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To the Honorable Senate and House of Representatives.

The Special Recess Commission authorized by a Resolu-
tion (chapter 113 of the Acts and Resolves of 1955) and
instructed to investigate and study the entire subject of
loss of electrical and telephone service during the hurricanes
of August 31 and September 11, 1954, together with the
feasibility of placing certain electric lines underground and
any other problems relating to the interruption of electrical
and telephone service, herewith submits a report of its
activities, conclusions and recommendations for legislation.

The Commission was specifically instructed to investigate
the subject matter proposed by Senate Documents Nos. 66,
437 and 439 and House Documents, Nos. 227, 228, 233,
234, 702, 1191, 1445, 1939 and 2199. All pertained to legis-
lation making mandatory the placing of electric wires under-
ground or kindred subject matter.

After exhaustive study, personal investigation and upon
the advice of two qualified engineering firms, employed as
consultants, together with the valuable and constant co-
operation of the Department of Public Utilities, the Com-
mission reports these conclusions:

1. It is not economically feasible to compel the replace-
ment of all existing overhead wires with underground in-
stallations but there is no doubt of the feasibility of a con-
tinuance of the policy of most Utility Companies in sub-
stituting underground installations in areas of most cities
where advantages are of marked benefit.

2. It will be of inestimable value in preventing avoidable
protracted interruptions of electric service if the Depart-
ment of Public Utilities urges utility companies serving
Massachusetts to substitute, with greater rapidity, accepted
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and satisfactorily tested progressive and modern methods
of construction for outmoded designs and methods that the
Commission believes have been contributing factors to
interruptions of service.

3. To substantially reduce the cause of more than 90 per
cent of long interruptions of electric and telephone service,
the Commission recommends enactment of Legislation, here-
with submitted as Appendix A. This will empower the
Department of Public Utilities with authority, after pub-
lic hearing in the municipality involved, to order the trim-
ming or removal of trees that are constant threats to over-
head electric lines in hurricanes, sleet storms and winds of
high velocity.

4. It is suggested that the Legislature order a complete
study of existing laws pertaining to trees for the purpose of
clarifying ambiguous and conflicting provisions.

The facts compelling these conclusions will be explored in
detail.

The Commission organized October 10, 1955, with
Senator John Adams, chairman, Representative James R.
Doncaster, vice-chairman and James E. Goggin, secretary.
Meetings of the Commission were held on twenty-three
occasions and standing subcommittees were engaged in
very frequent conferences with available experts, repre-
sentatives of Utility Companies and state and municipal
officials.

The initial responsibility was the selection of a consulting
engineer as specified by the resolve establishing it.

Advice was asked and generously given by President
James R. Killian of Massachusetts Institute of Technology.
He suggested a number of engineering firms with whom the
Commission made contact as well as with other similar
engmeen

Serious handicaps were created by two factors beyond
control of the Commission, lack of adequate funds and the
extremely brief period for completion of engineering research.

To an appreciable extent, these handicaps were minimized
by the wholehearted co-operation of the Department of
Public Utilities and the valuable assistance of Messrs.
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Stanley Ellis and Thomas Hayden of the electrical division
of that department. They compiled statistics of extreme
value and provided other aid.

Interviews with fourteen qualified engineers with experi-
ence in the electrical field led to the employment of Carroll
H. Shaw of North Abington, Massachusetts, and New
York City and the Green Engineering Affiliates, Inc., of
Boston. Mr. Shaw prepared an advisory report, as directed,
to guide the Commission in formulating judgment upon
specific phases of a tremendously involved subject, and the
Green Affiliates made an exhaustive study of practical
factors upon which the Commission needed professional
advice.

Both reports, filed herewith, reflect the intensive research
and study made necessarily under great pressure because
of the need of completing within a few weeks work that
ordinarily demands months.

Both engineering consultants advised the Commission
that it is not economically feasible to place all electric
wires underground.

An abundance of convincing reasons support the Com-
mission decision that whatever advantages might be de-
rived from state-wide underground wire installation would,
without question, be offset by a variety of obvious dis-
advantages.

Cost is the major factor. Its importance is emphasized
by estimates that to replace all overhead wires in Massa-
chusetts with underground installations would compel a
capital outlay of an estimated .13,000,000,000.

However, there is a definite need of underground installa-
tions. Such facilities have been installed in concentrated
industrial, mercantile and congested retail areas in most
of the cities of the nation with a minimum population of
100,000. They eliminate the hazards of overhead wires of
high voltage which most fire departments insist constitute
menaces to lives and property.

The Commission contacted the Public Utility or com-
parable Commissions of every State in the nation in an
effort to ascertain the existence of laws that made under-



No. 3033.HOUSE [Mar.6

ground installation mandatory. In no State is there such
a law. Similar contact with officials of sixty of the principal
cities of the United States disclosed that none has an ordi-
nance or other local law of such a nature.

Additional contact with many of the utility companies
serving the principal municipalities of the nation evoked
explanation that power wires are placed underground in
congested business and industrial areas as company policy
and not because of a legal requirement.

To gain first-hand knowledge of the standard operations
of utility companies in coping with hurricanes and other dis-
asters, the Commission studied reports from various States
along the Atlantic Coast and learned that in Miami, Florida,
alone, conditions comparable to those resulting from the
1954 hurricanes in Massachusetts have existed.

A subcommittee was authorized to travel to Miami.
There four days were devoted to inspection and study of the
plant and the disaster program of the Florida Power and
Light Company. It was highly informative to witness
demonstrations of the extremely comprehensive plan for
restoration of service interrupted by hurricanes.

Miami area has borne the brunt of hurricanes before the
shift of the hurricane cycle to New England.

The Commission acknowledges with gratitude the cour-
tesies, co-operation and valuable advice of Mr. MacGregor
Smith, chairman of the Foard, Mr. George F. Kinsman,
operating vice-president, and a group of other executives
and operating personnel of the Florida Power and Light
Company. They took justifiable pride in explaining and
demonstrating in great detail what this company, deservedly
rated as an outstandingly progressive utility company, has
done to cope with anticipated hurricanes.

The subcommittee was greatly impressed by demonstra-
tions under simulated hurricane conditions of a restoration
plan involving 1,600 men, equipment and material, each
assigned to a specific job in an area.

The conclusion was inescapable that this company’s
lofty rating has been, in part at least, attributable to
courageous experimentation and subsequent adoption of



HOUSE —No. 3033.1956.] 7

*

»

progressive and satisfactory methods of current distribution
that can profitably, from the standpoint of improved service
to consumers, be generally adopted by the Utility Companies
serving Massachusetts.

The Commission believes that the Department of Public
Utilities should urge Massachusetts Utility Companies to
discard outmoded designs of distribution line construction
and replace open wires attached to cross-arms fastened to
poles with a modern design of aerial cable. It promises to
be of benefit to consumers, particularly, and to homeowners
as a group, if a single wire connection replaces the multiple
wires from the nearest distribution lines to residences.

Trees.

To attribute the majority of the causes of long interrup-
tions of electric service to trees is, perhaps, an understate-
ment. There have been comparatively few instances for
which other causes were found.

There is a major reason and a secondary cause. Massa-
chusetts has become clogged with dead and diseased
trees. For public safety, they should be removed. Re-
placement with other than maples, elms and oaks is
highly desirable.

Many municipalities have been shortsighted in refusing
to appropriate adequate funds for the removal of trees that
seriously threaten lives and property.

The secondary aspect has been the failure of utility com-
panies to devote adequate attention to the extremely im-
portant need of trimming trees, whose limbs and branches,
torn off by high winds, fall upon and break open wires with
far too little resistance to the not too heavy weight of such
branches and limbs.

Another element warrants mention. Too frequently,
sentimental objection is successfully made to both the

removal of trees in dangerous condition and to proper tree
trimming. It must be held that the elimination of electric
and telephone service because of such sentimental protests
poses the question of whether aesthetic beauty or electric
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service is of greater public importance and necessity. Trees,
properly trimmed, are improved rather than harmed.

No doubt exists that utility companies have been handi-
capped by the arbitrary refusal of local tree wardens to
co-operate, but the companies are not entirely blameless.
There seems to be too much attention to economy rather
than to wise spending for tree trimming.

The Department of Public Utilities has suggested to the
Commission the urgent need of legislation that will make
possible the removal or trimming of trees, and has stressed
the conflicts in existing law, regarded as of sufficient import,
to warrant legislative study of all laws relating to trees.

There are no trees in Florida comparable with the elms,
maples and oaks that abound in Massachusetts. Yet, the
Florida Power and Light Company annually expends
$750,000 for tree trimming, and the Cleveland Electric
Company sets aside $1,000,000 every year for this purpose.

Available records indicate that the combined expenditure
annually for tree trimming in Massachusetts is not much
in excess of what one company, of about the size of Boston
Edison, spends in Florida.

The Commission devoted much time and research to the
subject of programs by Massachusetts utility companies to
restore service stopped by hurricanes or other causes. In
Florida the most comprehensive plan ever devised in the
United States awaits actual test. There appears to be no
potential cause of damage for which provision has not been
made.

As far as known, there is no comparable plan in Massa-
chusetts. This is not criticism. It is understandable
because it has only been in recent years that Massachusetts
has been swept by hurricanes. There is reason to commend
the decision of Massachusetts electric companies for one
progressive policy that has been inaugurated.

These companies have decentralized their disaster set-ups
and in so doing they have given the highest priority to the
handling of relations with consumers. In the future it is
expected that inquiring users of electricity will be furnished
with accurate information about restoration of interrupted
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service. There are reasons to believe that this particular
feature of the disaster plans of the companies has undergone
substantial improvement.

Legislation"

The Commission believes that existing laws relating to
trees should be the subject of Legislative study. Need
exists for recodification and revisions.

To serve a very useful purpose and to provide a method
of circumventing complained-of arbitrary decisions of local
tree wardens, the Commission submits herewith and recom-
mends adoption of an amendment to chapter 87 of General
Laws. It merely gives to the Department of Public Works
authority to order the removal or trimming of a tree upon
petition of a utility company. The Utilities Commissioners
question the existence of any law which grants authority
to tree wardens to exercise this authority. Adequate pro-
tection of public interest is provided by the specification
that the Department of Public Utilities shall not act, until
after a public hearing has been held in the city or town
where the trees in question are located.

Underground Installation.

To compel Utility Companies to make capital outlays
estimated at $3,000,000,000 to place all overhead wires
underground would result in large increases in existing rate
schedules. The Commission feels that such legislation
cannot be justified. The cost factor, alone, proves that it
is not feasible from an economic or any other viewpoint.

Not only would the cost of underground installation be
tremendous, but a similar tremendous cost would be im-
posed upon consumers, who, in the last analysis, must
provide the funds for capital outlays.

Under present laws, it is the responsibility of the con-
sumer to pay the cost of connecting his home or place of
business with an underground installation. Such cost
varies from a minimum of $l5O, under most advantageous
conditions, to several times that amount. There is basis
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in fact for the statement that consumers would refuse to
pay for a changeover to underground wires.

The city of Newton furnishes a supporting proof. Many
years ago by municipal direction and at the request of
consumers, then served by overhead wires, the Boston
Edison Company spent $125,000 to install underground
wires in a municipal street. The consumers who had
clamored for the removal of unsightly poles and wires
refused to pay the cost of connecting their homes with the
underground lines. Even though hurricanes of recent
years have inspired demands for the adoption of under-
ground transmission and distribution systems, this under-
ground installation in Newton is still unused.

Conclusions

The Commission holds that with adequate tree trimming
and acceptance of modern methods of outside design, many
already thoroughly tested, there need be no repetitions of
the long interruptions of service such as resulted from the
hurricanes of 1954.

It is merely incidental that a sleet storm in March of
1956 did heavy damage to overhead electric lines in the
western areas of Massachusetts. In almost every instance
wires were broken by falling trees, limbs and branches.

Utility companies have so successfully pressed the sale
of home appliances that loss of power for illumination is
now of secondary importance. There should and can be
similar aggressive action by the companies to prevent
interruptions of service with heavy potential damage to
food, health and other necessaries of life.

The Commission has found no reason to comment upon
the high voltage transmission lines that crisscross Massa-
chusetts from electric generating plants both within and
outside of the Commonwealth. These transmission systems
are of rugged construction. The towers carrying heavy
wires are located in rights of way from 250 to 300 feet in
width, purposely made so wide to guarantee that no damage
can be done by falling trees and limbs. It is a fact that no
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damage was done to these transmission systems by
hurricanes.

Recommended Legislation

The Commission recommends enactment of the following
bill:
A,n Act relative to the cutting of public shade trees

WHICH INTERFERE WITH PUBLIC SERVICE LINT

Section 5 of chapter 87 of the General Laws, as most
recently amended by section 12 of chapter 761 of the
acts of 1949, is hereby amended by adding at the end
the following sentence: —lf the tree warden refuses
to grant a permit for the adequate cutting, trimming
or removal of a tree which interferes with the lines of
a public service corporation, the department of public
utilities may, after a public hearing in the city or town
where such tree is located, grant such a permit if it
appears reasonably necessary for the convenience or
welfare of the public that such tree be cut, trimmed or
removed.

The Commission files the reports of Carroll H. Shaw, the
Green Engineering Affiliates, Inc., a report of the Depart-
ment of Public Utilities covering hurricane damage and
cost of underground installations, and comment by Massa-
chusetts electric companies upon specified paragraphs of the
report of Mr. Shaw.

For the Commission,

JOHN ADAMS,
Chairman.

JAMES R. DONCASTER
Vice-Chairman.

FREDERICK T. McDERMOTT
domenic depart

LEONARD H. AMOROSO
PAUL T. ROTHWELL.



I disagree with the majority report for the reason that I
believe that each year a percentage of the existing overhead
wires of all utilities should be placed underground and that
new installations should be underground with the exception
of the high voltage transmission lines that crisscross Massa-
chusetts from generating plants both within and outside
the Commonwealth and connect with transformer stations.

CORNELIUS DESMOND, Jr.

Cbe Commontoealtf) of cpaooac{msetts

STATEMENT BY REPRESENTATIVE CORNELIUS
DESMOND, Jr.
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Glossary

Many of the words used in the electrical business have
specific technical as well as non-technical meanings. Many
of the technical words undergo important changes in mean-
ing as the electrical systems expand over the years. For
example, the word “primary” as used here refers to circuits
of 2,300 and 4,150 volts, whereas in some engineering
offices the words has been applied in recent years to very
high-voltage lines of from 66,000 to 330,000 volts.

The definitions given below apply to the words as used in
this report:

mary, secondary and servici
highways, either overhead

3 that distribute electricity along the
or underground, from distribution
buildings.substations (see Diagram) tc

6. Guy Wire galvanized steel
7. Insulation rubber, plastic,

cable used to hold a pole in place,
paper and other non-conducting ma-

1. Cable several strands of wire twisted together
2. Circuit a generic term applied to electrical systems where power

is transferred from one place to another.
3. Conductor a generic word for copper and aluminum wire and

cable, whether bare, weather-proof or insulated.
4. Conduit steel, fibre, wood or precast-concrete pipe through which

insulated wires and cables are pulled.
5. Distribution —• word applied to low-voltage lines, including pri-

terials used as coverings for wires and cable
8. Lines word used to indicate two, three or four-wire circuits with-

out regard to voltage or use except as specified, as transmission
line, distribution line or feeder line or line

9. Manhole a brick or concrete vault below ground level, with a
covered opening in the top (manhole cover) for access. Manholes
are also built to contain one or more transformers, and usually
require ventilating openings.

10. Messenger Wire or Cable same material as guy wire but used
to support cables from pole to pole.

11. Primary and Primaries wires and cables used for voltages of
2,300 and 4,150, from distribution substations to distribution
transformers, overhead or underground.

12. Secondary and Secondaries wires and cables used for voltages
of 120 and 240, and sometimes up to 480. They run from distribu
tion transformers to services, overhead or underground.

13. Service Boxes small manholes, usually not over two feet deep
by three feet square, with a cover, where cables can be pulled into
conduits and service pipes to buildings, and spliced to cables run-
ning to larger manholes. Used only with underground systems.
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14. Services the wires or cables that conduct electricity to the wiring
of a house or building from the secondaries, overhead or under-
ground

15. Sizes of Wire and Cables copper and aluminum wires and cables
are classified as to size in accordance with Brown and Sharpe
Gauge up to 0000 size, and in cross sectional areas in circular mills

of steel wire are classified by thefrom 200,000 cm up. Strands
iron wire gauge.

lulated wires on steel frames, usu-
3ase. Used to change the voltage,
capacities, as determined by the
jrn poles, set on platforms and in-

16. Transformers windings of ini
ally immersed in oil in a steel
Transformers are of different
loads to be supplied. Hung fr
stalled in manholes and vaults.

17. Transmission word appliec to high-voltage lines that carry
large loads for long distances from generating to substation

,b conductors covered with cotton
ar compound. Not rated as insula-

18. WeatherproofWire and Cabi
braid and impregnated with t
tion.

ir or aluminum19. Wire —• a single strand of coppe

of Electric SystemDiagramatic Outlini

\. Origin of the Problem

The extensive damage to overhead electric distribution
wires that was caused by hurricanes Carol and Edna with
the resultant interruption of electric and telephone service
has resulted in a widespread demand, recognized by the
Legislature, that wires be put underground, on the assump-
tion that by so doing the interruptions to electric service
would be eliminated

le factors that should be given
work of developing a program

This report will analyze ti
consideration as part of the
for improving the reliability
the possibility of their conve
cables.

of overhead wire systems and
rsion to aerial or underground

Changes in the Weather Pattern
At the outset it should be realized that the necessity for

hurricane-proof electric supply systems is comparatively
new in Massachusetts, because it is only since the visitations
of Carol and Edna, and the near misses of several similar
storms during both 1954 and 1955, together with the warn-
ings of weather experts that the pattern of paths of
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hurricanes originating in the Caribbean has shifted during
recent years to include the northeastern seaboard of the
United States that the necessity of developing stronger,
storm-resistant lines has been accepted.
New Vital Uses of Electricity.

The public has not realized the degree to which overhead
primary, secondary and service wires, as now installed, are
vulnerable to severe and protracted wind and rain storms.
Until within the past few years the interruption of electric
service for hours at a time or even for days was not looked
upon so much as a deficiency on the part of the electric
system as it was proof of the hazardous venture on the part
of the householder to install vital electric equipment when
there was no implied guaranty that the supply system was
storm-proof. The recent extensive introduction of electric
devices and equipment in the home has come at a time
when Nature has shifted the routing of its destructive winds
to introduce an element of unreliability of overhead systems
that was seldom experienced when there was less need for
uninterrupted service.

B. Present Condition of Electric Systems.

Before we proceed with a consideration of how and when
and where overhead electric systems may be strengthened,
improved or supplanted by underground facilities, a general
consideration of the present state of the electric business is
desirable. The overhead electric distribution systems with
which we are concerned began as small, isolated and inde-
pendent operations during 1890 to 1910. There were few
sizable communities in Massachusetts after 1910 without
some electric facilities. Some were privately owned and
others were municipal undertakings.

Growth of Electric Distribution Systems

Electric systems have expanded and combined and have
passed through several stages of technical change. In
general, except for the business areas of larger cities where
Edison direct-current, underground-tube systems were first
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installed, the development of alternating-current has been
step-by-step expansion, including most, if not all of the
following arrangements for primary distribution, in
succession:

1. 1,100 volt, single phase, 60 cycle or 25 cycle
2. 1,100 volt, two phase, 4 wire, 60 cycle
3. 1,100 volt, two phase, 3 wire, 60 cycle
4. 2,400 volt, three phase, 3 wire, 60 cycle
5. 4,800 volt, three phase, 4 wire, 60 cycle
6. 7,200 volt, three phase, 3 wire, 60 cycle

As the loads on primary wires have increased and as the
primaries are extended farther and farther to serve new
customers, it has been more economical to increase the
voltage of the circuits than to recopper them with larger
conductors.
Growth of Use of Electricity in Residences

I do not know how many residential consumers of elec-
tricity there are in Massachusetts nor how many of them
are now being supplied by underground facilities. The
total number can be taken from the reports of the 80-odd
systems on file with the Department of Public Utilities,
but whether there is a segregation between overhead and
underground, Ido not know. The number must be in the
millions.

A review of these same reports would also reveal how
many residential customers are being added annually.

The average use of electricity by residential consumers
in the nineteen cities in Massachusetts of more than 50,000
population has increased tremendously during the past
fifteen years. The annual kw. hr. used is given by the
Federal Power Commission and may be summarized as
follows:

Average Use Per Annum, Residences in Cities over 50,000 Population.
1912 1943 1952 1953Y

KWH 767 800 1410 1510

It is to be assumed that a similar increase has occurred
in residences in smaller towns and cities.
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The increase over nine years from 1942 to 1952 was at
the average rate of 71 kw. hrs. a year, but from 1952 to
1953, it was 100 kw. hrs. What it was for 1954 and for
current 1955 is not available.

A statement by the Federal Power Commission in its
publication of October, 1955, titled “Estimated Future
Power Requirements of the United States” concerning
residential use, is quoted in full:

The remarkable growth of residential loads in recent years has been
attracting considerable attention, and with the increasing popularity of
air-cooling equipment, and sales efforts of some electric utilities to par-
tially balance summer air conditioning with electric heating in the winter,
prospects for continued rapid growth of residential loads appear promis-
ing. Electric househeating equipment would consume much larger
amounts of electric energy than air-cooling devices in most areas of the
country, and cost of operation therefore becomes very important in the
case of the former. It is clearly evident that cost of electricity to home
users has a very important effect on the amount of electricity used. Vari-
ous segments of the economy compete for a share of the consumer’s dollar
and although many luxury items are purchased without too much regard
to comparative costs, it is believed that in the case of an item as large
in cost as home heating, the home owner will be influenced very mate-
rially by cost both of initial investment and of operation. It is impossible
to accurately foretell how many homes will be heated electrically twenty-
five years from now, but assumptions must be made and residential load
estimates are naturally greatly affected by such assumptions.

Electric air heating and cooling are not yet a large part of total home
use of electricity except in a very few areas. Lighting, electric water
heaters, refrigerators, ranges, television sets, and radios constitute the
big users of electricity. A very high percentage of homes now have elec-
tric refrigerators as well as television and radios, but less than one sixth
of the homes have electric water heaters and somewhat more than one
quarter have electric ranges. The estimates in this report contemplate
that twenty-five years from now more than a third of the homes will have
electric water heaters and nearly one half of the homes will have electric
ranges. With reference to air cooling and heating, the estimates indicate
that combined electric energy consumption for these purposes will amount
to one third of total home use for the nation as a whole. Estimates vary
widely among regions. Average residential use of electricity for the
country is expected to rise from 2,500 kilowatt-hours in 1954 to nearly
6,500 in 1980.

The average use of electricity in residences for the entire
United Staes was 2,500 kw. hrs. in 1954. In Massachusetts
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for residences in largest cities it was 1,510 in 1953, and for
1954 was probably 1,610 to 1,620. Thus it appears that
this group is about 900 kw. hrs. a year below the national-
average. The higher national average shows what can
happen in Massachusetts.
Unreliability of Present Overhead Distribution System

The primary and secondary overhead lines that serve
residences today are on poles, along highways, passing
through trees, very much as they have for the past fifty
years. On many primaries the weatherproof covering long
since rotted off, leaving bare conductors. These conductors
are relatively small, have been repaired and spliced and
tapped onto, until they are no longer equal to new wires
of the same size, to say nothing of the larger sized con-
ductors which would be used to replace them, if replace-
ment were required for any reason.

(a) Advantages of Underground Distribution. The ad-
vantages of underground cables are that they are out of
sight and that they make it possible to run many large
conductors carrying any desired voltage under streets and
private property where it would be impossible to use over-
head wires because of the lack of space, interference between
lines and lack of support for the heavier cables.

In the minds of the public, underground cables mean the
elimination of unsightly poles, wires, transformers, guys
and services to buildings, and assurance of uninterrupted
service. It is unfortunate that this latter opinion is so
prevalent, because the facts do not support this conclusion.

The writer was introduced to the problem of cable
failures in 1920 with an assignment to investigate the
causes of failures on the underground cable system of The
New York Edison Company. Failures and explosions in
manholes were occurring at an alarming rate, without a
clear understanding of the reasons for the burnouts. After
a year of investigation the causes were revealed. It took
more than five years of the most intensive effort, without
restrictions as to the amount of money available, to eradi-
cate the conditions that resulted in cable burnouts, man-
hole explosions and extensive interruption of service.



1956.] No. 3033.HOUSE 21

While the same causes for failures in the streets of New
York City might not develop in underground cable systems
in rural highways, towns and cities in Massachusetts, there
are other conditions that would cause cable breaks and
burnouts. These relate largely to excavations by others
of trenches to install water, gas and sewer lines, as well as
catch basins and drainage systems.

One very definite advantage of underground lines, even
when subjected to breakage by disturbance, is that the
outages occur one at a time, and not at dozens of locations
all at once, as in hurricanes. Under these conditions the
utility crews are able to devote immediate attention to
each trouble spot, without having several others requiring
simultaneous attention.

If underground conduits and manholes are constructed so
as to provide space facilities for future growth, it is reason-
able to expect that once such a system has been installed,
there will be little, if any, street disturbance during the
next ten years. In towns and rural areas, where new
residences are erected on lots with frontages of 50 to 200
feet, service boxes will be required to be added, as the new
load is served.

(b ) Disadvantages of Underground Systems. The dis-
advantages of underground cable systems, wherein in-
sulated conductors are pulled into underground conduits
through manholes, are both numerous and serious, not only
in the design and construction, but when operating in
service.

Underground electric cables have never been used, except
for very special cases, in suburban and rural districts where
electricity is supplied exclusively to residences.

Location of Conduits, Manholes and Service Boxes:
Underground conduit and cable systems require manholes
for the splicing of sections of cable at distances that will
average about 600 feet in residential districts. In between
these manholes there will be service boxes, which are small,
shallow manholes from which the underground conduit and
cable will be extended into each residence. It would be
unusual to be able to serve more than four residences from
one service box, two on opposite sides of the street.
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It is necessary for workmen to go into manholes and
service boxes from time to time, not only for the repair of
cable burnouts but for the addition of new services to new
customers. The location of the manholes must be visible at
least four to five feet above ground level so that they can be
found when under several feet of snow. Permanent location
signs, which must be close enough to the manholes to make
detection easy, will be unsightly and often subject to dis-
turbance by children or by traffic accidents.

In designing underground systems, the manholes and
service boxes are the first to be located, and then the routing
of the conduit between them is selected. If the manholes are
located in the pavement of the highway, to take advantage
of the exposure whenever snow is plowed off the traveled
way, they will cause interference with traffic when open for
workmen. If the manholes are located off the highway in
the sidewalk strip, they will be difficult to locate and to
open when there is snow on the ground; but more im-
portant, the presence of trees bordering on the sidewalk or
highway will make it difficult, if not impossible, to find a
suitable location for a trench in which to place the conduit.
If the conduit has to be detoured around extensive tree
roots, and other sub-surface obstacles, it will require a
shortening of the distance between manholes because of the
extra strain put on the cables when they have to be pulled
through conduit with bends.

A project for the conversion of overhead lines to under-
ground cables would encounter many serious difficulties in
the selection of locations for manholes, conduit trenches,
transformer vaults and services, both from city and town
authorities, and from the Massachusetts Highway Depart-
ment. Trenches across a paved highway for underground
services, would be a constant source of difficulty. It would
be out of the question to put duplicate underground systems
on both sides of each street and highway.

Conversion of Overhead Lines by Sections: Another
problem would be to determine whether to initiate the
work adjacent to substations, where the maximum number
of circuits could be converted, or to begin to work near the



HOUSE No. 30331956.] 23

ends of the primary lines in order to reach initially the
most residences per dollar expended.

In either case, the ultimate objective of uninterruptible
electric service would be delayed until both the primaries
and secondaries of each individual circuit were converted
to underground throughout their length, from substation
to the end of the line.

Underground Service to Residences: A third important
item involves the question of providing underground services
from the street to the residence. It is now accepted prac-
tice for most electric utilities to extend overhead services
inside private property lines for distances ranging from 50
to 100 feet, at the expense of the utility. It is also general
practice for utilities to require the customer to pay for the
cost of an underground service from the property line at the
street to the residence. As this may run into costs of $lOO
or more for each service, it results in so much opposition
and refusal on the part of owners, that any wholesale con-
version should include the cost of the individual services
to residences in order to avoid this obstacle. Even the
excavation on private property for individual house serv-
ices will arouse opposition because of the disturbance of
sod, driveways, walks, and shrubs. Construction crews,
such as would be required for this conduit work, are not
noted for the finesse with which they restore their
excavations.

Highway Obstruction During Conversion; The number
of men and the amount of machinery that would be required
on the streets and highways to construct the conduit and
manholes for an extensive conversion project, or even to
prepare open trenches for buried cable, to say nothing of
the cable crews which would follow, would be so great as
to seriously hamper the prompt completion of such a
project.

The interruption of traffic on every street and highway
where conversion would be undertaken, would be almost
intolerable. If one-tenth of all the streets and highways
along which there are overhead lines serving residences
were to be converted to underground each year, it would
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probably require twelve to fifteen years of elapsed time to
complete the work because during the period of construc-
tion it would soon be found that changes in design and
arrangement of completed sections would become necessary
because of new or increased loads, new highway construc-
tion, changes in engineering personnel and their ideas, and
failure of contractors with attendant delays. Changes in
political parties in state administration might delay or
terminate partially completed work. A project to convert
all overhead electric lines to underground in order to secure
more reliable service to residences would be a long drawn-
out affair.

Planning Underground Conduits for Future: Nothing is
more permanent than an underground conduit line with
manholes. No one knows this better than the writer who
for more than twelve years was directly responsible for
ordering the construction, and alteration, and additions to
the underground conduit system in Manhattan and the
Bronx for The New York Edison Company.

No one can know more than a year in advance where new
buildings will be erected that will require electric line ex-
tension; no one can foresee which buildings or which cus-
tomers will want increased power supply. An attempt to
out-guess the future by the construction of extra conduits
and to provide larger diameter conduits than are presently
needed, increases the cost of construction, much of which
will never be utilized. And since the utility company is
permitted by law to earn interest, taxes, cost of maintenance
and adequate depreciation and obsolescence charges on the
original investment, through the rate schedules it applies
to its customers’ bills, the customer pays for all the under-
ground conduit system, whether it is used or not, until the
original cost has been returned in full to the owning com-
pany. An analysis of the burden presently being carried
by electricity users to pay for the charges on vacant and
partially occupied conduit and manholes, would, I am sure,
produce surprising results.

Conduit lines and manholes have less than zero salvage
value and the alteration of existing structures that already
may be full of cables, is a most expensive undertaking, when
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it becomes necessary to provide additional conduits for
more cables.

Why Utilities Convert to Underground: The electric
business is growing at from 8 per cent to 10 per cent per
annum on many electric systems. This means new sub-
stations and the enlargement of those already in service.
It means more primary circuits out of the substations and
extensions of primaries and secondaries on streets not previ-
ously served.

There are several reasons why electric companies put
their wires underground, but these reasons do not include
any primary purpose of increasing the reliability of service.
The reasons for conversion to underground include the
following:

1. Municipal ordinances
2. Need for space for more wires and transformers to

serve local loads, such as business sections of towns and
cities, that cannot be carried on a pole line.

3. At large substations and adjacent to generating plants,
where the large number of incoming and/or outgoing circuit
makes it impracticable to support all the wires on poles.

None of the reasons for conversion to underground con-
ductors are related to a specific purpose of insuring unin-
terrupted service to residences.

(c) Financing Conversion Costs. The necessity, how-
ever, for adequate electric service for residences by means
of some type of hurricane-proof construction, must be rec-
ognized, and an incentive for the electric companies to
undertake to furnish more reliable service, is desirable.

In undertaking the introduction of a hurricane-proof
standard for electric systems that serve residences, it must
be recognized that such systems, of whatever design, will
cost more than the present kind of lines, and that the in-
crease in cost of financing the better systems will be borne
by the customers. In general, there are four classes of cus-
tomers, namely: residential, commercial, industrial and
municipal.

Cost of Service to Residential Customers; The cost of
electricity sold to residential customers is pretty much at
bedrock. There are many reasons for this, which need no
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elaboration in this report, but the assertion can be proved,
if proof is desired. When I refer to the cost of electricity in
this report, I mean the true and actual cost of service for
residential customers.

There are very few electric utilities in the United States
where a careful analysis of the cost-of-service for their sev-
eral classes of customers, has been made. Most rate sched-
ules have been developed over the years on the basis of what
the traffic will bear or the value to the consumer, and not
on the basis of the actual cost-of-service.

Cost-of-Service to Commercial Customers: It has been
found that commercial customers will pay higher rates
than will be accepted by residential customers, and will
continue to use more and more electricity at the existing
rate, without making serious complaints. In general, the
cost per kilowatt hour sold to small commercial customers,
such as stores and offices, is about 60 per cent higher than
the cost per kilowatt hour for the same monthly quantity
of electricity sold to residential customers. Illustrative of
this, I show the actual costs for definite amounts of elec-
tricity, as charged under commercial and residential rates
in 30 communities in the United States.

Example of Cost-of-Service: In Virginia the Public Serv-
ice Commission employed a well-known utility engineering
firm to make an estimate of the true cost-of-service to several
classes of customers of the Virginia Electric and Power Com-
pany, which company has about 500,000 residential cus-
tomers. The report shows that the residential customers
provided a return of 5.66 per cent on the investments allo-
cated to their class, and that commercial customers earn
10.95 per cent. The industrial customers are down at 4.99
per cent.

The difference in the earnings from commercial customers,
as compared with residential, is a matter that is discussed
as little as possible by utility rate men. Even the Federal
Power Commission, which publishes detailed reports of the
Typical Electric Bills for Residential and Commercial Cus-
tomers of most companies and municipal plants in the
United States does not show the same quantity of kw. hrs. in
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the two publications, so that direct comparisons may not be
made. The exact difference can be determined, as I have
done, when the applicable rates are applied to the same
amounts of electricity for both classes.

Residential Customers will pay Additional Costs: Now,
if new types of construction are going to cost more, and if
the customers are going to have to pay for these increased
costs, how will the companies adjust their rate schedules?
The present charges for residences are very close to a true
cost-of-service in many places, and on some publicly-owned
systems, the charges majr be less than the actual costs.

In Massachusetts during 1955 the cost of 250 kw. hrs. per
month for residences was higher than anywhere else in the
country, according to the Federal Power Commission. For
Boston and vicinity, which is the top of the list of 118 cities,
the bill is $9.39. Then comes Lowell, $9.14; Brockton,
$9.03; Pittsfield, $8.98; Lawrence, $8.96; Malden and
Medford, $8.43; Lynn, $8.40; Springfield, $8.28; Fall River,
$8.10; Cambridge, $7.52; and New Bedford, $7.46.

In Tacoma, Seattle, Spokane, Sacramento, Los Angeles,
and Knoxville, Tennessee, the bills for 250 kw. hrs. a month
do not exceed $5. This lower cost reflects the advantages of
federal expenditures for hydro-electric plants such as
Boulder Dam and on the rivers in Washington State.

The fixed charges on the additional, extra cost to provide
storm-proof lines must include the following items, with ap-
proximately the percentages indicated:

Per Ce

6Return on investment (interest)
Property taxes .

Depreciation and obsolescence
Maintenance

5

1

Total 15

For each $lOO of additional cost per residence, the annual
fixed charges would be $l5. If the average residential cus-
tomer uses 1,500kw. hr. a year, the extra cost of each $lOO,
will add one cent per kw. hr. to the cost of electricity. If
the extra costs per residence were $2OO for the distribution
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system and $lOO for an underground service, the increase
would add 3 cents per kw. hr. to the cost of electricity.

Since the contemplated improvement in service will be
for the benefit ofresidential customers, with commercial and
industrial customers sometimes sharing the improvement, it
seems unlikely that the increases in cost can be shoved off
onto the commercial and industrial users.

(d) Cyclic Development of Every Utility. Today, with
the continuing construction of many new homes in Avhich
electricity is called upon to serve more and more domestic
operations, the electric light and power business is looked
upon by nearly every one as a permanent and established
business which may be expected to continue to expand profit-
ably for many years to come. This was the same view that
was held by those who constructed and operated canals,
toll-roads (turnpikes), trolley lines, electrified railroads and
manufactured gas plants. Each of these businesses supplied
a much needed service, but also planted the seeds for more
economical successors. Tremendous sums of money were
invested by those who were best informed concerning the ex-
pansion of successful utilities, at the very peak of their
profitable operation, and in many cases, they saw the de-
cline set in almost before major improvements had been
completed.

Specific examples in Massachusetts have been;
1. The passing of turnpike (stage coach) companies with

the advent of steam railroads.
2. The double-tracking of railroad lines at the very time

that traffic was passing to trolleys, automobiles, trucks and
buses.

3. Extensive expansion of power plants and transmission
lines to serve the trolley systems, when they were actually
on the verge of decline because of automobiles.

4. Electrification of steam railroads, which are now no
longer operated or which are preparing to abandon their
electrification because of the availability of more economical
Diesel engines.

Today, the electric light and power business is expanding,
is aggressive, is profitable and is assured of ample rates.
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The proposal to consider putting their wires underground
follows the historic pattern of making new investments to
meet new requirements. The cost of conversion to under-
ground would be very heavy, but no heavier than the
burden assumed by earlier utilities, in comparison with
their size.

Now let us look at what is happening in business that may
replace some of the loads of the electric systems. We find
that there are several means of generating electricity, which
may be adapted to residential application:

1. Small engine generating units.
2. Gas turbine generating units, using both gas and oil.
3. Solar batteries, converting the sun’s radiation to direct

current electricity.
4. Solar-steam power generating unit
5. Atomic power systems.
With these, and probably other power systems being

developed under the guidance of thousands of research men
throughout the country, it behooves every one to consider
carefully whether a major reconstruction project for putting
electric conductors underground to insure more reliable
service is justified.

C. Development of Uninterruptible Service
The basic cause of interruptions to service are broken

limbs, falling trees, high winds, accompanied sometimes by
rain and sleet. If overhead lines are constructed so that
they will not break, or foul, or short-circuit, or blow down,
interruption from adverse weather will be eliminated. The
same kind of construction will be effective in case of serious
damage to poles from traffic accidents.

Transmission Systems are Reliable. Hurricane-proof
electric systems can be constructed, and yet use only small
amounts of underground. Most of the transmission lines
and important substations throughout Massachusetts have
been constructed to be immune to all forms of natural
weather disturbances. When the weather sometimes does
get so bad as to overcome the strength of towers, wires and
insulators, the replacement construction is usually de-
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signed to more than cope with the conditions which caused
the failure, should they recur.

Storm-Proof Distribution required. — The problem of
obtaining uninterruptible electric service to residences
comes down to the question of storm-proof primary and
secondary lines and services. Transformers fall into the
category as a subsidiary, yet vital element.

The way things are going now, more and more residences,
both new and old, are being equipped with oil burners,
sump pumps, deep-freezers and other vital electrical devices.
One of the most recent popular developments is electrical
panel heating for homes. This has been used very success-
fully in motels because of its convenience and cleanliness,
and because it does away with a central heating plant, it is
being installed in increasing capacity for entire house
heating. A recent review of this new development indicates
that over 100,000 kw. of panel heating was sold in the
United States in 1955. If panel heating is adopted for
installations in new homes in Massachusetts, it will call
for enlargement of secondary transformers, wires and serv-
ices, and ultimately for more and larger primaries.

Each new development in the use of electricity in the
home seems to involve the use of more and more power.
Electric ranges use up to 5 kw., air conditioners use one-
half to one kw., with several units often going into a medium-
sized residence. Electric panel heating will use up to 10
kw. or more. Every factor indicates that more and more
residences will be vulnerable under hurricane conditions,
until improved, hurricane-proof electric systems have been
substituted for existing lines known to be susceptible to
breakdown during hurricanes, sleet storms, floods and high
winds.

Eliminate Open-Wire Distribution. The solution of this
problem is comparatively simple, is not new and does not
require untested practices. It requires the elimination of
open wires through and near trees, and adequate guying
of lines exposed to heavy winds.

The elimination of open wires may be accomplished by the
installation of aerial cables which involve the use of insu-
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lated conductors, bunched together and supported by and
from a steel messenger cable. This design has been used
extensively for telephone wires for many years. The basic
requirement for electric lines, which are heavier than
telephone cables, is that the steel messenger cable shall
be strong enough to resist, without breaking, the heaviest
blows or weight to which it may be subjected; that the
support at the poles shall not give way, except in extreme
cases, and that when poles break, there shall be sufficient
slack available in both the messenger and the cables it
supports, to go down with the poles, no matter what the
cause, without damage to the installation on the conductors
or breaking of the conductors.

In some locations, where many primary lines emanate
from a substation, it may be necessary to install cables in
underground conduit to locations where they can be dis-
persed to various pole lines.

In other locations it may be so difficult to provide adequate
guys for poles that it will be better to use cables with or
without conduit. Buried cables without conduit has had
little use in this country, but will be resorted to more and
more as its need and practicability are recognized.

Services from poles to residences are now usually of in-
sulated conductors and often have a supporting bare wire.
As the service conductors become larger and larger to supply
the larger loads of the electrical equipment in residences, a
resort to service cables in conduit or to buried cables will de-
velop.

Transformers hung on wood poles, which may be struck
by vehicles will require special consideration. In some
instances the supporting poles can be placed so as to avoid
any possibility of damage from vehicles; in other cases,
transformer vaults on adjacent private property, or man-
holes along the side of the street, will be appropriate. In
the case of residences with demands of 10 kw. or more, the
use of an individual transformer for the particular building
may be indicated. For such service, transformers can be
water-proofed for direct burial in the ground, preferably in
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the lawn, with disconnect facilities available from the surface
through boxes such as are used for gas and water shut-offs.

In the future, the delivery of electricity to a modern,
electrically-equipped residence, will be big business, and the
design of supply facilities must be adequate.

Minimize Tree Interference. Trees are the cause of
nearly all service interruptions that occur on overhead lines.
Removal of the lines from trees would cure this condition.
Likewise, the removal of the trees from the roadside will
accomplish the same result.

Massachusetts has been proud of its shade trees, and par-
ticularly its elms, for many years. Most of the elms were
planted about 100 years ago. Many, probably more than
half of the earlier plantings, have succumbed to the ravages
of elm beetles, gypsy moths, Dutch elm disease, highway
widening and hurricanes. Most of those sections that were
once beautified by parallel rows of stately elms with branches
meeting overhead, are now outlined by irregularly spaced
monarchs that are very much the worse for old age and
breakage of limbs by recent blows and hurricanes.

Many of these old trees are unsightly, and many remain
along the side of heavily-traveled routes to encroach danger-
ously upon the space now required for wider highways.

It is submitted that if the Legislature desires to take
definite action to improve the reliability of electric service
to residences, it can lead the way by providing for the im-
mediate removal of all over-age shade trees that will have
to come down anyway within the next few years. Nothing
that all the utilities and municipal plants can do, with the
best of intentions, can accomplish so much for the benefit
of residential electric customers, in so short a period of time.

With the development of the necessity for reliable electric
service, the retention of dangerous trees, which must be re-
moved within a very few years in any event, is no longer
justified.

D. Conclusions.

Reliable, storm-proof electric service can be provided by
overhead pole and cable lines or by underground conduit
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and cable. In neither case can there be an assurance of
absolute non-interruptibility, but service can be made ex-
tremely reliable by either system, or by the use of both in
combination.

Typical existing open-wire lines can never give the degree
of reliability that is now demanded for modern standards of
living.

Insulated aerial cables, supported by steel messenger wires
from poles can be substituted for open-wire lines and will
give adequate service. This type of construction may be
expected to cost from two to three times as much as open-
wire circuits.

Insulated buried cables with lead covering and a pro-
tective armor are satisfactory and reliable, but offer little
or no facility for providing for additional loads, when they
may occur in the future. The lack of expandibility of buried
cables is a serious drawback since loads are expected to keep
on growing, year after year. Buried-cable construction may
be expected to cost three to four times as much as open-wire
circuits, exclusive of the cost of rights-of-way.

Underground cables in conduit will provide excellent,
reliable service and will be required more and more in busi-
ness districts through which lines to residences often must
pass. While the conversion of parts of circuits will reduce
the extent of exposure, it will not eliminate the hurricane
hazard for the portions of the circuits that may remain
overhead. Underground conduit and cables, with manholes
and transformer vaults may be expected to cost from six to
ten times more than open-wire lines that they may replace,
not including spare conduits and rights-of-way.

E. Incentive Necessary to insure Adoption of Storm-Proof
Standards of Construction.

As more and more new homes are built and equipped with
electrical devices the uselessness of which during periods of
service failures will affect the health and comfort of the
public, steps should be taken by the electric utilities, both
privately and publicly owned, to adopt new standards of
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storm-proof construction for their systems, including the
primaries, secondaries and services.

To change from the present type of open-wire construc-
tion, which has served for fifty years, to a new design which
will cost much more, will require an incentive both impelling
and practical. Voluntary adoption of a new system by the
electric companies cannot be relied upon because they have
in a way become callous to the loss and trouble and suffering
of their customers who have bought and installed electrical
devices upon which they must thereafter rely for light,
heat and food.

Without going into details as to why voluntary improve-
ment may not be expected, it is suggested that the Legisla-
ture has both the justification, as well as the authority, for
directing the utilities to surer service. Many utilities will
welcome Legislative inspiration to build better lines, even
though now they hesitate to initiate a program that might
bring criticism from other utility companies and from finan-
cial interests. Utilities, like human beings, find it best to
conform to accepted practices and not to step out of line
unnecessarily.

If the Legislature were to decide that no electricity shall
be supplied by an electric company or municipal plant to
new houses after a specified date, where very necessary elec-
trical equipment is installed, such as oil burners, sump
pumps, ranges, water supply pumps, and deep freezers,
except when all new construction that will be required to
extend the service, including primaries, secondaries and
services, shall be at least equal to the minimum requirements
for storm resistance that shall be set up by the Department
of Public Utilities, a practical basis will be established for
developing reliable electric distribution systems in Massa-
chusetts.

The D. P. U. could establish standards of construction for
(a) open-wire, ( b ) aerial cable and (c) underground cables,
both buried and in conduit, and combinations thereof, which
would insure the degree of desired reliability. The electric
companies would have the choice of complying with the new
standards and thereby being able to serve new residences, or
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of not complying and have the new business restricted to
non-vital devices.

A secondary requirement might be that, whenever prima-
raries, secondaries and services are rebuilt, enlarged, re-
located or diminished for distances of more than 200 feet
along a highway during any consecutive twelve-month
period, the lines should berebuilt to meet the new standards.

If the electric systems’ managers find that they cannot
serve all the new, desirable, yet vital, electrical devices
without adopting the improved construction, they will com-
ply, because continued expansion of sales of electricity, is
necessary to keep the business prosperous.

F. Recommendations.

It is urgent that electric distribution systems be improved
as rapidly and as extensively as possible. To this end I
submit the following recommendations for legislative con-
sideration :

First. Provide for the removal as soon as possible of all
trees bordering on State and local highways, that can inter-
fere xvith existing distribution lines, to include the following;

(a) All trees now condemned by proper authority.
(b) All trees certified by proper authorities as to be con-

demned within the next three years.

(c) All trees that seriously interfere with vehicular traffic
or that cause bottle-necks.

(d) Any trees on public or private land adjacent to high-
ways that are offered for removal by the officials or owners.

All the above trees must be potential hazards to the elec-
trical distribution systems.

Second. Direct the Department of Public Utilities to
prepare and publish standards for overhead and under-
ground line construction, not later than six months from the
date of instructions, which standards shall indicate approved
methods for extending and rebuilding electric distribution
lines.

Third. Prohibit electric companies and municipal plant?
from supplying electricity to new residences and to existing
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buildings that may be reconstructed for multi-family occu-
pancy, for use with vital electric devices to be specified, after
nine months from date of enactment, except that the pro-
hibition shall not be applicable if all new construction related
to the extension of service to the residences, shall be equal to
or better than the D. P. U. standards.

Fourth. —■ Require that beginning not later than three
months after the D. P. U. standards are issued, all distribu-
tion line reconstruction and relocations of existing systems
shall be equal to or better than the D. P. U. standards.

CARROLL H. SHAW, P.E.
Massachusetts Engineer.

Registration No. 5465.
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FINAL REPORT OF THE SPECIAL COMMISSION
RELATIVE TO THE FEASIBILITY OF PUTTING
CERTAIN POWER LINES UNDERGROUND.

Findings.

This report is concerned primarily with a study to de-
termine whether it is economically feasible to place all
overhead utility lines underground. It also is concerned
with other methods to minimize interruption to electric and
telephone communication services.

With privately financed construction, complete conver-
sion of either existing electric power or telephone com-
munications distribution systems in the Commonwealth to
underground systems does not appear to be economically
feasible. Conversion of both utilities to underground dis-
tribution would cost approximately $3,771,000,000, or an
average of $BO4 per capita. There would be additional direct
charges to property owners for service connections.

Conversion to underground distribution does appear to
be feasible and desirable, however, in dense population
centers. Much underground construction in these areas has
been accomplished already and good results have followed.
While underground work in cities is costly, the large number
of customers served brings per capita costs within tolerable
limits.

No attempt has been made to decide permissible limits of
per capita costs. Instead, these costs are expressed graphi-
cally in this report for various population densities. Ap-
proximate rate increases necessary for financing also are
presented for varying densities. These graphs show rela-
tive costs for populations of varying density. Since a limited
number of areas normally would be converted in any one
company, costs per capita, over the entire system of that

Cfte Commoutoealtj) of egassaclniscttg
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company, would be proportionately less than for complete
conversion.

In the rural and less dense suburban areas of the Com-
monwealth, conversion to underground distribution does
not seem economically feasible. However, two methods of
improving continuity of service do seem practicable.

1. A program, prosecuted vigorously by all interested
public and private agencies, of trimming or removing trees
which endanger the existing overhead distribution system
and a control over future planting. This would involve
education of the public, both as to the necessity of removals
and as to the proper types of shrubs and low trees for
planting.

2. Conversion of key lines to self-supported aerial cables.
This type of construction, a recent innovation to power
distribution, comprises insulated conductors supported by
a messenger cable of high strength, and offering greater
resistance to storm damage than the conventional wires.
Some use currently is being made of this construction, with
good results. While development of the potentialities of
these cables is not complete, their relatively lower cost offers
promise for improvement of service beyond population
centers.

Historical.
Power and communications utilities, both privately and

municipally owned, have had a long and varied history in
Massachusetts. Many types of installations have been used
as demand and technology developed. While economic
factors have set the general pattern, the era of investigation
and experiment led down many interesting by-ways in
earlier days.

Early investigations did not overlook underground dis-
tribution systems. Thomas Edison directed underground
direct-current distribution system installations in Boston as
early as 1886. By 1894 Boston had a statute requiring
yearly conversions to underground distribution.

Another electrical pioneer, George Westinghouse, was re-
sponsible for the early use of underground distribution in the
rural town of Great Barrington. Here a system of brick
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vaults was installed to contain the lines. With some changes
and repairs, both this installation and Edison’s work in
Boston are still in use.

With a few exceptions, such as Great Barrington, the
earlier electric installations were in population centers and
line mileages were small. As electric power and communi-
cations spread to smaller towns and villages and finally to
the Commonwealth’s rural areas, the economics of distribu-
tion systems dictated the use of overhead lines on poles. The
low cost, ease of installation and maintenance, and extreme
flexibility of open wire aerial circuits, using weatherproof
covered conductors attached to the crossarms of wooden
poles, led to almost universal adoption of this construction
outside of the downtown sections of urban areas.

Most of the early electrical customers regarded the serv-
ice merely as a convenience and early use vas chiefly for
lighting. As the service became more dependable and wide-
spread and rates were reduced, the use of candles and lamps
in emergencies disappeared from the home and other uses
for electricity developed. Aggressive and effective selling
campaigns by power companies and appliance manufac-
turers, based on the dependability, convenience and low
cost of electricity, placed increasing numbers of vital ap-
pliances such as stoves, water heaters, air conditioners, space
heater, fans, refrigerators, deep freezers, furnace pumps
and controls in private homes. Water and steam power
were replaced by electricity in many industries. Plants
were relocated for convenience to transportation or labor and
soon became entirely dependent upon electric power.

Massachusetts also has enjoyed a particularly rich back-
ground of telephone advancement. The instrument was
developed in Boston by Alexander Graham Bell and first
tested publicly a few steps from Scollay Square. Therefore,
it is not surprising that the Commonwealth was quick to
accept and to use improvements as they were developed.
Among such advancements were the common battery ex-
change, installed in Lexington in December, 1893, and the
dial-panel type central office, first used in Brookline in
July, 1923.

'
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It is of interest that the American Telephone and Tele-
graph Company reported in 1881 that a study was being
made of the use of underground cable, and that what may
well have been the first underground telephone line in the
world was laid in Boston in 1883. This line ran in iron
pipes for 2,485 feet along Pearl Street.

Increases in both use and dependence occurred rapidly in
the field of telephone communication. As the tempo of
modern living increased, the telephone, once considered a
handy gadget to have around, became a vitally important
adjunct to business, government and the social life of the
community. Many, if not most municipal and state emer-
gency procedures came to rely on telephones. As the tele-
phone became commonplace in the home, its influence on
the private lives of individuals caused it to change from a
luxury item to one of essential need.

During the development of electrical distribution and
use, the multiplicity of companies and methods practised
produced many variations, particularly in cities. Voltages,
line installations, and the like grew in many diverse pat-
terns, but the general dependability of the services in-
creased rapidly and more than justified the increased use
except, perhaps, in rural areas. Interruptions of service,
or outages, became uncommon occurrences in most com-
munities.

In recent years, a few large companies and combinations
of companies appeared and as a result many aspects of con-
struction, maintenance and distribution either were or are
being standardized. This is especially true of telephone
service which is provided to practically the entire Common-
wealth by one company, the New England Telephone Com-
pany, an affiliate of the Bell System.

Power supply and distribution presents the more heter-
ogeneous picture, and both the number of companies and
the economic and technological problems of standardiza-
tion tend to keep it so.

Power companies have made strides towards standardiza-
tion, however, and are able to interchange repair personnel,
etc., in emergencies. Power sources are interconnected in
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the transmission systems and in many other ways the com-
panies co-operate closely.

Effects of Recent Disasters
By 1938, electric power and telephone communication

was woven closely and vitally into the life of every indi-
vidual, community and business enterprise in the Com-
monwealth. Dependability of service was high and a
matter of pride to the personnel of the companies. Main-
tenance crews were able to handle adequately the repair
of the occasional outages or failures experienced. Damage
from a particularly bad electrical storm or a windstorm
centered in one area could be met with extra repair crews
enlisted from within the affected company or by additional
crews from other companies. Statistics would probably
show that the average outage per customer was of relatively

lort duration for any given year
In early Fall, 1938, the hurricane pattern, which is now

familiar to all New Englanders, began to develop. The
disastrous storm of that year pointed out a weakness in the
expanded utility distribution system which was previously
unappreciated. When general hurricane damage occurs
over a regional area and reserves of personnel are not avail-
able from companies in near-by cities in sufficient numbers,
the result is a temporary shortage of available maintenance
forces, and repairs may take many days.

Since 1938, hurricanes have become an increasingly fre-
quent autumnal phenomenon in New England; as shown
by the accompanying U. S. Weather Bureau Map. Each
has left behind it more or less general damage and wide-
spread outages. Repair organization has been much im-
proved and various corrective work accomplished, but
outages continue to follow the big storms.

Statistics probably would show that electric power and
communications are basically dependable. Usually large
segments of the population are affected only for a short
period by outages resulting from hurricanes. Dependence
on these services is now so vital to normal life, however,
that the part of the population enduring a long outage is
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very seriously affected. The situation may be compared
with public transportation where statistical safety, which is
paramount, does not prevent individual accidents from
being matters of deep concern, to be avoided at any reason-
able cost, even if not directly dictated by economics.

While the effects of electric power and communications
outages are not as directly severe to persons affected by
them as transportation accidents, they may be regarded
as very serious. From the viewpoint of both welfare and
convenience, an outage after a storm of disaster propor-
tions is multiplied in effect. Problems of clean-up and
reconstruction, emergency food storage and preparation,
communications for emergency administration and for ex-
change of reassurances among families, and a host of tasks
incidental to restoring normal community life are retarded
by lack of electric power and

As agencies which both
modern dependence upon tl
munications companies have

■ommumcations.

courage and profit by the
se services, power and com-
a, deep and definite responsi-

bility to the public for dependable service. During the
course of this survey, it was apparent that the companies
are aware of this responsibility. The problem of reducing
outages is the subject of a continuing study by the utilities,
and while results to date are
continue to follow most hurric

appreciable, serious oi
ties.

Dollar damage to consumers
food, business losses, increased

measured in terms of spoiled
abor costs on emergency «

pairs, etc., is colossal. It is impossible to set dollar values
on the inconveniences and dangers to health resulting from
lack of heat, hot water, cooking facilities and cold storage
facilities, both public and private, as well as possible sus-
pension of other public utilities which depend upor
power.

Estimates of dollar damage incurred by the companies
themselves in the hurricanes of 1954 and 1955 are available
from records of the Department of Public Utilities, and a
detailed listing is included in the Appendix. Total damage
in the Commonwealth in 1954 was $7,769,511 electric and
$6,408,000 telephone; in 1955, $839,706 electric and $547,-
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000 telephone. Total damage incurred by all utility com-
panies in those two years was $15,564,217. These values
are the estimates filed by the companies with the Depart-
ment of Public Utilities.

Outages and a resultant inconvenience to thousands of
consumers prompted the Massachusetts General Court on
August 4, 1955, to create a Special Legislative Commission
to study the problem of interrupted service, with special
emphasis on the feasibility of placing all or parts of the elec-
tric power and communications systems underground. In
addition to hearings and study by the Commission itself,
the authors of this report were
feasibility of underground ini
report.

engaged to study the economic
tallations and to prepare this

Objectives of I easibility Study

The primary objective of tl
was to determine the econon
parts of the Commonwealth’?

e study covered by this report
uc feasibility of placing all or
i electric power and communi-

cation distribution systems underground. In addition, a
similar though less detailed study was made of an alterna-
tive method of construction, employing self-supporting aerial
cables. General information bearing on the problem also
was studied and weighed for inclusion in this report.

It is felt that a discussion of feasibility studies as such
should be helpful to the user of this report. There is a vast
difference between feasibility studies and design studies.
The feasibility study involves design only to the extent neces-
sary to determine price ranges and perhaps to establish
whether major obstacles can be overcome. Generalized
prices and quantities are developed for the most convenient
units, such as miles of construction, communities or units of
population. Total costs are general in the fullest sense of
the word, and no attempt at precision is made beyond that
necessary to answer the question: Are preliminary design
and financing studies justified?

In this study, the scope and variety of questions to be
evaluated were so vast in comparison to the time and re-
sources available that qualitative results were used wherever
approximate cost figures were not mandatory. Findings



HOUSE —No. 3033. [Mar.50

were kept well within the precision of the survey. Where
this report justifies design work by some public or private
agency, the preliminary design will indicate how much fur-
ther ultimate development may be carried.

An objective in this study was to provide a convenient
and understandable scale by which to evaluate areas in
which conversion to underground or self-supporting cable
construction may be justified. One form of such a scale is
presented later in the report.

In the findings, attempts to state the feasibility of various
types of construction in specific areas were avoided. Cost
and rate increase curves were developed to allow study of
any area. Recommendations as to the amount of rate in-
creases to be considered feasible were considered beyond
the scope of this report.

Method of Sample Area Study. Electric Rowei
Distribution

Two methods of carrying out the study were used, both
based on a sampling procedure. For study of electric power
distribution, study was based on three sample areas. Re-
sults were extrapolated as a function of population density.
Considerable attention was given to variation of cost with
density of population.

For study of electric power distribution, Massachusetts
was divided into four classifications, rural, rural-suburban,
urban-suburban and metropolitan. A map showing the
division is included. The basis of classification was density
of population, according to the 1950 Federal Census.

Sample areas for detailed design and estimate studies were
lected in the various classifications as follows

Rural Deerfielc
CantorRural-suburban

Urban-suburban

It was initially contemplated that a sampling area in the
city of Worcester might be studied. Upon closer examina-
tion, it developed that 80 per cent of the electric power load
is already underground in Worcester and that areas served
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overhead fell into the urban-suburban category. Con-
ferences with utilities officials disclosed that, electrically,
there is no “typical city” among Massachusetts metro-
politan areas. Due to the heterogeneous historical back-
ground of electrical distribution development, there is wide
variety in per cent and location of underground facilities, in
layout and type of construction of the distribution system,
and in operating voltages.

Further study developed the fact that the actual down-
town sections of metropolitan areas in this State are served
largely by underground electric power and telephone dis-
tribution systems at the present time. Problems involved
in those areas served by aerial distribution, generally resi-
dential areas away from city centers, appeared to differ little,
except in density, from the Melrose sample area.

The Melrose sample area was used as a basis of extrapola-
tion for those metropolitan areas still served overhead on the
assumption that those areas were largely residential. As a
check on this assumption, questionnaires were sent to the
mayors or city managers of every city of over 50,000 in the
State. Replies to questionnaires appear to have justified
the assumption.

A map is included which shows the approximate zones of
operation of the 70-odd power companies in the Com-
monwealth. This map shows the opportunity for varied
growth and method.

Design and estimating studies in the sample areas were of
major importance in this survey. Sample areas were
selected to involve only major electric companies in order
(1) to become familiar with the methods used in a large
portion of the Commonwealth, and (2) to ensure that ade-
quate base maps for design work would be available.

Electric companies selected were:

Deerfield, Western Massachusetts Electric Company.
Canton, Boston Edison Company.
Melrose, Suburban Electric Company (affiliated with New England

Electric System).

Conservative design of the type used in first-class current
construction was used as a basis for estimating quantities.
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Typical designs for underground work are included in the
Appendix, together with generalized rural and suburban
layouts included to familiarize the reader with the methods
of distribution used. These layouts indicate that in rural
areas each customerrequires a relatively long run of primary
distribution circuit with a separate transformer.

Unit pricing for estimating on a subject of this magnitude
entails a great many variables. Material and labor costs
would be affected to an indeterminate degree even though
the conversion was accomplished in the short period of
twenty-five years, the same interval as used for the study
of financing. Training and maintaining sufficient labor
forces would also be costly and wages would have to be
sufficiently alluring to attract workers into a specialized
field. It wras felt that these factors could not be evaluated
quantitatively as part of the survey.

There would be equally numerous and even more elusive
forces operating to reduce the actual unit costs. American
ingenuity for mass production might well produce drastic
price cuts. Research and engineering forces could be de-
pended upon to develop new materials and techniques both
to cut costs and to improve results. The assigning of values
to these considerations was also felt to be beyond the scope
of this survey.

Cost trends on the general construction market were not
applied to unit prices. A construction cost curve, based on
the Engineering News-Record Index, is included in the
Appendix and show's these trends.

It was decided, after an appriasal of these factors, to use
current costs for this study. Costs are based on the work
being performed with contract labor.

Transmission lines were not studied for conversion. Sub-
transmission lines were studied for conversion although
not included as part of the sampling procedure. Since a
larger proportion of subtransmission lines than of primary
and secondary distribution lines is already below ground,
subtransmission lines were treated separately. A total
estimate was developed for conversion of all subtransmission
lines now aerial in the Commonwealth.
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Distribution substations were not considered. It was
felt that they were beyond the assigned scope of the survey.
Little hurricane damage would be expected in a substation.

It should be pointed out that the basic layout of suburban
electric power distribution systems might well change from
the radial system in current use with aerial installations to a
network grid for underground installations, or to some
variation thereof permitting much more sectionalizing than
is required for overhead. This was felt to be a preferential
matter to be decided upon by the operating company.
Estimates in this survey were based on providing under-
ground systems in the same radial patterns now used. In-
creased numbers of cross connections, however, if made to
increase continuity of service, would act to increase costs.

Summary sheets for the three sample areas are included
in the Appendix. There are three minor elements of con-
struction costs associated with existing overhead systems in
addition to the major cost of the new system. They are:

1. Present value of existing plant to be abandoned.
2. Cost of removal of existing plant.
3. Salvage value of plant to be removed.
It was desired to obtain a measure of book value for the

plant abandoned, as being directly applicable to rate calcu-
lations. Efforts to obtain book value directly for sample
areas were deemed pointless, however. Electric power dis-
tribution systems grow a street or section at a time and
improvements and enlargements over the years render de-
preciation impossible to compute on any small segment of
outside plant. Present value of existing plant was estimated
as half the cost of materials in the plant at today’s prices and
has been used as book value for rate calculations

Removal costs were based on contract unit prices. Salvage
values were taken as the salvage value of scrap conductor
metal plus half the present value of other material com-
ponents.

There are admitted approximations in the salvage com-
putations and especially in the assumptions and use of the
present value figures. It can be shown, however, that both
these values are minor in the total picture and that errors
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of the magnitude that could be expected will alter final
results very little.

Designs and estimates also were made in the sample areas
for conversion to self-supporting aerial cable installations.
Procedures were similar to those outlined for underground
study. Removal and present value charges included only
existing conductors, since poles and transformers would
remain in place.

Extrapolation Methods for Electric Power Dis-
tribution.

It was felt that the scope of the survey exceeded the mere
developing of costs for the sample areas. A broader presen-
tation of cost information was considered mandatory. Ex-
trapolation techniques were developed for two purposes:
(1) to determine the approximate cost of conversion to
underground or self-supporting aerial cable systems for the
State as a whole, and (2) to present a method of determining
approximate costs for specific areas without further studies.

Early in the study it became apparent qualitatively that
the cost per customer varied more or less as some function
of the population density. As distances between customers
increase, costs go up, increasing sharply in rural areas. It
is for this reason that while underground installations are
common in our cities and suburbs, little or no underground
electric power or communications distribution exists in the
rural areas of the Commonwealth at the present time.

This variation is not a straight-line function since fac-
tors affecting the cost are not limited to distance between
customers. Construction difficulties in cities arising from
the thickness of pavements, traffic interference, and par-
ticularly from the number of existing pipes of various sorts
encountered in trench excavation tend to raise costs. In
rural areas, the difference in basic system layout, usually
involving a separate transformer for each customer, also
affect costs. The dominant over-all factor, however, ap-
pears to be distance per customer, which varies with density.

Extrapolation was based on the above variation of cost
with density and upon the cost figures derived from the
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sample areas. No attempt was made to modify the result-
ing curves, which are included under Results oi Extra-
polation. A more detailed account of procedure is pre-
sented in the Appendix.

It will be noted that extrapolation curves are carried
considerably beyond the points furnished by the sample
areas. Ideally, of course, many more sample areas would
be used to stabilize the curves; however, the resources of
time and labor provided for the survey did not extend to
additional samples. Curves were fitted by purely mathe-
matical procedures. While sampling was limited, the
upper and lower ends of the curves appear to behave as
would logically be expected. At each extreme, construction
difficulties and type of construction would be relatively
fixed and density would be the dominant factor. Inspec-
tion of the cost-density curves shows that they do approach
straight line functions at the upper and lower limits.

Method of Sample Area Study, Telephone System

Study of telephone installations also was based on sam-
pling and extrapolation to include the entire Common-
wealth. The basis of extrapolation was simply the number
of main stations, or customers, in the rural, suburban and
urban areas. Since tiie New England Telephone Company
had recently completed a similar stud}'' at the request of the
Department of Public Utilities, considerable time was
saved by checking and modifying the company study.

A map showing the classification of the State into rural,
suburban and urban areas for the telephone study follows.
Sample areas in the various classifications were as follows;

Urban Dorchester,

Suburban Newton and Danvers,
Suburban Arlington.
Rural Stockbridge,

Arlington was included in the suburban samples in this
study because it appeared that suburbs containing large
numbers of multi-family houses were too largely ignored in
the telephone company study. The effect of adding Arling-
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ton was to slightly lower the average cost per customer in
suburban areas.

Design and estimate studies were similar to those for the
electric power distribution sample areas. Since conductor
sizes, transformers, load considerations, and the like, were
not needed, and it was often possible to check design in
the previous study rather than do new design, little difficulty
was experienced with this phase of the survey.

Design was based on current telephone practice. As was
discussed for electric power distribution system, mass pro-
duction methods could probably lower costs. This effect
was not felt to be properly a part of this survey.

Extrapolation procedures were considerably simpler than
those used for power distribution. Urban and rural total
costs were arrived at by applying the urban and rural unit
prices for conversion of one main station (customer) to the
total number of main stations in each classification now
served by overhead. Total cost for suburban areas was ob-
tained by applying to the total overhead suburban main sta-
tions a unit price determined by averaging the computed
unit prices in the Newton, Danvers and Arlington samples.

Results were expressed as price per main station. A
summary sheet of results is included in the Appendix.

Causes of Outa(

There are many natural and human factors which caus(

outages. Great storms, the primary cause under consid-
eration, are responsible for failures of several types. Other
weather phenomena also may do damage

Many evaluations have been made by various agencies of
the nature of hurricane damage to utility distribution sy
terns. The findings, in almost every case, indicate that by
far the greatest damage to aerial systems is due to falling
trees and tree limbs. Even self-supporting cables and poles
ire not immune to damage from large trees. Open wire
circuits used in conventional systems are readily broken or
shorted by even fairly small limbs.

The problem of trees is at the root of all storm damage
and may well be insurmountable. In a great many areas if
trees could be adequately trimmed and dangerous trees re
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moved, there would be little or no impetus to study conver-
sions of the present distribution systems. Attempts to
trim and cull trees effectively, however, have met with de-
termined resistance from property owners and the public
generally. Massachusetts has been beautified for many
.years by its tree-lined streets, and the people are extremely
loath to accelerate the inroad caused by hurricanes and
Dutch Elm disease in thinning them.

Electric power and communications companies are quite
vigorous in attempts to safeguard their systems by tree re-
moval and trimming, but cannot force the issue on the pub-
lic. It is doubtful that the public can be persuaded to ac-
cept wholesale tree removal or trimming practices by any
agency; certainly not without a prolonged and effective
educational program.

A partial solution used by some neighboring States con-
sists of confining new plantings by state forces along roads
to large shrubs and the smaller varieties of trees which
constitute no danger to overhead wires.

Aerial wires also are subjected to damage from sleet
storms; especially to combinations of sleet and wind. As
with hurricanes, the bulk of the damage is caused by broken
tree limbs. Some failures of the wires themselves may be
expected, however, when wind is combined with heavy ice
loadings.

Wind in treeless areas will seldom sever wires or damage
poles. When such damage is caused by wind of hurricane
velocity (excluding tornadoes), the segment of the dis-
tribution system involved may be considered to have been
below normal standards. Since our overhead systems have
been in place for long periods, a few weak links normally will
be found. Such failures constitute a minor source of trouble.

Electrical failures of equipment occur occasionally, but
do not constitute a major source of outages except when
caused by electric storms. Even in thunderstorms, damage
is usually local and readily repaired. Modern construction
practice acts to limit damage from lightning considerably.

Flooding of underground equipment can cause extremely
prolonged outages. Submersible type transformers and
protective equipment normally are vulnerable to prolonged
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flooding and extremely annoying damage can result when
water penetrates the sheathing on underground cables. A
prolonged failure of the Providence, Rhode Island, distribu-
tion system in 1938 involved failures of this sort.

Underground installations also may be affected by trees,
when heavy root systems of uprooted trees have grown
around ducts.

Human factors affect both underground and overhead
systems. Construction equipment is particularly trouble-
some to underground ducts, since operators often do not
know of their existence. In the accelerated construction
business of the present day, excavations of all sorts are car-
ried out by so many individuals and agencies that it is
difficult to keep excavators notified as to utility locations.

Erratic automobile performance constitutes a hazard to
the poles of aerial systems, and in many cases the poles
constitute an equal hazard to traffic. Pole lines often must
run near the edge of the traveled way and collisions with
poles are all too frequent, although not a major cause of
power failure.

Comparison of System

While the sampling study provides an economic compari-
son between conventional overhead, self-supporting aerial
cable, and underground electric power and communications
systems, it is felt that there are many other factors affecting
the relative desirability of three alternatives. This survey
is essentially an economic feasibility study, but it is felt
that some background information will be helpful to the
reader. A tabulated listing of factors affecting desirability
of underground versus overhead distribution systems is
included in the Appendix.

Desirability may be viewed from may points. From the
viewpoint of operations, the conventional overhead system
has many advantages. A primary advantage is the backlog
of experience accumulated over years of working with the
system. There is a substantial body of experience on under-
ground systems, but it extends to only a portion of the field
personnel. Particularly in the field of power distribution,
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work on underground cables requires much training and
experience.

Flexibility and ease of expansion weigh heavily in favor
of overhead lines for design and layout of systems. An
underground manhole and duct system when installed must
have sufficient excess capacity to care for the entire future
expansion due to load growth in the system. Most utilities
executives have rueful memories of attempts to make such
estimates of load growth. Underestimation means tearing
up streets needlessly at some future date, while overestima-
taion results in years of fruitless interest and depreciation
charges on the idle excess plant. It is axiomatic in the in-
dustry that such estimates of load growth are always some-
what in error and often greatly so.

Such relatively minor items as making a street crossing
underground to connect a new customer can be trouble-
some to operating personnel. Heavy modern pavements
must be broken and replaced, traffic must be controlled or
rerouted, and existing underground water, sewer, gas, etc.,
often preclude effective use of power excavators. The
alternatives are either to drive a pipe under the street or
provide dual facilities, with a duct line on each side of the
street, which is quite costly.

Both conventional open wire distribution and self-sup-
porting aerial cable are flexible and easy to expand by
running more conductors or cables on the existing poles, or
simply removing conductors and replacing them with
others of greater capacity. Street crossings are seldom a
problem.

From an economic point of view, the operating com-
panies might well find certain conversions to either under-
ground or self-supporting cable systems rather attractive.
Rates are currently established in this Commonwealth to
provide a return of approximately 6 per cent on the net
plant valuation. The tremendous increase in net plant
values which would be the initial result of large-scale con-
versions, especially to underground systems, might result
in considerably increased total revenues.

Conversely, the economics of conversion might prove
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rather distasteful to the consumer. In addition to sub-
stantial rate increases, he would have to pay an initial direct
charge (setback charge) for work on his land, plus rewiring
in his building. Averages for these direct costs are detailed
on the sample area summary sheets. Setback costs might
vary in specific cases from practically nothing to over
$l,OOO for houses set far from the street in rocky terrain.
Since utilities are not allowed to capitalize underground
work on private property, these charges are a necessary
part of conversion to underground.

An indication of the reactions of consumers to setback
charges may be seen in the history of the Boston Edison
Company’s experience. The city of Boston required con-
version of some four miles of the overhead system yearly
under an ordinance which lapsed in 1952. However, even
though the conversion was forced by the city, an average
period of over a year elapsed between completion of work
in the street and collection of enough setback charges to
connect the customers and remove the aerial system. Often,
even at the end of a year or two of constant efforts to col-
lect, it was necessary to disconnect a few customers in order
to remove the aerial system.

There are some classic cases of trouble with setback
charges in Boston Edison Company’s experience. In some
cases, streets have been converted to underground systems
by specific request, only to have long-drawn-out waiting
periods for collection of setback charges and connection of
the new system. Perhaps the most famous case is Lowell
Avenue in Newton, where, years ago, one and one half miles
of the system was placed underground. The work was ac-
complished by request, due to agitation by the consumers
involved, numbering about 100. Cost of the work was ap-
proximately $125,000. When the time came to pay setback
costs and remove the aerial system, some consumers re-
fused. Members of the same group that had caused the
work to be requested refused to pay to be connected and
gained a supporting vote from their aldermen. The ducts
are still in the ground, largely unused, and the aerial sys-
tem has vet to be discontinued.
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Similar troubles often beset the telephone company. Al-
though setback charges are a relatively minor part of the
entire problem of conversion, a solution would be required
before any major conversion of the distribution systems
could be carried out smoothly. These costs might well draw
more adverse reactions from consumers than the rate in-
creases required to finance the main costs of conversion.

Conversion to underground or self-supporting aerial cable
distribution systems would cause economic advantages to
the consumer through more reliable service. These advan-
tages avoiding loss of frozen foods, more normal business
life following hurricanes, less loss of wages due to power
failures, etc. might result in savings greater than the
conversion cost. Yet in some cases great difficulty probably
would be experienced in convincing even those consumers
who would be most likely to profit by the change.

Aesthetically, underground distribution systems have a
tremendous advantage over aerial systems of either con-
ventional or cable type. Of the aerial systems, the self-
supported cable, with fewer lines in the air, would have
some aesthetic advantage over conventional open wire on
crossarms.

The improvement in community appearance when over-
head wiring is removed is not a negligible factor. In some
areas, this improvement might be a more convincing argu-
ment with consumers than considerations of either economics
or reliability. Community pride can be a very strong force.
Aerial wiring is seldom an asset to the landscape, and often,
as the number of conductors and street crossings grow, the
resulting maze of wires is extremely objectionable.

That a cash value may be assigned to appearance is evi-
denced by many new real estate developments. There are
requirements in some of our more progressive suburbs that
new developments shall have underground electric power
and communications systems. The basis of a good many of
these requirements is purely a desire to maintain or improve
appearance by avoiding overhead wires.

From the viewpoint of city administrators, there is often
an additional hazard to fire-fighting equipment when the
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air is filled with electric wires. This is a factor behind the
ordinances in many cities which require mileages or per-
centages of the system to be placed underground annually
in certain congested areas.

The basis of comparison most vital to the present study
is the relative reliability of the various means of distribu-
tion. This is a many-faceted problem and has no single
answer. The tabulated comparison of conventional over-
head versus underground systems in the Appendix affords a
quick summary of relative reliability of those systems. Self-
supporting aerial cable systems are an in-between value with
many of the advantages and some of the disadvantages of
both other types.

At first glance, it would appear that since overhead lines
are exposed to all the forces of nature, and underground
lines are protected by two or three feet of soil, the reliability
of underground systems would be universally superior. Ex-
perience bears out this assumption only to a limited degree.
The flaw in this reasoning is the premise that natural forces
cannot attack underground installations, which overlooks
the effects of water damage.

Conventional overhead systems are designed to with-
stand, of themselves, any natural forces, including ice and
winds (except tornadoes) which they are expected to en-
counter. As was pointed out in the discussion of causes of
outages, direct failures due to natural forces are not wide-
spread. In areas not endangered by tines, hurricane damage
is minor. Overhead high tension lines, for example, are in-
stalled on private, carefully cleared rights-of-way, without
danger from trees. Reliability of these lines is so high that
they have not been considered in this survey.

It also was pointed out previously, however, that conven-
tional overhead systems are extremely sensitive to damage
by trees. Since this menace may be expected to continue,
present overhead systems must be classed as susceptible to
heavy general damage in storms.

Self-supporting cable can be made much stronger than
conventional open wire installations. It may be considered
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more immune to tree damage, and much less general break-
down of the distribution system would be expected as a
result of hurricanes.

Self-supporting cables are a relatively new innovation in
power subtransmission and distribution and their develop-
ment is not complete. Pole strength is the final limiting
factor in strength of systems of this sort. While the cables
may be made fairly safe from branches and small trees, one
of our large elms will be capable of causing a failure.

Falling trees are likely to affect underground systems only
when uprooting displaces duct lines embraced by the root
systems. This undoubtedly occurs, but would seem a
minor source of damage.

The rains accompanying the 1955 hurricanes are another
matter. Much of the dollar damage reported by utilities
companies due to these storms was incurred by the under-
ground plant. Areas likely to be flooded, even temporarily,
should be viewed with considerable suspicion before general
underground construction is attempted.

While the bulk of an underground distribution system is
quite waterproof, certain equipment is very vulnerable.
Transformers and protective equipment are difficult to
waterproof completely and expensive to replace.

Where flooding is not a factor, the reliability of under-
ground distribution, in so far as the possibility of general
weather damage, appears to be very high. In dry areas,
such outages as occur may be expected to come one at a
time and can be readily handled by normal maintenance
forces.

It appears safe to say that, where flooding is nob likely to
occur, the outages currently experienced as an aftermath of
major storms could be avoided by conversion to under-
ground electric power and communications distribution
systems. From any viewpoint, this is a primary factor in
considering the relative desirability of the several types of
installations.
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Results of Sample Area Studies.
Sample area results are detailed m the Appendix. The

main points only are summarized here.
Cost studies of the telephone system for conversion from

overhead to underground showed the following:
Average Cost

Area. Per Customer,

Dorchester urban $142 00
Newton suburban 464 00
Danvers suburban 477 00
Arlington suburban 434 00
Stockbridge rural 376 00

For extrapolation, the suburban values were averaged.
Setback charges were estimated as follows

Average Gosi
Area. Per Castom«r.

Dorchester -126 00
Newton 135 00
Danvers 108 00
Arlington 84 00
Stockbridge 120 00

Setback charges in individual cases vary from about $25
to as high as $1,500.

The variation in cost per customer is about as would be
expected, except for Stockbridge. The drop in unit cost in
rural areas is due to use of direct-burial cable, allowable in
low-density zones, rather than the duct lines used for esti-
mating in suburban and urban samples.

Costs in sample areas for study of electric power distri-
bution ;

Conversion from Overhead to Underground System.
Average Cc

Per Customer.
$1,550 00
3,160 00

Area

Melrose
Canton
Deerfield 6,090 00

Conversionfrom Open Wire Overhead to Self-SupportingAerial Cable System.
Average Cost

Area. Per Customer,

Melrose $167 00
Canton 263 00
Deerfield 763 00
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I

Average Setback Charges 1 for Conversion to Underground System.
Average Cost

Area. per Customer.
Melrose 5206 00
Canton 274 00
Deerfield 312 00

Setback charges for individual cases would vary consider-
ably.

For electric power distribution, the conversion costs and
setback charges vary with population density. This was a
key point in attempting to interpret results. Costs for con-
version of power distribution systems are much higher than
for conversion of telephone facilities.

Results of Extrapolation

Extrapolation from sample areas for the telephone system
was carried out as described earlier in the report. The total
new construction cost of conversion to an underground sys-
tem was computed as $512,000,000 for the entire Common-
wealth. Of this amount approximately $24,000,000 repre-
sents the cost of removing the existing system, which is
offset by recovering through salvage of approximately
$11,000,000.

For the total cost involved in the project, the depreciated
value of the existing overhead distribution plant, assumed
as 50 per cent of the first cost, must be added. First cost
was taken as approximately $97,000,000. This gives a total
cost to the companies of $560,000,000.

Direct costs to consumers in setback charges, while prob-
ably not a part of a financing program, are of interest in the
over-all analysis. The total of these charges, by a similar
extrapolation, is $122,000,000. The total of company and
customer costs involved in conversion of the telephone dis-
tribution system in the Commonwealth from aerial to under-
ground is then, $682,000,000.

A tabulated breakdown of these costs is presented in the
Appendix.

It has been seen that costs involved in converting the
electric power system are much greater than for communica-

1 Includes average cost of $lOO.OO for modi ustomer’s building
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tions. Accordingly, a more detailed extrapolation and inter-
pretation was carried out for power distribution.

Total costs for state-wide conversion were computed for
both underground and self-supporting cable electric systems.
Underground power distribution system costs were com-
puted as follows;

New construction $3,050,000,000
Net removal costs, including value of plant abandoned . 162,000,000

Total cost to company $3,212,000,000
Setback cost 256,000,000

Total conversion cost $3,468,000,000

For conversion to an overhead self-supporting cable
system of electric distribution, the state-wide cost would be:
Construction cost $245,000,000
Net removal costs, including value of plant abandoned . 85,000,000

Total conversion cost $330,000,000

Setback charges were not considered for this alternate,
since firms are allowed to capitalize overhead lines to the
point of contact with consumer's structures. These costs
are less than would be needed for construction of a com-
pletely new self-supporting cable system, since existing
poles and transformers would be retained.

Conversion of overhead subtransmission lines to under-
ground throughout the Commonwealth was estimated to
cost $53,000,000.

While these totals fulfill the strict requirements of the
study, it was felt that a means of showing the distribution
of costs would be desirable in order to determine feasibility
of conversions less than state-wide in scope. Curves for
conversion of electric power distribution showing cost per
person versus population density were therefore developed
as discussed earlier. These curves follow.

These curves are included as an indication of cost varia-
tion. Note that the costs are average costs per person.
While a domestic consumer, with his family, may be taken



1956.] HOUSE —No. 3033. 67

as 3.5 persons, the distribution of costs must also include
consideration of commercial, industrial and municipal
(street lighting, etc.) customers before average dollar costs
for customers of a specific category can be determined. A
breakdown of average costs by customer categories would
be extremely involved, and has not been attempted.

Since most of the additional cost, with possible exception
of industry, would eventually be borne by the general
public in the form of increased prices of consumer goods or
as taxes, it is felt that the limitations outlined in the pre-
ceding paragraph do not seriously impair the usefulness of
the per capita cost versus density curves for feasibility
determination.

Effects on Rates
Consideration of the effects of conversion upon rates was

the most complex phase of the study. Utility rate setting
is an extremely specialized and complex field, and detailed
computations of rates would require both personnel and
information not readily available to the survey force. Since
the effects on rates is the crux of feasibility studies, how-
ever, it was felt that a general depiction of necessary in-
creases should be attempted.

In order to determine the effect of conversions on con-
sumer rates, two complimentary factors must be considered :

(a) the rate base, and (6) the rate of return.
The rate base embraces the company's plant account to

the extent that it represents net assets or facilities used in
public services, less the reserve for depreciation. In this
case, since we were concerned with additions to the present
plant and the increase in rates that would result from this
additional investment, the incremental rate base, or net
change in the value of the facilities used to determine rate
base, was of primary concern.

Since the theory of public utility regulation is to permit
the subject company no more than a fair and reasonable
return on its rate base or investment in facilities used and
useful to the public, this rate of return had to be assumed.
Based on past cases on which the courts have decided a
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fair rate of return, and on the present cost of capital, 6
per cent was taken as a fair return.

The earnings which represent the return are the net
operating income after all expenses including taxes and
depreciation, but before capital charges such as interest
and associated items and dividends

In order to determine the revenue increase necessary to
yield 6 per cent rate of return on the added investment,
factors such as depreciation charges, taxes (federal, state
and municipal) and the method of financing had to be
considered

The new assets were depreciated at a rate of 2.5 per cent
a year, with a depreciation period of thirty-five years
allowing for salvage value and removal costs. Obviously,
the method of financing will have an effect on the amount
of annual depreciation charge to the operating income, and
on the net investment on which the return is based.

The utility companies are required to maintain a 50 per
cent equity in financing, and in most cases they currently
approach this minimum. Raising capital, therefore, would
involve sale of stock, as well as borrowing to maintain the
percentage of equity.

Rates for electric companies were studied under two sy
terns of financing: (1) performance of the work in a period
so short as to be financed at one time, and (2) financing by
a series of annual investments for a period of twenty-five
years which increase yearly for ten years by an increment
equal to one half the first year’s investment, and are con-
stant thereafter at the amount invested in the tenth year.

Since no correlation could be determined among the vari-
ous utilities in respect to federal income tax or municipal
property tax, a reasonable range of total taxes representing
10 per cent to 30 per cent of gross revenue was assumed and

curves plotted showing the average increase in rates for
various population densities. Curves were plotted for both
methods of financing, method (2) being studied in the tenth
and twenty-fifth years.

Rate increases for telephone service were estimated on
the basis of financing the entire work in the Commonwealth
at one time to obtain an approximate magnitude. Total
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taxes were assumed as 30 per cent of gross revenue, and book
value of abandoned overhead plant as 50 per cent of original
cost. The average annual increase would be nearly $42.50
per customer.

The purpose of this study was to bring to light facts re-
lating to the economic feasibility of converting utility dis-
tribution systems from aerial to underground or to self-
supporting cable systems. The authors of this report were
not charged with the actual determination of the amount
of additional expense the consumer can or will bear. Recom-
mendations, therefore, have been avoided.

The time required to convert the Commonwealth’s util-
ities distribution to underground is generally estimated as
at least ten years, as a construction requirement assuming
adequate forces to be available. It appears that an addi-
tional five years might be needed to recruit and train the
necessary personnel. The total of fifteen years seems con-
siderably shorter than the period likely to be necessary for
financing.

It seems advisable that if definite work is planned as a
result of this or related studies, the method of increasing
rates be studied carefully. There is serious doubt that it
can be judged feasible to convert all or most of the dis-
tribution system. Where it is feasible to place the system
underground or otherwise convert to more reliable means
of distribution the additional revenue needed ordinarily
would be raised by increased charges to all customers of the
company involved. This would provoke an unfavorable re-
action from those customers still served by overhead lines.

In discussing the alternative of aerial cable construction,
the authors have attempted to point out that, though con-
siderably more resistant to tree damage than conventional
overhead, this alternative is not a cure-all. Self-supporting
cable systems are subject to some storm damage and are
less convenient than open wire. Also, and perhaps most
important, this type of construction is still in a develop-
ment stage. While aerial cables appear to have much merit,
it would be desirable to allow time for, and perhaps en-

Summary.
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courage, development of the full potentialities of this type
of system before advising heavy investment in it.

In making use of the results of this survey, it must be re-
membered that all numerical values are approximate and
could vary widely in practice as prices, methods, technical
developments, means of financing and similar influences
change from those used for study. Rate increase curves,
in particular, are chiefly valuable as a means of showing
relative feasibility of areas within the Commonwealth.

Lack of precedent for conversion work of the scope under
study led to many of the premises used in this report. It is
believed, however, that the costs and values presented fulfill
the purpose of the survey.

This report is presented, therefore, as a basis for decisions
concerning the feasibility of converting the electric power
and communications distribution facilities of the Common-
wealth of Massachusetts to more reliable systems.

Glossary of Term.
Ampere a unit measure of current.
Cable either a stranded conductor (single-conductor cable) or a com-

bination of conductors insulated from one another (multiple-conductor
cable).

Circuit a path of an electric current.
Conductor a wire or combination of wires, not insulated from one

another, suitable for carrying an electric current.
Conduit synonymous with duct
Constant-Current Transformer a street lighting equipment for

supplying and regulating a series circuit from a constant voltage source.
Current a rate at which electricity flows in a circuit.
Disconnect a circuit opening device.
Distribution Substation assembly of equipment for receiving energy

from higher voltage of subtransmission system and converting it to a
form suitable for primary distribution and for distributing the energy
to primary feeders through switching equipment which protects the
system from the effects of faults.

Distribution System all parts of an electric system between the dis-
tribution substation and the consumers’ service switches.

Distribution Transformer equipment for converting primary volt-
age to utilization voltage. Either located on wood poles or in trans-
former vaults.

Duct a pipe or tube designed or used for the accommodation of electric
wire or cable.

Duct Bank group of ducts with a common concrete envelope.
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Fuse an accessory housing a link designed to melt or fuse when carry-
ing abnormal current, thus opening a circuit.

Fused Cutout • a combination disconnect and removable fuse as-
sembly.

Insulated enclosed by material with high resistance to flow of elec-
tric current.

KVA (Rating of Transformer) kilo-(l,000) volt-ampere. An out-
put which can be deliveredfor time specified at rated secondary voltage
without exceeding specified temperature limitation.

Lightning Arrester a device for protecting a circuit from disturb-
ance due to lightning and induced surges.

Manhole a chamber in which one or more ductbanks terminate, thus
giving access to the cables contained therein, for connecting house serv-
ices, repairs, etc.

Main Station a telephone subscriber, requiring a service connection.
Outage suspension of power or communications service, for any reason.
Pole Line conventional overhead line.
Primary Feeder a circuit from distribution substation to primary

laterals or directly to distribution transformers.
Primary Lateral a branch circuit of primary feeder.
Radial Distribution - a system in which independent feeders ormains

branch out radially from a common source of supply such as distribu-
tion substation or distribution transformer.

Secondary or Secondary Main a circuit which delivers the energy
along the street within a short distance of the consumers.

Secondary Network interconnecting ties between secondary load
center buses of distribution transformers on different primary feeders.
Acts as a voltage-steadying medium. Equipped with protective de-
vices and disconnects at each end of each tie, between each transformer
and its secondary load center bus, and between each secondary load
center and their secondaries in order that faulty cables or transformers
may be disconnected without interruption of power to balance of sys-
tem.

Self-Supporting Aerial Cable pre-assembled cable consisting of
insulated single conductor cables, messenger and metallic binding tape
which is helically wrapped around cables and messenger.

Series Circuit a street lighting circuit in which all lamps are con-
nected in series and the same current passes through each lamp in com-
pleting its path to the source of supply.

Service a circuit which delivers the energy from a pole or manhole
along the street to the consumers’ service switch.

Service Drop an overhead portion of service originating at the pole
and terminating at the consumer’s building.

Service Entrance an entire underground service from a manhole tc
consumer’s building or a portion of service on consumer’s building join-
ing the service drop.



HOUSE — No. 3033. [Mar.72

Setback Costs direct cost to customer of underground work on his
property, rewiring, etc.

Sdbtransmission Line a circuit between the power substation and
distribution substation.

Transformer Vault a large manhole designed to accommodate one
or more transformers and associated apparatus.

Transmission Line a circuit between the generating stationand power
substations.

Volt a unit measure of voltage.
Voltage an electrical potential difference or pressure which tends to

make the current flow.
Wire a slender rod or filament of drawn metal.
Wood Pole a structure for supporting overhead conductors or dis-

tribution transformers and overhead conductors by means of wood
orossarms and secondary racks.

Hurricane Damage to Utility Companies

Municipal Companies.

Total Total
Compact. Dollar Damage, Dollar Damage,

1954. 1966.

Ashburnham
Belmont $20,874 00 $.500 00
Boylston 732 67 None
Braintree 76,000 00 None
Chester 200 00 600 00
Chicopee 2,381 31 37,096 83
Concord 27,166 66 736 66
Danvers 32,647 00 None
Georgetown 12,000 00 None
Groton
Groveland 16,000 00 1,000 00
Hingham 93,300 00 500 00
Holden 600 00 200 00
Holyoke 4,000 00 46,500 00
Hudson 10,638 68 None
Hull 13,426 64 None
Ipswich
Littleton 1,600 00 None
Mansfield 11,268 14 None
Marblehead 19,982 88 None
Merrimac 1,360 00
Middleborough 69,440 26 300 00
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Hurricane Damage to Utility Companies Concluded.

Total Total
Company. Dollar Damage, Dollar Damage,

1954. 1955.

Middleton

North Attleborough

Nomood

$l,OOO 00$20,000 00

NopPaxton
Peabody .

Princeton
Reading .
Rowley .

400 00

None37,087 49

None
None

367 08

10,000 00

Russell 1,456 66
300 00

200 00

Shrewsbury

South Hadley
Sterling .

9,980 00

500 00 20,000 00

Taunton 147,997 00 None
None,500 00Templeton

Wakefield
Wellesley

1,000 0060,000 00

None60,000 00

West Boylston

Westfield
1,850 00 50 00

9,443 00 60,000 00

Totals $833,623 08 $171,140 15

$3,452,191 00 $lOO,OOO 00
510,166 00 11,203 00
200.000 00 None

15.000 00 260 00
150 00 50 00

164.000 00 2,000 00
3,000 00 500 00

3,500 00 None
1.685.000 00 465,000 00

864,691 00 5,300 00
36.000 00 82,563 00
2,200 00 1,7000 00

$6,935,888 00 $668,566 00

$7,769,511 08 $839,706 14

6.408.000 00 547,000 00
$14,177,511 08 $1,386,706 14

Boston Edison Company

Brockton Edison Company .

Fall River Electric Company

Fitchburg Gas and Electric Company

Huntington Electric Company

Lynn Gas and Electric Company
Manchester Electric Company

Nantucket Gas and Electric Company

New England Electric System

New England Gas and Electric Company

Western Massachusetts Electric Company

Boston Gas Company
....

Totals
Total damage;

Electric Companies

New England Telephone and Telegraph Company .' 6,408,000 00
Total damage, all distribution . . . ! $14,177,51108

Private Electric Companies.
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Basis of Estimate —■ Electrical.
1. Gross unit costs were used for estimating. Engineering

design costs were not included.
2. All systems were assumed alternating current with a

frequency of 60 cycles per second.
3. All new underground installations except service en-

trances on consumers’ properties were assumed in public
streets or public rights of way.

4. Transformers sizes were not increased for estimates of
new work. Cables were estimated for the same current
carrying capacity or voltage drop as existing conductors. In
general, one spare duct in each line was included in the
estimate. Estimates were made for basis of comparisons,
and improvements were kept to a minimum.

5. Layout and design used is typified by the accompany-
ing sketches and descriptions.

Components of Typical Underground Electrical Dis-
tribution System.

1. Subtransmission Lines. 13.8 kv., 24 kv., or 33 kv
3 phase. To replace existing conventional overhead trans
mission line.

(a) Manholes. Reinforced concrete walls and slab roof
with manhole cast frame and cover.

(b) Ducts. One-duct line or 2, 3, or 4 duct bank, with
4" fiber ducts. Concrete envelope used for duct line or bank.
Top of concrete envelope 2'-6" minimum below street level.

(c) Cables. —■ Proper voltage class paper-insulated
shielded lead-sheathed 3-conductor type.

2. Distribution Substation. - Existing to remain.
3. Primary Feeders and Laterals. 2400 volt 1 phase

(part of 2400/4160 volt 3 phase), 2400/4160 volt 3 phase
4 wire, or 4800 volt 3 phase. To replace existing conven-
tional overhead primary feeder and lateral lines.

(a) Manholes. Reinforced concrete walls and slab roof
with manhole cast frame and cover.

(b) Transformer Vault. Same as manhole except larger
size.
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(c) Ducts. 4 duct bank for urban-suburban and rural-
suburban areas, 2-duct bank in rural areas; 4" fiber ducts.
Concrete envelope used for duct bank. Top of concrete
envelope 2'-6" minimum below street level.

(d) Cables. Proper voltage class varnished-cambric-
insulated lead-sheathed single conductor type.

(e) Disconnects. Oil-immersed submersible type. In
some manholes.

4. Distribution Transformers. Oil-immersed self-cooled
submersible type. In transformer vaults. To replace ex-
isting distribution transformers on poles or 2-pole and plat-
form structures.

5. Constant-Current Transformers. Submersible type.
In transformer vaults. To replace existing constant-current
transformers on poles or 2-pole and platform structures.

6. Fused Cutouts. Oil-immersed submersible type. In
transformer vaults. To replace existing fuse cut-outs on
poles.

7. Street Lighting Circuit. 6.6 amp. series. To replace
existing conventional overhead circuit.

(a) Manholes. Common with either primary feeder or
lateral or secondary or both.

( b) Ducts. Common with either primary feeder or
lateral or secondary or both.

(c) Cables. Proper voltage class varnished-cambric-
insulted lead-sheathed single conductor type.

8. Secondaries. 120/240 volt 1 phase, 120/208 volt
3 phase 4 wire, or 240 volt 3 phase. To replace existing
conventional overhead secondaries.

(a) Manholes. Either common with primary feeder or
lateral or independent. Independent manholes same as
primary feeder or lateral manholes.

(6) Ducts. Either common with primary feeder or
lateral or independent. Independent ducts same as primary
feeder or lateral ducts.

(c) Cables. Proper voltage class rubber-insulated neo-
prene-sheathed single conductor type.

9. Services or Service Entrances. 120/240 volt 1 phase,
120/208 volt 3 phase 4 wire, or 240 volt 3 phase. From
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manhole to consumer’s property lines. To replace existing
overhead service drop to consumer’s buildings.

(a) Ducts. - Galvanized rigid steel conduits without
concrete envelope; 2'-0" minimum below finished grade.

(b) Cables. Proper voltage class rubber-insulated neo-
prene-sheathed single conductor type.

10. Street Lighting Units and their Wood Poles. Existing
to remain.

11. Street Lighting Services
(a) Ducts. Galvanized rigid steel conduits without

concrete envelope. From manholes through underground
and up existing street lighting pole. Underground portions
2'-0" minimum below finished grade and pole portions
exposed.

Components of Typical Self-supporting Aerial
Cable System.

1. Poles. Existing to remain.
2. Crossarms on Poles. All existing to be removed ex-

cept those supporting transformers, disconnects, and fused
cutouts.

3. Cable and Messenger Supports at Poles. New.
4. Distribution Substation. Existing to remain.
5. Disconnects and Fused Cutouts. Existing to remain.
6. Distribution Transformers. Existing to remain.
7. Constant-Current Transformers. Existing to remain.
8. Street Lighting Units. Existing to remain.
9. Self-Supporting Aerial Cables. Pre-assembled type,

as follows:
(a) For Subtransmission Lines. Messenger and three

(3) single conductor 15 kv. or 25 kv. class rubber-insulated
shielded neoprene-jacketed cables. To replace existing
weatherproof covered wires and cables.

(&) For Primary Feeders and Laterals, and Street Lighting
Circuit. Messenger and one (1), two (2), three (3), or
four (4) single conductor 5 kv. class rubber-insulated neo-
prene jacketed cables. To replace existing weatherproof
covered wires and cables.
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(c) For Secondaries and Service Drops. Copperweld
messenger and one (1), two (2), or three (3) single conductor
600 volt class rubber-insulated neoprene-jacketed cables.
To replace existing weatherproof wires and cables.

Existing Pole Line Installations Electrical.

The information from the existing pole line installations
in the sample areas was used to develop the unit costs for
existing pole line removal, new pole line construction, new
self-supporting aerial cable construction and existing open
wire to new self-supporting aerial cable conversion, and to
establish the equivalent underground installation.

The existing pole line installations in a portion of each
sample area are shown on the sketches that follow.

For clarity, the disconnects, fused cut-outs, lightning
arresters and detailed information were not shown on the
sketch but were included to develop the unit costs.

The sketches also bring out the relative number of con-
sumers per square mile.

Equivalent Underground Installation Electrical.
The underground installations equivalent to the existing

pole line installations in the various sample areas are shown
on the sketches that follow.

The sample area equivalent underground installations
were used to develop costs.

The disconnects, fuse cut-outs and detailed information
were not shown on the sketch but were included to develop
costs.
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Sample area, 0.66 square miles in Melrose;

5,131
7,830

Population
Population density, persons per square mile

Cost of removal of overhead system:
$130,000Removal work

Value of plant abandoned 50,000

$lBO,OOO
- 40,000Less salvage

Cost of removal $140,000
Cost of equivalent underground system .... 2,130,000

$2,270,000Total conversion cost

$443Conversion cost per capita
Average underground setback and rewiring costs (per

$206consumer)

Cost of removal for self-supporting cable system:
Removal work $87,000

30,000Value of plant abandoned

$117,000
- 36,000Less salvage

Cost of removal $Bl,OOO
163,000Cost of equivalent self-supporting system

Total conversion cost $244,000

Summary Sheet Melrose Sample Area.
Electric Power Distribution Study.

Conversion cost per capita $47.50
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Sample area, 3.3 square miles in Canton:
Population
Population density, persons per square mile

Cost of removal of overhead system;

Removal work
Value of plant abandoned

Less salvage

Cost of removal
Cost of equivalent underground system

Total conversion cost

Conversion cost per capita .

Average underground setback and rewiring costs
:onsumer)

Cost of removal for self-supporting cable system:

Removal work $Bl,OOO
28,000Value of plant abandoned

$109,000
- 34,000Less salvage

Cost of removal $75,000
171,000Cost of equivalent self-supporting system

Summary Sheet Canton Sample Area.
Electric Power Distribution Study.

Total conversion cost 1246,000

Conversion cost per capita $75
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Summary Sheet Deerfield Sample Area.
Electric Power Distribution Study.

Sample area, 2.55 square miles in Deerfield:
Population 250
Population density, persons per square mile 98

Cost of removal of overhead system:

Removal work $14,000
Value of plant abandoned 7,000

$21,000
- 6,000Less salvage value

Cost of removal $15,000
420,000Cost of equivalent underground system

Total conversion cost $435,000

Conversion cost per capita $1,740
Average underground setback and rewiring costs (per

consumer) $312

Cost of removal for self-supporting cable system:

Removal work $9,000
3,000Value of plant abandoned

$12,000
- 5,000Less salvage

Cost of removal $7,000
47,000Cost of equivalent self-supporting system

Total conversion cost $54,000

Conversion cost per capita $2lB

Extrapolation was based on observed variation of cost
per person with density of population. Per capita costs and

Extrapolation Procedures for Expansion of Sample
Areas of Electric Power Distribution System.
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population densities developed for the sample areas were
plotted graphically and the equation was developed for the
hyperbolic curve passing through the resulting points. It is
assumed that these curves express a close approximation of
per capita cost as a function of density.

To obtain the over-all cost of conversion in the Common-
wealth, mean population densities were developed for the
various classifications (see maps of Massachusetts showing
metropolitan, urban-suburban, etc., areas as used in electric
power distribution study). These figures were based on
data from the 1950 Federal Census. Urban-suburban and
metropolitan areas were grouped and a single mean den-
sity used for them.

Populations and areas currently served by underground
distribution systems were deducted before computing mean
population density for urban-suburban and metropolitan
areas. Approximate values for these deductions were com-
puted by assuming (a) a relationship between KVA and
population, and (5) that the underground portion of each
company occurred in the principal cities served by that
company.

Per capita costs for each classification were then obtained
from the basic extrapolation equations.

Computation of total cost is tabulated as follows

Cost to convert Overhead Electric Distribution Systems in the Common-
wealth to Underground.

Classification. Totals.

Metropolitan and urban-suburban $1,480,000,000
Rural-suburban 767,000,000
Rural 965,000,000

Total cost .... $3,212,000,000
Setback costs were computed separately by using aver-

age costs for sample areas;
Metropolitan and urban-suburban $153,000,000
Rural-suburban 53,000,000
Rural 50,000,000

Total cost $256,000,000
Grand total of direct and indirect costs, conversion

to underground $3,468,000,000
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Cost to convert Existing Overhead Electric Distribution Systems to Self-
supporting Cable Systems.

TotalsClassification,

Metropolitan and urban-suburban $144,000,000
Rural-suburban 65,000,000

121,000,000Rural

$330,000,000Total cost

Summary of Costs in Sample Areas for Conversion of Telephone Distribu-
tion System to Underground.

Sample area, .26 of a square mile of Dorchester:
Number of main stations 3,658
Total cost of conversion $520,000
Cost per main station 142
Average setback charges (per customer)

.... 26
Maximum setback charges 200
Minimum setback charges 25

Sample area, 1.7 square miles of Newton:
Number of main stations 3,338
Total cost of conversion $1,550,000
Cost per main station 464
Average setback charges 107
Maximum setback charges 800
Minimum setback charges 25

Sample area, 20 per cent of Danvers Exchange:
Number of main stations 1,072
Total cost of conversion 1510,000
Cost per main station 477
Average setback charges 110
Maximum setback charges 1,000
Minimum setback charges 28

Sample area, 1.7 square miles of Arlington:
Number of main stations 4,625
Total cost of conversion $2,000,000
Cost per main station 434
Average setback charges 84
Maximum setback charges 600
Minimum setback charges 25

Sample area, entire exchange of Stockbridge
Number of main stations 755
Total cost of conversion $280,000

376Cost per main station
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Average setback charges SI2O
Maximum setback charges 1,500
Minimum setback charges 24

Summary of Total Costs to convert Massachusetts Telephone System to
Underground Distribution.

Classification. Totals.
Urban $34,000,000
Suburban 365,000,000
Rural 113,000,000

Total cost of construction $512,000,000
The above total includes the following net removal cost:

Cost of removal $24,000,000
Salvage 11,000,000

Net cost of removal $13,000,000
First cost of abandoned plant 97,000,000
Assumed depreciated value 48,000,000
Project cost - construction cost plus net value of plant

abandoned 560,000,000

Setback Costs (Direct Cost to Consumers).
Classification. Totals.

Urban $6,000,000
Suburban 80,000,000
Rural 36,000,000

$122,000,000
Grand total cost to companies plus direct customer

cost $682,000,000

Note; Alaintenance costs to the companies for underground con-
nections to customers, interior wiring, rearrangements, etc., might amount
to an additional $48,000,000.

Comparison of Overhead vs. Underground Distribution Systems.

Underground.Overhead.
Low first cost. Cost of new work

is much lower (see opposite column),
to which must be added the fact that
existing work was done largely with
labor and material costs at a fraction
of today’s prices, plus the fact that
many systems are largely depreci-
ated, reducing the net value and its
effect in rate setting still further.

High first cost; up to 10 or 15
times as high for conduit and cable
installation, to which must be added
value of existing aerial system aban-
doned, plus cost of removal after
salvage. Has the additional disad-
vantage that work would have to be
done now, while labor, materials and
design engineers are both scarce and
command a record high in wages.
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Overhead. Underground
Breakdowns more frequent, due to

falling trees, lightning, erratic vehicle
operation, etc. Susceptible to gen-

Breakdowns less frequent; not
susceptible to lightning or vehicles
uprooted trees may break ducts oc

damage during heavy storms. casionally, but general damage due
to wind is not likely. Floods may
cause damage to transformers and
switchgear.

Location of trouble is simple, usu-
ally visual. Repairs are easily made
and require short time. In emergen-
cies, by-pass connections are easily
made.

Location of trouble is difficult, re-
quiring time and use of instruments.
Repairs can be slow and costly, re-
quiring removal of cable, pulling in
new conductor, splicing, etc., for
duct work. If duct is broken, exca-
vation is required. Breaks in direct
burial cable lines would always re-
quire excavation a costly and slow
procedure in winter.

Maintenance and new connections
require shutting off circuit and in-
terrupting service. This makes a
network routing desirable for a prac-
tical working system, which involves
more line miles than radial systems.

Routine maintenance and new con-
nections can be made on hot lines,
without interrupting service. This
permits the most economical routing
of circuits, in a radial system, with
little or no interconnection.

System is readily expanded within
reasonable limits capital need not
be committed until expansion is re-
quired and earnings are imminent.

Allowance for increased load and
for new circuits must be made in
initial construction and interest paid
on duct space and oversize cable
until extra capacity is required,
which may be years. Also, the
problems of dissipating heat require
more copper in the conductors for
the same loads than required for
aerial.

Unsightly, often causes vehicle
hazards when alongside highways.
It is difficult to get service connec-
tions high enough for safety when
connecting to low, modern, one-story
houses.

Greatly improves appearance of
community. Provides increased pub-
lic safety.

Street lights require a $l2 bracket
on an existing pole.

Street lights require a pedestal at
about $2OO minimum, every 200 feet
or less; or wood poles must be
retained.

Street crossings involve ripping up
or jacking under pavement, both for
the original construction and for
crossings to new customers. Con-

Street crossings are easily made,
both for new construction and for
new customers. Service connections
usually involve only conductors and
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Overhead. Underground.

struction from lot lines to hecost the customer little or nothing.
Transformers are placed on poles and
can be put anywhere there is a pole.

involves considerable expense, aver
aging $206 to $312 per customer
(The individual range would vary
from very little where houses are on
lot lines to $1,500 or more for hou
set far from the highway.) This
cost would entail duct installation
on the customer’s property and
necessary rewiring inside the struo-
ture. Reluctance to have lawns
driveways excavated also would
encountered. There are cases at
present where lines have been placed
underground in the street, but moi

overhead into houses due to re
fusal of householders to bear the
expense and inconvenience of in-
stalling underground ducts

Transformer installation requires
sizeable vaults and would present
problem in some densely built up
areas. With heavy modern house-
hold use of electricity, a transformer
serves only a few dwellings and space
would have to be found for a large
number of vaults,

Skill level is high and qualifiedSkill level required of workmen is
not too high and there is a large force
of skilled men available. In emer-
gencies many semi-skilled men can
be used on repairs.

repair and installation men are scarce
and difficult to train. Small firms
and cities contract underground in-
stallation and maintenance for this
reason, and in emergencies they have
no personnel available for repairs.
This situation would alter with gen-
eral use of underground installations,
but training would be needed.

Work carried on during winter
when ground is frozen is difficult.
New work is preferably performed
when streets are being constructed
or reconstructed.

Work can be done at any season.

Pole life, 30-35 years. Duct life, 100 years or mor

Conductor life, 100 years or more Conductor life, 30-35 years, more
or less. At higher voltages, insula-
tion deteriorates rapidly due tc
ozone. Electrolysis attacks cable
sheaths.





Massachusetts Department of Public Utilities, January 18, 1956.

January 9, 1956.
Tliis report is composed of two major studies. The first

is the result of a survey made after Hurricanes Carol and
Edna of 1954, and is entitled, “Preliminary Report, Causes
and Extent of Damage, Hurricanes Carol and Edna, 1954.”
Although the nomenclature indicates that the report is pre-
liminary in nature, subsequent study and data merely
validate the conclusions and findings of this study.

The second study is entitled, “The Feasibility of Placing
Overhead Utility Lines Underground” and is, in effect, a
continuation of the first study.

Cftc Commontocaltl) of sgjassaclnisettg

REPORT ON STORM DAMAGE AND FEASIBILITY
OF PLACING OVERHEAD WIRES UNDERGROUND.

Foreword.
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January 6, 1955.
As a result of Hurricanes Carol and Edna, this Depart-

ment forwarded to all electric utility companies and munici-
pal electric plants a comprehensive questionnaire covering
damage to utility systems and the causes thereof. All major
utility companies have been visited by an engineer from this
Department for the purpose of explaining the question-
naire in detail and also to inspect the systems in areas where
the damage was most severe.

Although the return of questionnaires is by no means
complete, certain facts and patterns have become increas-
ingly evident. Therefore it is deemed advisable to submit a
preliminary report of the findings to date.

Unquestionably this area was subjected to the worst storm
conditions in history, and not only was one hurricane super-
imposed upon another, but in many areas severe lightning
between the two storms caused additional damage, delaying
restoration from one half day to a day and a half.

Extent and Cause of Damage.

The severity of the storm is indicated by the fact that
those companies lying directly in the path of hurricane
Carol in many cases suffered 100 per cent loss of service.
All reports to date are in complete agreement that at least
90 per cent of the damage was caused by falling trees
and tree limbs breaking cross-arms and conductors on dis-
tribution systems. In some instances poles were broken,
but figures to date indicate the number to be extremely
small and the over-all estimate is less than 1 per cent of total
poles. From this it would appear that by and large the pole
lines of the utilities are in excellent condition.

Preliminary Report.

CAUSES AND EXTENT OF DAMAGE, HURRICANES
CAROL AND EDNA, 1954.
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It is interesting to note that where transmission, sub-
transmission lines and distribution feeders were located on
adequately cleared private rights of way (usually 100 feet
in width) there was almost no damage except in unusual or
freak instances. For example, the New Bedford Gas and
Edison Light Company experienced only two outages on
private rights of way, one being caused by a tree top sailing
through the air, and the other in a flood area where a house
floated under the transmission line and the television
antenna became entangled with the line.

Trees and tree limbs not only broke conductors, cross-
arms, insulators, etc., but also tangled wires and otherwise
caused numerous short circuits, burned the conductors,
burned out line fuses and blew numerous transformer and
line fuses.

It is interesting to note that no cases of poles and wires
actually blowing down have been recorded except one in-
stance where the supporting ground was washed awajr by
floods.

Flood conditions in coastal areas caused considerable
damage, particularly to generating equipment. The Cannon
Street Station of the New Bedford Gas and Edison Light
Company was flooded by an extra high wind-driven tide,
some ten feet above mean high water and two feet above
ground floor level, inundating electric auxiliary equipment
in numerous pits and air tunnels in the basement, causing a
complete shut-down of all turbo generators from 12.30 p.m.
to 4.37 p.m. August 31, 1954. While detailed reports are
not yet available, the Montaup Electric Company generat-
ing station was also forced to shut down, due to flood condi-
tions. Again, in coastal areas, cottages and residences were
demolished or -washed away, and hundreds of others were
inundated, requiring complete inspection and repair of in-
terior wiring before service could be restored.

Numerous underground transformer vaults and cables
were also flooded, and in certain locations repairs extended
over a two-week period. Fortunately, in the particular
cases in question, the customers affected could be given
emergency service from adjacent overhead circuits.
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Another problem experienced in coastal areas was the
heavy deposit of salt on conductors, switches and insulator
bushings. Salt, of course, being an excellent conductor,
caused numerous flash-overs and burn-offs, particularly in
the first rainstorm after Carol

As an example of the causes of outages, the New England
Gas and Electric Association has submitted the following
figures for the companies in its system:

Per Cent
Falling trees 60.0

The companies included in the above figures are Cam-
bridge Electric Light Company, Plymouth County Electric
Company, New Bedford Gas and Edison Light Company,
and the Cape and Vineyard Electric Company.

The flood and salt spray conditions were, of course, pe-
culiar to the coastal areas. The damage to systems located
further inland was due practically entirely to falling limbs
and trees with assists from lightning storms in certain areas.

Preparation and Anticipation.

As soon as it became evident that hurricane Carol was a
threat to New England, all utility companies, contractors
and companies specializing in tree trimming and removal,
roughly within a radius that includes Virginia and Mary-
land to Ohio and Michigan, were contacted. Arrangements
were made that all available line crews would be sent to this
area as soon as it was determined where the storm would
strike, and crews were alerted on this basis. Naturally,
many of the out-of-state companies would not release crews
until it became evident that their own systems would not be
subjected to the main force of the hurricane. As the path
of the hurricane became more specific, and it was ascer-
tained where the heaviest damage would be, foreign crews
were dispatched and, for example, Virginia crews were work-
ing in the area within twenty-four hours. In several cases
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(Boston Edison Company and the New England Electric
System) crews were sent in by plane and the personnel dis-
tributed among the existing crews, with trucks and equip-
ment following over the road.

During the alert period when it became evident that the
western part of the State would not feel the full force of the
storm, companies in this area released all but a minimum of
stand-by crews for service in the areas more severely dam-
aged, and as restoration proceeded, released their own crews
to other companies.

Although there appears to be no formalized plan for mu-
tual assistance, the various utilities not only in this area but
throughout the country, have developed an informal ar-
rangement of many years’ standing to assist one another in
time of disaster. This arrangement appears to have worked
excellently and with a minimum of delav and lost time.

All companies made very extensive use of all available
weather forecasting services, with the United States Weather
Bureau, of course, providing the basic service. In addition,
constant contact was kept with air bases, U. S. Coast Guard
and such private sources as the Massachusetts Institute of
Technology and Harvard University. At least one system
(New England Electric) maintains its own weather fore-
casting service in conjunction with its hydro-electric opera-
tions. In the initial stages of the hurricane, as it progressed
northward along the eastern seaboard, there was extensive
interchange of weather information between coastal utili-
ties enabling the New England companies to plot, with a
considerable degree of accuracy, the path and progress of
the storm. The New England Electric System, for example,
was plotting the courses of both hurricanes before they had
left the Caribbean area.

From the data received and from discussion with the
various companies, it is apparent that most of the companies
had preconceived plans for coping with such emergencies.
Such plans include the training and assignment of personnel
to specific emergency duties, check and testing of equip-
ment, ordering of adequate supplies, sandbagging and flood
prevention measures when necessary, etc.



1956.] HOUSE No. 3033. 93

Restoration.
Present returns indicate that for those companies directly

in the path of the storms, the number of customers left with-
out service varied from 35 per cent to 100 per cent (the fig-
ure of 35 per cent appears to be unusually low). All crews
went into operation immediately and in some cases worked
as much as twenty-four hours for the first day. Obviously,
without sufficient rest, men become inefficient and the pos-
sibility of a serious or fatal accident is greatly increased.
After the first day the average working day for all companies
was approximately fifteen hours, and this continued until
service was 100 per cent restored. Complete restoration of
service required a minimum of a few hours to a maximum of
seventeen days, depending on the territory and severity of
damage. The figure of 100 per cent restoration applies to
all customers in a position to receive service. A very large
number of customers sustained damage to their own service
entrances or interior wiring (due to inundation), requiring
repair work which in many cases was not completed until
after the companies were in a position to reconnect service.

The major problem confronting all utility companies was
that of tree removal. In many heavily wooded areas it was
several days before any restoration could be started. Large
trees blocking the roads made it impossible for line trucks
and crews to gain access to damaged areas.

It is extremely important that the public and municipal
officials should recognize that the tree removal problem is
the responsibility of the community, the State, and indi-
vidual property owners, and not the utility companies. This
fact is too often lost sight of, and in many cases little or no
assistance was given by the municipalities in properly clear-
ing streets and removing fallen trees and debris enabling line
crews to concentrate on their own specialized job of service
restoration. Conversely, in those communities where the
removal was well organized and municipal authorities worked
closely with the utility, restoration of service was speeded
up tremendously. Despite the fact that the utilities engaged
the services of every available tree crew (as they did line



HOUSE —No. 3033. [Mar.94

crews) clearance remained the biggest deterrent to restora-
tion, and in many cases line crews would be forced to wait
on the tree crews working directly ahead of them.

Pattern of Restoration.
From the reports to date, and from conversation with op-

erating personnel, it appears that a uniform pattern of res-
toration was followed, without exception, by all utilities, and
that this pattern has been standard procedure in all types of
emergencies for manj' years. In general, the pattern is as
follows:

(a) Re-establishment of power source for system.
( b ) Restoration of transmission lines to substations.
(c) Restoration of distribution supply lines and distribution substa-

tions.
(d) Restoration of service to essential users, including hospitals, water

supply on sewerage pumping stations, radio broadcasting stations, dairies,
food storage and processing plants, police and fire stations and other mu-
nicipal service stations.

(e) Restoration of distribution primary mains supplying commercial
centers and large groups of customers.

(/) Restoration of other primary lines, line transformers, and secondary
mains supplying small groups of customers.

( g ) Restoration of lines and services supplying individual customers.
(h) Rehabilitation of street lighting circuits.

It is only natural that as the foregoing pattern develops,
progress appears to slow down materially. In stage (e), for
example, 40 customers on a street may receive service at
once as a result of repairing one break in the primary feeder,
whereas in stages (/) and (g) it becomes a case of repairing
individual services, each one of which could conceivably take
as long as a major feeder.

General.
The use of two-way radios in utility company cars and

trucks proved to be of invaluable assistance. Through this
medium the chief dispatcher and management were in con-
stant touch with all field crews. This not only facilitated
the most efficient use of crews, but enabled supervisory per-
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sonnel to estimate the extent of damage in outlying areas
and plan accordingly. An additional benefit was the rapid
dissemination of more accurate information to the general
public from continuous reports received from the field.

The use of radio equipment could well be a subject of
further study by the utility companies. Some companies
found that more radio-equipped cars could be used to ad-
vantage. Other companies are of the opinion that the one
frequency band allowed by the F. C. C. to a corporation is
insufficient.

Foreign crews, i.e., those of other companies working out
of their own territory, were handicapped by the fact that
their sets worked on a different frequency, and, of course,
the contract construction crews are mostly without radios,
since they do not customarily work in any one territory. At
least two of the local utilities overcame this problem by the
use of “walkie-talkie”, or portable two-way, radios. A pro-
cedure was developed whereby a company car, in contact
with the chief dispatcher, would be stationed in an area
where foreign crews were working. A second man equipped
with a walkie-talkie would also be in the company car and
messages received from the chief dispatcher would be re-
layed to the foreign trucks which in turn were equipped with
walkie-talkies.

An interesting innovation is the use of a helicopter by
the Cape and Vineyard Electric Company to patrol high-
tension lines and distribution feeders. This company covers
an area of about 500 square miles, with many of its long
feeders in heavily wooded sections, where in the event of an
outage, patrolling by customary means {i.e., by car or on
foot) is extremely slow and tedious. The use of the heli-
copter permits excellent inspection of the lines from the air,
with a result that breaks or burn-offs can be located with a
speed heretofore impossible.

As for strength of construction, the minimum requirements
for all companies conform with those of the National Electric
Code, and in most cases exceed the code requirements. Prac-
tically all of the utility companies maintain standards com-
mittees made up of operating personnel whose sole function
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is continued research and study of construction methods and
equipment, with the view of continually improving operat-
ing efficiency and the strengthening of the physical plant.
While, for the most part, standards of strength are uniform,
the various utilities have problems peculiar to their own
territory which offer individual problems. For example, the
coastal areas in Cape Cod are not subject to ice and sleet
storms which coat conductors, poles and switches to the ex-
tent that companies located farther north and inland are.
On the other hand, they are faced with problems of salt
spray and corrosion which do not exist further inland.

Preventive.

As pointed out previously, falling trees and tree limbs
breaking conductors, poles and cross-arms caused at least
90 per cent of the damage. It is also evident that the re-
moval of fallen trees and limbs from the highways and utility
company plant is the major obstacle in restoring service. A
rather extensive survey of sections of the State where the
damage was most severe indicates the necessity of an ad-
quately planned program on the part of state and municipal
authorities for the removal of diseased and hazardous trees
and the proper pruning of trees. It is our opinion that this
is the greatest single preventive measure that can be taken
to minimize future damage. The number of large trees,
particularly elms, that were rotted or otherwise beyond their
normal useful life was impressive.

Tree trimming, removal and the planting of new trees
varies tremendously between communities, and the local
tree warden is the final authority. The effectiveness of the
program varies with the individual. The general public it-
self is much to blame, particularly in residential communi-
ties where public opinion is strongly opposed to trimming or
removal of any kind. It is obvious that the general public
needs more education on this subject.

Public Relations.

The experience of this Department indicates that the desire
for information on the part of the public is almost as impor-
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tant as restoration of service itself. Between the major
hurricane of 1938 and hurricanes Carol and Edna, the
American people have become increasingly dependent upon
electrical energy to the extent that to be deprived of it
means a virtual cessation of normal living. By far the vast
majority of houses in Massachusetts depend upon electricity
in some form for house heating, and when one considers the
use of refrigerators, ranges, washers, dryers, deep freeze
units, water pumps, and the multitude of other home ap-
pliances, it is obvious that the home owner must have in-
formation as accurate as possible concerning service res-
toration. An extended outage may mean substantial finan-
cial loss, and in many cases require that the customer leave
his home, often moving to a hotel for the duration. That
the public utility industry has a dual obligation to furnish
the public with accurate information is obvious. This re-
sponsibility stems in part from the fact that it is a public
service industry, and in part from the fact that the high
degree of dependence upon electricity is a result of its active
merchandising policies over a period of years.

It is in the matter of public relations that the utility com-
panies are open to the severest criticism. This pertains
primarily to telephone information in answer to customers’
requests. The problem can in general be reduced to the
following categories:

(а) Insufficient incoming telephone circuits to accommodate calls.
(б) Improper attitude on the part of employees accepting requests for

information.
(c) Inability to give accurate information as to time of restoration

In connection with item (e) it is recognized that the first
hours following a disaster of this magnitude must be spent
in a survey of the system to determine the extent of the
damage. The length of time required will vary, of course,
with the intensity of the storm, the characteristics of the
territory served (i.e., rural, heavily wooded, etc.), and the
area covered. However, with each succeeding day the in-
formation should become increasingly accurate. In our
opinion there were too many false promises made and too
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much inaccurate information disseminated even after a
period of several days had elapsed.

In general, the subject of public relations and information
should be very carefully studied by the utility companies.
It is recognized, however, that each utility has its own prob-
lem which again will vary, depending on the characteristics
of the territory served and the area involved. There is one
factor that was apparent during the period of restoration
that we consider extremely important. In those areas where
utility companies maintained local or division offices which
are manned by personnel who are familiar with both the
system and the customers, the complaints were very few,
and it is evident that decentralization with a degree of local
autonomy results in greatly improved public relations and
speedier restoration of service. In this connection it would
be well for the utility companies to give consideration to the
plan developed by the Florida Power and Light Company
for breaking down its territory in predetermined areas for
the sole purpose of efficient restoration in the event of such
emergencies.

There has been considerable discussion as to the advisa-
bility of placing all conductors underground. While under-
ground systems have their place and are adaptable in certain
instances, this Department is of the opinion that it is
definitely not the answer to the storm damage problem.
Preliminary studies indicate the cost of new underground
construction to be about seven to ten times that of overhead.
On the other hand, if an existing overhead system built prior
to World War II were to be replaced with underground,
the plant value would increase to about fifteen to twenty
times, since construction costs today are approximately
twice those prior to World War 11. It follows that since
the utility is entitled to a fair return on its investment, if
facilities are required to be placed underground, the result
would be an increase in rates from two to three times their
existing levels.

Underground Systems
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An additional cost factor that is generally overlooked in
underground discussions is the cost to the customer of his
own service. Under prevailing utility practice the company
runs its wires or “service” to the customer’s building and
attaches thereto. The customer then is responsible for the
installation from that point on. In the case of underground
service the companyruns only to the property line, and from
that point the customer owns anti maintains the service,
since it becomes his property. To convert from existing
overhead to underground would result in a minimum average
cost to each customer of $lBO to $2OO for a 30-foot setback.

There are many other factors which must be carefully
weighed in considering underground construction. Some of
the more important are as follows:

(a) Susceptibility of underground to flooding. For ex-
ample, the downtown section of Providence, Rhode Island,
was completely inundated, and it was necessary to cut all
customers off the underground network system until it was
thoroughly checked out. It was six days before the system
was re-energized, and a great many of the customers were still
unable to receive service because of water damage to their
own services and wiring.

(5) Outages in underground systems, on the average, occur
less frequently than on overhead systems. However, when
they do occur they are usually of much greater duration.
For example, when a break or fault occurs in an overhead
line it is a relatively simple matter to patrol the circuit,
locate the break, and make the necessary repairs. When an
outage or burnout occurs on an underground system the
location cannot be determined by visual inspection, and
many hours may be lost in locating the fault, in most cases
by the use of expensive equipment. Repairs are also ex-
pensive and time-consuming after the fault is located, since
it may be necessary to dig up a buried cable or, if in ducts,
pulling out the old cable and pulling in a new cable with
complicated joints to be made.

When underground cable is run in duct, manholes are
located every 300 to 400 feet. The minimum time based on
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actual records to locate and repair a fault in a section is
about twelve hours, and may run as much as two days.
Buried cable takes even longer since the fault cannot be
readily located by scientific means, and since there are no
sectionalizing manholes, it generally requires digging up a
tremendous length of cable. This problem is accentuated in
the winter when the ground is frozen. On the other hand,
repairing the overhead outages is a matter of minutes or a
very few hours at the most. Whereas the hurricane season
is in the early fall when the weather is generally warm, an
outage of fifteen hours on a main underground circuit in
winter would cause very severe hardship due to lack of
house heating.

(c) Unlike overhead systems which can be worked on
while energized, an underground system must be de-energized
if additions or repairs are to be made, and this fact alone in-
creases the number of outages that the customer is subjected
to.

(d) The loading on underground cable is critical and must
be carefully watched to avoid damage to the cable. This,
of course, is due to the fact that overloading creates high
temperature, and it is not possible to properly dissipate heat
underground. Excessive heat results in cable damage, hence
failure. On the other hand, overloading of overhead wires
to a point where damage would result is almost impossible,
since not only is the resultant heat more readily dissipated,
but insulation is not dependent on the weather-proof coating,
but rather on the glass or porcelain insulators on which.the
conductors are mounted. Furthermore, the voltage drop
would render the line obsolete before it was destructively
overloaded.

(e) Because of the difficulty in dissipating heat and the
danger of overloading, underground conductors must be of
larger size than overhead to accommodate the same load.
This is not only expensive, but underground cable of this
type is not in unlimited supply at any time, and in wartime
would be extremely critical.

(/) In order to insure continuity of service with an under-
ground system, main feeders should be duplicated or section-
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alized so that in the event of a fault the load maybe switched
to the spare. It is obvious that duplicate cable systems would
tremendously increase the already prohibitive costs.

Aerial Cable.

In recent years there has been an increased use of aerial
cable to replace overhead wires, and in many cases the cable
is far superior to open wiring in withstanding falling trees
and limbs. It should be noted that aerial cable does not
offer a complete solution to overhead problems, but may, in
certain areas and under certain conditions, be an improve-
ment.

This Department is aware that all of the utility com-
panies are constantly studying the use and construction of
aerial cable. At the present time it has limitations. Even
the cable manufacturers are experimenting with its con-
struction and are not in complete agreement as to the best
type and methods of manufacture. Its use is also limited,
and to a degree by many of the same problems encountered
in the use of underground cable.

The major limitations are as follow
(a) Excessive cost.
( b ) Difficulty in locating faults.
(c) Longer period required to make repairs.
(d) Difficulty in repairing or working while energized.
(e) Has critical loading point.
/) Subject to corrosion and electrolytic problems.

Conclusions.

(a) That at least 90 per cent of the damage sustained by
the utility companies was due to falling trees and limbs.

(5) That the greatest problem and major deterrent to
restoration was the removal of fallen trees and limbs.

(c) That by and large the utility companies not only did
an excellent job of restoration, but acted promptly, making
every advance preparation as soon as it knew that both
hurricanes might strike this area.
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Recommendations.
(o) That the utilities give consideration to the following

program:
1. The education of the public as to the need for proper

and adequate tree planting, trimming and removal.
2. Co-operation with local tree wardens to obtain such

uniform program with established methods and standards.
3. To provide for more adequate and speedy tree clearance

and removal immediately after such an emergency.
( b ) That the utility companies should carefully review

emergency plans and programs in the light of recent ex-
perience, with a view to improvement and refinement.

(c) That the use of radio communications should be made
a subject of study, since it appears that its use and effect-
iveness could be improved upon.

( d) That the Department of Public Utilities should be
immediately furnished with unlisted telephone numbers for
all companies in the State to insure immediate contact with
management.

(e) That close co-operation with Civil Defense and use of
Civil Defense personnel should be made a subject of study.

(/) That the matter of public information be very care-
fully studied in order that more accurate information may
be given to the utility customers and the public in general.
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January 9, 1956.
This study is a summary and analysis of information re-

ceived from a questionnaire distributed to forty municipal
lighting plants and twenty-eight private electric utility com-
panies in the Commonwealth of Massachusetts as well as
the New England Telephone and Telegraph Company.
This report is comprised of four sections, as follows:

I. Results obtained from Private Electric Utility Com-
panies.

11. Results obtained from Municipal Lighting Plants.
111. Results obtained from the New England Telephone

and Telegraph Company.
IV. Summary and Conclusion

Private Electric Utility Compami

This section has been compiled from information sub-
mitted by privately owned electric utility companies operat-
ing in the State of Massachusetts.

Table I. Storm Damage Costs.

THE FEASIBILITY OF PLACING OVERHEAD
UTILITY LINES UNDERGROUND.

Section I

Carol and nianoCompany OR System. Edna, ! , Q ..

’

1964. I IUBS ’

Boston Edison Company $3,452,191 $lOO,OOO

Brockton Edison Company 510,156 11,203

Fall River Electric Light Company 200,000

Fitchburg Gas and Electric Light Company .
.

.
15,000 250

Lynn Gas and Electric Company 164,000 2,000

New England Electric System 1,685,000 465,000

New England Gas and Electric Association . . . 864,691 5,300
Western Massachusetts Electric Company . . . 36,000 82,563

Miscellaneous small companies 8,850 2,250

Totals $6,935,888 $668,565
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Our previous report of January 6, 1955, entitled “Causes
and Extent of Damage, Hurricanes Carol and Edna, 1954,”
emphasized that 90 per cent of the damage resulted from
falling trees, and tree limbs breaking cross-arms, conductors
and poles. The damage resulting from hurricane Diane in
1955 while not nearly as extensive, was concentrated in cer-
tain areas. In each case, however, the damage was caused,
almost 100 per cent, by floods and washouts. The specific
nature of the flood damage falls into the following cate-
gories :

1. Flooded manholes causing short circuits in under
ground cable joints.

2. Flooded cellars causing damage to meters and custom-
ers’ underground services and customers’ wiring.

3. Flooding of both company-owned and customer-owned
substations.

4. Flooding of generating stations.
5. Poles and underground cables and other facilities

washed out.
Underground Study.

Costs of Underground.
The percentages of existing underground to overhead vary

greatly between companies, and because of this, it is difficult
to determine an over-all average figure. The determining-
factors are the type and size of the area served. For ex-
ample, the Cambridge Electric Light Company has 57.8 per
cent of its circuit miles (35.5 per cent of its street miles)
underground. This company serves an area of slightly less
than 7 square miles and has 40,000 customers. The high
density of customer concentration lends itself to under-
ground, since the investment per customer is not too large.
In addition, the limiting factor of space for structures neces-
sary to support the required overhead lines in such a heavily
concentrated area makes it highly desirable that a certain
percentage of the system be placed underground.

The Cape and Vineyard Electric Company, by contrast,
serves approximately 40,000 customers scattered over an
area of almost 500 square miles of rural territory. This
company has no underground. The general average falls
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somewhere between these two examples, with underground
systems limited to highly concentrated urban areas. Based
on circuit miles of wire, the over-all figure for the State,
there is probably not more than 10 per cent of the total
circuit miles underground at the present time.

The following table shows the existing investment in over-
head plant on a depreciated basis:

Table 11. Investment in Overhead Plant on a Depreciated Basis.

Total
Pompatjv OR qvqtfw Overhead | Overhead InvestmentCOMPANY OR system. Distribution. | Transmission. In Overhead

Plant.

Boston Edison Company .... $19,500,000 $8,000,000 $27,500,000
Brockton Edison Company ....

6,707,100 398,400 7,105,500

Fall River Electric Light Company . . 1,850,000 75,000 1,925,000

Fitchburg Gas and Electric Light Company 1,859,985 185,157 2,045,142

Lynn Gas and Electric Company . 2,303,693 41,521 2,345,214

New England Electric System . 45,000,000 8,400,000 53,400,000
New England Gas and Electric Association . 11,954,995 1,407,055 13,362,050
Western Massachusetts Electric Company . 10,606,049 3,203,741 13,809,790

Miscellaneous small companies . , . 446,342 - 446,342

Totals $100,228,164 $21,710,874 $121,939,038

From the above table, the total net investment (after
depreciation) in overhead plant for all companies in Massa-
chusetts is $121,939,038.

Table II shows the existing investment in overhead facili-
ties to be $121,939,038. Table 111 indicates that the cost
to reproduce these facilities in an underground system would
be $2,584,259,000, or about 21 times the value of the exist-
ing facilities. This ratio when taken by the individual com-
panies varied from a high of 27:1 to a low of 16:1.

In addition to the construction cost, there are two other
items of expense that must ultimately be borne by the rate
payer. These are the cost of removal of the existing facili-
ties which, for all companies, amounts to $36,876,300, and
the value of the property to be abandoned, which is $Bl,-
685,813. These two items would be in the form of a charge
against earnings over a period of years.
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Table 111 below shows a breakdown of the estimated cost
involved to place all the existing overhead lines underground.

Table 111. Breakdown of the Cost to place All Lines Underground.

Pn-t Estimated
to Place Cost of Cost of

Removal Plant i ™ . ,

Svstem of Existing to be Totals'
Underground. <>”***•

Company or System

Boston Edison Company $500,000,000 $10,000,000 $17,500,000 $527,500,000

Brockton Edison Company . . . 139,130,000 1,117,000 7,105,500 147,352,500

Fall River ElectricLight Company 51,700,000 500,000 1,600,000 53,800,000

Fitchburg Gas and Electric Light Com- 49,500,000 509,000 1,515,000 51,524,000
pany.

Lynn Gas and Electric Company .
.

55,000,000 540,000 1,853,693 57,393,693

New England Electric System . . 1,217,200,000 15,800,000 31,100,000 1,264,100,000

New England Gas and Electric Associa- 297,080,000 5,534,000 10,936,030 313,550,030tion.
Western Massachusetts Electric Com* 265,222,000 2,701,000 9,679,790 277,602,790

pany.
Miscellaneous small companies . . 9,427,000 175,300 395,800 9,998,100

Totals $2,584,259,000 $36,876,300 $81,685,813 $2,702,821,113

1 This is a net figure after allowance for salvage

There is an additional cost which has not been estimated
either by the companies or by this Department, and that
is the cost of financing a project of this magnitude. It is
practically impossible to give an accurate estimate of this
figure. The amount of money to be raised, the period of
time that would be necessary, the method of financing, i.e.,
stocks or bonds, and the rate of interest to be paid consti-
tute so many variables that such an estimate is impractical.
It is sufficient to say that the annual debt burden of the
companies would be enormous, if indeed, it would be pos-
sible to finance such an undertaking.

Effect on Consumer Rate
The utility companies are entitled by law to a fair return

on the fixed capital investment: i.e., plant. It follows, then,
that the tremendous added investment necessary to place
the systems underground would result in substantial rate
increases to the general public. Table IV shows the esti-
mated increase in the existing rates necessary to provide
the required increase in operating revenues.
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I

Table IV. Estimated Increase in Existing Rates Necessary to provide
the Required Increase in Operating Revenues.

Percentage
IncreaseCompany or System
in Rates

(Per Cent),

Boston Edison Company 150
Brockton Edison Company 300
Fall River Electric Light Company 145

Fitchburg Oas and Electric Light Company 390
Lynn Gas and Electric Company 300
New England Electric System 250
New England Gas and Electric Association 223
Western Massachusetts Electric Company 200
Miscellaneous small companies 200

From the foregoing it would appear that the cost of elec-
tricity to the consumer will be from three to four times its
existing level.

Other Costs to Consumers,

If the distribution system is to be placed underground,
the service from the street to the customer’s premises must
also be underground and that portion from the customer’s
property line to his residence becomes part of his property
and hence must be paid for and maintained by him. It is
difficult to determine an average figure for the cost per cus-
tomer since this is a function of the distance of the premises
from the street and may vary from 10 feet to hundreds of
feet. A study of the figures submitted by the companies
indicates that $l5O per service for a setback of 30 to 40 feet
is conservative. Since there are approximately 960,000 resi-
dential customers served by private utility companies, the
cash outlay required of the home owners in the State would
be about $144,000,000.

It should be noted that the foregoing does not include
changes in the customer’s internal wiring. In older houses,
in particular, this can be very expensive, requiring the re-
location of meter boards and switches, and in some cases
may even require extensive rewiring of the house to con-
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form to modern standards before approval can be obtained
from the local wiring inspector.

Time Required to Accomplish Program

The length of time necessary to accomplish such a pro-
gram is, again, a function of many variables, and extremely
difficult to determine. The most important factor is the
funds available, which of course will determine the rate of
progress. In this connection, the New England Electric
System subsidiaries are spending nearly $30,000,000 annu-
ally on new plant, including generating stations and other
facilities. If this figure were to be doubled and applied to
the conversion of overhead to underground, it is estimated
that the program would take at least forty years.

Other important factors are the availability of materials,
and, in particular, the availability of trained underground
personnel. It requires several years to train underground
personnel, and even today the supply of trained men is
limited. Therefore, even if funds and materials were avail-
able, progress on a statewide basis would be extremely slow.

The foregoing are but a few of the problems common to
all the companies. In addition, individual companies are
faced with their own peculiar problems; for example, those
companies serving areas where the terrain is hilly and rocky
would find progress extremely slow. Table V shows the
estimated length of time required to complete the project.

Company or System. of Year

Boston Edison Company 25-50
Brockton Edison Company 20
Fall River ElectricLight Company 10-15
Fitchburg Gas and Electric Light Company 50
Lynn Gas and Electric Company 50
New England Electric System 40

New England Gas and Electric Association 2&-50
Western Massachusetts Electric Company 30

Miscellaneous small companies (unable to estimate).
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lunicipal Lighting Plants

This section has been compiled from information sub-
mitted by municipally operated electric plants in the State
of Massachusetts.

Storm Damaoe (

The damage suffered by 40 municipal lighting plants dur-
ing hurricanes Edna and Carol of 1954 amounted to approxi-
mately $834,000, and, as in the case of the private utility
companies, about 90 per cent was caused by falling trees
and tree limbs. The damage caused by hurricane Diane in
1955 was about $172,000, and, again, was due primarily to
floods.

Underground Stud

Costs of Undergro

With the exception of the municipalities of Belmont,
Holyoke, Marblehead, Taunton and Wellesley, the amount
of underground circuits operated by municipal utilities is
negligible. Even in the areas previously mentioned, the
circuit miles of wire are quite small; for example, while the
town of Belmont has 22.8 per cent of its system under-
ground, it represents a total of only 18 circuit miles of line.
Because municipal operations are, by and large, much smaller
than those of the private utilities, they do not have the per-
sonnel or engineering staffs to conduct a study of this type.
This, together with the fact that most of the municipalities
have had no experience with underground, has resulted in
an extremely wide divergence of estimates. In fact, several
of t|ie municipalities declined to estimate the costs of placing
the systems underground because of lack of experience and
knowledge. It was necessary, therefore, to discard those
estimates that were obviously extreme and impractical and
base the following figures on an average of the estimates
submitted by those municipalities that have had experience
with underground and those with the better engineering
staffs, and we consider the estimates to be quite conservative.

Section 11.
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The existing overhead plant for all municipalities (on a
depreciated basis) amounts to approximately $12,600,000.
The estimated cost of placing an equivalent system under-
ground is as follows:
Cost to place equivalent system underground (approxi

$252,000,000mate)

3,150,000Cost of removal of existing plant
Estimated cost of plant to be abandoned 9,450,000

$264,000,000Total

Estimates submitted by the municipalities for the cost of
placing the existing overhead plant underground vary from
2]/? times the value of the existing plant to 90 times. In
analyzing the figures submitted by those municipal utilities
with the most underground experience, it appears, again,
that a figure of 20 times the existing value is a very reason-
able one.

Effect on Consumer Ratet
Here, again, the municipal utilities’ estimates as to the

necessary increase in consumer rates varied from 100 per
cent to 1,000 per cent. About all that can be said on this
subject is that the lowest estimate would be double the
existing rates.

Other Costs to Consumers

The cost to the consumer to install underground service
from the street line to his premises, as reported by the
municipal utilities, varied from $lOO to $550, the average
being $215. For the purpose of determining the over-all
cost to the customers of municipal utilities, this report will
utilize the more conservative figure of $l5O per customer
arrived at in section I. On this basis the direct cost to be
borne by approximately 165,200 residential customers would
be about $24,780,000.

Time Required to Accomplish Program.
The estimates of the length of time necessary to accom-

plish the program varied from four years to seven hundred
and seventy-five years, with no definite pattern or average
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being evident. The estimates made were based on varying
assumptions. For example, some of the lower estimates
were based on the ideal situation that materials, equipment,
personnel and money would all be available. The longer
estimates were based upon the amount of money available
to the lighting department from earnings.

General.

The municipal utilities were quite free with opinions as to
the desirability of an underground program, and although
the estimates of cost, etc., showed a wide divergence, these
opinions were almost unanimous in condemning the pro-
gram. The most prevalent comment was that it would be
next to impossible to raise the required funds, and that the
interest burden plus the necessary increase in rates would
practically put them out of business as municipal utilities.

New England Telephone and Telegraph Company

This report is concerned only with the New England
Telephone and Telegraph Company, since it serves prac-
tically the entire State, there being only three very small
independent companies serving less than 1,000 customers
with a net plant of less than $50,000. These companies
were not contacted, since they have neither the experience
nor the engineering personnel to provide the necessary in-
formation.

Storm Damage Costs.
Estimated damage caused by hurricanes Carol and Edna of

1954 16,408,000
Estimated damage caused by hurricane Diane of 1955 750,000

Referring to the above figures, it should be noted that the
damage in 1954 was primarily from falling trees and tree
limbs. The damage in 1955 was caused entirely by floods.
Eighty-five per cent of the total dollar damage resulted
from flooded and washed out underground systems, and the
remainder was due primarily to washed out poles.

Section 111.
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Underground Costs.
The Telephone Company presently has 65 per cent of its

wire mileage located underground. The Telephone Com-
pany, however, cannot properly be compared with the elec-
tric utility companies, since the engineering problems in-
volved are entirely different. The Company must, of neces-
sity, place a certain amount of its plant underground, since
it is limited to a certain degree by the size and weight of the
cable that can be supported by overhead structures. Another
extremely important difference which affects cost, main-
tenance and outages is the difference in voltage. By com-
parison the voltage at which the Telephone Company op-
erates is extremely low. The electric utility system carries
voltage varying from 110 volts to 230,000 volts, and con-
struction must be engineered for the particular voltage, and
it follows that the higher the voltage the more complex be-
come the engineering and construction problems.

The existing investment in overhead plant amounts to
$97,385,000, and the estimated cost to place this under-
ground at current prices for material and labor would be
as follows:

(a) Cost of placing equivalent system underground
(b) Cost of removal of existing facilities

$550,000,000
25,000,000
86,385,000(c) Estimated cost of plant to be abandoned

Total $661,385,000

From the above figures it becomes evident that the cost
of $550,000,000 to place the existing plant underground is
5.8 times the value of the existing overhead plant. In addi-
tion, the costs of removal and abandonment of the existing
plant must be absorbed, making a total of $661,385,000 to
place the existing overhead plant of the New England Tele-
phone and Telegraph Company underground.

Effect on Consumers.
The company estimates that in order to be assured of a

fair return on its investment as a result of placing all of its
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overhead facilities underground it would be necessary to
double the existing rates to consumers.

As previously pointed out, the customer is not only faced
with a rate increase, but with the cost of extending the
underground service from the street line to his residence.
In the case of the Telephone Company, they have estimated
this cost to be as follows:

Urban $26

Suburban
Rural ,

115
126

Assume the average cost between urban and rural to be
$75. The Company has approximately 1,187,000 residential
customers. On this basis the cash outlay to the home owner
would be $89,025,000 for telephone service alone.

Advantages and Disadvantages of Underground System
Under certain conditions it is not only necessary but ad-

vantageous for the Telephone Company to place its system
underground. Underground is used extensively in highly
developed urban areas where the streets or adjacent private
property will not accommodate the overhead structures that
would be required to carry very large cables needed. Tech-
nological developments permit the concentration of a large
number of lines in large cables placed in conduit at a rela-
tively lower cost than comparable overhead structures.

The Company, on the other hand, has placed its system
overhead in the following areas, and we believe the practice
should continue:

(a) Most of the local distribution system outside of the
heavily developed urban areas. In these areas, overhead
construction is made less costly due to less congestion and
the ability to erect the necessary overhead structures. The
cost of maintenance would be excessive; for example, in
order to repair a failure, a street or frozen ground would
have to be opened in order to repair a single service. Be-
cause of the sparseness of customer concentration as com-
pared with urban areas, the investment per customer is
unwarranted.
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b) On toll routes where a small cable or open line wire
is used, the cost of placing the plant underground is unduly
expensive.

Time Required to Accomplish Program.

As in the case of electric utilities, the Telephone Com-
pany is reluctant to make a firm commitment as to the
length of time required to place its existing overhead plant
underground. The many variable factors involved make
this estimate extremely difficult. Such factors as avail-
ability of financing, materials, trained personnel, and the
ability to open streets and highways when necessary must
be considered. Under completely favorable conditions, the
Company estimates it would take between twenty and
twenty-five years to accomplish the program.

General.

At the present time, 65 per cent of the wire miles are un-
derground. The total capital invested by the Telephone
Company in the State of Massachusetts as of September 30,
1955, amounted to $372,000,000. The remaining 35 per cent
of the outside plant that is overhead would require a capital
expenditure of $550,000,000 to place underground (exclusive
of cost of removal and abandonment). Concerning the
financing, the company states, “We could not venture to
predict whether such an amount could be raised for this
purpose.”

Section IV.
Summary and Conclusions.

The following statistics show total figures for the State of
Massachusetts:

1954. 1955.
Storm damage costs:

Private utilities $6,935,888 $668,565
Municipal utilities 834,000 172,000
New England Telephone and Telegraph

Company 6,408,000 750,000

Total 114,177,888 $1,590,565
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Existing investment in overhead facilities:
Private utilities 1121,939,038
Municipal utilities 12,600,000
New England Telephone and Telegraph Company . . 97,385,000

Total .1231,924,038
Total cost to place existing overhead underground: 1

Private utilities 12,702,827,113
Municipal utilities 264,600,000
New England Telephone and Telegraph Company . 661,385,000

Total $3,628,812,113

Direct cost to consumers (residential) for underground
services;

Private utilities $144,000,000
Municipal utilities 24,780,000
New England Telephone and Telegraph Company . 89,025,000

Total 1257,805,000

Not only will the domestic customers be faced with a
cash outlay of almost two hundred and sixty million dollars,
but, in addition, will be forced to pay at least three times as
much for electricity as they are now paying, and twice as
much for telephone service. An increase in the price of
electricity of this magnitude immediately introduces new
problems. New England presently is considered a high cost
area for electricity. This is due to its geographical location
and the resultant higher cost of fuel for generation. The
immediate result would be a movement of many of the
heavy industries that use large amounts of electricity from
the State. Others would most certainly install their own
generating plants rather than purchase electricity at such
rates.

In the case of the domestic customers, there would be an
immediate shift from electricity to gas for cooking, re-
frigeration, water heating and house heating, since the price
of gas for these uses is currently competitive with electricity.
The net effect of this decrease in the use of electricity would
be a tremendous reduction in revenue, and since further

Includes cost of removal and abandonin'
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rate increases would only accentuate this problem, the
utility companies and municipal lighting plants would ul-
timately face financial ruin.

It would be necessary for the electric utilities to raise al-
most three billion dollars for new construction, and with the
prospects of diminishing revenues, it is impossible to see
where banks, underwriters or the general public would sub-
scribe to securities to finance such a venture.

Since it appears that it would take about forty years to
complete the project the general public would still be sub-
ject to outages as a result of serious storms, in a diminish-
ing degree for that period of time.

The fact that we are on the threshold of nuclear develop-
ments in the generation of electricity also makes it appear
unwise to enter into such a lengthy and expensive project.
During the next few years developments may be such that
the whole conception of transmission and distribution of
electricity may undergo a radical change.

There is an additional cost which has not been considered
in this report but which should be recognized. If all over-
head plant is placed underground it will also be necessary
for the cities and towns to place underground all fire alarm,
police and other signal systems.

While overhead lines are subject to outages from falling
trees, underground systems are also susceptible to their own
particular type of failures. The most important areas are
as follows:
(a) Washouts and flooding of ducts and manholes.
(b) Cables broken or damaged by excavating equipment.
( c) Cable damage from root growth of trees. In some instances cables

have been pulled up by roots of falling trees in severe storms.
( d) Cable failure resulting from chemical and electrolytic corrosion.
(e) Cable failure resulting from overloading. This is due to character-

istics inherent in cable construction which include the problem of
heat dissipation.

'/) Danger of manhole explosions from gas seepage.

It is very important to note that when underground cable
fails, the outage time is generally quite prolonged. To lo-
cate and repair a failure on an overhead system may take



1956.] HOUSE No. 3033 117

from a few minutes to a few hours while on the average it
takes several hours and sometimes days to locate and repair
failures on an underground system. Because of ice, snow
and frozen ground, the time required is apt to be even longer
in the winter when the need for electricity to operate heat-
ing systems is most pressing.

There will also be more frequent outages for repairs, the
addition of new customers’ services, etc., since it is not pos-
sible to work on high voltage underground systems while
energized. In addition, new extensions can be accomplished
on an overhead system while energized.

In certain areas, and on main feeders in particular, it
will be necessary to provide for duplicate underground fa-
cilities in order to insure continuity of service, and this of
course becomes very costly. Planning for future load
growth also requires extra ducts and facilities.

One must also consider the utter confusion and complete
disruption of traffic that would result if the 28 private util-
ities and 40 municipal utilities were to embark on a major
program of placing all overhead plant underground at the
same time.

This survey indicates that the placing of all wires under-
ground will not eliminate loss of service to the customer.
When the cost involved and other factors brought out in
this report are considered it does not appear advisable to
require that all wires be placed underground at this time.
It is the opinion of this Department that consideration be
given to the recommendations set forth in the report ‘

‘ Causes
and Extent of Damage, Hurricanes Carol and Edna, 1954,”
a copy of which is included with this report.








