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Executive Department, Boston, Jan. in, 1885.

To the Honorable Senate and House of Representatives:
I have the honor to transmit herewith, for the information

of the General Court, a report made to me in writing by the
Commissioners of the State Topographical Survey.

GEO. D. ROBINSON,
Governor.
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REPORT

OF THE COMMISSIONERS OF THE STATE TOPOGRAPHICAL
SURVEY FOR A PART OF THE YEAR 1884.

To His Excellency George D. Robinson, Governor of Massachusetts ,

COMMONWEALTH OF MASSACHUSETTS.

RESOLVE to Provide for a Topographical Survey and Map of the
Commonwealth.

[Chapter 72, 1884.]

Resolved, That the governor, with the advice and consent of the
council, be and is hereby authorized to appoint a commission to
consist of three citizens of the Commonwealth, qualified by educa-
tion and experience in topographical science to confer with the
director or representative of the United States geological survey,
and to accept its co-operation with this Commonwealth in the prep-
aration and completion of a contour topographical survey and
map of this Commonwealth hereby authorized to be made. Said
commission shall serve without pay, but all their necessary ex-
penses shall be approved by the governor and council, and paid out
of the treasury. This commission shall have power to arrange with
the director or representative of the United States geological sur-
vey concerning this survey and map, its scale, method, execution,
form and all details of the work in behalf of the Commonwealth,
and may accept or reject the plans of the work presented by the
United States geological survey. Said commission may expend in

(Eommomucaltl) ot iHassacljusetts.

In the Year One Thousand Eight Hundred and Eighty-fire.
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the prosecution of this work a sum equal to that which shall be
expended therein by the United States geological survey, but not
exceeding ten thousand dollars, during the year ending on the first
day of June, eighteen hundred and eighty-five, and not to exceed
the sum of fifteen thousand dollars in any one year thereafter, and
the total cost to the Commonwealth of the survey shall not exceed
forty thousand dollars.

In pursuance of the above resolve, His Excellency the
Governor, on the 26th day of June, 1884, appointed the fol-
lowing named Commissioners : Francis A. Walker of Boston,
President of the Massachusetts Institute of Technology;
Henry L. Whiting of Tisbury, Assistant on the United States
Coast and Geodetic Survey; N. S. Shaler of Cambridge,
Professor of Paleontology in Harvard College. On the 9th
of July the Commissioners met for organization and elected
Francis A. Walker Chairman, and Henry L. Whiting Secre-
tary of the Board.

The following propositions were received from the Direc-
tor of the United States Geological Survey, under date of
July Bth :

“1. It is proposed to make atopographic map of the State of
Massachusetts, the expense of which shall be borne conjointly by
the Geological Survey and the State of Massachusetts.

“2. The Borden triangulation and the Coast and GeodeticSur-
vey triangulation.will be utilized as far as possible, and additional
triangulation will be made to such extent as may be necessary.

•‘3. The topographic work of the Coast and Geodetic Survey
will be utilized as far as it extends.

“4. The survey will be executed in a manner sufficiently' elab-
orate to construct a topographic map on a scale of

“5. Topographic reliefs will be represented by contour lines
with vertical intervals varying from ten to fifty' feet, as such inter-
vals are adapted to local topography.

“6. As sheets are completed from time to time copies of the
same will be transmitted to the commission.

“7. When the work is completed and engraved for the Geolog-
ical Survey, the Commission, or other State authorities, may have,
at the expense of the State, transfers from the copper plates, thus
saving to the State the cost of the final engraving.

O O

“8. The survey wiil be prosecuted at the expense of the Geo-
logical Survey for the months of July, August and September.
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During the last half of the month of September the Commission
shall examine the work executed up to that time, and if the results,
methods and rates of expenditure are satisfactory to the Commis-
sion the expenses of the work for the month of October shall be
borne by the State of Massachusetts, for the month of November
by the Geological Survey, and the work thereafter shall continue
to be paid alternately by months, by the Geological Survey, and
the State of Massachusetts severally. But as the larger expense
incident to the beginning of the work is imposed on the Geological
Survey, at the close of the work the State of Massachusetts shall
pay such additional amount as may be necessary to equalize the
expenditures ; provided that the total expenditure of the State of
Massachusetts shall not exceed forty thousand dollars (§40,000) ;

and if the completion of the survey of the State of Massachusetts
and the preparation of the necessary maps on the plan adopted by
the survey shall exceed in amount eighty thousand dollars ($BO,-
000), then such excess shall be wholly paid by the Geological
Survey.”

After careful consideration of the above propositions, at
subsequent meetings, certain amendments to them were sub-
mitted by the Board, which were finally agreed upon by the
Director of the Geological Survey and the Commissioners,
as the basis of co-operation between the United States Geo-
logical Survey and the Commonwealth of Massachusetts in
the preparation and completion of the proposed topographi-
cal survey and map of the Commonwealth, and are as fol-
lows :

1. That the resulting map shall fully recognize the co-
operation of the State of Massachusetts.

2. That the first process shall be the completion of a field
survey, in all its details, from which the published map shall
be brought to scale.

3. That during the progress of the field work there shall
be in Boston a joint office, furnished and maintained at the
expense of the Commission, to which the results of the sur-
vey shall be brought and in which these shall be subject
to inspection.

4. That the Commission shall, at all times, have access
to the field work, while still in the hands ofs the field parties,
and have the right to accompany such parties and to observe
their methods.
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5. That the Commission shall be free to make sugges-
tions regarding the location and the general conduct of the
work.

6. That propositions 2,3, 4 and 5, of the above, shall
apply equally to operations during July, August and Sep-
tember of the present year (1884), according to the propo-
sition numbered 8 in the letter of the Director of the
Geological Survey, of July 8, 1884 (being the letter of
propositions first stated above), and to all operations to be
prosecuted after October Ist, should a definite arrangement
be entered into between the Commissioners for Massachusetts
and the Director of the United States Geological Survey.

7. That, upon the basis of the foregoing conditions, the
Commission accept, on behalf of the Commonwealth of Mas-
sachusetts, the Bth proposition contained in the communica-
tion of the Director of the Geological Survey, as aforesaid,
subject to all the requirements and restrictions of chapter 72
of the Resolves of 1888-4 of the Legislature of Massachusetts.

Foreseeing the necessity of very considerable additional
triangulation beyond that of the Borden Survey and the far-
reaching stations of the Coast and Geodetic Survey in the
interior of the State, and as Congress has already provided
that the United States Coast and Geodetic Survey shall fur-
nish necessary triangulation to any State making its topo-
graphical or geological survey, the Commission applied to
the Superintendent of that Department to supply such addi-
tional triangulation to Massachusetts as might be needed in

C O

the proper execution of the contemplated topographical sur-
vey, to which a most cordial affirmative response was given.

The Commissioti deemed it expedient not to take part in
the execution of the survey, other than that stipulated in the
articles of agreement, above stated, so that the organization
and personnel of the topographical parties have been en-
tirely in the hands of the Geological Survey, under its chief
geographer, Mr. Henry Gannett, and the field triangulation
under the organization of the Coast and Geodetic Survey,
excepting that the Superintendent of that Department has
assigned its general supervision to Mr. Whiting, not only
as a commissioner on the part of Massachusetts, but as a
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senior officer of the Government Department executing the
last-named work.

Four parties have been organized by the Geological De-
partment for the topographical survey; one consisting of
four persons, and the other three of five persons each.

Party No, 1, in charge of Henry F. Walling, commenced
field work on or about August 22d, in the mountain district
in the southwesterly corner of the State, including the towns
of Mount Washington, Egrcmont, Great Barrington and
Sheffield, together with small areas in the parts of Con-
necticut and New York adjacent to the State line. The area
covered is about 122 square miles. The party expenses
have amounted to about $2,600; about $1,154 of this
amount should properly be charged to the triangulation.
It should be noted that this is an expensive part of the
work, owing to the great relief of the country and to the
fact that the topography, proper, was somewhat delayed by
the necessity for determining preliminary points by triangu-
lation.

Party No. 2, in charge of Anton Karl, commenced field
work on August 18th, in the town of South Hadley. Dur-
ing the season work was extended over the towns of Granby,
nearly all of Belchertown, and the greater part of Pelham,
Amherst and Hadley. In addition, the Connecticut River
has been surveyed on both sides, from Holyoke to the north
line of the State. The area covered is about 179 square
miles. The party expenses have amounted to $2,590.

Party No. 3, in charge of S. H. Bodfish, commenced field
work on August 7, in the town of Mansfield, During the
season work was extended over the towns, of Attleborough,
Norton, Easton, Wrentham, and parts of Raynham, Taun-
ton, Rehoboth, Franklin and Foxborough. The area covered
is about 257 square miles. The party expenses have
amounted to $2,937.

Party No. 4, in charge of J. D. Hoffman, commenced field
work on August 25, in the northern part of Essex County.
During the season work has been extended over the towns
of Salisbury, Amesbury, West Newbury, Newburyport,
Newbury and Groveland and parts of Rowley, Georgetown,
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and Haverhill. The area covered is about 100 square miles.
The party expenses have amounted to $2,620.

The total area surveyed by the four parties in the field,
is about 658 square miles, and the total cost of the survey
about $10,700, making an average of about $l6 per square
mile.

The commission is indebted to Mr. Gannett for the state-
ment of these items of the amount and cost of work done.
Mr. Gannett says :

“It is, perhaps, unnecessary to call attention to the fact that as

this is the opening of the work there have been many delays and
other abnormal sources of expenditure incident thereto which nec-
essarily swell the cost above what the average of the State will
probably show.”

The system adopted for paying the proportionate part of
the cost of the survey chargeable to the Commonwealth is
by vouchers rendered in the form used in the Geological
Survey, first approved by the Director of that department
and, after examination and approval by the Chairman of the
Commission, presented to the State Treasurer.

The amount paid, thus far, on behalf of the Common-
wealth for the expenses of the field work of the survey, is
$3,057.45,and for the expenses of the Commission $292.07 :

making a total of $3,349.52 paid out of the State Treasury
up to the time of making this report. Some expenses have
been incurred, for stationery, maps and office appliances,
the bills of which have not yet been jiresented, amounting
to a sum within $5O.

The Commissioners have made visits of inspection to all
the parties while in the field, and have observed their meth-
ods and reviewed most of the surveys made up to the time
of their visits. It was at the suggestion of the Commission“O

that parties were stationed in the western and eastern sec-
tions of the State, in order to test, at an early stage of the
work, the capacity and practicability of the scale adopted
for the field survey, for representing the markedly
different topographic features of the respective sections.
The result has been quite satisfactory, in quality as well as
quantity of completed work, and verifies the hopes of the
Commission, and the expectations of the originators and
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friends of the undertaking, that a valuable survey and map
can be made within the limits of the scheme proposed.

It may not be out of place to speak, here, of the useful
purposes a good topographical survey and map will serve,
although it may be said the question has been settled by the
fund appropriated and the work actually begun. But for
the benefit of those who have not fully considered the sub-
ject, or heard the arguments regarding it, it will be sugges-
tive to state, that there is, perhaps, no class of natural facts
concerning which people are so generally ignorant as topog-
raphy. Men intrusted with the care and conduct of munic-
ipal affairs often know little of the physical conditions of the
country with which they have to deal; the actual height of
grounds; the grade of public roads, existing or in project;
the elevation or area of lakes and streams, or the water-
sheds supplying them, and many other details; and there
are no sources of reliable information, in regard to them, to
which they can refer. Each case, as it comes up, has to be
treated independently, disjointedly, and often imperfectly,
with the chances of interested purposes affecting the econ-
omy of its solution.

The question, therefore, of .good topographical surveys
and maps, made under competent authority, is not an
aesthetic or theoretical idea, but a matter of important prac-
tical utility, regarded by engineers and political economists,
if not as absolute necessities, at least, as among the valu-
able accessories to modern civilization.

Already the work of Prof. Walling, in the southwestern
section of the State, has successfully delineated the most
difficult and strongly-marked contour that will probably be
met with in the course of the entire survey, and includes
the second highest summit within the Commonwealth, that
of Mt. Everett, in the town of Mt. Washington, which is
2,624 feet above the sea level. The country surveyed by
Mr. Anton Karl also belongs to the strongly-marked topog-
raphy of the State, and includes the crest of summits form-
ing Mt. Holyoke, in such striking contrast with the softer
features of the Connecticut Valley. With the numerous
villages, and highly-cultivated river valley, this section
affords one of the finest subjects for topographical represen-
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tatiou within the State. The country covered by the work
of Mr. S. H. Bodfish is quite in contrast with that of the
western counties, being a type ot the more generally level
and slightly undulating ground peculiar to the central por-
tions of southeastern Massachusetts. The characteristic
surveys of Mr. J. D. Hoffman illustrate a still different class
of country, peculiar to the northeastern portion of the State,
which is marked by the separately formed drift hills, and
the thoroughly cleared land of the earlier settled portions of
the seaboard.

The somewhat lengthy reference to these particulars has
been made because much of the success of such a survey de-
pends upon the consideration of the nature and degree of
detail and accuracy desirable to be given; in other words,
to determine what shall be regarded as economic details, and
what shall be the system and modus operandi of representing
them. The adjustment of scale, particularly in the relations
of nature to the map, is a nice question, affecting the
economy and facility with which a survey can be made.

The class and degree of detail adopted for the present
survey are as follows :

The outline of lakes and ponds; the courses of rivers,
streams and brooks; the location of railroads and wagon-
roads ; the approximate positions of all dwelling-houses be-
yond the thickly built-up portions of cities and larger
villages; the wood outline; the contour of ground by hori-
zontal curves of 10, 20, 40 and 80 feet vertical intervals,
according to the nature of the ground. The elevation of
lakes and ponds will be determined by actual levelling, and
their respective heights indicated in figures on the map.

The triangulation party assigned to the service of the
Commonwealth by the United States Coast and Geodetic
Survey was in charge of Assistant Gershom Bradford of that
Department.

This party commenced field work on the 11th of Sep-
tember, and continued until about the Ist of December,
when the appropriation of one thousand dollars ($1,000)
available for the season, was expended. The locality
covered by the work of Mr. Bradford was substantially the
same as that in which the party of Mr. S. H. Bodfish was
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operating, and was so arranged in order to furnish additional
triangulation necessary for the topography. The fund sup-
plied by the Coast and Geodetic Survey is independent of
the State appropriation, and was that part of the general
fund appropriated by Congress for geodetic surveys, avail-
able for Massachusetts.

During the season Mr. Bradford has reproduced 10 of the
coast and geodetic triangulation points, and 5 of the Bor-
den triaugulation points, and determined 12 new triangula-
tion points, making 27 points in all, available for the
topography.

Additional triangulation was commenced in June, 1884, by
the Geological Survey, by Prof. Walling, in the southwest-
erly corner of the State, as a basis for the contemplated
topographical survey, before arrangements for co-operation
with the State were made. This work was continued by
Mr. Walling, personally, after the topographical work was
commenced, np to the close of the present season on Novem-
ber 30th. The number of points determined, exclusive of
the points of the Borden triangulation, is 89 ; about 15 more
points have been observed upon but not fully determined.
This triaugulation has served for the present, and will fur-
nish a basis for nearly another season of topographical work
and covers the areas of the following towns: Mt. Washing-
ton, Egremont, Sheffield, New Marlborough, Saudistield, Otis,
Great Barrington, Monterey, Tyringham, Becket, Lee,
Stockbridge, West Stockbridge, Alford, Richmond, Wash-
ington and Hinsdale.

More particularly, for the information of engineers, and
those interested in the scientific and technical parts of the
survey, it may be satisfactory to state that the Common-
wealth is fortunate in having, as chief of the office of the
Coast and Geodetic Survey in Washington, Mr. Charles O.
Boutelle, who was Mr. Borden’s chief assistant forty years
ago when his admirable trigonometrical survey was made,
and who is, probably, more familiar with its scientific
methods than any other person now living. Besides the
additional triangulation and field work furnished by the
Coast and Geodetic Survey, Mr. Boutelle has had its former
and the Borden triaugulation re-computed and adjusted on
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the basis of Clark’s spheroid, so that all the points of
triangulation within the State are given in this uniform sys-
tem and referred to the longitude of Greenwich.

Before making any payments for the expenses of the
topography, the Commissioners requested the chiefs of each
of the field parties to bring their respective original working
maps to the office of the Commission, in Boston, where an
examination of the work was made. The results justified
the acceptance of the work on the basis of the terms agreed
upon with the Geological Survey.

11.

Determination of the Boundary Lines of Towns in
Massachusetts.

The importance of a more accurate determination of
the boundary lines of the towns in the Commonwealth
than at present exists has been brought to the attention of
the Commissioners in connection with their consideration
and study of the subject of the survey they are authorized
to prepare in co-operation with the Director of the United
States Geological Survey, and they would respectively recom-
mend that an appropriation be made by the Legislature for
that purpose.

The Commissioners have no desire to extend the features
ot the survey, but they deem it a part of their duty to fur-
nish such information and submit such recommendations in
connection with it as, in their judgment, are in the interests
of the Commonwealth.

The vague and inaccurate manner in which the boundary
lines of many towns are described and the imperfect way in
which they have been located, are facts within the knowl-
edge of nearly every selectman, or those who have had to
do with municipal affairs. A good topographical map, upon
which the locations of town lines are accurately shown, will
be a great auxiliary in identifying the positions of the various
points and angles in them ; but the determination of the lines
should not be an incident in the survey, or depend upon the
plottings ot the map, but should, on the contrary, be effected
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with such precision as to be a basis for the survey itself, and
form a framework, as it were, to which all other surveys
within its limits could be referred.

The laws relating to this matter are not sufficiently definite
or comprehensive.

By the provisions of the Public Statutes (1882), chapter
27, sections 1 to 6, a duty is imposed on the selectmen of
towns, under a forfeiture of twenty dollars ; namely, “ There
shall be a perambulation of town lines, and they shall be run
and the marks renewed once in every five years.” There is
no system of survey nor manner of running these lines pre-
scribed, and it may and does occur that adjoining towns use
different ways and means in performing this work, with dif-
ferent degrees of accuracy, which must, of necessity, give
different results. In many cases the only bases for the loca-
tion of a town boundary are in the monuments marking the
angles in their respective lines. These are often in hidden
and inaccessible places on the summits or in the gorges of
wooded mountains and hills, where their positions in rela-
tion to other points cannot be accurately determined by
ordinary processes of surveying. While the law prescribes
that “ the monuments marking the angles in these lines shall
be of stone, and not less than four feet above the surface of the
ground,” the qualification (section 5) that “it shall not be
necessary to erect new monuments at said angles in a place
where a permanent stone monument, two feet in height above
the surface of the ground, already exists,” is an incongruity
which leads to carelessness and neglect of even this provision.
The further provision (section 5) that “monuments shall be
erected wherever a highway crosses such (town) line,” also
involves a nicer process in running difficult lines (so that
each monument in each line shall be in its true alignment)
than the mode and cost of such work ordinarily permits.
In the case of the loss of older monuments (and there are
probably many of them, marking important corners and
angles in the more ancient town lines, which have remained
as they were originally placed over a hundred years) by the
accident of forest fires or from other causes, it would be
difficult, if not impossible, to relocate them. In many of
the older towns there is no record of the way the boundaries
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were originally established ; and, where records do exist, as
the lines were almost invariably rim by compass bearings,
the magnetic variation and local attraction would effect
results in reproducing them which would largely disagree
with the original determinations.

The advantage and economy of making a more accurate
and more systematic determination of these important mu-
nicipal land marks, at this time and in connection with the
operation of the survey now being executed, are manifest.
While the necessary triangulation is being carried on the
points marking the angles in town lines can be connected
with it and trigonometrically determined, at a much less cost
than would be possible if the same work were done as an
independent operation. The angles in the various lines may
be considered as fixed points, and their positions determined
as they now exist, unless the question of a change of location
should arise; but where monuments marking the crossings
of a highway are found not to be in true alignment, such
monuments should be reset in their correct position.

The system of determining town lines by triangulation
was a part of Mr. Simeon Borden’s masterly scheme of the
State survey, devised fifty years ago, and was partially car-
ried out, and several points in the State boundary line were
included in his triangulation, but the determination of town
boundaries was not practically carried out. Such a plan
would give to the State government, and to each municipality
in it, a perfect record of the exact boundary of each city
and town in the Commonwealth, and in so methodical and
precise a manner that any city or town engineer or ordinary
land surveyors could reproduce the exact position of any
point in any line. The system of record should be uniform
with that of the other geographical positions determined by
the triangulation of the State survey, giving the latitude and
longitude of each point* probably within one or two feet of
its true position ; whereas, as now described, many angles,

* This system has been already adopted by the Harbor and Land Commission, in
the work assigned to them, under chapter 196 of the Acts of 1881, to “ locate and
define the courses of the boundary lines between adjacent cities and towns bordering
upon the sea and upon arms of the sea, from high-water mark outward to the line of
the Commonwealth ” (one marine league from shore).
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and even whole lines, are probably out of position hundreds
of yards, and in some places hundreds of rods.

If city engineers and town and county surveyors get into
the methods of referring to these geographically determined
points, the results would be most advantageous in securing
uniformity and precision in their work and preventing litiga-
tion arising from discrepancies between different surveys and
the imperfections of the old methods of surveying with the
compass and chain.

An example will also be set and a beginning made, which
must, in the present stage of instruction in our scientific
schools, lead to great improvement in this class of work and
afford a practical illustration of the advantage of triangula-
tion as the more accurate method of determining positions.

This work will involve considerable time and labor in its
execution, and may require quite complicated processes in
order to reach and determine each angle in each town line.
But it was not contemplated in the general plan and esti-
mates for the State survey, and the fund appropriated for
that purpose cannot, properly, be applied to it. It is of no
interest or value to the geological survey, and is not topog-
raphy, and although it can and should be done in connection
with, and based upon, the general triangulation of the State,
it is not essential to that branch of the survey. Its uses will
be mainly for municipal purposes, but of so general a char-
acter and interest that it may properly be regarded as a work
for the State to execute.

The Commissioners would therefore respectfully recom-
mend that the sum of nine thousand dollars ($9,000) be
appropriated by the Legislature for the determination, by
triangulatiou, of the boundary lines of the cities and towns
in the Commonwealth.

This estimate is based upon the following argument:
There are 347 cities and towns in the Commonwealth, but
as each division line is common to the adjoining towns, the
total number of points or angles in the boundary lines of all
the cities and towns is about 1,700. It is estimated that it
will take one field party three years to execute this work,
and the field expenses of such a party will be about $3,000
each year.
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The Commissioners would further respectfully recommend
that the money, if appropriated, be expended and the work
executed, under the joint supervision of this Commission, by
the United States Coast and Geodetic Survey, as an addi-
tional service in behalf of the Commonwealth, but not
necessarily connected officially with the present topographi-
cal survey.

The Commissioners understand that the Superintendent of
that Department will accede to such a proposition on the
part of the Commonwealth.

All of which is respectfully submitted.

FRANCIS A. WALKER.
HENRY L. WHITING.
N. S. SHALER,












