp foreman. The greatest advance has
probably been made by those organizations which maintain at their base supply stations
a number of special fire camp first-aid kits, which are distributed by the quartermaster
as needed, and handled by the timekeeper or the camp foreman in the field.

2—F1rE Svppression TAcTics

The tactics of fire-fighting include all those specific measures of control that are
employed in the immediate vicinity of the fire. As a specific illustration, a decision to
divide the crew and begin the attack on the fire on both flanks at once rather than to
endeavour to combat the head is a strategical one, but a decision as to whether to cut a
. trench near the edge of the fire or to use a trail existing at some distance from the
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edge or to make no guard-line at all but try to beat out the fire or to extinguish it with
water, is a tactical one. TFire-fighting tactics have advanced much further in organized
development than has strategy. A considerable number of methods are knowin and
much has been done toward improving these methods. Particularly is this the case in
methods for using water in fichting forest fires.  Theoretically water is the ideal
material to use for fire extinguishment but the practical difficulties of getting the
material to the point of use are very great in all but a few very limited regions. As
might be anticipated, it is only those highly perfected organizations which have solved
the problems of preparedness and strategy that are able to advance with real success
beyond the simple fire-fichting tactics to the employment of more elaborate methods
involving the use of water, particularly the employment of gasolene pumps.

Section 13—Value of Communication System in Field Operation

The value of a highly developed system of communication lies in making
possible the rapid concentration of adequate control forces on the fire-line and in
their successful maintenance. It has little direct bearing on the actual conduct of
the fight. Indeed, an unspecialized force with no rapid means of communication may
use just as efficient tactics as the most highly specialized force with the most improved
system of intercommuniecation. Where it will fail, however, will be in the early
discovery and in the rapid concentration of adequate forces in such fires as occur and
in *ne ability to handle and maintain large forces in regions of difficult accessibility.
The result is seen in comparing the records of specialized with non-specialized forces.
‘Wherever conditions are at all comparable, a specialized staff will secure protection
at a mere fraction of the cost of equal protection by an untrained non-specialized
staff. MMoreover, the specialized force will be able to secure adjustment of expendi-
ture according to the character of the season from year to year, or even from period
to period during any one season, which an unspecialized force cannot do with any
real success. Finally, the specialized force will weather the periodical unfavourable
seasons with success, both because it expands automatically according to the danger
and because it strikes quickly and places fires under control without delay. Tt cannot
be taken by surprise but detects and locates fires with certainty and precision while
they are still in an easily controllable stage. Its record will show few or no large
fires in a dangerous season and a low average of acreage per fire, while the record
of the non-specialized force in a dangerous season will always show a break-down
more or less complete and a high percentage of fires that get beyond all control and
burn themselves out or until extinguished by rain. These periodic break-downs are
of much greater importance in judging the efficiency of fire-protective organizations
than is generally admitted, since it not infrequently happens that the destruction
that occurs in a single disastrous season more than offsets the protection afforded
during a very long series of favourable years. On the whole, in most timbered
regions where advancing settlement, railways, lumbering operations, and various
other developments have radically changed the forest fire situation for the worse, no
organization for forest protection can be considered efficient unless it has made
adequate provision for automatically expanding during exceptionally dangerous sea-
sons, so that it can at all times keep the situation well in hand. The real test of
success is not control of fires during normal seasons but control during the periodic
abnormal season without the necessity for keeping up at all times a large and expen-
sive organization that serves no other useful purpose.



CHAPTER 1II

METHODS OF CONVEYING INFORMATION TO A DISTANCE
Section 14—Variety of Methods Available

Perhaps the oldest and simplest means by which information may be conveyed
from one point to another is by messenger. The most modern and technically com-
plex is the wireless telegraph and telephone. Between these two extremes lies the
whole knowledge and experience of man in the solution of this problem. This has
always been a problem of paramount importance to military forces so that we find
in military literature the most complete and exact records of the various methods by
which it has been solved. These methods are of the most varied character but may
all be divided into two principal classes: the Visual Signals which are received thrcugh
the sense of sight and the Audible Signals received through the sense of hearing. In
order to show the possibilities for selecting methods adapted to particular. eircum-
stances, it is of interest to note briefly the characteristics of the more important types
of signals and other means of conveying intelligence to a distance.

The use of carrier pigeons, so extensively employed in military and naval opera-
tions, has, so far as the author is aware, never been attempted in forest protection.
There seems to be no reason, however, why carrier pigeons could not be very success-
fully employed in this work.

Section 15—Types of Visual Signals
1—Wicwac SIGNALS

This system consists in forming the symbols of the telegraphic code by moving
various objects in certain ways with reference to some fixed object. A flag swung to
the left or to the right, for instance, the person swinging it acting as the point of
reference is a comimon method of sending wigwag signals. Torches, lanterns, or in
fact any object visible at a distance may be similarly employed. Over great distances
the beam of an electric searchlight thrown vertically can be used to send messages by
wigwag.

2-—SEMAPHORE SIGNALS

By varying the positions of objects of the same shape with reference to a fixed
object, it is possible to form symbols that represent the letters of the alphabet. Thus,
the two arms may be so held with reference to the body and to each other as to form
all the different symbols needed to send the full alphabet. To extend the range of
visibility small flags are held in the hands. Special semaphore machines with movable
arms of large size are also used. Within a limited range this system has many
advantages, particularly that of speed.

3—CoODE ‘SIGNALS

Without attempting to send alphabetical symbols it is possible to send pre-
arranged messages by the use of objects of different colours or shapes or by a com-
bination of both, using one or more of them to represent each code message. Flags
of different colours and designs are most commonly employed for this purpose and the
system is used for communication by ships at sea and for such purposes as displaying
storm warnings or other weather signals. Of course, similar flags of distinetive
colour or design may also be used to represent the letters of the alphabet and words
spelled out in full.

i 4—CHRONOSEMIC SIGNALS

In all the foregoing systems the time of display of the signal does not form an
esscntial part of the method. Several systems are in use, however, in which time is

14
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an important element. In one of these, the chronosemie method, the basis is the time
interval that elapses between two displays of the same object. To form the letters of
the alphabet by the International Morse Code it is only necessary to be able to make
two symbols, a dot and a dash. This may be done by allowing a short time interval
between two displays of a flag, for instance, to stand for a dot and a longer interval
to stand for a dash. It is a method that is valuable, however, only when using for
display something that cannot be easily controlled as to the length of time it remains
visible. Such, for instance, are rockets or bombs of only one colour. The interval
between displays of these devices may be easily controlled and varied but the duration
of the display itself cannot be eontrolled. Smoke puffs or flashes from a hand mirvor
are somewhat similar but any visible objeet may be used if desired.

5—FLASH SIGNALS

Instead of forming the dot and dash of the eode letters by the time interval
between displays of an object, it is readily possible to form them by the time interval
during which the object is vistble. This, of course, pre-supposes that the duration of
visibility is entirely under control. Although a great many different objects may be
used for this purpose, the actual application of the method is mostly made through the
medium of sun flashes from mirrors, or flashes from different forms of signal lamps.
The apparatus used being provided with suitable devices for eontrolling the duration
of the flash, it becomes readily possible to form the code letters by making a short
flash for a dot and a long flash for a dash. ‘Other objeets less frequently used are flags
and disks.

6—ELECTRO-TELEGRAPHIC SIGNALS

The ordinary telegraph may be easily equipped so as to furnish a written or
printed message. This might perhaps, be included under visual signals though this
term is generally confined to non-electrical means of communication cnly. Similarly,
the mirror galvanometer used in submarine electric telegraphy is also a form of visual
signal.

7—SHAPE AND COLOUR SIGNALS

In addition to the foregoing there is a numerous and important class of signals in
which the operator depends upon using two or three objects of easily distinguishable
shape, or two or three lights of different colours, to form by their arrangement all the
letters of the telegraphie ecode. For the two-symbol codes, such as the International
Morse Code, only two shapes or colours are required. KEach represents an element
of the code letters and by displaying them simultaneously in the proper relation to
cach other, or separately in the proper sequence, the entire alphabet may be readily
formed. Thus, for day signals a ball may represent a dot, a cone may stand for a
dash, and with combinations of these two shapes displayed together all the letters of
the eode may be formed. At night several methods are employed using coloured
lights, rockets, coloured balls, or bombs, and coloured lanterns. One method, known
as the Ardois lantern system, employs an ingenious arrangement of eleetric lanterns
which can be operated by a special switechboard from a distance and at considerable
speed. The range over which such signals may be seen, however, is comparatively
short.

Section 16—Types of Audible Signals

Audible signals are not of sueh a varied character as are the visual signals.  They
are of two main classes: non-electrical and electrical, and may be tabulated as
follows :(—

Non-eleetrical, (1) Detonations—revolver or rifle shots, dynamite explosions, (2)
whistle or trumpet blasts, (3) bells.

Electrical, (1) Eleetric telegraph or telephone with wires, (2) eleetrie telegraph
or telephone without wires. )
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The range of non-electrical audible signals is extremely limited, unless detonations
or whistles of immense power are employed. Further, they are of limited application
because relatively slow. Nevertheless, such signals are very widely used for the
purpose of conveying code messages where only a few very simple messages need to be
employed. Such, for instance, is the employment of whistles and bells on boats, trains,
and steam-logging operations, of detonating torpedoes on railways, and of whistle and
trumpet blasts in the directing of military manceuvres.

Electrical means of communication are the most modern and most efficient of all
the methods employed. Thus far, of the wireless methods, only the wireless telegraph
has been brought to a high state of perfection. Of the methods of transmitting intelli- .
gence electrically over wires, three principal types may be recognized as follows:—

(1) Transmission of the telegraphic code by the common type of telegraph key,
relay, and sounder.

(2) Transmission of the telegraphic code by the buzzer system; using a telephone
receiver as the sound-receiving apparatus.

(3) Transmission of the human voice by the telephone.

The first has maximum range and reliability of equipment but requires a rather
high degree of electrical insulation in the connecting lines and special training of the
operators. Where a high degree of accuracy in the message transmitted is required,
it is the most rapid of the electrical methods of communication, exceeding in this
respect even the telephone. On the other hand, it offers little or no chance for secrecy
of messages sent.

The second has a limited range but certain advantages in operating over lines of
poor electrical insulation. The apparatus is comparatively simple but special training
is still a requisite for operation.

The third employs a more complicated apparatus but one whose mechanical
development has reached a very high degree of perfection. It has the iminense
advantage of requiring no training for its successful operation and of being under
certain conditions the most rapid of all means by which information may be trans-
mitted. It requires a higher degree of electrical insulation than the second method
and has not the range of the first, but has been shown to have sufficient range for all
necessary purposes of forest protection. Further, it is the only practicable apparatus
by means of which the sender and receiver of the message can communicate directly
with each other without the interposition of a third party.

All the foregoing methods involve the use of wires connecting the points with
which communication is desired. Only at points where actual physical connection to
these wires can be made is it possible to send or receive messages by these systems.
A considerable investment in construction and a continuous charge for maintenance
is, therefore, involved in the use of any one of the systems. On the other hand, the
apparatus required for making connection to the wires when strung and for establish-
ing communication with stations is extremely simple and easily portable in all cases.

The wireless systems of communiecation, while offering many theoretical advan-
tages, particularly through dispensing with the use of wires, have not, however, been
developed to the point where they are to be considered as serious competitors of the
present system of telephones with wires. Although improvements are constantly being
made in this field of communicaiton, the requirements of extreme portability are, as
yet, met more effectively by the equipment at present in use. The development of the
wireless telephone during the war has been such that its employment as a supple-
mentary equipment must be given serious consideration. To a certain extent the use
of the wireless telegraph as a temporary or as a supplementary equipment may also
be advantageous, but the necessity of having trained operators is a serious disad-

-vantage of this system.[ The ultimate development of the wireless telephone is of the

utmost interest to all who are interested in forest protection as it promises to overcome,
when perfected, nearly all of the obstacles at present met with in the establishment
of cheap, reliable, and quick communication in forested regions.



CHAPTER III

ADAPTING COMMUNICATION METHODS TO SPECIALIZED FOREST
PROTECTION

Section 17—Speed and Certainty in Communication Essential

The units that compose a specialized force have already been described. Prac-
tically all of these units must be equipped to communicate with each other in order
to operate efficiently. Some of them are wholly useless without rapid and reliable
means of communication at all times; on the other hand the more mearly perfect
the system of intercommunication between all the various units can be made, the
more efficient will be the protection under given conditions. Centralization of direc-
tion is omly workable when the central directing intelligence is in constant touch
with the many scattered units of the field force. How far centralization can be earried
advantageously will perhaps be a matter for discussion, but there can be no question
that any change from a method that reposes all responsibility in the lowest member
of the staff must be accompanied by development of means for keeping the field units
in constant direct communication with the supervising staff. Also, any specializa-
tion of function as, for instance, the employment of permanent lookout men to detect
fires, necessarily involves the provision of means whereby these men can quickly and
surely transmit to the suppression forces information with regard to fires located.
This must not necessitate the lookout man leaving his station and, to be more efficient
than the old style patrol method, it is essential that the lookout men transmit the news
of all fires located in less time, in all cases, than the average time for detection and
location required by the patrol. ‘Speed and certainty in the method employed are,
therefore, fundamental necessities.

Section 18—Method must be Adapted to Conditions of Use

Tt will be apparent from the discussion of the methods of transmitting intelligence
that there is a very wide range in the capabilities of the many forms of signals
employed and that a choice of type for a given use must be governed by the require-
ments of that use and the characteristies of the signalling methods themselves. The
latter are of the most varied description. Some can be used only in daylight, others
only in full sunlight, while many can be employed only at night. Atmospheric condi-
tions have a considerable influence on the range of all types of non-electrical visual
signals, on some audible signals, and also to a less extent on electrical systems.
Possible ranges, with different methods under given comditions, vary from a few
hundred yards up to hundreds of miles. Possible speed of transmission of given
messages under given conditions likewise shows a wide range. Various degrees of
skill and training in the operation of different systems are required and the ease with
which skill is acquired varies. The apparatus required shows great diversity in cost,
complexity, portability, ease of manipulation, and ability to stand rough usage. The
variations in cost and difficulties of installation and maintenance are equally wide.

On the other hand, there is to be considered the requirements of the service
demanded by a forest-protection staff. In order that this may be understood it is
well to have clearly in mind the principal units of a specialized staff.

Section 19—Control Units Requiring Intercommunication Facilities

From the location, function, and methods of operation of these various units
it is possible to arrive at a general idea of their requirements in the way of means
of communication. The prinecipal units involved are:—

79211--2
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1—PaTrOLMEN.—Moving units, mainly preventive in function. They are
employed only where fires of human origin are likely to occur in considerable numbers,
such as around new settlements where they issue brush-burning permits and super-
vise burning operations. Along railways patrolmen combine detection with suppres-
sion, and through examination of spark arresters, etc., help with preventive measures.

2—LookouT MEN.—Stationary units, whose only function of importance is detec-
tion. They are located on commanding peaks or other elevated stations from which
a great scope of country can be observed.

3—% SMOKE CHASERS ” —Largely stationary units whose principal duty is sup-
pression. They may be stationed with the lookout men or at points near the bulk of
the timber to be guarded, if the lookout station is mot itself in a readily accessible and

central location.

4—Di1sTricT RANGER.—The supervisory officer who directs the work of the preceding
units within a definite area or forest district and also has administrative control of
the main line of defence when larger fires must be controlled, and of the supports and
reserves, His chief executive assistants are:—

(a) Intelligence Officer or Scout.—His duties are to secure information in regard
to the behaviour of fires and the progress of control work;

(b) Packmaster and Quartermaster.—As a rule these services will be directed
trom a central headquarters having control over a large number of ranger districts,
but in cases where the system of communication is not fully developed it is sometimes
necessary to establish separate supply departments for each of the smaller districts;

" (¢) Fire Bosses—In the more complete organizations each individual large fire
is handled by a special fire boss under whom are the various camp foremen in charge
of line crews. In many cases, however, the district ranger is himself the fire boss.

5—SupERrVIsSOR.—The officer having administrative control of a group of adjacent
forest districts. His chief executive officers are the district rangers in charge of
fire control and the following chiefs of special services:— 3

(a) Paymaster.—The disbursing officer; '
(b) Packmasters.—One or more officers in charge of transportation;

(¢) Quartermasters.—One or more officers in charge of commissary. g
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An analysis of these requirements reveals the following facts:—

(1) Most of the messages which it is necessary to transmit are long and involved
in character.

(2) The longer and more intricate messages generally have to be transmitted
over great distances but in a relatively few cases over very short distances.

(8) Where relatively short distances are involved there are generally two classes
of messages to be transmitted.

(4) The longer distances vary on an average from 10 to 40 miles, with 100 miles
as a usual maximum..

(5) The shorter distances vary on an average from ome-eighth of a mile to 5
miles, with 15 miles as a maximum.’

Section 21—Superiority of the Telephone Evident

A study of the kind of messages that must be sert, the men who send them, and
the ranges over which the communication system must operate leads inevitably to
the conclusion that only the telephone comes near enough to meeting all requirements
to form the basis of the system. It is among the most rapid of the methods of com-
munication and, therefore, well adapted to long intricate messages; it requires no
gkill to operate, will give more service at less cost, considering installation, operation,
and maintenance, than any other system, operates efficiently within the range limits
desired, may be connected with at any place along the wires with easily portable
equipment and, as will be shown, may be quickly and cheaply extended within
adequate limits to nev- locations for temporary use during emergencies.

Its advantage over the telegraph is largely in requiring no training to operate.
Over wireless methods it has the same advantage while additional objections to wire-
less are the relative non-portability of the equipment for sending purposes, the com-
plexity of the apparatus, and the limitations on the establishment of sufficient
stations due to cost. The telephone, therefore, must form the hasis of our entire
system of intercommunication, and as a result of this decision equipment and methods
of construction particularly adapted to forest-protection purposes have been specially
developed and employed until there are now more than 30,000 miles of such lines in
successful operation in the United States and nearly 2,000 miles in Canada.

Section 22—Auxiliary Methods often Required

The wide acceptance of the telephone for this class of work, however, does mot
entirely obviate the necessity for giving some consideration to other methods of com-
munication. Several important conditions .must be recognized wherein the telephone
alone does not fully meet all requirements. In this we find another parallel to military
communication for, in spite of the perfection of telephonic communmication by army
signal services, several other means of conveying information have been carefully
developed. In forest-protection work various other systems are of considerable value
under the circumstances that will now be explained. '

1—COMMUNICATION IN ADVANCE oF TELEPHONE ClONSTRUCTI(j.\Y

In equipping a large area of timber-land with telephonic communication it will
nearly always be impracticable to install a complete system in a single season. In fact
for reasons of expediency a considerable period of years may elapse before such a
forest is fully equipped. There arises then an immediate need for some temporary
system of communication which will bridge over the period during which the permanent
system is in process of development. This is a consideration of very great importance
in Canada where specialization in fire protection, with its accompanying eonstruction
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of intercommunication systems in the forests, is just beginning. This temporary
equipment must be as inexpensive as possible, because it is merely temporary. It must
be capable of transmitting messages over long distances. Simplicity and ready portabil-
ity of equipment are desirable. It must be fairly easy to operate and be reasonably
certain and reliable.

Among all the various signalling apparatus previously described the heliograph
alone meets these requirements. A heliograph costs, complete, from thirty to sixty-
five dollars, about the eost of a single mile of telephone line. Its range is much
greater than the ordinary maximum distance required in forest work. It is remark-
ably simple in construction and the new forest-protection type is easily carried by a
horse patrolman. Experience has shown that with a few days expert instruction
intelligent rangers can acquire sufficient skill in its use to form the basis for attain-
ing speed by individual practice by themselves. In speed it cannot be compared with
electrical systems and it has the further disadvantage of operating only in full sun-
light. The lack of speed may to some extent be compensated by adopting a code of
pre-arranged messages, as will be later described, and the necessity for full sunlight
is also to a certain degree compensated for by the fact that periods of dull weather
are very likely to be periods of low fire-danger and, therefore, lessened need for
communication. Heliograph stations must, of course, be visible from each other.
This requirement is the most serious limitation on the use of this instrument, but not
when used on lookout stations where it is most frequently employed.

9—SUuPPLEMENTARY EMERGENCY EquirMENT oNx Lookours

A further need for a means of communication other than the telephone is found
in the equipment of permanent lookout stations even after they are connected with
the telephone system. Lookout stations are absolutely dependent upon communica-
tion for the maintenance of their successful operation. No form of electrical com-
munication dependent upon aerial wires is wholly safe against interruption, and such
interruptions are particularly likely to occur during heavy storms and thunder-showers.
This introduces a dangerous element of uncertainty, especially in the West where a
great many forest fires are started by lightning, and the chances of the lookout being
isolated by the very storm that is eausing fires to spring up is a hazard that cannot be
ignored. The most effective way to guard against this is to take a leaf from the book of
military experience and provide auxiliary means of communication for use when the
usual means fail. For this purpose the heliograph is again the most suitable apparatus
and a permanent use for some of the temporary installations may thus be secured.

3—PATROLMEN

Still another use for supplementary means of communication arises with the patrol-
men. As previously explained, these units are usually assigned to sections of known
fire-risk, such as railways or other important routes of travel. Railway patrolmen
are usually adequately equipped if provided with a portable telephone for connection
to the lines paralleling the right of way, but patrol in a region remote from railway
lines may be isolated from telephone connection. Such patrolmen should, if possible,
be enabled to maintain communication, but the messages they need to send are likely
to be of considerable length. It is, therefore, necessary with each route to weigh the
time required to signal the usual message against the average time needed to reach
‘the nearest telephone line, and on this comparison make a decision in regard to the
equipment to be furnished. In a region covered by lookout stations it should be quite
easy for such patrolmen to establish communication with a portable heliograph in case
the distance to the telephone line is too great.
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4—ScouTts

A still further use for auxiliary signals arises in the case of the scouting service
on forest fires. It is particularly necessary that men employed on this work be well
acquainted with various means of maintaining communication so that they may be
equal to any emergency. While, normally, communiecation with large camps will be
established with emergency telephone equipment, many cases will arise, especially
while the telephone system is in course of development, where this will be impracticable.
Two uses for some means of signalling are likely to arise under these circumstances :—

(@) When it is desired to open communication between the camp and the head-
quarters somewhere in the rear. The distance will necessarily be great, otherwise the
telephone would likely be employed. For this use only the heliograph is suitable;

(b) When it is desired to communicate from the heliograph station to the camp
or camps, or from one scout to another, or to a ranger on the fire-line, or across some
impassable barrier. The distance is likely to be short and the message concise. The
equipment must be of the simplest possible character. These requirements are most
readily met by flag signals. Flags, as will be hereinafter explained, may be used to
convey messages either by the wigwag or the semaphore method, the former being,
perhaps, the simpler. ’

5—DANGER SIGNALS

Finally, conditions sometimes arise in fighting forest fires, especially in mountain-
ous regions when it is desirable to convey instant warning of danger to the men on
the fire-line. Many lives have been lost fighting fires and it is the duty of the fire-line
foreman to keep a close watch on the behaviour of fires in dangerous localities and to
be prepared to withdraw his men to a place of safety. Ordinarily this may be done
by messenger, but on the chance that time may be lacking to employ this method it has
been considered necessary by some organizations to adopt a set of danger signals.
These are best made by revolver shots although whistle blasts may be stmilarly employed.

6—MISCELLANEOUS FOREST SIGNALS

The need for short distance signals arises very frequently in forest work mot only
in forest protection but in many other lines. Communication across impassable
barriers, or between members of survey parties beyond calling distance from each
other, or between members of hunting parties within sound but not sight of game are
conditions under which some form of visual signal would often be extremely useful.
Also in cruising, in some phases of telephone construction (such as pulling wire and
slack) and in various other forest activities where members of crews are out of sight
but within hearing distance, a simple code of audible signals often saves much time
and energy. ~



PART 11
FOREST PROTECTION TELEPHONE LINES

CHAPTER IV
PLANNING THE TELEPHONE SYSTEM

Section 23—Importance of Preliminary Plans

Too much emphasis cannot be placed on the importance of makimg a carefully
drawn plan of the entire system before starting the construction of any part of it.
The longer the line and the greater the number of instruments attached to it, the
greater must be the electrical conductivity of the wire used and the higher the
resistance of the ringer coils in the instruments. An independent pole line 12 to 15
miles in length on which 6 to 8 instruments are to be placed may be constructed of No.
12 gauge galvanized-iron wire and 1,000-ohm ringers may be employed, while if the
same line is to form part of a 100-mile circuit No. 9 gauge wire would be necessary and
2,500-ohm ringers would give the best results. Very long lines might require No. 6
iron wire or it might be necessary to resort to copper which has approximately six
times the electrical conductivity of iron wire of the same gauge. This might radically
alter construction methods. It is of vital importance, therefore, that very careful
consideration be given to all probable future extensions of the telephone system, so
that no type of construction or equipment may be employed which will later prove
unfitted to form part of a more extensive system than was at first contemplated.

Section 24—Plans must be based on Definite Area

In planning a system for fire-protection purposes, the basis of all plans must
necessarily be a certain area of timber-land of greater or less extent. This area we
will assume to be contiguous for, although it is sometimes necessary to include non-
contiguous areas in a single protection unit, the variations in condition that may arise
in considering non-contiguous areas are so wide that it is difficult to generalize with
regard to plans for telephone service for such tracts. Usually where government lands
are involved contiguity in adequately sized areas is readily secured. Where private
holdings are involved much success has resulted from the organization of rco-operative
timber-protective associations to include the owners of contiguous areas of timber-
land in blocks of sufficient size to warrant the organization of a specialized fire-fighting
staff and the construction of a telephone system. Whatever the ownership conditions,
however, the basis of all fire-protection plans is necessarily a certain area of tlmber-
land and the more nearly contiguous are all portions of the area, the less per unit of
area is the expense incurred in equipping it with forest telephones.

Section 25—Primary Stations Requiring Service

Within or adjacent to the area under protection will be found a greater or less
number of stations that must be joined together by the telephone system. The most
important of these is the headquarters of the supervisor or chief ranger having general
charge of the entire territory. Next come the headquarters of the district ranger and
of his principal administrative assistants. After these the primary lookout stations.
which in a normal season provide for the detection service over the whole tract. must
be connected. When this much of the system is completed the main framework has

23
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been provided and future extensions need be made only for the purpose of connecting
points of special utility. As a rule, a system which joins all the district ranger head-
quarters and main lookout stations with the supervisor’s office will, in addition, provide
connection with a large proportion of all other points on the tract that it is desirable
to reach. There may, however, be isolated camps or settlements, secondary lookout
stations,-or other strategic points that require short branches from the main circuits.
It is particularly important, however, to note that the central point in any forest-
protection telephone system is the supervisor’s headquarters and, therefore, this must
be definitely located at the start in the most suitable place, and the system planned
accordingly.

Before a system ecan be intelligently planned the following data must be avail-
able in every case:—

(1) Boundaries of tract.

(2) Boundaries of ranger districts.

(8) Location of supervisor’s headquarters.

(4) Location of district ranger headquarters.

(5) Location of primary road and trail system.

(6) Location of primary lookout stations.

(1) Location of existing telephone lines on or near the tract.

As many other strategic points as possible should also be determined.

Section 26—External versus Internal Systems

It will be found in planning a system of telephone lines for large areas of timber-
land that two general cases may be recognized, and the arrangement of circuits must
be governed by these general conditions.

EXTERNAL SYSTEM

Supervisor

-

Fig. 3. External telephone system on a forest reserve

1—EXTERNAL SYSTEMS

It not infrequently happens that the forest to be protected is wholly or in large
part surrounded by settled lands. This is somewhat more common in the United
States than in Canada, but throughout the Prairie Provinces and in parts of British
Columbia as well as in some parts of the eastern provinces this condition exists. If
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settlement comes well up to the border of the forest land and rural telephone lines
are well developed in the settlements, the most efficient system of telephone communi-
cation can generally be secured by extending these rural lines into the timber to
connect with the headquarters of the various district rangers. In deciding wupon
this plan it is necessary to weigh the cost of tolls on the commercial and rural lines,
and the quality of service rendered, against the original cost of installation and the
annual cost of maintenance of an independent forest-protection system. In doing
this it must be remembered that only the main circuits can thus be provided for.
It still remains necessary to connect the district headquarters with strategic points
in the districts. A further disadvantage in having the main ecircuits outside the
forest area lies in the fact that the interior mileage of line, to which connection can
be made by portable telephone, is thereby considerably reduced and the average
distance that it will be necessary for the patrol to go in order to establish connection
by telephone is likely to be materially increased.

2—INTERNAL SYSTEMS

Whenever, as frequently happens in Canada and in some parts of the United
States, there is little or no settlement along the greater part of the exterior border
of the timbered area it becomes necessary to plan the system wholly within the
forest. Certain general principles hold good for such plans regardless of the size of
the area involved, providing it is not so large that circuits of impossible length would
be needed to reach the more remote districts. For purposes of illustration we may
assume an area of 4,000 square miles or approximately 2,500,000 acres. This would,
perhaps, be divided into ten ranger districts, each with a main headquarters. Eight
lookout stations and 20 to 28 patrolmen and “smoke chasers” would likely be
required. This, of course, would vary with the many factors that determine the
justifiable expenditure, and cannot be stated arbitrarily.

. INTERNAL SYSTEM

Supervisor

. Fig. 4. Internal telephone system on a forest reserve

At some central point, preferably with good mail, telegraph, and railway service,
and with large supplies of men and materials, the chief ranger or supervisor will be
located. Obviously, a point as near as possible to the geographical centre of the tract
should be selected for the main headquarters, unless topography or established lines
of communication make some other choice more advantageous. The choice of this
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main headquarters, however, is extremely important from every point of view, and
it should not be decided upon except after very careful consideration of all factors.

The same is true of the selection of the district headquarters. District boundaries
will usually be established on topographic lines; in a mountain or hill country generally
along ridge tops, in a flat country along large rivers or lakes. The selection of main
and district boundaries and headquarters must be completed as a fundamental pre-
liminary before beginning the planning of the system of communication.

The main principle to be observed in planning an internal system is to have the
lines radiate from the main headquarters by the most direct route to each district
headquarters. The district headquarters are then used as centrals from which lines
radiate to lookout stations and other important points in the district.

This plan has two important advantages. In the first place each of the several
independent circuits from the main headquarters to the districts will be much shorter
than single circuits connecting several district headquarters on one line. It is always
desirable for the purpose of ensuring the maximum operating efficiency to keep circuits
to the minimum length.

In the second place a break on any of the main lines under this system will isolate
only one district, while under a system of through lines joining a number of districts
all or several might be isolated by a single break.

Section 27—~Connections to Lookout Stations

It is important to note also 'that lookout stations should have direct connection
with the main headquarters as well as with the district ranger. This makes it unde-
sirable to introduce a switch between the main line and the lookout station when the
line from the lookout station joins the main line at a district headquarters. Isolation
‘of lookout stations must be carefully guarded against, and switches are too likely to be
carelessly left open to be tolerated on such lines.

Other important points to consider in planning a telephone system are the location
of test stations, of relay calling stations on extra long lines, and the provision of
alternate routes. .

Section 28—Test Stations

Test stations are points at which, by means of suitable switches, the line may be
broken into sections. Ordinarily they are used for the purpose of determining the
location of line troubles within definite limits, but they may be very advantageously
used for the relaying of calls over a long or a poorly insulated line. For this purpose
it is desirable that they be located at stations where switching service can be relied
upon.

Section 29—Relay Stations,

Relay stations are points on very long lines where it is necessary to repeat long
distance calls. With the equipment used on forest telephone lines it is nearly always
possible to talk much farther than it is possible to signal with the call bells. Circuits
must not be planned to operate regularly on this basis, however, but in very large
contiguous areas conditions sometimes occur which make it desirable to consider the
possibilities for relaying calls. Under such conditions relay stations may be employed
and they must be located at points where continuous switching service is available.

Section 30—Alternative Routes

Alternative routes are secured by building connecting lines across the relatively
short gaps that sometimes occur between the ends of separate branches. They make it
possible to reach each station on both lines from two different directions and, therefore,
greatly reduce the chance of any one station being cut off from communication. Since
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they are not usually depended upon for regular service they may be very cheaply con-
structed. Often emergency wire laid only during the fire season is employed for this
purpose.

These lines should, if possible, be entirely isolated from the regular lines except
when in use, unless they are of standard construction. They can generally be rather
easily maintained because they are short and have occupied stations at each end.

“Whenever possible one such station should be a lookout, thus affording an alternative
route to the lookout station and ensuring continuous switching service at one end, at
least, of the closing line during the fire season.

Section 31—Secondary Strategic Points

Needless to say, there are many points within or adjacent to a forest area other
than headquarters of the protection staff which may advantageously be included in the
system of communication. These are usually included in the general term, ‘strategic
points,” and include logging, mining, construction, and other similar camps, local
settlements, stores, summer resorts, power stations, saw-mills, boat landings, stage
stations, ranches, and, in fact, any point where either labour or supplies may be secured
in an emergency, or from which reports of fires burning in or adjacent to the forest
may be sent. As far as is practicable, the main system should reach these points.
Those not so connected may subsequently be reached by spurs if desirable.

CHAPTER V
SELECTING THE TYPE OF CONSTRUCTION

For forest-protection purposes two principal types of construction have been
employed. These are pole lines and tree lines. Pole-line construction, as used on forest
lines, differs in no material aspect from ordinary rural-line methods. Several simple
manuals of construction have been published setting forth these methods in detail
but for the purpose of making this manual of communication complete a description
of these methods will be included.

Section 32—Pole-line Construction

Briefly stated a pole line consists of poles of a specified length set firmly in the
ground at specified, uniform intervals and bearing glass or porcelain insulators to
which the line wire is rigidly attached by short tie wires. Pole lines are as straight
as possible. On curves the wire is always placed on the convex side and the sag
between poles is only sufficient to allow for the normal contraction of the wire with
changes of temperature.

Section 33—Tree-line Construction

Tree-line construction is radically different from pole-line comstruction. As a
matter of fact, in most important aspects tree lines are the exact opposite of pole
lines. It is important that this be noted, especially when employing linemen who
have had previous experience in the building of pole lines. Such experience always
predisposes them to follow methods that produce very faulty tree lines, and such men
must generally be more carefully supervised when first put on tree-line work than
men who have had no previous experience whatever.

Briefly stated, tree lines consist of trees of varying sizes, at varying but as nearly
as possible equal distances apart, trimmed of branches on one side to a specified
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height above the ground, and serving as supports for a special two-piece porcelain
insulator through which the line wire passes without being rigidly attached. Tree
lines are never straight as are pole lines. On curves the line wire is always placed on
the concave side and there is a very much greater allowance for sag than that required
for normal contraction of the wire. Supports on tree lines are generally about 65
per cent greater in number than on pole lines, and sag allowance is from four to six
times as great.

Section 34—Construction Methods Contrasted

Pole lines are built only in open country and along cleared roads or, if they
must be carried through timber, a sufficient right of way is cleared to ensure that
trees will not fall across the line. They are built rigidly and the wires are expected
to stay up unless the poles themselves give way.

Tree lines are designed to be built only through standing timber, where no
attempt is made to clear a sufficient right of way to ensure against falling timber.
Instead, special construection is used for the purpose of ensuring that when trees fall
across the line, the wire will be carried to the ground without breaking or, in case
a number of trees fall in a short distance, the tie wires will break and a considerable
portion of the line wire be brought to the ground still unbroken.

A further danger that tree-line construction overcomes arises from the swaymv
of the supporting trees in the wind. This does not occur in pole lines but is quite
obviously a matter of some importance in tree lines. In short, tree lines are designed
to give way and. fall to the ground when subjected to unusual strain by falling timber
but any breakage that occurs is designed to come in the tie wires and not in the linet
wire. The underlying principle is that a broken line wire means a dead circuit but
a line wire of a grounded circuit may still function as a telephone circuit when a
large part of it is on the ground, or even when buried under dry snow. If the ground
is damp it will function very imperfectly and if it lies in a stream or pool of water
1t is no better than a broken wire, but a considerable portion of a grounded circuit
may lie on ordinary dry or frozen ground without entirely destroying the usefulness
of the line for telephone purposes.

Tree lines, however, have certain very definite limitations. Tt is impracticable to
use copper wire with this type of construction. This limits the length of tree lines to
about 125 to 150 miles using No. 9 iron wire. If it is necessary to build a metallic
circuit to ensure against induction it is not practicable to attach both wires to the
same supports, as is done with pole lines, but two separate parallel lines must be built.
Tree lines are never as perfectly insulated as are standard pole lines and, therefore,
are more subject to losses of current and other difficulties in transmission. This is
true no matter how well they are built and is inherent in the methods and line equip-
ment employed.

Section 35—Relative Cost of Different Types

It is a mistake to assume that a tree line is necessarily cheaper than a pole line
even where there are sufficient trees available to furnish supports for the line. Par-
ticularly is this true when maintenance charges and operating efficiency are taken
into consideration.

The only cost elements of pole-line construction that are greater than those of
tree-line construction are the cost of the poles set on the line and the cost of right-of-
way clearing. The cost of the former will vary with the accessibility and durability
of poles, facilities for distribution, and character of the soil as regards cost of digging
holes. The cost of the latter depends on the nature of the forest and underbrush.

On the other hand all other cost elements are likely to be higher for tree lines
than for pole lines. Tt is never advisable to use smaller wire than No. 9 B.-W.G. iron
wire on a tree line. On a pole line, however, No. 12 B.W.G. iron wire may be used on
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circuits up to 25 to 30 miles in length. This has only one-half the weight of No. 9,
and both the first cost and cost of transportation are, therefore, reduced one-half.
There are nearly twice as many ties on a tree line as on a pole line. The cost for
insulators is, therefore, considerably increased. As split tree insulators generally cost
more per thousand than pony glass insulators and brackets together, this cost is more
than doubled on a tree line.

Stringing wire costs materially more on tree lines than oun pole lines. This is
true even with experienced labour. The most obvious cause of greater cost is the
much greater number of ties to be made, as previously mentioned. Further, it is
harder to reel out wire for a tree line, and care must be used to get the wire on the
right side of each tree, which is less necessary with poles. Trees are also harder to
climb than poles, especially where they are large or have a loose, scaly bark, and it is
necessary for the linemen to spend much time trimming the trees as they ascend them.
Finally, the wire cannot be stretched to give the proper sag allowance in half-mile
spansg as it can with poles, but the sag must be distributed from tree to tree by the
linemen often with the constant assistance of a groundman.

The most difficult element in tree-line construction, however, is the problem of
securing efficient labour and supervision. In pole-line work, methods are largely
standardized and relatively simple for lines of only one or two wires, such as those
used for forest telephone circuits. About the only problem requiring the exercise of
judgment is the bracing and guying of poles on curves and at abrupt turns. In tree-line
work, on the other hand, nearly every support presents a new problem. Experienced
builders of tree lines are practically non-existent in Canada, and attempts to use line-
men experienced in ordinary pole-line methods have usually been attended with very
unsatisfactory results. Unless, therefore, a large enough mileage of tree line is to
be built to justify the training of special line builders, or unless an experienced fore-
man is available, it will be found more satisfactory to employ the standard pole-line
methods even in timbered regions. This will be quite generally true where the timber
stand 1s relatively light, making the clearing of a right of way easy, and where suit-
able poles of durable species are readily secured along the line.

Where a large mileage of line is to be built in big timber, or where the line passes
in large part through large fire-killed, dead, or overmature timber where windfalls are
frequent and the cost of right-of-way clearing would be prohibitive, tree-line methods
are often the only practicable construction that can be employed. These methods are
deseribed in detail in this manual, and if the purpose of the peculiar type of con-
struction employed is understood and the methods preseribed are followed faithfully
and intelligently entirely satisfactory lines may be built through the most unfavourable
timber at very reasonable cost.

Section 36—Sketch of the Development of Tree-line Methods

Although thousands of miles of so-called tree lines have been built by railway
construction companies and others for temporary use, the credit for devising a method
by which tree lines may be built to be of permanent utility belongs to the United
States Forest Service. This service has approximately 25,000 miles of lines in use on
the National Forests of the United States, a large part being tree lines, and is con-
stantly extending these lines as funds become available. The experience on which its
methods are based has been secured under the personal direction of expert telephone
engineers on thousands of miles of line constructed over a period of fifteen years.
Beginning with the makeshift methods of construction commonly employed for
temporary low-priced lines by railway contractors, there has rapidly been developed
under actual working conditions a low-priced method for building permanent lines
specially adapted to forest conditions, and a large amount of equipment has been
designed to meet the special conditions encountered on these lines. The first tree
lines built followed rather closely pole-line methods. These rapidly became useless.
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A less rigid type of construction being evidently required, the line wire was hung in
loops from the insulators instead of being rigidly wired to them. This was quickly
superseded by a porcelain knob which took the place of the wire loop, and these in
turn were displaced by the split porcelain insulator. The latter has undergone several
important modifications from the original style in order to meet field conditions more
perfectly.

Meanwhile, there has been a steady 1mprovement in the method of attaching the
insulators to trees. Plain wire hangers fastened with fence-staples were first employed.
These have given place to various other forms of hangers and fasteners until there are
now a variety of improved methods of attachment suited to special conditions. The
importance of abundant slack and of equalized spans was not at first fully perceived.:
Experience soon demonstrated that these features of tree-line construction were vital,
and, however much the appearance of the resulting line might depart from previously
accepted standards, the conditions had to be met.

Simultaneously there were developed several improved forms of instruments for
field use. At first the only portable instruments available belonged to two very
specialized classes—linemen’s test sets and military field sets. The latter were not
readily procurable, were expensive, and were not well adapted for use with the types of
station equipment generally employed on forest lines. The former, although cheap
and adapted to the station equipment, were heavy if sufficiently powerful, awkward to
carry, and poorly designed for rough usage. By combining the good points of ecach
class a portable telephone of less than 10 pounds weight was first designed. Sub-
sequently, by adopting from military telephones the vibratory system of signalling, a
field set of only 2 pounds weight was obtained.

While both the methods and equipment have been thoroughly tested in the field -
and are known to be reliable, nevertheless, the Forest Service engineers would be the
last to claim that their methods are susceptible of no further improvement. In fact.
new methods are constantly being devised and this is especially true where forest-pro-
tection lines are built in new regions. Several novel conditions have already been
encountered 1n Canada that have called for special methods, but changes in methods
by inexperienced builders where field conditions present no striking novelties are to
be avoided. The author has seen this attempted with distinet lack of success -on
several occasions and wishes to. strongly deprecate any attempts by inexperienced
tree-line builders to improve on the methods of the Forest Service as reprinted in this
manual.

Section 37—Influence of Timber Conditions on Choice of Construction Type -

A word about the types of Canadian timber to which one or the other of these
methods is likely to be better adapted may be in order. In many Canadian forest
regions untimbered areas of greater or less extent occur. These are more common in
western than in eastern forests and are particularly abundant in the Rocky Mountain
forests and in the drier portions of the British Columbia interior. Wherever it is
possible to build forest lines in these open meadow lands it should be done. If
durable poles are reasonably accessible the first cost will be only slightly increased, and
the greatly reduced maintenance charges and superior. transmission secured will
amply justify any small extra expenditure for construction.

1—MERCHANTABLE TIMBER

The types of timber most favourable for tree-line construction are those with
little or no underbrush.and only moderately dense stands of trees of small size (10 to
15 inches in diameter at breast-height), with trunks clear of branches to a height of
20 to 25 feet or with only small pin branches, and with thin, tough bark. To these
belong 'the lodgepole pine stands of the West, which are the most favourable of all
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stands for tree-line work, and the jack pine stands of the East. Somewhat less favour-
able are the stands of eastern red pine, of western larch and western yellow pine in
mixture, Douglas fir on the drier soils, and some of the larger-sized pure poplar stands
both East and West.

Next to these species in ease and low cost of tree-line construction are such stands
as western white pine (where relatively pure), eastern white pine, mixed hardwoods
in the East, Engelmann spruce and amabilis fir at high elevations, and the larger-
sized western yellow pine and Douglas fir on dry sites. In the first three the under-
brush is likely to be heavy and the bark thick on old trees or the branches abundant
on young trees. In large yellow pine and fir some difficulty is experienced in elimbing
trees because of their size and loose bark, and where trees stand in the way of the
line they are very costly either to fell or to trim up. High-altitude stands are usually
fairly clear of underbrush and the trees are a fair size if usable at all, but the branches
are dense.

The most difficult types through which to build tree lines are Douglas fir on wet
sites on the Pacific coast, white spruce or red spruce, Engelmann spruce at low ele-
vations, cedar, and, above all, hemlock, especially western hemlock. The mixed coni-
ferous forests of the moister regions of British Columbia come under this head, as
well as a great deal of the northern forest belt and the eastern spruce forests. The
difficulties encountered in these types arise from the large amount of underbrush-
that has to be cleared, the density of the timber, and the low-branching habits of these
species. Ilemlocks are particularly bad because the lower branches are excessively
long and have a very pronounced downward sweep. Often large branches of hemlock
have to be cut from trees standing 15 to 20 feet to one side of the line in order to free
the wire.

2—Youxc TIMBER

In building lines through very young timber or reproduction of any species there
is often no choice as to type of construction that may be employed, since none of the
voung trees may be large enough to serve as supports. Very often, however, there are
standing dead snags as remnants of the original forest, which may be so utilized.
Unless the necessity for economy is very great or poles are extremely inaccessible, the
use of such snags for long lines is not advisable. If used, care should be taken to see
that as many as possible of the dead trees adjacent to the line are felled, that abundant
slack is left in the line, and that it is made easily accessible for the purposes of repairs,
as maintenance charges are likely to be high. The continued felling of nearby snags
should be made a part of the regular work of the protection staff and a gradual replace-
ment of the tree line by a pole line should be the object of the m'a,intenancg work.

If young timber, of such a size that trees large emough to furnish supports are
available, is encountered very careful consideration should be given to the advisability
of adopting pole-line construction. A decision will be based largely on the cost of
right-of-way clearing which is determined by the size and especially by the density of
the young stands. Where these are very open, pole lines will usually be preferred.
A makeshift method of construction sometimes adopted under these and similar con-
ditions consists in making the necessary right-of-way clearing, often in the form of a
wagon road, but leaving at the required intervals suitable trees to serve as the sup-
ports for the telephone line. These trees should not be topped. The cost of making
and-setting poles is thus saved but it must be realized that a line thus located is likely
to interfere with the use of the road and that provision for replacing these supports
with poles must be made a part of the work of line maintenance.

A similar situation is often met by the builder of forest telephone lines, even in
certain species of timbers of commercial size in the forests of the Prairie Provinces
and of the East. This is most likely to be the case in poplar or jack pine stands.
Both species. frequently grow in rather open forests, and where they occur in such
stands right-of-way clearing is comparatively inexpensive. Moreover, unless the
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poplar is old and defective, windfall is light and the width of clearing need not be
excessive—20 to 25 ft. in stands of sound green timber not over 40 to 50 ft. high being
adequate. Care should be taken to cut all snags or defective trees, outside this right
of way, that threaten to fall on the line.

3—Drap TiMBER

There remains then only the question of dead standing timber.  This is the most
troublesome kind of stand through which to build and maintain a telephone line.
Whenever possible, such timber should be carefully avoided, even at the expense of a
material lengthening of the line. The foregoing applies not only to forests in which
all the trees are dead but also to forests in which a considerable proportion of the trees
are dead or badly decayed and where windfalls are consequently frequent and such
forests are extremely undesirable along the line. Where, as sometimes happens, it is
entirely impossible to avoid constructing through such stands and an adequate right
of way cannot be cleared, then the most careful attention must be given to the details
of tree-line construction and the line must be constantly maintained in first-class con-
dition. This latter is of extreme importance because the accumulation of several
fallen snags across the line in a short distance will take up all the slack and cause the
intervening portions to6 be drawn up very tightly. If this tight wire should happen to
be eaught on a projecting branch, or even if the ties fail to break as quickly as
designed, then any new windfalls coming on the line will very likely cause a break.
Even if no break occurs the line is sure to be very seriously strained and a large
number of ties pulled off or broken, insulators smashed, and general havoc created.
Only by careful and conscientious maintenance may lines be kept operating through
large dead standing timber where windfall is frequent.

’

Section 38—Grounded versus Metallic Circuits

A grounded circuit is one in which only a single wire is employed for the trans-
mission of the calling and talking currents and the earth is utilized as the other half,
or return portion, of the circuit.

A metallic circuit employs two wires, the extra wire taking the place of the earth
or return portion of the circuit in a grounded line.

Contrary to what appears to be popular opinion it is not necessarily possible to
talk farther over a metallic than over a grounded circuit. On the contrary, since the
earth for all practical purposes may be assumed to interpose no resistance to the
return currents, provided the ground connections are well made and do not themselves
offer a higher resistance, a grounded circuit will have only one-half the electrical resist-
ance of a metallic circuit under similar conditions. From thie it does not necessarily
follow that it is possible to talk twice as far over a grounded circuit, because conditions
other than the mere electrical resistance of the intervening wire have an important
influence on the possibilities of long distance telephonic transmission. The usefulness
of metallic circuits arises from the possibilities of eliminating from them, by suitable
transpositions, all induced currents from other electrical circuits such as power, light,
telegraph, or telephone lines that may exist in their vicinity. The extraneous noises
or cross-talk on a grounded circuit of even short length which runs close to such cur-
rents often make distinet speech transmission impossible, regardless of the electrical
resistance of the line itself. By using a two-wire, or metallic, circuit such interference
from outside sources may be eliminated by transpesition, and communication is thus
rendered possible where a one-wire, or grounded, line cannot be used at all. Where.
however, difficulties in transmission arise, not from interference by induced currents
but from excessive length of lines, poor insulation, bad joints, poor “grounds,” or
other defects in construction, the installation of a metallic circuit will give no relief.
Excessive line length can only be remedied by using a more efficient conductor. Thus,
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the standard galvanized-iron wire used in ordinary forest lines would have to be
replaced by a larger wire or preferably by copper wire, which is a much more satisfac-
tory electrical conductor than iron wire. If the trouble arises from faulty construc-
tion it can only be remedied by removing these faults. The installation of a second
wire would, otherwise, be more likely to increase than to decrease the difficulties.

For forest-protection purposes a grounded line is nearly always preferable to a
metallic line. As previously stated, only grounded lines can be satisfactorily employed
in tree-line construction. The employment of two wires not only magnifies the chance
for interruptions due to breaks in the line but also renders a metallic line liable to
interruption from short circuits in ways that do not occur with grounded lines. Thus,
if the two wires became crossed, as would often happen when a tree fell across the
line, or if a wet branch or a loose tie wire fell across both wires, the line would fail
to work. Metallic circuits, therefore, should as a rule only be used on full pole lines
and then only when needed to counteract interference from induced currents. Where
disturbances due to induction are encountered in only a part of a line, it is not neces-
sary to make the entire linc a metallic circuit, but only that portion where the dis-
turbance occurs. The means by which this is accomplished will be discussed in
Chapters XIT and XIV (See Figs. 56, 58, 59, 60 and 86).

CHAPTER VI

TELEPHONE CONSTRUCTION POLICY IN DOMINION FOREST
’ RESERVES

Section 39—Construction by the Forestry Branch

The intention of the Forestry Branch is to secure efficiency of fire protection on
the forest reserves by such specialization as the controlling factors seem to warrant.
This will involve the establishment of rapid means of intercommunication. To
accomplish this, telephone lines have been built and will be extended- wherever their
use will ensure more effective fire protection and more economical administration, and
where the territory covered is not served, or probably will not be served, by com-
mercial lines on account of inaccessibility and absence of subscribers. In general,
telephone lines on the forest reserves will be located in accordance w1th the principles
already discussed in Chapters IV and V.

For the most part, the commercial telephone lines near the forest reserves are own-
ed and operated by the government of the various provinces, except in British Columbia
where they are largely operated by the Dominion Department of Public Works.
Wherever feasible, these lines should be utilized in order to lessen the necessary con-
struction of Forestry Branch lines.

Section 40—Co-operative and Private Lines

Co-operation between the Torestry Branch and companies, individuals, provinces,
or other government departments that would involve joint ownership, construction, or
maintenance of telephone lines, introduces a division of responsibility which may affect
communication and maintenance as well as future growth and extensions, and, there-
fore should be avoided. Exceptlons may be made in the case of the lines of the
Department of Public Works in British Columbia and, in unusual instances, in the
case of provineial telephone departments, but all such instances must be referred to the
Director of Forestry for approval.

79211—3
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The construction of privately owned lines within the reserves should be encouraged.
Permits for such lines, when they will be of material benefit to the forest reserve should
be recommended for issuance under Regulation 65 (“ Regulations for Dominion Forest
Reserves,” 1916) and the conditions varied so as to afford the necessary encouragement
in each case. Regulation 21 authorizes the granting of free construction materials
for structures on roads and trails on condition that they become the property of the
Crown, and Regulations 18 and 19 provide for the furnishing of materials at special
rates when the removal of the material will benefit the reserve. Supervisors, therefore,
should accompany all recommendations for issuance of permits for the construction
of private telephone lines within forest reserves by a report regarding the class of
construction materials that it will be necessary to obtain from the forest reserve, if
any, and a recommendation regarding the price that should be charged in case special
consideration is believed justifiable. Free service for a specified number of connections
made by the Forestry Branch on all such lines will be made a part of all such permits.

Section 41—Use of Forestry Branch Lines

The connection of privately owned instruments with Forestry Branch lines will
not be permitted. The conditions under which these lines are constructed and main-
tained necessarily reduces to a minimum the number of telephones that may be operated
on them. Each telephone adds to the electrical load and lessens by this amount the
reserve capacity for future growth and, more particularly, for emergencies. Under
no circumstances can such a number of instruments be regularly connected to a
Forestry Branch line that its entire capacity is employed, since the exigencies of forest
administration may at any time require the establishment of one or more additional
temporary connections with portable instruments or emergency lines. The possibilities
of extensions are also extremely important in this connection. A line 10 miles long
might easily carry ten to fifteen telephones, but if this line is extended to form part
of a circuit 100 miles long the probability is that all but one or two of these telephones
would have to be removed in order to get any use of the line. Now, it is found that
where telephone service has once been granted in an isolated region it is relinquished
only with the greatest reluctance and therefore forest officers should weigh all these
points very carefully when considering any connections other than those at ranger
stations.

All instruments connected with a Forestry Branch line will be provided, installed,
and maintained by the Forestry Branch. Instruments may be installed by super-
visors at logging camps, mines, or other private establishments, but only where such
installations are necessary for the proper administration and protection of the forest,
where suitable arrangements can be made for the protection of the instrument and
the securing of access to it by forest officers at all times, and only after approval of the
installations has been received from the district inspector. It will be the duty of
supervisors contemplating such installation to report fully to the district inspector the
conditions which warrant the placing of an instrument at that point, the character of
the building in which it will be placed, and the service that may be secured, and to
report annually as to the advisability of maintaining or discontinuing the installation.
Such stations will, as a rule, be located only in buildings of a public or semi-publie
character such as stores, post offices, hotels, road-houses, logging-camps, ete., and only
where the location is of material importance to the reserve work and the person owning
the establishment is under agreement to perform some special service for the Forestry
Branch.

The telephone lines of the Forestry Branch are not to be considered commercial
in character. It is not the intention to enter into compeétition with any private or
provineial telephone service. Hence no action such as the granting of telephone ser-
vices to settlers along these lines, with an annual charge for the privilege, will be
permitted. It is obvious that any such permits will inevitably raise the question of
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Jiserimination, sinee it is wholly unreasonable to expect that such service can be
granted to all that may apply, as would be done on commercial lines. These lines
are built for the specific purpose of assisting in the administration and protection of
the forest reserves, their capacity is extremely limited, the connections needed by the
Forestry Branch are subject to sudden and unforeseeable increases, and accidents
to which these lines are particularly liable may at any time very greatly impair their
carrying capacity. For these reasons any attempt to render commercial service will
inevitably fail, and no connections will be made which are not in the opinion of the
supervisor and the distriet inspector essential to the proper administration and pro-
tection of the reserve.

Forestry Branch lines, however, are open for public use free of charge so far as
the portion of the line owned by the Forestry Branch is concerned. Where provincial
or other foreign lines are used in connection with a forest line the usual toll charges
must be paid.

Section 42—Telephone Improvement Plans

Within one year after the issuance of these instructions all supervisors and rangers
in charge of Dominion forest reserves are required to prepare and submit to the
district inspector and the Director of Forestry a complete plan for the equipment of
the reserve with telephone lines. This plan will include a map and a report.

The map should show existing Forestry Branch and private lines and their
character, and the location of exchanges and Instruments, also the location and
character of all new construction which will be necessary to meet the needs of Forestry
Branch business during the next five years. In addition, the map should show high-
tension electric transmission lines, roads, trails, ranger stations, lookout stations, and
all other features which may influence the establishment of the system.

The report should discuss, in the order of their importance, the proposed new
lines, their need, location, character, and cost. The telephone system should be
grouped by natural divisions, each being designated by its two terminals. A branch
line should be designated by its terminal and the division of which it is a branch.

The district inspector will prepare, from the information furnished by the
supervisors, a map of the entire district showing the existing and proposed lines.
This will ensure co-ordination of plans between the various reserves and with private
systems. He will then issue instructions covering the general plan of the telephone
system for each reserve.

Section 43—Standard Methods

Since the Forestry Branch lines are primarily for fire protection purposes they
should embody the best principles of construction, and every precaution should be
taken to ensure continuity and dependability of communication over them at all
times and especially during fire seasons.

1—DESIRABILITY OF STANDARDS

To ensure that the best principles of construction shall be followed on all reserves
it is essential that the direction of telephone development be centralized and this
necessarily involves the issuance of uniform standard instructions. Such standard
methods may be based on the experience, not alone of all the various Forestry Branch
officers, but also on that of other protection services, and new discoveries or improve-
ments can, therefore, be applied generally throughout the forest reserves. Moreover,
it is only by employing standardized methods that the use of standard equipment is
made possible.

2—AMOUNT oF LiNE WARRANTED BY PROTECTION STANDARDS

As yet, the determination of exact standards of protection on forest lands in
Canada has progressed only a relatively short distance. Tt is possible to give only
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very general statements in regard to the actual degree of immunity from fire damage
that may be considered satisfactory in specific instances, consequently, it is possible
to state only in a very general way the amount of line that may be considered essential
in any given case: On the forest reserves, where continuous forest production must
be aimed at in order to justify their existence, it is obvious that if the area annually
ourned over averages more than about 1 per cent this aim will be rendered wholly
unattainable. It is doubtful, moreover, whether with an average annual fire loss
exceeding one-tenth of 1 per cent (1 acre per 1,000) of the area protected satisfactory
results are possible. Certainly an average annual loss of 2 acres per 1,000 in the
reserves of the Prairie Provinces should be the outside limit. 'What expenditure may
justifiably be made to attain this degree of protection depends on many factors, not
all of which are as yet known in these forests. From a study of protective services in
other regions, however, it may be said that present protection standards on Dominion
forests demand the connection of all district ranger headquarters with the supervisor
by telephone, and the equipment of primary lookout stations at least. Further con-
struction can only be of real utility as the efficiency of the staff develops and as its
further specialization becomes feasible. In a general way an'internal system that will
connect all district headquarters with the supervisor will be found to involve about
200 miles of line to each million acres of forest. Since this is a greater mileage than
can be successfully operated on one circuit, it is necessary to divide it into two or more
independent circuits in preparing the telephone plan.

Section 44—Standard Materials

1—DESIRABILITY OF STANDARDS

Several iactors combine to render the adoption of equipment standards impera-
tive. i -
Certain technical reasons require the use of uniform types of instruments on the
one circuit.

Only by adopting a standard type for all circuits is it possible to connect up
adjacent ones or to transfer equipment from one to another.

Some important special instruments are manufactured for use only with certain
types of equipment. Unless these types are employed it is impossible to wutilize all
the available facilities.

Dealers will carry in stock only materials for which there is a reasonable demand.
The adoption of uniform standard equipment for all the work of the Forestry Branch
will make it possible for dealers to carry at local distributing: centres a supply of this
material, and thus greatly expedite deliveries.

For the purpose of providing uniform equipment throughout the Dominion forest
reserves the following standard list has been adopted and must not be deviated from
without the authority of the district inspector.

2—1L1ST OF STANDARD KQUIPMENT

Notr—Fcr specifications of those items marked with an asterisk (*) see Appendix E.

Material and Uses Description of Equipment
*Wire :—
Standard
Line (pole and tree, grounded and metallic).No. 9. B.W.G., B.B. galvanized-iron telephone
wire.
Specials
Line (special long distance tree lines,
grounded only).. .. .. .. .. .. .. .. ..No. 6 B'W.G.,, B.B. galvanized-iron telephone

wire.
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Material and Uses—Con. Description of Equipment—Con.
Wire—Con.
Line (special short pole lines only).. .. ..Nos. 12 and 14 B.W.G., B.B. galvanized-iron
] telephone wire.

Line (special extra long distance pole lines
only, mostly metallic).. .. .. .. .. ..Nos. 8 and 12 and 14 B. & S. gauge hard-drawn
copper as required.

Line spans, 500 feet and over.. .. .. .. ..Steel wire as required.

Emergency lines.. .. .. .. .. .. .. .. ..No. 20 stranded, consisting of 10 strands of No.
30 B. & S. gauge, hard-drawn copper wire,
insulated. :

From line to fuse.. .. .. .. .. .. .. .. ..No. 14 B. & S. gauge, rubber-covered, braided,
weather-proofed copper wire. Single for
grounded line, twisted-pair for metallic.

Z

From fuse to protector.. .. 0. 14 B. & S. gauge, rubber-covered, braided,
weather-proofed copper wire. Single for
grounded line, twisted-pair for metallic.

From protector to all inside apparatus, in-

cluding telephone .. .. .. .. .. .. ..No. 19 B. & S. gauge, rubber-covered and braided

copper wire. Single or twisted-pair.

From protector to ground.. .. .. .. .. ..No. 14 B. & S. gauge, rubber-covered, braided
and weather-proofed copper wire. Single.

From line wire to portable telephone... ..Special Forestry Branch portable connector.
*Poles :—
Line supports (standard).. .. .. .. .. .. ..22% ft. long by 6 in. diameter at top. Green, or
sound dead, peeled cedar, or other species,
with open tank butt treatment.

Line supports (special).. .. .. .. .. .. .. ..18-ft. to 45-ft. cedar poles for special construc-
tion. Species other than cedar with
special treatment.

Attachments, Wire to Poles:—

*Brackets.. .. .. .. .. .. ++ «+ +. «. .. ..12-in. oak bracket, painted or oiled.
NailS.. .. .v .. vt vt 4o oo o v oo «. «.6-in. and 4-in. galvanized-iron wire nails.
*Insulators.. .. .. .. «+ ¢+ «. «+ «. .. ....Glass, regular pony long-distance 14-o0z., deep

groove for No. 9 iron wire. Glass No.
9 pony for copper and No. 12 iron wire.

Tie Wires.. .. .. .v vv vuo oo ++ oo ++ .. ..No. 9 BW.G. galvanized-iron wire on No. 9 wire
lines. Nos. 8§, 12, 14 B. & S. gauge, soft
copper wire on same gauge copper lines.

Attaehments, Wire to Trees :—
Fastener.. .. .. v. 4o vo o+ 4 oo o+ o« «o3-in. or 4-in. wrought-iron staples, according to
bark thickness.
Tie Wires.. .. .. .. vv vv vv v oo +v .. oo Nos. 9 or 12 B.W.G. galvanized-iron wire,
according to tie employed.

*Insulator.. .. .. .. v+ v+ vv e+ oueeo .. ..No. 37 improved split tree insulator No. 6651.

Linemen’s Tools :—
Climbers.. .. .. e« ++ v+ v4 v+ «v «. .. ..Eastern type (in ordering state length desired)
straps and pads are supplied separately.

Belts with rings and safety straps.. .. .. ..2}-in. (in ordering state length desired).

Pliers, for cutting wire and making ties and
SplCeS.. .. . vt vt vt ee v se se . o.8-in, linemen’s side-cutting, with sleeve-twister,
Klein make or equal.

Combination wire and sleeve splicing-clamps,
for making splices.. .. .. .. .. .. .. ..Reversible for sleeves (Nos. 8 to 12) and wire
(Nos. 6 to 14), Klein make or equal.
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Material and Uses—Con. Description of Equipment—Con.

Linemen’s Tools—Con,
Hand-axe for trimming frees and driving
nails and staples.. .. «. +«. .« «+ -. ..26-0z. Hudson Bay hand-axe with 22-in. handle.

MclIntyre sleeves, for splicing copper wire..Nos. 8, 12, and 14 copper MclIntyre sleeves for
copper wire only.

Pole-setters’ Tools :—
Shovels, for digging holes for poles.. .. .. ..7-ft. handle, round point.

Digging spoons, for digging holes for poles..7-ft. handle, flat-toed, medium.

Combined digging spud and tamping bar, for
digging holes and tamping poles in soft

ground.. .. .. .. 4e we e . o .. ..8-ft, steel.
Digging and tamping bar, for digging holes
in gravel or hard ground.. .. .. .. ..l-in. octagonal steel, 8 ft. long.
Specials
Pike-poles, for raising and steadying poles
30 ft. and over in length.. .. .. .. ..12 ft, 14 ft, and 16 ft. long, according to length
of poles.
Pole supports, for raising large poles. .. .. Mule or jenny pattern, generally made on the

* job if required.

Post-hole auger, for digging holes in soft
ground.. .. .. .. .. .2 4u oo o« .. ..10-in. auger, Iwan’s type with 6-ft. handle.

Guys and Braces:i—
Bolts, for holding top of brace to pole.. .. ..g%-in. galvanized-iron bolt, square head, square
washers, 23 by 2% by 34¢ in. and nut.
Lengths according to size of poles.

Guy rods, for fastening guy wires to anchor
10ES.. v vv cs e o4 o4 we wu oe . ..3-in. diameter by 5 ft. or 6 ft. long, galvanized-
iron with washer and nut.

Guy wires, for guying poles at sharp turns,
long spans, etC... .. v+ vv vt vu v. .. . N05. 9 or 12 B'W.G, galvanized-iron wire, 2 or

4 strands, twisted.

Line-stringing Tools :—

Pay-out reel, pole and tree lines.. .. .. ..Horizontal type only. Made on job according to
specifications.

Pay-out reel, emergency wire lines.. .. ..Special Forestry Branch hand-reel made to order
only.

Buffalo grips, for holding and stretching wire
on pole lines only.. .. .. .. .. .. .. ..Buffalo grips with pulley for No. 9 wire and
smaller.

Haven clamp, for holding and stretching guys \
and line wire.. .. .. .. .. .. .. .. ..Haven clamp with 2-in. to 3-in. double blocks

. and 36 ft. of §-in. sash cord.

Tclephone Instruments :—

For supervisors’ offices.. .. .. .. .. .. .. ..Desk set: type, Northern Electric No. 1300-A or
equal. (Note.—When it is desired to
: equip a desk set with a head receiver the

district inspector will advise as to the
equipment to order).

For lookout stations, permanent.. .. .. ..Same as for supervisors.

For ranger stations permanently occupied...Wall set; type, Northern Electric No. 1317-S or
equal, with 2,500-ohm unbiased ringer and
condenser.
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Material and Uses—Con. Description of Equipment—Con.

Special Signalling Devices—Con.
For statons outdoors.. .. .. .. .. .. .. ..Type, Northern Electric No. 292-U or equal,
with 6-in. galvanized gongs and 2,500-ohm
unbiased ringers.

Howlers, for signalling by means of vibratory
currents as with 1004-A telephone.. .. ..Type, Northern Electric No. 1-C or equal.

Condenser, for use with howler to impede
bell-signalling currents.. .. .. .. .. ..Type, Northern Electric No. 21-F or equal.

Repeating Coils :—
For connecting grounded to metallic line or
taking out a phantom circuit.. .. .. ..Repeating coil; type, Northern Electric, No. 47-
A or equal.

Station Installations :—
Fasteners for outside wiring.. .. .. .. .. ..No. 4} solid, or No. 5% one-groove, split por-
celain insulator; Nos. 14 or 16, 3-in. flat-
head wood screws.

Fasteners for inside wiring, single or double..3}-in. or %-in. Blake insulated staples.

Fasteners for inside wiring, double only.. ..§&-in. milonite nails.

Insulation for wires through walls.. .. .. ..Porcelain tubes, unglazed, diameter g-in. by
1146-in. Length according to wall thick-
ness.

Switches, for test stations, central switching ;
stations, unoccupied stations, etc... .. ..Single or double pole 15-ampere baby knife-
switches on porcelain bases.

Screws, for attaching protectors, switches, ;
howlers, etc.,, to walls.. .. .. .. .. .. ..Blued, round-head screws, length and gauge
according to size of each article.

Installation and Repair Tools:—
Pliers
For cutting insulated wire.. .. .. .. .. ..5-in. oblique, side-cutting pliers, Klein or equal.
For tightening binding-posts and small nuts.5-in. or 6-in. long-nosed, oval, side-cutting pliers.

Screw-drivers

For setting small wood screws.. .. .. ..4-in. machinists’ style screw-driver.
For setting large wood screws.. .. .. ..8-in. machinists’ style screw-driver.
For setting screws in instruments.. .. ..23-in. machinists’ style screw-driver.

Knives, for general insulated wire work.. ..Electricians’ knife; type, Northern Electric No.
402 or equal. -

Soldering torch, for heating soldering irons..Clayton and Lambert gasolene blow torch No.
38.

Soldering copper
For soldering joints and other outside work.i-pound standard soldering copper.

For interior work and repairs to instru-
ments.. .. .. .. .. .. .. .. .. .. .. ..Pony soldering copper . No 2, 11%-in. handle,
weight, 3 oz. :

Installation and Repair Supplies :—
Solder.. .. .. .. .. .. .. .. .. .. .. .. ..Resin-core flux solder, 1-pound or 5-pound
spools, half-and-half bar solder.

Flux.. .. .. .. .. .. .. .. .. .. .. .. .. ..Allen soldering stick, 1 by 53-in.
Tape.. «v vv «v 44 4t ve 44 ve ee vv o. .. ..Black friction tape, %-in. WNorthern Illectric
‘ grade A or equal.






CHAPTER VII

OPERATIONS PRELIMINARY TO CONSTRUCTION

Section 45—Factors Influencing Location

The relation of the propobed line to the telephone system present and proposed,
should be kept constantly in mind. This will influence the type and character of
construction. If the proposed line is a trunk line the possibility of conmecting to it
short branch lines from lookout points and ranger and fire stations should be con-
sidered.

The following additional pomts should be observed when locating telephone
lines:—

(1) The location of the most logical switching centres for connectlon with other
lines.

(2) Topographical location. By avoiding steep slopes, cliffs, high divides, river-
beds, coulees, and streams, and canyons more than 500 ft. in width, the danger from
snowslides, landslides, floods, and high winds will be lessened. By following roads
and main trails frequent inspection will be facilitated and maintenance simplified.

(3) Location of other electrical circuits. Electric-light, power, and high-tension
transmission lines should be avoided whenever possible. A high-tension transmission
line carrying over 5000 volts should not be paralleled at a distance of less than one-half
m11e and all erossings and approaches between telephone and power transmission lines
‘should be at right angles.

(4) The probabilities of future growth and extensions.

(5) The length of the line. Other costs being equal, the cost of construction
and maintenance varies as the length of the litte.

Section 46—Survey of Route

A preliminary survey or reconnaissance is necessary in order that the length of
the line may be ascertained and its cost estimated. The thoroughness of the survey
will depend upon local conditions. A transit, line with chained distances may be
necessary in some cases, while in others a walking or riding reconnaissance will be
sufficient. The location determined by the survey, however, need not be taken as
final; deviations from it should be made if it is found during the course of construc-
tion that greater reliability can thus be secured. :

Whenever a pole line is to be constructed, either in whole or in part, marking
stakes should be set in line at the proposed locations of the holes. Each stake should
be marked to indicate the height of the pole for that particular position, the depth
of the hole, the kind of hole to be dug (whether an anchor-hole or a stub-hole),
whether the pole is to be guyed or braced, and the amount of the rake (Fig. 11) at
curves and corners.

Each tree that is to be used as a tie tree should be prominently blazed fore and
aft, and on the side to which the split insulator is to be attached. A eross made with
blue crayon should be placed on the latter blaze.

Section 47—Securing Right of Way

If it is proposed to build any part of the line off the reserve, or over alienated
land within the reserve boundary, right of way should first be obtained. The proper
form, which will be furnished by the district inspector, should be used Verbal per-

mission is not sufficient.
42



Mobley wire-cradle as used with two coils

Fig. 5

Mobleyv wire-cradle as used with one coil

Fig. 6
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In nearly all the western provinces the use of the public roads as the right of
way for telephone lines is controlled by the provineial government. Before any lines
are placed on such roads permission must be secured from the proper government
department. This must in all cases be taken up through the district inspector.

If it is desired to string wire on poles belonging to a private company written
permission should be secured from the inspector before any construction is begun.

Section 48—~Clearing Right of Way

When a pole line is to be constructed, a right of way sufficiently wide to afford
reasonable protection against damage to the line from falling trees must be cleared.
It is especially necessary that dead or defective trees that lean toward the right of
way and threaten to fall across it be removed. The effect of snow on adjacent trees
and branches must always be considered, and all that might be borne down across the
line should be cut. As a rule pole lines will not be built in the forest if a cleared
right of way of greater than 25-ft. width is needed, unless the trees are exceptionally
scattered.

e m— e — o ———
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Fig. 7 Mobley wire-cradle.

When pole lines are carried through small timber or reproduction a right of way
at least wide enough for a saddle trail should be cleared through any dense under-
brush. Small trees directly under the wire, which by their future growth might touch
the wire, should be cut down at the outset. Everything, in fact, that might at pre-
sent or in the near future cause trouble on the line should be cleared before or at the
time the wire is strung.

If the line is to be attached to trees it is not advisable or necessary to top the
trees to which the split insulators are fastened, except where the line has to cross over
a windy canyon or in other places exposed to a strong wind. Under such conditions
the trees should either be topped or else poles used, preferably the latter. It is usually
only necessary to trim the branches on the insulator side of the tree to a sufficient
height for attaching the split insulator. Undergrowth and trees between spans should
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be trimmed sufliciently to allow at least a 4-ft. clearance of the line wire. Any dan-
gerous snags or rotten trees in the close vicinity of the line should be cut. A right-of-
way clearing for a tree line must usually e at least 8 ft. wide at the height above the
ground at which the wire will hang. This is quite different from an 8-ft. clearing
on the ground, particularly in long-branching species such as spruce, hemlock, and
cedar, but care must be taken to see that sufficient clearing is made before the wire
is strung, as otherwise annoying and costly delays result.

In clearing lines through dense underbrush and reproduction, it will be found
most satisfactory to scatter the clearing crew singly along the line and have all

Fig. 8 Xlondike pack-frame as used for packing wire

material felled into the right of way. The débris resulting from such clearing adds
to the fire-danger and should, if practicable, be burned on the right of way before the
wire is strung. If not practicable, the brush should be piled off the right of way and
left for burning at a time when conditions are favourable.

\

Section 49—Transportation and Distribution of Materials

The wire, brackets, insulators, and other equipment should be conveyed from the
railway point or the place of purchase to the proposed line by automobiles, teams, or
horses. Time and money will be saved if construction work is not started until all
necessary line equipment has been distributed to its proposed locaition or to some con-
ventent point. Wire and other metal should be kept off the ground. All line
materials should be distributed along the right of way well in advance of wire-string-
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ing crews. Much time will be saved if the }-mile points (or }-mile points) at which
coils of wire are to be left are marked in advance of the teams or pack-horses. Use a
blaze with a red cross or some other distinctive mark.,

It will often be necessary to pack the wire on horses. The maximum load for
one horse under best conditions is two 3-mile coils of No. 9 wire (weight 104 pounds
each) and under poor conditions, one 3-mile coil (weight 157 pounds). Single coils
may be packed on a horse in several ways, but the following method is suggested:
Run a cross-stick lengthwise between the cross-trees on the pack-saddle, tying each
end securely. Then split the coil of wire in half and place it over the top of the stick
connecting the cross-trees, so that one-half of the coil is on each side of the saddle.
Finally, throw a diamond hitch over the whole.

1—MoBLEY WIRE-CRADLE.

A still better method adapted to packing either one or two coils is to use a pack-
ing-cradle such as the one designed by Ranger Mobley of the Forestry Branch. This
cradle (Fig. T) consists of a rectangular wooden frame built to fit snugly over the
forks of the pack-saddle. The front and rear pieces project a few inches beyond the
sides and two pieces of strap-iron with upturned ends are so placed as to hold the side
coils in place. In packing two coils, one is hung on each side of the horse on the pro-
jecting ends of the cradle and then lashed on with a diamond hitch. When packing
one coil it is laid flat on the top of the cradle and lashed in place. - This cradle is par-
ticularly handy when distributing coils along the line, since it is equally convenient
for packing either one or two coils (Figs. 5 and 6) For packing heavy coils of wire
on men’s backs the Klondike pack-frame shown in Fig. 8 is an unusually eﬂ"ectlve
device.

Section 50—Organization and Equipment of Construction Crews.

The foreman will be responsible for the work on the line in accordance with the
instructions he receives. Whenever possible he should be a forest officer, carefully
selected for his experience in telephone construction and in handling men. The size
of the crew will depend upon the extent of the work, the qualifications of the indi-
vidual members, and the time available for completion.

A crew may consist of a foreman, one ground assistant, two linemen, one utility
man (swamper and lineman), and, if necessary, a cook. If more speed is desired, one
or two additional linemen may be employed, provided arrangement is made to
“swamp ” the line and distribute materials with sufficient rapidity, to do which may
require one or two additional groundmen. Which members of the crew will dig the
holes, which distribute the material, and which erect the poles will be determined by
local conditions.

Each man employed in digging holes for poles should be provided with:—

One 7-ft. shovel, Western Union pattern.

One medium weight, straight-handled, flat-toed, spoon, Western Union pattern, 7-ft.
handle. -

One 1-in. by 8-ft. octagon steel digging bar.

In sand or other easy digging a post-hole auger can often be used to advantage.
EFach lineman on tree lines should be provided with the following equipment:—

One combination wire-and-sleeve splicing-clamp. This is of the reversible type, one side
bemg used for McIntyre sleeves and the other for Western Union connection,

One pair 8-in. linemen’s pliers.

One pair of Eastern climbers, with straps. These run from 14 to 19-in. in length by
3-in, intervals.

One belt and safety strap.

One hand-axe.

One bag insulators and tie wires.

A construction crew on pole-line work should also be provided with:—

Two Buffalo grips.

One Haven’s steel clamp.

One 3-in. double-pulley block (with one hook).
One 3-in. double-pulley block (with hook and eye).
Thirty-five ft. g-in. sash cord.



CHAPTER VIII
POLE-LINE CONSTRUCTION
Section 51—Selection of Poles

Poles should be cut as near the proposed line as practicable. The best and most
durable timber, such as cedar, tamarack, and Douglas fir, should be used, if it can
be obtained at a reasonable cost.

All poles should be cut from live or dead standing trees and should be free from
heart-rot or butt-rot, or any other defect which might weaken them. As a means
of reducing the cost of poles delivered at the hole it may in some cases be desirable to
purchase poles from commercial companies.

Whenever possible poles and braces should be cut in winter to secure better season-
ing. They should be peeled as soon as cut and all knots and branches trimmed close.
Unpeeled poles must not be used under any circumstances, Poles should be reason-
ably straight and of the dimensions shown in the table below:—

TABLE A—LENGTII AND TOP DIAMETER OF STANDARD POLES

Length of pole Diameter of top Length of pole Diameter of top
ft. in. ft. in.
18 6 35 7
221 [ 40 S
25 6 45 10 to 11
30 6 to 7

When a line will be subjected to severe stresses from high winds or unusual
strains, these diameters should be increased by from % inch to 1 inch. High poles
should be very fine quality. The butts of poles should be cut off square; the tops
should be cut slanting on both sides to form a right-angled “roof ” as in Fig. 10.

Section 52—Skidding and Seasoning

Tt 1s sometimes possible to colleet a number of poles or braces at one point as thev
are cut, and later to distribute them along the line without undue expense. In such
cases the poles should be completely barked and piled in tiers, with a space of at least
6 inches between poles in the same tier and between tiers. The bottom tier should
be of sufficient height from the ground to allow of the free circulation of air under the
poles, which should be seasoned for at least two or three months. Seasoned poles are
lighter and therefore easier to handle. Poles should not be held in storage too long
as they are liable to start to decay.

When it is not feasible to collect poles or braces at one point, the individual pieces
should be peeled and raised off the ground or leaned against trees or rocks in an epen
position to season. Sound dead timber need not be seasoned.

It is particularly necessary, when poles are to be treated with any form of pre-
servative, that they be well seasoned and, so far as possible, be aceumulated at a very
few places along the line. In most cases it will be found desirable to prepare such
poles a season before line construction is contemplated.

Section 53—Preservative Treatment

If durable woods cannot be obtained at a reasonable cost it may be necessary to
give the poles preservative treatment. Before doing this, however, the district inspeetor
should be consulted. The poles of branch lines less than 3 miles long need not be
treated in any case, unless the branch is constructed at the same time as a main line
of treated poles.

47
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The experience of the Forestry Branch with untreated spruce and poplar poles in
the Prairie Provinces has shown that they have a length of life of only 3 to 5 years.
Eastern tamarack poles are somewhat better, lasting from 6 to 9 years. Experiments
have just been begun with lodgepole pine on Dominion reserves, but experience with thig
species in the United States has shown that its dependable length of life, untreated,
is not over 7 years. Jack pine will, probably, be about the same. It is considered
that permanent trunk lines on the forest reserves should be built to last without pole
renewals on a large scale for at least 15 years. This may be accomplished by using
either well-seasoned, untreated cedar poles or well-treated native poles.

Special instructions with regard to the use of untreated and treated poles on
Forestry Branch lines will be issued by the Director of Forestry. There are only two
methods of pole preservation that may be applied with a reasonable degree of success
under the conditions usually encountered on forest protection lines. ‘These are the
“ open-tank ” method and the “brush method.” The latter gives only a very slight
increase in durability and is only desirable under certain very special circumstances.
The former is the most suceessful method yet devised for the type of line employed
by the Forestry Branch. Treatment is applied only to the portion of the pole placed
in the ground. In some cases it may be preferable to treat 8 ft. or 9 ft. stubs and set
poles as explained in Section 91. Before any treatment is applied all adhering bark,
including the inner fibrous bark, should be removed with a draw-knife from the por-
tion of the pole to be treated.

As the details of the treating apparatus and the methods of treatment have not
vet been standardized for Forestry Branch lines, only a brief reference to these methods
can be made at present and complete instructions will later be issued in the form of
a supplement to this-manual. In the meantime, pole treatment will only be under-
taken in accordance with specific instructions issued by the district inspectors.

1—OpPEN-TANK METIIOD

Wherever practicable, this method of treatment is the best that can be employed.
Creosote, heated to a temperature not to exceed 200° [F., is the preservative used.
(See ““Preservative Treatment of Poles,” United States Forest ‘Service Bulletin No.
84, and “ Preservative Treatment of Fence-posts,” Forestry Branch Circular No. 6.)

2—BrusH TREATMENT

This process requires less equipment than any other, but the results are not
nearly so good as the open-tank method. Brush treatment even when well done can-
not be depended on to add more than 2 or 3 years to the life of a pole. A brief descrip-
tion follows: Hot creosote or hot carbolineum is applied to the poles with iron-bound
brushes for a space of about 1 ft. above the ground line and 2 ft. below it, thus form-
ing a band 3 ft. wide. All seasoning checks and knot holes should be carefully filled
and the preservative applied as freely as possible without waste, putting on all that
the poles will absorb. After an interval of at least 24 hours the polesa should be
treated with a second coat applied in the same manner.

In hot, dry weather the creosote should be heated to a temperature of from 120°
to 150° ¥. and in cold weather to 180° F. These temperatures, however, should not
be exceeded. In lLeating the creosote the utmost precaution should be taken to pre-
vent accidents. If the Leating vessel is allowed to boil over or if creosote is spilled
and allowed to burn on the cutside of the vessel, the contents are pretty sure to ignite
and burn fiercely. If creosote becomes mixed with water the mixture boils violently
several degrees below the boiling point of the latter.

The preservative should never be applied to green timber nor when the surface
of the pole is wet from rain, snow or frost, or is frozen.
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The tops of the poles and the places where the brackets and braces are to be
attached should also be treated with two coats of hot creosote, and the same is true of
the butts of braces and the slanting top which is to rest against the pole.

A convenient outfit for brush treatment consists of a 5-gal. or 10-gal. can or iron
pot, a 3-gal. pail, 3-gal. dipper, a 4-in. or 5-in. wire-bound brush, and a thermometer.
A small-sized, galvanized-iron wash-tub has been used with success in some places as
a vessel in which to heat creosote oil.

Section 54—Lehgth of Poles

The standard pole is 223 ft. long, and this dimension will be used in all but special
cases. When for any reason non-durable poles must be used without preservative treat-
ment, the standard length will be 25 ft. and no shorter poles may be used without
specific authority from the distriet inspector. ’

Poles shorter than 22} ft. may be used, with the approval of the distriet inspector,
provided the standard length is not available, or, for some reason, is undesirable.
When a line crosses solid rock, and when it would be cheaper, the use of 2-in. or 23-in.
wrought-iron pipes for short-length poles should be considered, notwithstanding their
liability to rust. Such poles may be fitted into drilled holes, thereby making blasting
unnecessary. There are several forms of commercial brackets and pins which, by the
use of a little ingenuity, may be set into the top of these poles or fastened to the side
by carriage bolts.

Poles longer than 22% ft. may be used:—

(1) Where the spacing of the poles is such that the required sag in the line would
bring the wire too close to the ground.

(2) Where the underbrush exceeds 10 ft. in height. Use poles that will keep the
lowest wire at least 4 ft. above the highest brush at the middle of the span.

(3) Where snow is likely to drift to depths exceeding 10 ft. use poles that will
keep the lowest wire at least 2 ft. above the maximum height of the drift at the middle
of the span.

(4) Where it is necessary to grade the line to overcome abrupt changes in level.
For example there should not be an abrupt change from a 223-ft. pole to a 45-ft. pole.
Instead after a 223-ft. pole place a 30-ft. pole and then complete the change by using
poles of gradually increasing length until the 45-ft. length is reached.

(5) Where the line crosses wagon roads or railways. Use poles that will allow a
clearance between the lowest wire and the road-bed of at least 16 ft. above a road and
925 ft. above a railway, measured from the middle or highest point of the road or track.
Greater heights must be maintained if required by provincial laws. (See “ Cross-
ings,” Section 66.)

(6) Where necessary to cross over instead of under other poles. (See “Cross-
ings,” Section 66.)

() At the ends of long spans (more than 500 ft.) across rivers and canyons.
Special poles or construction, approved by the distriet inspector, should be used.

Poles shorter than 223 ft. may be used:—

(1) On short lines where the standard length pole cannot be readily secured.

(2) When stubs of durable species or treated with creosote are employed.

Before using short poles the approval of the district inspector must be secured.
No pole less than 18 ft. long or 5 in. in diameter at the top may be employed.

Section 55—Erection of Poles

1—DISTRIBUTION OF POLES

In distributing poles along a line the heaviest ones should be selected for use on
curves, at corners, at the ends of long spans, and at terminals.

79211—4



50 METHODS OF COMMUNICATION FOR FOREST PROTECTION

2—SPACING

On straight sections poles should be set 176 ft. apart, which is equivalent to 30
poles per mile. For a grounded line, carried on poles, the distance aparct, ander
favourable conditions, may be 200 ft., or about 26 poles to the mile. Changes in
the direction of a line should be made gradually by spreading the curve over as
many poles as possible, raking each pole outward to offset the strain. On curves aund
corners where the pull is from 10 to 30 ft., the pole spacing should be reduced to
100 ft. Where the pull js more than 30 ft., the turn will be made on two poles,
approximately 100 ft. apart, with equal spacings in the adjacent spans on either side.
At right-angled corners the length of the section on either side next to the corner
pole should not exceed 100 ft.

Where it is necessary to make a span of from 200 to 300 ft., the adjacent sections
should be 100 ft. in length. Spans of from 8300 to 500 ft. should have two sections

~of 100 ft: on each end. For spans of more than 500 ft. special construction is
required. . )

Where the line crosses solid rock, the length of spans may be increased up to
300 ft. to avoid the expense of blasting holes. When it is mecessary to blast many
holes, special construction may be desirable, and the matter should be taken up with
the district inspector.

Abrupt changes in the level of the wire should be avoided. Toles shoald be
set on either side of a high or low point, using long poles, if necessary, to obtzin
the desired clearance in the span. In crossing a ridge or ravine, for example, it is
better to space the poles so that one is set on each side of the ridge or ravine rather
than to set a pole on the crest or in the bottom. s

3—Diccing Hores

On straight sections holes should be vertical, uniform in size from top to bottom,
and at least 6 inches larger in diameter than the butt of the pole. This will permit
the earth to be evenly tamped around the pole for the total depth of the hole. In
general, the depth of holes for various sizes of poles should be that shown in the
following table. On curves or in soft soils, however, holes should be at least 6 inches
deeper than the figures given. :

TABLE B—SIZE OF HOLE FOR DIFFERENT LENGTHS OF POLE

Depth of hole

2 Depth of hole
Over-all length of pole Over-all length of pole

In earth | In rock In earth I In rock
ft. i ft. ft. ft.
4 3 BlJ50 66060905 ddois 000000000080 6 43
4 3 40, ... e e f el 63 5
4% 805 L5555 0 000 dBEkid 0B 00 60 0 00 0 A 6% 5
5 4

On a hillside the depth of a hole should be measured from the lowest side of
the opening. Where the hillside is so soft that the pole may possibly “kick out,”
the depth of the hole should be determined by the foreman.

Where it is not possible to dig the required depth, the hole should be blasted.
If this is not feasible, the pole should be securely braced or guyed.

4—ATTACHMENTS TO POLES

Standard brackets with insulators and all other equipment which is t~o be
attached to the pole should be put in place before the pole is erected.
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(a) Pole-steps—Steps should be used on all poles over 35 ft. high or to which
telephone apparatus, such as switch-boxes and test-stations, are attached. The sters
are of galvanized iron, 1% in. by 9 in. They should be driven alternately into the
opposite sides of the pole, parallel to the direction of the line, and spaced 18 in. on
centres. The line of the steps should be parallel to the centre of ‘he poles.

(b) Glass insulators.—Glass insulators of the kind ki.wn as “regular pony
long-distance type”, weighing approximately 14 ounces each and conforming to the
specifications given in Appendix E, should be used on all lines built of No. 9 wire
when strung on poles. No. 9 pony glass insulators inay be used for all lines built of
No. 12 wire strung on poles.

(¢) Brackets—On a one-wire line the brackets should be placed on the same side
of all poles, except that at corners or curves they should be on the side of the poles
away from the centre of the curve, so that the line wire will pull them against the
poles. Brackets should be nailed to the poles with one 6-in. and one 4-in. galvanized-
iron wire nail. For one-wire lines the top bracket position will be used. It is not
necessary to shave the pole at the place where the bracket is attached.

On straight sections of a two-wire line the brackets should be on opposite sides
of the poles, but on curves both brackets should be on the side of the pole away from
the centre of the curve (Fig. 10).

As an additional safeguard whenever a line crosses the tracks of a railway, two
brackets with insulators placed side by side should be used on the first pole on each
side of the track. Where a line is attached to a large pole at a sharp corner two
brackets slightly separated will be used, in order to keep the line wire clear from the
pole. 2 |

(d) Lightning-rods—Lightning-rods should be placed on poles before they are
set. In ordinary situations a rod should be placed on every tenth pole.

In exposed, mountainous regions, or where the line crosses mountain ranges or
divides, a rod should be placed on every fifth pole. It should be the same kind of
wire as the line and long enouch to reach from 6 in. above the top of the pole to
about 3 ft. below the bottom. The upper end of the wire should be bent back about 3
in. from the end and given several turns about itself; the lower end should be made
into a small coil of three or four turns, 5 or 6 in. across, at the bottom of (not round)
the pole. The rod should then be attached to the pole with 2 in. staples at intervals
of 8 ft. at a point one-fourth the distance around the pole from the bracket, running
in a straight line to the ground, the upper end projecting about 3 in. above the ridge
of the pole. The wire coiled at the bottom should be bent into place or stapled at the
bottom of the pole so that the latter, when set, will rest on the coils.

After the pole is set and the line wire attached, an inspection should be made to
make sure that there is no contact between the lightning-rod wire and the line wire.

Lightning-rods are not necessary in tree-line construction.

5—SETTING POLES

On straight sections poles should be set vertically.

On curves or at corners the poles should be placed so that they will incline
outward from the centre of the curve. (Fig. 11).

When the pull is less than 5 ft., the rake should be about 10 in. (Fig. 11); with
a pull of from 5 to 10 ft. 15 in.; and with more than 10 ft., about 25 in. These figures
apply to the top of the pole after it has been set and before the line wire is attached.
Warped or crooked poles should be set so that the crookedness will offset the pull of
the line wire at the ends of long spans or on curves or corners. No attenticn need
be paid to the possibility of the line wire changing the amount of rake. Thes2 speci-
fications are approximate and may be exceeded without harm. Rake is sorietimes
necessary even though the pole is braced or guyed.






54 METHODS OF COMMUNICATION FOR FOREST PROTECTION

6—FiLLiNg axp TaMpPiNG

[n setting a pole it should be “ trued ” and held in position with pike-poles until
firm, the dirt being filled in evenly around it and thoroughly tamped as the filling
progresses (Fig. 13). The coarse soil or gravel should be put in last. The filling can
be done by one man, and the tamping by two men. After the pole is set and the hole
filled, about 6 in. of earth should be closely packed around the pole above the ground.
Poles set in solid rock should have rock fragments firmly wedged in around them.

Fig. 13 Setting a pole

Section 56—Bracing and Guying

The use of braces and guys is obviated in many cases by a proper amount of rake,
but either bracing or guying will be necessary in the following cases:—

(1) On any pole on a curve or at a corner where the pull exceeds 30 ft.

(2) On poles at each side of a crossing over roads and railway rights of way.

(3) On the two end poles of spans between 300 and 500 ft.

(4) On the poles at either end of spans above 500 ft.

(5) On very steep slopes. Anchor guys may preferably be used in these cases,
or a head guy from the top of one pole (below the lowest bracket) to the base of the
pole next above it.

(6) On alternate poles in exposed positions.

() On poles in swaraps or on loose ground (where necessary.)

(8) On poles on both ends of high-tension transmission line crossings.

(9) On the first and last poles of a line.

1—BRrAcES

Braces (Fig. 14) should be at least 8 in. in diameter at the butt end, cut slanting
at the top to fit close to the pole but the pole itself should not be cut. They should
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condition less than 8 ft., with enough additional length to allow one end to be passed
through the eye of a standard half-inch, galvanized-iron guy rod, the other to be
wrapped twice around the pole, and both secured.

When a guy has been prepared, one end should be wrapped around the pole twice
and stapled the loose end being secured by wrapping not less than six times around
the wire, using a pair of connectors or pliers. An anchor log should then be placed
in the ground with a guy rod passing through it, the eye of the rod projecting above
the ground. One of a pair of pulley blocks should then be hooked into the eye and
the other fastened to a Buffalo grip or a medium-sized Haven clamp attached to the
guy wire. The latter should then be pulted to the required tension and the end looped
through the eye and secured by not less than six wraps (Fig. 15), after which the
pulley blocks and Buffalo grip can be removed.

The size of the anchor log will usually be determined by the depth below ground.
If the depth of the excavation be 4% ft. the anchor log should be 4 ft. long by 5 in. in
diameter; if the excavation be 8} ft. deep the anchor log should be 5 or 7 ft. long by
8 or 6 in. in diameter.

No?t lessthon 6 wrops

METHOD OF GUYING

Two stronds of #9 BW.G
golvenized iromn wire
Pwisted fogerher or
LStronds®/ie BW.E

Aorless than Gnrops Notless than 8 Feet

XeWhen X eyua/s 4% feet-use anchorlog 4 feetlong by Sin diameter
v X 3% «~ - 2 - v 8 v

- ; <or7 « «6 -
Anchor /og . d

Galvanized iron nur ond squore
washer or end of guy rod

Fig. 15 Method of guying

If guy rods are not available, the guy wire should be wrapped around the anchor
log. This is temporary construction, as the guy wire will rust and break.

When a guy is used on a public highway or street in a city or town, a guard should
be used to make it readily visible. For this purpose it may be boxed up to a height
of 6 ft. above the ground, or a sapling about 3 in. in diameter may be wired to it.
This protection is also desirable where guy wires are necessary on open meadows, etc.,
frequented by men or stock.

(b) Tree guys—If there is a live tree of large diameter nearby, the guy wire may
be fastened to it instead of to a buried log. Hardwood slats should be used between
the guy wire and the tree to prevent injury to the latter, as in Fig 33.
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(e) Rock guys.—A home-made iron eye-bolt 1 inch in diameter and not less than
18 in. long may be used for anchoring a guy wire in rock. The angle formed by the
guy wire and the shank of the bolt should not be more than a right angle (Fig. 16).
The bolt should not be near the edge of the rock or ledge.

(d) Guying across roads—If a guy wire, as ordinarily placed, would interfere
with traffic on a road, a stub should be used (¥ig. 17) to provide proper clearance. The
stub should be stayed with the standard guy rod and anchor log; or if this is not
possible, braced with anchor logs underground, as shown for the pole in Fig. 15.

2 strands #9 BW.G. galvanized 1ros
\Jv/re twisted fogether_or four strana.
X FCBWGEC (shown as single wire

\\\ to simplity 1/lustration)

‘ ///ﬂ No? /ess Than & wraps

4

/ inch drameter iron rod not fess ™ /A\
than /8 inches in length,depending |
on nature of rock (

Do not locate near
The edge of the rock

Rock

Qv
Fig. 16 Rock guy bolt

3—SELF-SUPPORTING POLES

Where conditions prevent the use of any other method of guying, and especially
in swampy soil, the poles should be braced with anchor logs, as illustrated in Fig. 18.

The problem of supporting poles in muskegs is often a difficult one. Where
ordinary methods of single bracing or guying will not suffice two or even four braces
may sometimes be necessary in addition to anchor logs placed as shown in Fig. 18.

4—TR1pops

The difficulties encountered in supporting poles in muskegs are often increased
by unusual soil conditions which make the digging of holes very costly. Some success
has been met in the employment of tripods instead of poles in crossing such muskegs.
These tripods are constructed of peeled poles having a butt diameter of 5 in., top
diameter of not less than 3 in., and a length of 22 to 24 ft. Lodgepole pine is the most
suitable material, but spruce, tamarack, or jack pine may be used. Each tripod con-
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sists of two 22-ft. and one 24-ft. pole and these poles are wired together through
holes bored 21 ft. from the butt end so that they may be raised or lowered at
will. The longer pole thus projects 2 ft. beyond the other two and from it the line
wire is suspended in a split tree insulator. The butts of the poles are not set in holes

A

J 2 wrops ofecch gu
wire gmund sfu% &

Fig. 17 Method of using guy stub
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Fig. 18 Method of ground bracing

but are set directly on the ground surface, and to prevent them sinking into soft soil

a 5-ft. cross-log about 4 in. in diameter may be spiked or wired to the lower end of
each leg. ‘
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Fig. 19 Tripod line supports

Section 57—Line Construction
1—LINE MATERIALS

Iron wire is divided into three grades: Extra Best Best, Best Best, and Steel.
The Extra Best Best (E.B.B.) wire possesses the highest conductivity, but the lowest
tensile strength. Tt is designed for use on the main lines of telegraph companies, and
by telephone companies where a wire of high conductivity combined with strength and
toughness is required. The steel wire is made from a special grade of material. Tt
1s the lowest in conduectivity but highest in tensile strength. The Best Best (B.B.)
wire, which possesses intermediate qualities, is more generally used than the others on
medium distance circuits by telephone companies and for railway work.

The following table gives the physical characteristics of these three grades of
wire:—

TABLE C—PROPERTIES OF DOUBLE GAIiVANIZED TELEGRAPH AND TELEPHONE
WIRE!

Diame- | Weight Put up |Approximate breaking strength| Average resistance in ohms at
No. ter in in in pounds 68° F
B.W.G. in pounds | bundles
Wire inches | per mile of— E. B. B. B. B. Steel |E. B. B. B. B. Steel
Mile

4 0-238 811 o 2,433 2,676 3,000 5-98 7-15 8-32
6....... 203 590 3 1,770 1,947 2,183 8-14 9-83 11-44
8 .. 165 390 i 1,170 1,287 1,443 12-43 14-87 17:31
9....... 148 314 i 912 1,036 1,162 15-44 18-47 21-62
10...... -134 258 3 774 851 955 18-80 22-48 26-16
11...... -120 206 3 618 680 762 23-54 28-15 32-76
12...... -109 170 1 510 561 629 2853 3412 39-70
14...... -083 99 4 297 327 366 49-00 5858 68-18

! Summary of tests bv John A. Roebling’s Sons Co.
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All iron wire should be well galvanized to protect it from the corrosive action
of the weather. (Ior specifications see Appendix E.) Tts life is 15 to 30 years and
it has little or no wrecking value when removed.

Hard-drawn coppen wire possesses great conductivity and high tensile strength
and does not deteriorate when exposed to the weather. It is therefore well adapted
for telephone lines. More difficulty is encountered, however, in obtaining good elec-
trieal joints wheil splicing copper wire than when splicing iron wire. Copper wire is
of particular value where unusual construction is required, such as on very important
trunk lines over 125 miles in length, on metallic circuits, ete. Tt lasts almost
indefinitely and has a wrecking value equal to 80 per cent of its first cost.

2—STANDARD CONSTRUCTION

A one-wire line (grounded circuit) of No. 9 B.W.G., Best. Best galvanized-iron
wire will be the standard construction on the forest reserves. No other method
should be used unless the permission of the district inspector is first obtained. If
the line is located outside of the reserve where there are no trees, No. 12 B.W.G.
galvanized wire may be ‘used, provided the length is short. Metallic circuit lines
are used only where there is outside interference, such as cross-talk, induction, or
trouble from power-transmission lines. It is not possible to talk any farther over a
metallic circuit line than over a grounded circuit line provided the grounds of the
latter are made properly. Where the length of a line exceeds 125 miles it will prob-
ably be necessary to use copper wire., This cannot be used with swinging insulators
and will not be employed except on a strictly pole line. Where necessary, a two-wire
line (metallic circuit) of copper wire may be used.

For spans up to 500 ft. the No. 9 galvanized-iron wire should be used, except
when the circuit is of hard-drawn copper wire. For longer spans steel wire or other
forms of special construction will be necessary. No. 12 New British Standard gauge
(N.B.S.G.) hard-drawn copper wire should not be used on spans longer than 300 ft.,
nor No. 14 N.B.S.G. hard-drawn copper wire on spans longer than 200 ft. If the
circuit is of No. 12 N.B.S.G. hard-drawn copper wire and it is necessary to make
spans longer than 300 ft., No. 8 N.B.S.G. hard-drawn copper wire should be used
for the spans from 301 to 500 ft. If the circuit is of No. 14 N.B.S.G. hard-drawn
copper wire and it is necessary to make spans longer than 200 ft.,, No. 12 N.B.S.G.
liard-drawn copper wire should be used on spans from 201 to 300 ft.

3—CAuTiONS

Great caution must be used during lightning storms. While ligiitning is being
discharged in the vicinity of the work, and as long as there is any danger from this
source, no line wire or any wire electrically connected .should be handled or touched.

4—STRINGING WIRE

There are several satisfactory methods of removing the wire from the reel, and
which one to use will be determined by the conditions in each particular case. A
man familiar with the location of the line and with the transpositions should be in
charge of the wunreeling of the wire. In paying out the wire care should be taken
to place it on the proper side of poles or trees, in order to avoid cutting it. Splices
should be as few in number as possible.

When the conditions permit the use of a wagon, the reel may be placed in the
back and the wire laid upon the brackets as fast as the wagon proceeds.

Another method is to have the wire pulled out by a horse, either with a rope
that can be released instantly, between the ends of the wire and the traces of the
horse, or by tying the end of the wire to the horn of the saddle, with a man watching
the reel. Where the line is very crooked the reel should be placed at less than one-
half mile from the starting point.
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Instead of using a wagon or horse, the wire may be unreeled by three men, one
of whom should be stationed at the reel to see that the wire is not paid out too fast
and to signal in case it becomes kinked or tangled.

Another method in forest reserve work is for two men to carry the reel, paying
out the wire as they go. This method only should be used in stringing copper wire,
as this wire should never be dragged on the ground.

Wire should not be paid out from a coil held by one man, since it comes off badly
twisted and is likely to kink. Always use a reel.

Hard-drawn copper wire must be handled much more carefully than galvanized-iron
wire. The coil should not be thrown from a wagon to the ground. Before commenec-
ing to unreel it, the first 15 or 20 loops of the coil should be carefully lifted by hand
to guarantee that there are no “ crossovers.” Hard-drawn copper wire should never
be dragged on the ground while being strung. If a wagon cannot be used to carry
the reel, 1t should be carried by several men.

Care must be exercised when starting to unreel a coil to see that the outer end
of the wire is taken off. This end is generally indicated by having attached to it a
small tin tag on which the weight of the coil is stamped. The pay-out reel handled by
the supply houses is of hardwood bound with iron straps. Its weight often precludes
its use on lines following trails and through timber. A home-made reel is much
lighter and less expensive. This consists of two parts, a support and the reel proper
(Fig. 20).

Fig. 20 Home-made reel

The support is made of two 2-by-4-in. pieces AA, each 5 ft. long and held 2 ft.
apart by two cross-pieces BB of 2-by-4-in. stuff, nailed between and 1 ft. each side of
the centre of the long pieces. Midway between the long pieces and fastened to the
cross- pieces is a 2-by-6-in. stick C. To secure greater rigidity, a 2-by-4-in. stick D
is mitred to fit from the centre of one side to the centre of one of the cross-pieces.

At the centre of stick C a block 6 in. square and 1 in. thick is attached, and
through its centre and through stick C a %-in. hole is bored. Around this hole on top
of the block a 2-in. iron washer is attached with screws, the heads of which are well
countersunk. A bolt E, 14 in. by # in. with square head is then inserted in the
hole in C from below, and held in place by countersinking the square head on the
underside of C and nailing a small block F over it. The reel is made of two pieces
of 2-by-4-in. stuff, preferably Douglas fir or some other strong wood, GG 2 ft. ¢ in.
long and mortised in the middle to form a cross. After these have been fitted together
a 1-in. hole is bored through the centre and a piece of 1-in. iron pipe H, 9 in. long and
threaded for 2 in. at the end is screwed firmly into "this hole. On the underside
around the hole a 2-in. iron washer is fastened to act as a bearing. Nine inches from
the centre on each arm G a #-in. standard K, 18 in. long and shaped as illustrated, is
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set upright and held in place by two nuts N, one on each side of the arm. Care must be
taken to see that these standards do not project below the arms more than the thick-
ness of the lower nut. The portion threaded should equal the thickness of the arm
plus the thickness of the two nuts. The cost of the whole apparatus is so small that
after the iron fittings are removed the rest may be discarded, if necessary, when the
work is completed.

i No more wire should be strung out than can be put up and tied in during one day.
‘Special care should be taken not to allow the wire to lie across trails or roads where
it might be run over by vehicles or trampled by animals. Xinks or nicks made in
this way may weaken the wire sufficiently to cause it to break as soon as a little
strain is put upon it, or when it contracts in cold weather. All kinks should be
straightened before the wire is stretched. If the kinks or nicks are bad they should
be cut out and a splice made.

5—TRANSPOSING LINES

By transposition is meant changing the location of a wire from one side of the
pole to the other (Fig. 21). This is done to overcome the effects of outside inter-
ference existing in lines which are close to or parallel with high-tension transmission
lines, and wires which are on poles carrying other wires.
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Fig. 21 Transposition of wires, metallic circuit

When building a metallic circuit, the wires should be transposed once every mile.
Where the line is exposed to induction, eross-talk, power wires or electrie-light wires,
the line wires should be transposed at least every tenth pole. In transposing, telephone
lines, the wire on the left should always cross over, never under, the wire on the right,
and without touching it. On a bracket line the transposition can be made very easily
by changing the location of the brackets on the pole, as shown by the upper diagram in
Fig. 21. When a cross-arm is used, transpositions can best be made by using a standard
two-piece transposition insulator. Transpositions should be arranged for at the time
the wire is unreeled, the left-hand wire crossing over on top of the right at the point
where the line is to be transposed.

6—SAG¢ ALLOWANCE

The stresses in the telephone wire undergo changes with variations in temperature,
thus making it necessary to provide for the extreme variations in wire length in each
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span. The sag in the wire at the time it is made fast to the brackets should corre-
spond to the temperature at that time.

TABLE D—SAG OF A No. 9 B. W. G. GALVANIZED-IRON WIRE IN A POLE LINE

Sag at temperature indicated in degrees T,
Length of span in ft. S

+100° +80° +60° +30° +10° —10° —30°

ft. in ft. in. ft. in. ft. in. ft. in. ft. in. ft. in.

41 3 o1 2 11 11 1

7 51 41 31 3 21 2

9 7 5% 4 33 3 21

11 81 7 53 41 4 31

1 2 113 9 7 6 5 4}

176, . 1 6 1 3 1 0 93 8 7 6
200.. .. . e 1 10} 1 7 1 4 1 0 103 9 8
260, ... 3 33 2 10 2 5% 1 11 1 8 1 54 3
300.. ... 4 7 4 1 3 6% 2 9 2 51 2\ 13 1 10
350.. 6 6 5 6 4 11 3 10 3 5 3 0 2 7
400, ... 8 0 7 0 6 6 5 0 4 6% 4 i 3 7
450, . . e 10 0 9 0 8 0 6 6 6 0 5 6 5 0
500, ... o 12 6 1 0 9 6 8 0 7 6 7 0 6 0

Note.—If a strong wind is blowing, the sag value should be increased. Interpolate for temperatures
and spans not given. When any other size than a No. 9 B. W. G. wire is used, it will be necessary to com-
pute the sag required. Instructions for doing this will be furnished by the district inspector.

Sag may be handled in the following manner: Adfter a half-mile reel of wire has
been pulled out, linemen, who follow, carry the wire up each pole on their shoulders
and place it between the bracket and the pole. When this has been done over the entire
half mile, the line is stretched by means of a Buffalo grip and stretcher-block until it
is taut, or until the two or three linemen who are on the poles along the half-mile
stretch pass along the signal to stop. About two minutes’ rest is then required for
the line wire to “creep” along the entire distance. It should then be loosened or
stretched tighter, according to the signals of the men on the poles, who can sight from
the bracket of one pole to the brackets of the adjacent poles and determine when the
proper amount of slack has been provided.

T—Tvyine INn WIRE

On straight lines the wire should be tied to the inside of the insulator, so as to
bring it between the insulator and the pole. On curves and corners the wire should be
tied to the insulator on the outside, so that the strain will be against the bracket and
the pole.

On pole-line construction the tie wire (the wire used to fasten the main line to
the insulator) should be of the same size as the line wire. The method of tying wire
to a glass insulator is shown in Fig. 22.

In making the tie great care should be exercised to avoid twisting the wire o
tightly that the main line will be burned. i ,

Linemen should be cautioned against nicking the line wire in making ties,
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