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CHARACTERISTICS
of
RURAL ELECTRIC SYSTEMS
Design, Construction and Operation
in the
United States

I
PREAMBIE
THE RURAL ELECTRIC SYSTEM;La unique part of American agriculture and
the electric utility industry, has been a significant factor in the
expangion of agricultural production, in improving rural living, and

in economizing electric power distribution system construction costs.

The pattern which the development of these systems followed was adapted
to the specific problems and conditions in the rural areas of the
United States. The principles involved, however, were universal and
have application to other conditions and problems. The basic
‘objective has been the provision of central station electric service

to all rural consumers at a cost which would stimulate increasingly

wider and greater usage of electrical energy.

The organizations and financial arrangements reflect the private
ownership and initiative inherent in agricultural and industrial
growth in the United States. The technological considerations were
based upon the universal and professional viewpoint of the engineers,
which were to constantly strive to do a better Job - more efficiently,

more effectively and more economically.

The purpose of this paper ls to provide some insight into the con-
ditions, considerations and actions which have been integral

characteristics of the design, construction and operation of the
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rural electric systems in the United States. The extent to which
these are set forth, seo that the reader who has a differing set of
conditions and problems can find ideas for adaption, will determine
if this paper has achieved its purpose. The subject matter will be
reviewed from nine different viewpoints in the following sequence:
(1) description; (2) participants; (3) development; (L) standards;
(5) financing; (6) design; (7) construction; (8) operation and
maintenance; (9) planning. Frequent reference is made to an
extensive bibliography rather than to recite many details herein.
The reader can get an overall perspective from this paper, leaving
detail study of the reference material to his choice and to those

who may have responsibility for more intensive use of this material.
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iI
DESCRIPTION
To better understand the characteristics of rural electric systems,
as they relate to economical design, construction and operation, we
need a common understanding of terminclogy and of the systems. To

provide that understanding is the purpose of this section.

A. Definitions

The term “rural electric system" as used herein refers primarily
0 those electric distribution properties which have been financed
by the Rural Electrification Administration (REA). Some have moderate

amounts of transmission and generation facilities.

To clearly understand the nature of the rural electric systems it
should be noted that farmers in the United States live on their
farms. When the systems were first developed most families 1iving
in rural areas were living on farms and were engaged almost exclu-
sively in farming. Today many families living in rural areas do

not farm and they make their livelihood from rural industries or

in nearby tovms. The rural town is primarily a trading center for
the farmer. A large percentage of the towns receive central station

‘electric service from the commercial power companies.

The rural areas not served by the rural electric systems are served
by rural extensions of the urban and suburban systems of the com-

mercial power companies.
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B. Magnitude

These systems serve approximately one-half of the consumers in rural
America. They serve 55% of the farms. They are relatively small;

all are less than 25 years old; and the weighted age of all facilities
is approaching 12 years. There are 1087 such systems operating
1,500,000 miles of line serving about 5,000,000 farms, rural non=farm
residences and rural industrial establishments. They borrowed about
$14,000,000,000 from the Federal Government - 76% of these funds are
invested in the distribution plant; 12%¢ in generation; 12% in trans-

mission.2
C. Electrical Characteristics 3

The rural electric system in the United States is basically a
7200/12,470-volt, multi-grounded, common primary-secondary neutral,
60-cycle distribution system from which the consumers are served
single phase directly through distribution transformers at 120/240
volts, three-wire., The 7200-volt distribution line is brought within
200 feet of the load center of each farm. One service wire is
grounded, the other two wires are 120 volts above ground. A compara~
tively small percentage of farms require three-phase service primarily
for irrigation pumps or other large motor loads. These are usually

provided 240 or 480-volt, three-phase three~wire service.

In sparsely settled areas a distribution system employing 1h,400/2k,900-
volt, multi-grounded, common primary-secondary neutral, 60-cycle is
sometimes used. The 40,000 miles of line at this voltage constitute

less than 3% of the total,
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A typical distribution system would censist of approximately 20% of
three-phase, 10% of two-phase and 70% of single-phase circuits. The
three-phase and two-phase are used primarily for the purpese of pro-
viding load carrying ability. Practically all loads are served at

single~phase.

Transmission lines are generally 69 kv grounded wye., Some 33 kv and
46 kv was used so as to provide short extensions from, or inter-
connections with, the power suppliers! facilities. Some 115 kv to

230 kv transmission lines are now also utilized.

The basic impulse level of equipment uséd on the 7.2/12.5 kv system
is 95 kv, except for certain heavy-duty pover equipment which is rated
at 110 kv. Insulators are rated at 65 kv dry flashover, 35 kv wet
flashover, with a positive impulse flashover voltage of 100 kv. In

contaminated areas special insulation is used.

The equipment used on 14.L/2l.9 kv systems has a basic impulse level
of 125 kv, except for automatic circuit reclosers and substation
equipment which are rated at 150 kv. Line insulators have a 60-~cycle
rating of 95 kv dry flashover and 60 kv wet flashover and have a

positive impulse flashover value of 150 kv.

The REA-financed generating facilitiesh

aggregate approximately
1,650,000 kw installed capacity. Included in this is a range of
dlesel, hydro and steam plants. Individual unit sizes range from
100 to 100,000 kw., The small sizes are principally those in
isolated locations such as islands and portions of Alaska. The more

recent units are generally steam, the average being 33,000 kw.
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D. Physical Characteristics

The dominant physical characteristic of rural system construction
is the use of high strength conductors and simplified pole top

structures.

For the distribution system, 30, 35'and Lo foot wood poles, ranging from
10 to 13 per mile, (extremes of 8 and 17), support high strength copper=
weld copper or ACSR primary conductor in sizes ranging from No., 6 to

1/0 AWG copper equivalent. The single-phase lines carry the primary
conductor on a ridge pin insulator with the neutral 4O inches below
attached to the pole with a bracket. Figures 15 and 25 illusirate a
tangent single-phase (Al assembly unit) and three-phase pole top con-
figuration (Cl assembly unit) for 7.2/12.5 kv. Figure 30 illustrates

a 1L.L kv tangent single-phase pole top configuration {VAl assembly

unit).

The transmission lines are simllarly designed. ILiberal use is made of
single pole suspension type construction as illustrated in Figure h7
(TS-1 assembly unit).

Substations are either packaged or custom designed. They are compact,
employing a minimum of equipment. Capacities are in the range of 500
to 1500 kva., Most substations are equipped with three single-phase
power transformers plus a spare, but there is a trend toward the use

of three-phase power transformers.

The requirements of the National Electrical Safety Code (NESG)8’9
provide the basic safety considerations in thie design of each line.
If a local government has a more stringent requirement than the NESC,

then the local requirement prevails.
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PARTICIPANTS

The rural electrification program, as the development, construction and
expansion of these rural electric systems is knmown, involves as active
and effective participants several different groups of people. To
better understand their roles, we should briefly review the nature and
function of each., These participants, as we shall call them, are the
management of the system, REA, enginesr, contractor, power supplier and

material manufacturer and supplier.
A, System Management

Fach rural electric system is a local independently-owmed and managed

10
enterprise, 0f the 989 active borrowers, 929 are cooperatives, L3 |
are public power districts, 13 are municipals ‘and other public bodies,

and L are power companies.

The power companies are private, investor-owned, profit-msking public
service corporations., The municipal systems and the publiec power
districts both represent public ownership enterprises which are
supported by local taxing authority. The cooperatives are non-profit,
locally organized systems owned by their members and managed through

a board of directors elected by the members. Generally one thinks

of a cooperative as being the most representative type of rural electric

system.

The management of each of these systems 1is responsible for obtaining
the necessary financing and for the design, construction, operation and

maintenance of its system.
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B. Rural Electrification Administration

The Rural Electrification Administration (REA)L? was established by
Executive Order of the President in 1935. It was created as part of
the Federal Works Program to relieve unemployment. REA was trans-
formed, in its first year of operation, into a lending agency with
the task of accomplishing nation-wide rural electrification. All

loans have been on an interest-bearing self-liquidating basis.

REA does not own nor operate electric facilitles. Its functions are
to lend money for electric facilities to serve rural areas;12’13 to
enable its borrowers to finance consumer wiring, appliances, equipment

H and to assure repayment of loans through appropriate

and plurbing;
loan security activities. REA can lend 100% of the funds required
and takes a first mortgage on the facility. The loans bear 2%
interest, are for a period not to exceed 35 years, and are repaid

from the operating revenues of the borrowers.

To assure repayment of loans, REA makes feasibility studies of loan
applications and establishes standards to assure security in the use
of funds and in the design, construction, operation and maintenance

of the facilitles.

C. Engineers15

All REA facilities are designed by private consulting engineers, or
engineers on the payrolls of the rural electric systems. The "con-
sulting engineers" also undertake other types of engineering services
for the systems, e.g., construction supervision, operations, main-

tenance, planning, preparation of loan applications, power supply
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analyses and mapping. Both the consulting and the payroll engineers

are generally referred to as "system engineers'.

D. Gontractors16

Facillties of the rural electric systems are constructed by independent
private contractors, or by the systems' own forces. Initially, facilities
were generally constructed by contractors, This is still true with re-
spect to major additions and extensive changes in the system facilities.
The crews of the rural electric systems are utilized for maintenance,
short extensions, and, in some cases, extensive construction. The gen-
eral pattern of economic construction has been through effective-utili-:

zation of the contractor.

E. Power SupplierlT

Eighty-five percent (85%) of the power distributed by the rural electric
systems is purchased, the remainder is self-generated. Of the 85% that
is purchased, power companies supply L1%, Federal agencies supply 37%
and other public agencies supply 7%. The cost of power varies widely
in different parts of the United States. Average wholesale power

costs have been reduced from 10 mills in 1941 to 7,0 mills in 1959.

It is the largest single item of expense; as a percentage of all

operating expenses, wholesale power is becoming increasingly important.

F. Material Manufacturers and Supplier516

Material manufacturers and suppliers, generally referred to as "suppliers®,
represent a private-industry undertaking. The materials supplied are

generally those commercially available, fabricated and produced under
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national standards. A mass market for rural line construction materials
prompted the suppliers to make available items of material and equipment
designed for this specific use. Where industry standards are not
directly applicable, the materials are produced under REA standardslo
which frequently incorporate ﬁational standards, in whole or in part,
by reference. The materials which suppliers can provide to the rural
electric systems have beén reviewed and found to contain the minimum
physical and electrical characteristics required for the job.19
Materials are purchased as a result of formal bidding, manufacturers!

quotations, or, on direct order.
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DEVELOFMENT _
The rural electric system, a now well-defined entity and an important
segment of the electric power industry in the United States, did not
develop overnight. It is the result of an evolution of ideas both
technical and administrative. This evolution or development from con-
cept to reality can be deseribed best by briefly considering three
phases or eras of development--initial, up to 1940; intermediate,

1940-1960; and, present.
A, Initial

Prior to 1935 the few rural lines which were providing central station
electric service to the 10.9% of the farms in the United States were
along main roads, interurban electric railway lines and short extensions
from towms. The initial construction of the rural electric systems,
commencing in 1935, consisted basically of building strictly rural
lines. These lines were extensiocns of the facilities of the power
companies from which power was purchased or from small, frequently
single phase, substations provided by the power company. As each
facility was designed and consitructed, it was thought of as a line,
usually single-phase, 7200 volt. All perscons in the immediate area
through which the line was being built were solicited to become members
of the cooperative, and were provided service if they joined and paid

the menbership fee.

Materials and equipment which were available at that time were used.
These involved two-bushing transformers, flat crossarm construction,

insulated guys, etc. From the standpoint of cost, the early electric
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lines would cost $2,000 or more per mile, This was prohibitive.
Immediate advantage was taken, however, of developments, which had
immediately preceded 1935, utilizing the single-bushing'transfbrmer,
vertical construction and high-strength conductor. This permitted
costs averaging $1,000 per mile. The introduction of mass construction
methods, which is discussed later, permitted the reduction of costs to

as low as 3500 per mile in the late 1930%*s and early 1940's.
B. Intermediate

As the desire of rural consumers for central station electric service
grew and as the ways and means of providing this service were developed,
it became evident that systems needed to be built not Jjust lines. This
period, which gained considerable momentum during the late 1940%s fol-
lowing World War II, brought about the construction of transmission lines,
substations and integrated distribution systems. Economies of design,
operation and maintenance were attained. Lower wholesale power costs

also were realized.

C. Present

Today, the rural electric systems in the United States, as independent
entities, form a distinet, yet integral, part of the electric power in-
dustry. They have gone beyond the development stage and have pioneered
in long-range system planning, improved operating techniques, and
obtained needed improvements in equipment and materials while continuing
to lower the cost to the consumer from 5.06 cents in 1941 to 2.39 cents

in 1959.



-1 -
v
STANDARDS
The development of the rural electric systems, the extemsive construc-
tion, and the lowering of costs on a nation-wide basis were enhanced
through prudent and consistent use of standards. Frankly, standards
were a necessity. Further, the standards had to be dynamic reflecting

the vast experience gained with progress.

Standards applicable covered many fields=--system, lines, structures,
materials and equipment, contracts, and relationship and procedures.

This section discusses standards in these areas of interest.

A, Systems

As a condition to making a loan, the REA established and has main-
tained standards for rural electric system design. These are general
and broad in terms of overall feasibility, serving all consumers within
the area in which facilities are to be constructed, utilization of
competent engineering personnel, and construction at the lowest
practicable costs~-usually as a result of competitive bidding.

These broad guidelines require that there be adequate funds avallable
to complete the anticipated work and that the work be accomplished and
certified to in accordance with accepted accounting and engineering
practices. It is at this point that the National Electrical Safety

Code (NESC)9 is a requirement.

B. Lines

The individual lines are alsc subject to prescribed REA standards.

These include az maximum voltage drop of 7 percent in the primary line,
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2 percent in the secondary and service, and 3 percent in the trans-

former.20

Further, each line is to be designed according to economic
conductor size determinatiens.21 Routing is to be, insofar as practical,
on private rights-of-way so as te minimize future changes owing to road
widening, Sectionalizing guidelines are provided to cptimlze service

restoration ard to minimize consumer outages.2<s2>

C. Materials and Equipment

Materlals and equipment incorpofated in REA-finapced lines must have been
reviewed and found to be satisfactory.19 In this, national and Industry
standards are cbserved, except where they have been found to be inadequate.
In the latter case, REA standards are established and used.16 Each item
of material 1s reviewed as to its design, physical and electrical
characteristics, service experience and ability to meet the service con-
ditions to which it wlll be exposed. Items found to be satisfactory are
listed. This review and listing is accomplished by an independent, con~

stantly changing committee of anonymous engineers.

D. Contracts

Standard englneering and construction contracts have been developed and
are used.16 These provide for uniformity of requirements and procedures,

thus facilitating lower costs.
E. Relationships and Procedures

The mutual responsibilities of suppliers, engineers, contractors, rural
electric system management and REA in regard to standards have been well

established and are well understecd. They are respected by all segments
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of industry. They provide for mutual protection and benefit. The
procedures associated with the revision of standards and the applica-

tion of standards provide a continuity that has kept costs to a minimum.
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V1
FINANCING

Finaneing played an important role in the development of rural electric
systems. The salient features include feasibility, REA loans and genéral

funds.
A, Feasibility

Each individual piece of constru&tion when considered with other existing
facilities in light of present and projected loads must be economically
feaslble, This feaslblility test has been an integral part of the
development of the rural electric system since its inception in 1935.
Feasibility, i.e., the ability of the revenue from the facilities to
permit repayment of all capital investment, is a unique characteristic |
of the rural electric system. Upon completion of a mortgage perlod,

all debt will have been liquidated. If facilities cannot meet this

test, they are not undertaken.
B. BHEA Loans

Iﬁitially REA loaned 100% of all financial requirements for the rural
electric systeﬁ. "Today, the systems invest some of their own funds,

When funds are required of REA, an engineering design analysis and
estimate are developed. This is principally to determine the approxi-
mate cost. The engineer and the system management develop thelr estimates
of future energy usage, both in terms of indlvidual usage and the number
and type of consumers. Analyses are made of the cost of pcwer and of
operation and maintenance and other administrative expenses. All of

these data are put together into a logical presentation and submitted
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to REA. REA must make its own hnalyseS'as to feasibility. A finding
that a loan request, together with all previous loans, will be feasible
and can be repaid is sufficient for funds to be loaned and advanced.
411 funds 1oanéd are not immediately advanced. Funds are drawn down by
the rural electric system only as required., Interest commences the

moment the money is drawn,lz

C. Genersl Funds

Ag the rural electric systems have growm, increasing their neﬁ worth
from zero to 18%, they have had more and more general funds derived from
revenue avallable for investment in their own systems. When a system
desires to have these general funds reimbursed, it applies for a loan

which is evaluated in the same manner as a loan for initial construction.
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VII
DESIGN

The design of rural electric systems' individual facilities, as well
as the whole system, involves a number of unique characteristics.
These characteristics are best disclosed by considering loads and

service areas, plans and specifications, and supporting data.
‘A. Loads and Service Areas

Therdesign of any electric system assumed knowledge of or compgtency
in several areas: '
1. Estimating loads

2. Equipment

3. Construction techniques

. Estimated 1ife of facilities

' 5, FPFuture system requirements and capacity

In the development of the rural electric system in the United States,
the estimating of loads has been appreoached in two genersl ways. .The

first was unscientific and embodied a great deal of faith. The second,'

" and present method, embodies scientific methods enhanced by extensive

 experience and good forecasters.

* Annual consumption for an individual family in a rural area in 1926
avéraged 586 kwh. The engineers designing the original rural electric
lines used 60-90 kwh per month, or 720-1080 kwh per year, as their
design losd per farm. This rate of less than 50 kwh per month was
fepreseﬁtative of the area east of tﬂe 100th Meridian, which ébntained

little or no irrigation pumping. It is noteworthy to record that these
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estimates of farm'usago wefo based only on a few farms hear towno and
Agriecultural Experimont Station projects. Concurrent with the design
and construction of the initial lines went an intensive educational Pro=

~gram %o encourage effective use of electricity.

These usage estimates ranging aoout 1,000 kwh per year ﬁrovod inadequate
within a few years, Fortunately the period of World War II orought the
extension of rural lines to a virtuel standstill. When the floodgates
of the post-World War II pericd opened, extensive techniQues were de-
veloped and utilized in power requirement studies, These studies
embodied factors developed by basic and appliod research in the field
of rural eZl.ec1:1:'11‘:i.oa.i;:i.on.2?"l They included:

1. The level of farm incomes

2. Kind and size of specific farm enterprise

3. ILength of time with electric service

i. Wholesale and retail rates

5. Competitive energy sources

'6. Adequacy of electric service

7. Promotional efforts

8. New technological developments‘

The postwar periloed also had an old factor re-emphasized and firmed up,
which is very important from the standpoint of design--the concept of
Parea coverage'. If{ became a requirement that oll loans be made with
a written commitment that all consumers within the -area for which the
loan was being made would receive service, This ﬁeant that now a total
area could be evaluated and an appropriate set of facilities designed.

Estimates of load during this period, as used for design purposes,
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averaged 1800 to 3600 kwh per yéar. The difference in values reflected
a variation in the sbility of farm families in various sections of the
United States to effectively utilize electric power. Design estimates
during the postwar period were consumptions which were expected to be
reached within 10 years. They usually ranged up to 200% of the con-

sumption existing at the time of making the estimate.

Experience has shown repeatedly that in rural areas the consumption
doubles every seven years. Today the average farm usage is 4500 kwh

per year on these rural electric systems,

Each rural electric system is organized to serve'a specific area.
Usually this is one or more counties. The boundaries of each rural
electric system are limited by adjoining rural electric systems or the
area being served by adjoining commerclal power companies. By Federal
law, loans cannot be used for service in towns having a population in
. excess of 1500, or to provide service to consumers who are already re-

ceiving central station service.

"During the past 6 years a concept of long~range engineering pla.nning25

has been developed and is now being applied to the design of rural
electric systems.26 Today, instead of building each faclility for an
estimated 10 years' growth, plans are developed for a system to handle
Li-6 times present load. Supplementing this are anmual work plans,
based upon a current analysis of loads and system conditions.27 This
cuirent analysis is used to determine the immediate construction re-
quired which is in accordance with the long-range objective or "target”

systeﬁ. In this way considerable long-range economy is effected.
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B. Plans and Specifications

Plans and Specifications utilized in the construction of the rural

electric system facilities are unique.

A consulting engineer, quite often the one who prepares the basic
pattern for a system and handles the preparation of a loan application,
deaigns the system as it is to be constructed. This design may cover
one or several lines, substations and transmission facilities. The de-
8ign and construction of generation facilities are usually handled
separately. The supporting data for a design are discussed below.

Once a design is decided upon; the engineer prepares the plans and
specifications. These are usually set up on the basis of asking for
competitive, sealed bids. All of the contractual terms, the conditions
for preparation of bids, the standards for materials, the standards for
physical construction and other related standards and specifications
are all embodied in a prepared document which is available from the
Rural Electrifieation Administration.5’6’7’28 This document is ad-
Justed, as appropriate, by the consulting engineer. The engineer
estimates,‘on the basis of‘his previous experience and a limited amount

of staking, the quantities of material required.

Instead of asking for bids for so many miles of line of a certain con~
ductor size, the engineer estimates the number and kind of construction
units required to build the line. This is the uniqueness of the plans
and specifications. Each line consists of a group of assembly units;
e.g., & pole is a unit; 1,000 feet of conductor is a unit; an anchor,

a guy, a transformer, are all separate units. For the pole top con~

figuration there is a separate unit for each particular standard pole
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top arrangement., In Figure 1, for example, a pole top unit would ineclude
the insulator pin, nut and bolt for the primary ccnductor and the bracket,
bolt, nut, and washers for the neutral bracket. These quantities are
inserted in the plans and specifications on sheets such as Figures 5, 6
and 7. The basic construction document for the distribution and trans-
mission line construction is REA Form 83018 plus one or several of the

sets of standard drawings, REA Forms 803, 80L and 805.5’6’7

C. Supporting Data

The design of a system, a line; or a change in an exlsting system by a
coﬁsulting engineer must be supported by sound engineering analyses.

These include voltage regulation studies,29 22

sectionalizing studies,
calculations and drawings for special structures, economic analyses
for economical conductor selection®l and any other special engineering

studies as appropriatg.



VIII
CONSTRUCTION

The techniques utilized in the construction phaée of rural electric
systems have been most significant in achieving low-cost, high;quality,
facilities. These techniques apply to bidding procedures, censtruction
‘methods, inspection requirements and production-line techniques. These
apply principally to the construction of large mileages of line as

‘oceurred during the first 20 years of the rural electrification program.
A, Bidding

During the formative years of each electric system practically all con-
struction contracts were awarded on competitive bidding. This condition
was true for the first 20 years of the 25-year program. It proved to be
- the most economical method of construction. It is particulariy adaptable
- to exténsive construction programs.
.‘;.Biﬂﬁingris a proééés wﬁereﬁy the enéinéer prépareé‘deféiied plans.and
‘ ‘specifiéations as described above. These are then made available. to
i contractora 30 to 60 days priorlto a specifigd bid opening daﬁe;; Each
contractor looks éver the area of proposed construction and prepares his’
bid; ‘The bid consists of eétablishing his particular "bid" priée for |
each individual assembly unit of constructioﬁ; e.g;, 35 foot, class &
ﬁoles; 35 foot, class 7 poles;.l,OOO feet of No. 2 7/1 ACSR conductor;
1,000 feet of No. 1/0-6/1 ACSR conductor; 3 kva tramsformers; 5 kva
transfbrmers; etc. These asgembly unit prices are multipiied by the
estimated numbér of units and the results totalled for each‘graﬁp of

asgembly units, as illustrated in Figures Sy, 6 and 7. The sealed bids
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are opened by the enginser in the presence of all bidders and system
management. The contract is awarded to the contractor having the

lowest total bid.
B. Construction Methods

In addition to construction by a contractor as a result of competi-

tive bidding, several other methods are presently used. These have
certain value since practically all of the rural electric systems already
:havé their base facilities constructed. These methods include construc-
tion by the systems! own forces, negotiating a substantial piece of con-
struction with a private contractor, and neogtiating certain unit prices '
with a contractor for piecemeal construction of short extensions through

s given periocd, for example, a year,

Another way of looking at the method of construction is from the stand-
.- point of tools and equipment utilization. 25 years ago most of the woﬁk
~ was accomplished by hand and with hand tools. An example ﬁas,thg;digging “
oflhéles with post-hole diggers, shovels and spoons. The large scale
'lconstruction occasioned by the rural electric systems prompted engineefs,
contractors and manufacturers to seek ways and means of expediiing_and
 economizing construction. This resulted in a number of developments.
.Ampng these were special rigs for stringing conductor under tension,

- for prestressing conductor and for mechanically digging pole holes.
| Ce inspection

B Stringent post-construction inspeetion by resident field engineers of
the consulting engineer and by the REA were very essential, This in-

spection 1s predicated on the assumption that, unless facilitiss were
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constructed according to standards, according to the plans and specifi-
cations, and in a first-class workman-like manner, there was no assurance
that the facilities would provide adeguate sérvice and protect the
security of the loan. In some cases this inspection would be 100% of
all facilities. In most cases it consisted of periodic inspection
during eonstruction with at least 10% or more detailed inspsction on a
selective basis upon completion of construction. A 10 final payment
was withheld from the contractor pending this final inspection and his

correcting all errors or other necessary changes found by the inspector.

These inspectors representing the consulting engineer and the Rural

Electrification Administration alsc kept a close watch on the materlals
received for and used on the job. This was a precaution to assure that
only materials which were acceptable for use on REA-financed facilities

were used.l9

D. Mass Construction

Even though large-scale standardized construction was undertaken in

the defelopment of the rural electric system, the cost still would not
have been lowered if it had not been for the use of production—line-
techniques.l Combined, these permitted the construction of lines for
$500 pef mile during the period prior to World War II. This was a 50%
reduction from other streamlined rural line construction without the
benefit of these elements. Large-scale construction and standardized
construction units, e.g., pole top-configurations, permitted contractors
_ fo utilize a production-line construction technique.‘ This was an inno-

vation in the electric utility industry.
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In applying this productionulihe technique to the building of rural
electric facilities, a contractor would train crews of men for each
of the individual operations required. Some of these opefations were:
the distribution of poles; the digging of pols holeé; putting the
hardware and other equipment on the pole before it was raised (this
eliminated the costly practice of having a lineman climb the pole
to install the hardware); setting the pole and backfilling the pole
holes; stringing the conductor; pulling the conductor up to the
proper tension and sag; installing the transformer at the farm; and
installing the service to the farmhouse or barn. Each of these crews,
specially trained and equipped, would move down the line one afier the
other, performing its function on a repetitive basis. In the period
1947-1951, a national construction average of 561 miles per working

day was reached. The peak was 707 miles per day in 1949.
E. Plecemeal Construction

On the opposite end of the scale from mass construction with its appli-
cation of the production-line technique, is the piecemeal construction
of short line extensions. Here, to keép costs down, two methods are
utilized. The first is to utilize the maintenance and operation crew
for this limited comstruction work. This 1s accomplished by carefully
integrating the new construction and the maintenance work. This pro-
vides for increased productivity of the regular crews as well as

keeping them up to date as far as new construction practices are

concerned.
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A second méthod is to enter into an agreement with a contractor for the
construction of short extensions. The contractor again works on the
basis of increasing the productivity of a crew by *"filling in® with
tﬁis scattered small work, or he contracts with a nunber of systems

for such work, which together permit economy.
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Section D--C_ONDUCTOR ASSEMBLY UNITS

rUni.'b Price
nee Labor Materials ;:‘:i :;iﬁg abor and eriats
“ACSR 4 IT 20 r 4 V2 ' -
Dx 0 %S;E 158.0 | /6,00 | 50.00 | £600| /O, 2285 00
D261 | usol /900! 33,00 | 4700 7, 7.55.00
DLTA | 8o |/3 00| 23.50 | 36.50 2,956.57
D 8 W .01 /2. 00| [0.00 | 22 00 22,00
f*Manufactln'er'S desigation ‘ Total, Section De= 2 {, / g / . L0

- 25 .
| Flce 7



. 29 -
X

OPERATION and MAINTENANCE

The rural electric systems contain certain natural operating character-
istics which are unique in that they apply to the entire system. These
include long spans, high-strength conductor, extensive exposure to
lightning, storms and trees, long transportation runs and inadequate
rural communication systems. From the beginning, the rural electric
systems have been faced with the need for giving operation and main-
tenance high priority attention. This starts with design. It has in-
cluded the development of materials, standards of construction and
operating practices. Illustrative aspects worth noting are section=’
alizing, rights-of-way and brush control? comrunications, poles,
equipment and materials performance, job training and operating

problems.
A, Sectionalizing

It was learned early in the existence of the rural lines that fuses
were unsatisfactory. The autematic edrcuit recloser was developed.
This permitted a line to be automatically cpened on intermittent
fault and to lock out only after three previous efforts to reclose.
The recloser 1s a self-triggered and resetting device which will
carry full fault current. The design of the sectionalizing plan

is an essential element of every annual work plan and engineer!s new

22

design plans. This device alone has reduced overall construction

as well as operating and maintenance costs.



- 30 -

B. Rights-of-Way

Most rural lines are built on private rights-of-way. For a single-phase
7200 volt line a right-of-way of 20 feet or more is required, Initially
the rights~of-way were 10 feet. These proved inadequate. Extensive
methods of utilizing mechanical and chemical means of controlling brush
have been developed and are used. The best method is a combination of
‘both best adapted to the location and its use on a regular scheduls.
Maintenance of ground cover for wild life, protection against erosion

and maintenance of accessibility to service crews must all be assured.ao

C. Commmnications

The great distances involved in operating a rural electric system
necessitated the development and application of the mobile two-way
radio system. This technique iIs now used universally. All service
vehicles and many of the construction vehicles are equipped with two-
way mobile radies. These commmnication systems are designed and in-
stalled so that communication can be had between vehicles on any part
of a gystem, Now that rural telephony has increased the number of
farms in rural areas having telephone searvice from 20% to 70%,

system persomnel receive sarly information of outages from consumers.
This has facilitated service restoration and improved service

continuity.
D, Poles

Wood Poles have been used universally. These poles are pressure-
treated empty=-cell with creosote or pentachlorophenol-petroleum. A

thermal non-pressure treatment is used for some of the species in
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the porthwest part of the United States. Pole dimensions are those
established by the American Standards Association (ASA) through its
Committee 05 on Wood Poles., These standard dimensions provide that
poles of the same class, regardless of species and treatment, will

have the same design load carrying ability.

Poles are the most vulnerable part of the electrical plant, Being
a product of nature, subject to all the vagaries thereof, they decay
despite treatment. The rural electric systems; after 25-years! ex-
perience and a weighted age of 12 years, are now giving poles in-
creasing attention. Sampling inspection of poles is undertaken
between the Bth and 10th years of service. Hore detailed samples
are drawn and inspected around the 15th year of service, Thereafter

all poles zre 1nspected.31

E. Equipment and lMaterials Performance

The Rural Electrification Administration has been undertaking, for
the past ten years, a systematic analysis of equipment performance
on the basis of reports submitied by the rural electric systems.
These reports are submitted on a postal card form as shown in
Figure 8, All items are reported upon by the statistically
selected systems, which approximate 20f% of all rural electric
systems. All reports are revieved with the principal attention
being given to poles, transformers and conductors. The disclosures
of these reports have resulted in remedial measures applicable to

operation, maintenance and materials.
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F. Job Training

The rural electric systems were basically a "hoot-strap operation”.
The management, both the directors and the managers, had little or

no electric system experience. DMost of the crews were likewise
inexperienced. The systems have grown rapidly as have the working
forces., This required training. It required specific jrb training

in how to perform various construction, operation and maintenance
tasks. To asccomplish ﬁhis, the systems within each state organized

& job training program. This program provided for the hiring of an
-itinerant instructor. The itinerant instructor visits each system
onee each quarter ar more often. He holds a day-long training

session with the crews both indnors and in the field. Between

~the Instructor's visits, the foremen of line superintendent conduct
training classes following the pattern of material left by the
iﬁinerant instructor. This has proved to be a most worthwhile and
Sutceséful undertaking. It has reduced costs by improving efficiency
and éafé work., ' | n - '
-.é. -Operéting Problems

lThe operating problems which have developed on the rural slectric
Systéms ﬁave been numerous. Illustrative are induetive coordination-
‘gnchor rod eorrosion, primary overvnltagess radio and v interference;
conductor vibration, galleping cohductor, transformér replacement,
..punctured insulgters,; woodpecker damage to poles, inadequate grounding
and atmespheric corrosion. These individual problems will not be dis-
cussed here but each has provided an‘interesting and worthwhile source

of experience and knowledge. Each has contributed its share to the

more economical design, construction and operation of the rural electric
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systems. Soms of these problems could have been anticipated bub
resulted from calculated risk or the lack of adequats experience.
An example of this is the use of 92 D and 3 No. 12 copperweld con-
ductor. The estimated revemie for certain lines would not pay for-
greater investment and these conductors had the required physical
and electrical capacity. However, in due course, owing to constant
wind wvelocity in certain areas, these conductors have presented a
very seriocus operating problem of aeclian vibration. Pressntly
leboratory and field studies are resulting in the development of
2 simple inexpensive damper that can be utilized both on existing
and new lines. Hence an operating proﬁlem is being turned into a

benefit.
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PLANNING

The key characteristic of the development of rurael electric systems in

the United States hes been "planning", since the inception of the rural
electric system and the development of extensive constructiom in 1935.

Pacilities have been built for leoad growth. There have been some vari-
ations in the rate and magnitude of the growth, but in the early years

a target load of 10 years in the future became commonplace. Today

' long-range planning for four to six times present load is common. 25
A. Long-Range Engineering Planning

The consulting engineer for each system develops and submits to the
manggement & long-range engineering plan for the rural electric system.26
If‘afPrOVed, he then keeps it current. This plan is based upon four to
six times load at any time of consideration. It does not detail evéry
 .lihe extension, It provides the framework of & system to handle the
désigﬂlloads. If there are two or more logical methods of doing this,
these-élternatives are outlined.  This is a plan. It is & set of
‘target conditions or objectives. I%t is not a design‘for congtruction.
It is a base, however, for estimgting probeble finencial reguirements;
E powér‘éupply, rights-of-vay, substation locations and other important
elements of the future rural electric system. It is the pattern ‘
aéaiﬁst vhich all current decisions for construction and'financing

aré gompared. As conditions change from year to year, the loﬁgsrange

engiﬁeering plan is reviewed and revised accordingly. It is con-

staﬁtly kept current as the objective.



B. Llong-Range Financial Forecasts

The long-range financial forecasts are those prepared by the management

of the system for its own guidance and decision-making actions.32

Generally it goes at least ten years into the future on a detailed
annual basis. Fof congtruction requirements it utilizes the data
from the long-range engineering plan.,26 For operation and maintenance
requirements, it utilizes cemprehensive periedic surveys of the
eloctrical and physical facilities°33 For future growth it utilizes
pover requirement studies and other economic evaluations of the'.
service area.Bh The data ewbodied in the long-range financial fore-
cast assists REA in its feasibility studies for individual loan ap-
plications. The forecast also pafmits the management of the system to

know the extent te which reserves are needed end the extent %o which |

its own funds can be reinvested in plant.
C. Load Estimating

The estimating of loads for loan feasibility purposes is an inherent
reéponsibility of REA., However, it is also an inherent responsibility
" of the rural electric system to know its own future energy consumption.

Thus the system should analyze and develop estimates on its own,

.. Through thiz it is able to agree or disagree with REA's estimate and

to fit the necessary consumption data into its long-range financial

"‘forecast. The factors utilized in arriving at these estimates #ne |
‘those cited previously. The rural electric systems cen, and many do,

estimate their loads as far as 15, 20 or 25 years into the future.
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D. Annwal Work Plans

The annual work plan is a determination by each individual system, on
the basis of a current evaluation of load, physical and electrical
facilities and service reliability studies, of comstruction outlined
in the long-range eﬁgineering plan that must be completed during the
next year or two.27 It is a detailed construction plan. It provides

for all construction, however small or large. It is the basis for

. 1ssuing work orders for construction by the system!s own crews or

for preparation of plans and specifications for bidding, with con=-

‘struction by a contractor. It is also the basis for the ecommitting

of funds from general reserved or the requesting of a new loan from

REA.,
E. Annual Budget

The annual budget is a determination by the rural elsctric system of

ﬁhe cash rgquireménts for all purposes during thé ensuing twelve -

mont53035 It is determined by the prior analysis and decisions

invoived in the annual work plan.
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SUMMARY
The rural electric system is an electric distiribution system,
7.2/12.5 kv, serving rural areas generally through a cooperative
organization on an independent self-sustaining basis, Capital is
éecured from Federal Government long-term loans, which are amortized

over a 3b-year period, and from current revenue general funds.

Construstion costs have been held at the lowest possible level, con-
sistent with the assurance of necessary quality construction, through
effective cooperation of system management, engineers, contractors,
manufacturers and REA. Standards of materials, construction units,
procedures, engineering techniques, inspection and plamning have
been an integral part. Uniform listing of materials; large-scale
'consﬁruction,'application of production-line techniques to con--
;strﬁction and engineering guidelines from REA were all important

contributors to the economical and effective results.

‘Opefétion and maintenance of long span, high-strength conductor,
véftical construction facilities serving about three gonsumérs pef

" mile throughout vast rural areas is a major consideration for system
management. The complete dependence of the consumers on thesé fural
electric systems upon continuity of reliable aﬁd adequate elsctrice
service emphasizes the role and responsibility of operating manage-

~ ment. Service comparable to that in the cities is the objective.
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