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REPORT
OF THE

COMMISSIONERS OF THE STATE TOPOGRAPHICAL
SURVEY FOR THE YEAR 1887.

ii Mt. Vernon St., Boston, January, 1888.

To His Excellency Oliver Ames, Governor of Massachusetts:

Your Commissioners submit their Third Annual
Report of the Survey of the Commonwealth.

In 1884, the General Court by the resolve of chapter
72 of that year, created a Commission of Topographical
Survey, and appropriated the sum of forty thousand dol-
lars for the execution of that work. The bill required
the appointment of three commissioners to supervise
and direct the execution of the survey, and authorized
the Board to negotiate with the director of the United
States Geological Survey for the joint expenditure of the

appropriation made by the Commonwealth with such

moneys as the United States Geological Survey intended
to expend in topographical work within the limits of

Massachusetts. Shortly after the appointment of the

Commission, a contract was made with the director of

the Geological Survey, by which the State agreed to

pay one-half the expense of preparing the map, pro-

vided the cost to the State did not exceed forty thousand

Commomocaltl) of iftassacljusctts.
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dollars, the Geological Survey at the same time agree-
ing, that if the total cost exceeded eighty thousand dol-
lars, the additional expense should be borne by that
Survey. It was furthermore agreed that the immediate
direction of the topographical parties should be in charge
of the Federal Survey, the Commissioners retaining the
right to inspect and criticise the methods and result of
the work, with the further right to refuse any parts of it
which might seem to them unsatisfactory.

On this basis the work was begun in September, 1884,
with the understanding, that if consistent with the ac-
curacy and thoroughness required, it should be com-
pleted in three years thereafter. From its inception to
the present day the operations of the survey have been
carried on swiftly and methodically. The co-operation
between the Commission and the officers of the govern-
ment survey has been of the most satisfactory nature.

Every recommendation of the Commissioners of the Com-
monwealth has received due attention from the officers
of the Geological Survey. The parties engaged in the
work have shown an admirable devotion to their several
duties, and it is due to their great diligence that the
work of the survey has gone forward with such rapidity
and with such excellent results.

Your Commissioners take great pleasure in reporting
on the Ist of December, or within two months of the time
which was estimated as the least possible period in which
the task could be completed, that the work of the survey
in the field has been substantially finished, and there only
remains to be done the drawing of certain map sheets,
which will be accomplished during the present winter.

A part of the contract between the State Commission-
ers and the Geological Survey provides that the Com-
mission shall receive either the original plane table
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sheets of the survey, or fac simile copies of the same, for
deposit in the State archives. Of these manuscript
sheets there will be a total of fifty-three (53), a few of
which have already been delivered to the Commission-
ers. The remainder will come to their hands in the
course of the present year. Each of these sheets is on
the scale of two inches in length for each mile of dis-
tance. They represent with all the accuracy attainable
with the expenditure which was authorized, the position of
roads, streams, villages and towns, important public
buildings and the greater number of detached dwelling-
houses of the Commonwealth ; they also give, by means
of contour lines, the elevations of all points in its area

within a probable error of less than ten feet of altitude;
they also show the divisions of tilled, forest-clad, and

swamp lands, the whole constituting by far the most

accurately delineated topography which has ever been
prepared of an equally extensive area in this country.
In the opinion of the Commissioners, this map is likely
to serve the needs of the Commonwealth in a satisfactory
manner for some decades to come. It will afford the

basis for the organization of projects for road-making,
drainage, sewage, adjustment of town boundaries,
arrangements for water supply, and the many other less

general needs which can be met only by sufficient maps.

The question as to the method of publication of these

maps demands the attention of the Legislature. The

Geological Survey has already engraved for its own

proper use a portion of the fifty-three sheets which con-

stitute the State map. The needs of that bureau will be

met by a map on the scale of one inch to the mile, and
therefore this scale has been adopted for geological
purposes. On these sheets it has been found desirable
to omit all indications of country homesteads and of tim-
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ber boundaries. The Geological Survey has generously
offered to furnish the Commonwealth with transfers of
their engraved plates, on a system which will permit the
State authorities to add to the map the timber outlines
and the dwellings omitted in the plan of the Geological
Survey, as these details are given on the original field-
sheets. It will therefore be possible, at a small cost, to
add these features to a map on the scale of one inch to
the mile, and print it at the cost of the Commonwealth.

It seems to your Commissioners probable that in the
end it will be desirable to have the map printed on the
scale upon which it was originally constructed, in order
that the citizens of the Commonwealth may have access
to atlas sheets on both scales of publication, as where
the map is used for platting projects for water supply or
drainage, the scale of two inches to the mile, being four-
fold the area afforded by the scale of one inch to the
mile, possesses very great advantages over the smaller
maps. If it is decided to undertake the publication on
the larger scale, your Commissioners recommend that at
first the publication be limited to a few of the more
important sheets, those where the population is densest,
and in which the problems of sewage and water supply
are most serious, as, for instance, in the map sheets
known as those of Boston, Framingham, Dedham and
Springfield. In a short time, a comparison between the
usefulness of the two scales can be effected, and the
advantage of extending the work of printing the larger
scale ascertained.

Although the task of completing the State map is fin-
ished, your Commissioners feel called upon to note the
importance of securing some adequate method for distri-
buting the results of the survey to the people, and for
keeping records of changes in roads, dwellings, timber
lines and other features affected by culture.
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It may be safely assumed that the Commonwealth will
not be willing to limit its citizens to the use of the map
engraved by the Government Geological Survey for geo-
logical purposes alone. The distribution of the forests
and of the dwellings are both matters of much conse-
quence; for both determine, in certain important ways,
the projects ofroads, drainage and water supply, and they
should, therefore, appear on a map other than that pre-
pared by the Geological Bureau. There are two methods
of accomplishing this result: The State may turn over
its records to a commercial house, which would doubtless
undertake, if allowed the exclusive privilege of repro-
ducing the maps, to furnish them in good form at a rea-
sonable charge; or the State may undertake, through
some of its bureaus, to print the maps and dispose of
them at what seems a suitable price. In the opinion of
the Commissioners, who base their judgment on known
experiences in other Commonwealths, it will be better
for the interests of the public to have the publication
done by the State authorities, rather than by contract
with map publishers. The reasons for this will be
more evident when we consider the needs of keeping
the map sheets up to date, as regards the facts which they
record. At the present rate of growth of this country,
each year sees the addition of several hundred miles
to the roads of the Commonwealth, and some scores
of miles of such ways become disused and are aban-
doned bjr the town authorities. The outlines oi the
cities and towns are rapidly altered; the woodlands are

here cut away, and there allowed to encroach on tilled
lands. In each decade the culture features of the sur-
face are greatly altered. It therefore appears to your
Commissioners desirable that a small annual sum should
be appropriated for the purpose of keeping up the State
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map to date, correcting such errors as may by chance

have occurred in the original delineation, and distributing
the atlas sheets in the manner in which the law may
provide for their distribution. A certain amount of this
work of correction and amendment can be done in con-
nection with the town surveys. Much of the work of
platting new roads can be accomplished by a proper
correspondence with the town surveyors, who are gen-
erally skilled and intelligent persons, who would gladly
co-operate with the officers who had charge of the State
map. If the system of town boundary surveys is to

be maintained, that work will, for a number of years to

come, require an office; and there, therefore, need be no
considerable expense in the work of revising the atlas
sheets now in hand. If by co-operation of the town

surveyors the map is each year brought up to date, the
measure of its usefulness will not vary. If, however, it
is left without revision for a period of ten years, it will
undoubtedly be necessary, if it is further to serve the
public need in an adequate way, to have an organized
re-survey, covering a large part of the area in question.
As a bureau of State survey would not only provide for
this continuous revision, but would also see to the engrav-
ing of the maps on the large scale as they were needed
in the development of the industries of the several
towns, it seems likely that the cost of the continuous
system of revision would be much less considerable than
the expense of an occasional re-survey.

We give below the report in full of Mr. Henry Gannett,
geologist in charge of geography in the U. S. Geolog-
ical Survey, explaining the operations and views of that
department concerning their participation in the Massa-
chusetts survey:
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Department of the Interior,
United States Geological Survey, Division of Geography,

Washington, D. C., Dec. 28, 1887.
To the Massachusetts Topographical Survey Commission:

Gentlemen, I have the honor to report the sub-
stantial completion of the field-work in connection with
the topographic map of Massachusetts, and to submit for
your information a statement respecting the work of the
current year now nearly ended. Moreover, this date,
which marks the completion of field-work, is taken as a
fitting occasion to pass in review and summarize the
results obtained since the inception of the work, a little
more than three years ago.

This exhibit will, therefore, naturally fall into two
parts, the first relating to the work of the year 1887, the
second being a summary and review of the work done
from the beginning of the survey of the State in August,
1884, down to December, 1887.

Part I. The following exhibit of work accomplished
on the topographic map of Massachusetts, may be
regarded as a continuation of the statement submitted to
the Commission January 18, 1887, and printed in their
report for the year 1886, pp. 7-12.

The winter and spring months were spent by all the
Massachusetts parties in office work in Boston and
Washington, in platting and adjusting traverse lines,
drawing and completing contours, incorporating field
sketches in atlas sheets, inking, lettering, and making
copies of their maps for the State.

All parties completed the platting and drawing of the
work of 1886 before resuming field-work in 1887.
Several of the parties were through their office work and
ready to take the field with the return of favorable
weather in May, while the last parties to begin, reached
the field about the first of August.

The total area mapped, during the year, in Massachu-
setts and immediately adjacent parts of New Hamp-
shire, Rhode Island and Connecticut, all on a scale of

1-30,000, and with contour interval of twenty feet, is esti-



iBBB.l 9HOUSE —No. 115.

mated at 2,530 square miles, and the cost of the same
for salaries, subsistence, transportation, field materials
and supplies, etc., of all men employed, $19,215. This
amount covers the cost only of those directly engaged in
the topographic work, and for the working season alone.
The average cost of field-work per square mile or per
square inch of published map, is, therefore, $7.59.

If to this we add the salaries of all engaged during
the winter in office work on the map, we shall have as
the total expenditure for the calendar year, 1887, about
$31,100, of which $5,532 have been paid by Massachu-
setts, and the remainder by the Geological Survey.

In planning the work of the field season of 1887, it
was deemed best to employ a force just sufficient to
complete the survey during the season. To employ a
larger force, and complete the survey before the end
of the working season, was not considered economical.

Instead, therefore, of four parties being assigned to
the work, as in 1886, two main parties only were
employed, under the immediate direction of Messrs. W.
D. Johnson and E. W. F. Natter.

Mr. Johnson’s party organization consisted of five
plane-tablers, each with an assistant. Each such sub-
party worked independently and exclusively by means
of the plane table, using it by the method of intersec-
tions. The plane-tablers, besides Mr. Johnson himself,
were Messrs. C. C. Basset, R. D. Cummin, W. H.
Lovell, and Laurence Thompson. They surveyed
respectively, during the season, 211, 241, 323, 339, 248
square miles, a total of 1,362 square miles. The cost
for field-work of surveying this area was $10,038, an
average of $7-37 per square mile.

The length of the field season of the different plane-
tablers differed considerably, several of them reaching
the field very late in the season, while others closed
work early.

1 he party of Mr. E. W. F. Natter wintered in Bos-
ton, and were engaged in the joint office in the Common-
wealth Building until late in June in completing the
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platting and drawing of the maps resulting from last
year’s field-work. During this interval, upon favor-
able days, some field-work was executed.

Mr. Natter’s method of work has-remained the same
as in preceding years; he himself, locating on paper
with the plane table, numerous spires, houses, conspicu-
ous trees, signals, etc., as control points, and, at the
same time, sketching the adjacent topography. Between
these located points, traverse parties, at first two in
number, gradually increased to five, .and then dimin-
ished again, measured distances with the telemeter,
and heights by spirit-level and vertical angles, putting in
details of topography as they went. The traverse party
consists, like the plane table party, of two men only, an
instrument man, usually an assistant topographer, and a
rodman. In charge of these traversing parties were
Messrs. C. Arrick, D. J. Howell, J. H. Jennings, Wm,
Kramer, and Robert Robertson, of whom only Mr.
Kramer was with Mr. Natter during the entire season.

The area surveyed by this party, during the season,
is estimated at 916 square miles, and the cost of the
same for all expenses, salary, subsistence, travelling and
miscellaneous, etc., $6,055, an average of $6.61 per
square mile. The estimate of area and cost, from the
method of the organization, is less precise than for the
plane table parties.

Mr. E. B. Clark, with a rodman, was engaged dur-
ing the entire field season on Cape Cod, the Elizabeth
Islands, Nantucket, and Martha’s Vineyard, and covered
an area estimated at 228 square miles, at a cost of
$1,405, an average of $6.16. This work consisted
mainly of leveling, with spirit-level, and contouring.

Finally, Mr. S. 11. Bodfish was engaged in May and
June, and Mr. C. Arrick in May, June and July, in
completing bits of areas, here and there, which had been
left unfinished at the close of last year, or omitted for a
more favorable season. The total area resulting from
this work, above that formerly reported, I estimate at

about 24 square miles, and the cost at $1,138. The
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areas reported by the parties themselves was 103 square
miles, but this included some area formerly reported.

The area and cost for the field season of 1887 will,
therefore, stand as follows :

Area in Sq. M. Cost.
Johnson, . . . 1,362 . . . $10,038
Natter, . . . 916 . . . 6,055
Clark, . . - 228 . . 1,405
Miscellaneous, . . 24 . . 1,717

Total, . . . 2,530 . . . $19,215

An area in the central part of the State, especially
about Fitchburg, was found to be deficient in triangula-
tion points, and accordingly Mr. R. U. Goode, of the
United States Geological Survey, was assigned in May
to the duty of executing such triangulation as should be
needful for furnishing the topographers with the
necessary control. He was engaged in this work about
six weeks, and in this time located eleven points on four
atlas sheets, at a cost of $467. This item, as well as a
proportional part of the salary and expenses of Mr. Mar-
cus Baker, who has immediate charge of the work in
Maryland, New Jersey and Massachusetts, has been
added to the expenses of Messrs. Arrick and Boclfish, to
make up the cost called miscellaneous in the above
table.

Part 11. As this report closes the field-work in your
State, it seems appropriate to submit, in this connection,
certain general remarks upon it, together with sum-
maries of the mathematical and geometrical basis, the
framework upon which the map rests.

The horizontal scale of the map, as published, is
1-62,500, or about one mile to an inch. Relief is
expressed by contour lines, at vertical intervals of 20
feet. For convenience of field-work, the plane table
sheets and the original maps have been made upon a
scale of 1-30,000.

For purposes of survey and publication, the map has
been arranged in sheets, each comprising 15 minutes of
latitude by 15 minutes of longitude, with an area of
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about 225 square miles. At certain places upon the
coast it has been found necessary, for the sake of econ-
omy, to modify this plan slightly. The number of
sheets necessary to cover the entire State is fifty-five.

The area of the State is 8,315 square miles. Besides
completing this area, the survey has been extended into
the adjoining States of New York. Vermont, New Hamp-
shire, Rhode Island and Connecticut to a limited extent,
for the purpose of completing certain atlas sheets, which
project into those States. Thus an area of nearly 600
square miles has been surveyed in addition to that of
Massachusetts, swelling the total area surveyed to 8,900
square miles.

As was understood at the outset, the ultimate loca-
tions, the primary points, were furnished by the geodetic
work of the Coast and Geodetic Survey. These were,
except along the coast, very few in number, and widely
separated. They were supplemented, however, by the
more numerous locations of the Borden (State) Survey,
which were adjusted to an agreement with those of the
Coast and Geodetic Survey by the computing division
of the latter organization. To a limited extent, they
were further supplemented by the Town Sur-
vey and by our own work. By these several agencies,
upwards of 500 primary points were made available for
the use of the topographers. These are, in the main,
well distributed, furnishing upon each of these sheets a
sufficient number of locations, while upon many, the
number is greatly in excess of the requirements. The
accuracy of their determination is much greater than
was required for the map. *

* The reference made by Mr. Gannett to the number and degree of accu-
racy of the triangulation points determined by the agencies he mentions, may
lead to possible misconception of their importance and value to Massachusetts
in perfecting her topographical survey, which was the specific object of her
co-operation with the United States. While these points* were available for
the purposes of the Geological Survey, so far as it was deemed desirable to use
them, they were not provided for that purpose only, and the cost of supplying
them did not form a part of the expenses of that survey. The main object of
the triangulation, recently executed, was the location of township boundaries,
and for this work neither the number nor the precision of the points was in excess
of the requirement.
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The topographic work has been carried on in different
parts of the State by different methods, to suit the differ-
ing conditions imposed by the nature of the relief and
the culture. Throughout most of the western portion
of the State, the work has been done entirely by the
plane table, using the method of intersection as a means
of location. Elevations have been determined by the
vertical circle of the alidade, while numerous minor
measurements of height have been made by aneroid
barometers. The latter instrument has been used only
in a very subordinate manner.

In the low, undulating, forest-covered country in the
southeastern portion of the State, the method by inter-
section was found inapplicable, and the traverse method
was substituted. Lines were run along all the roads and
principal streams, and elsewhere as needed, for the sur-
vey. For this purpose, theodolites were used, directions
being measured by compass, distances by telemeter, and
difference of elevation by the spirit-level.

In the northeastern and the central parts of the State,
the two methods have been combined to advantage, the
plane table being used wherever the method of intersec-
tion was applicable, the remainder of the survey being
made by telemeter traverses.

The accuracy of the work of location is intended to
be absolute upon paper, i. e., there should be no errors
in it appreciable upon the scale. Its sufficiency, for the
correction of the sketching, may be measured by the
number of locations per unit of map surface.

The area surveyed by the method of intersections,
exclusively, comprises 3,400 square miles, or about 2-5
of the State. In this area, 3,123 stations were occupied
with the plane table, or slightly less than one to a square
inch of map. 17,846 points were located, making, with
the plane table stations, a total of 20,969 points of loca-
tions in the area, or 6.2 to a square inch. In this area
the heights of 34,893 points were measured, or 10.3 per
square inch. In other words, in each square inch of the
map, there were, on an average, 6.2 horizontal locations,
and 10.3 measurements of height.
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The area surveyed by the method of traverse was
2,500 square miles. In this area 5,615 miles of traverse
lines were run, being 2,2 linear inches per square inch
of map. Of instrumental stations, 46,524 were made,
or 8.3 per linear mile of traverse, and x8.6 per square
inch of map area. The number of height measurements
was 92,561, being 37.0 per square inch.

The area surveyed by the mixed method comprised
3,000 square miles. In this area, 900 intersection sta-
tions were made with the plane table, and from them,
3,718 points were located by intersection. Adding
together the stations and the located points, it appears
that there were 4,618 points located by intersections. In
addition to these, 6,767 miles of traverse were run, being
2.2 linear miles per square mile of area. In these trav-
erses, 31,708 instrumental stations were made, or 4.7 per
linear mile, and 10.6 per square mile. The sum of the
plane table stations and locations and the traverse sta-
tions, i. e., the total of horizontal locations in this area,
is 36,326, showing a total per square inch of map of
12.1 points. The number of measurements of height
was 67,119, being 22.4 per square inch of map.

It will be observed at once that the number of horizon-
tal locations and of height measurements are much
greater by the traverse method than by the intersection
method. It must not be inferred, however, that the con-
trol of the latter work is inferior to that of the former.
As a matter of fact, I judge them to be very nearly
equal in quality. The locations by intersection are, in
all cases, of points selected as the best for controlling
the work, each in its immediate neighborhood. On the
other hand, a large proportion of the traverse locations
are of service only in carrying forward the line of trav-
erse, while comparatively few of them are points which
should have been selected for control, had it been possi-
ble to exercise entire freedom in the matter.

The unit of field organization, during the last two
years, has consisted of the plane-tabler, or traverse sur-
veyor, and one assistant. The rate of work of these
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little parties has been measured with considerable care,

and it has been found that the average out-put per work-
ing day, of the plane-tabler, has been 3.1 square miles,
and of the traverse-man, 2.8 square miles. The
expenses of the former have been somewhat greater than
the latter, owing to his employment of a horse and
buggy, so that the average cost per square mile of
the two methods of work, has been substantially equal.

The total cost of the work up to December 31st,
1887, has been $108,400. If to this be added the cost
of office work up to, say, May 1, 1888, to allow time
for the completion of the maps, the total cost of the map
of the State will be $115,400. The total area surveyed
was, as stated above, 8,900 square miles, and the aver-
age cost per square mile, for the entire area, including
field and office work, will be a trifle less than $13.00.

Very respectfully,
Hendry Gannett,

Geologist in Charge of Geography, U. S. G. S.

In conclusion, your Commissioners would repeat the
statement that the topographical survey of the State has
been completed within about three years, the time origi-
nally estimated, for forty thousand dollars, the amount
originally appropriated, and by the successful co-opera-
tion with the organized Federal Department of the Geo-
logical Survey, the cost to the Commonwealth of this
record has been but four dollars and eighty cents per
square mile, a result unparalleled in the history of
such work.
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11.

Determination of Boundary Lines of Towns in

Massachusetts.

The work of determining the boundary lines of town-
ships has been prosecuted during the past season with
more force than was available during the previous year.
Through the interest and courtesy of the superintendent
of the Coast and Geodetic Survey, two officers of that
department, Assistants Gershom Bradford and C. H.
Van Orden, each of whom have served in the State
Survey before, were detailed to this work again, thereby
saving to Massachusetts the amount of their respective
salaries, while securing the service of trained and
experienced men. A two-fold advantage was obtained
by this arrangement, inasmuch as the points of triangu-
lation determined were of use to the United States in
connection with the contemplated coast re-surveys, as

well as to Massachusetts in the topographical and town

boundary work. In order to carry out this purpose, the

party in charge of Mr. Bradford was assigned by the

Commissioners, to the coast towns bordering on

Buzzards Bay and those next inland from them, and, for
the same reason, the party in charge of Mr. Van Orden

was assigned to the towns on Cape Cod. Another, and
larger party, more directly maintained by the Commis-
sion, has been in charge ol Mr. H. F. Walling, with a

ground of work covering the more central townships
west of Boston.

Mr. Bradford commenced his work on the 20th ol
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April and closed it on November 29th. During this
held season, beside part of the township of Wareham,
which was to be joined and completed by Mr. Van
Orden. the boundary lines have been determined of the
following townships, namely : Marion, Mattapoisett,
Rochester, Fairhaven, Acushnet, New Bedford, Dart-
mouth, Westport, Fall River and Somerset, the detail
of this work, stated in usual statistical form, is as fol-
lows :

Number of township boundaries completed, ..... 10
township boundaries partially completed, .... I
old triangulation stations identified, . . . . . 21
new stations located, . . . . . . .115
stations occupied for observing, ..... 79
stations observed on, . . . . . . .122
signals built, .........83
boundary marks located, . . . .

.
. . 60

points of triangu! ation permanently marked with stone
monuments, . . . . . . . . 19

Approximate area covered by the above work, in square miles, . . 252
The cost of Mr Bradford’s work to the Commonwealth, exclusive of his

salary, has been $2,423.29.

Mr. Van Orden commenced his operations on the. 26th
of April and closed them on the 2d of December.
During this field season the boundary lines of the fol-
lowing towns have been determined, namely : Province-
town, 1 ruro, Wellfleet, Eastham, Orleans, Chatham.
Brewster, Harwich, Dennis, Yarmouth and Barnstable,
and the boundary lines partially determined of Sand-
wich, Mashpee, Bourne and Plymouth.

The details of the work are as follows :

Number of township boundaries completed, ~

township boundaries partially completed, .... 4stations occupied, . . . . . . .118
signals built, . . . . , # _ # .166
traverse stations occupied, .

..... efi
points determined, including 74 town corners, . .

, 296Area in square miles,
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In addition to the above-described work, Mr. Van
Orden has commenced a series of level lines, which
your Commissioners hope to extend along the railroads,
and, perhaps, on some of the wagon roads throughout
the State, which project will be more fully explained
further on in their report. Eighty miles of these levels
have already been run along the tracks of the Old
Colony railroad. The cost to the Commonwealth of
Mr. Van Orden’s work, exclusive of his salary, has been
$2,207.61.

The party in charge of Mr. Walling has been con-
tinuously in the field during the entire year, and the
work accomplished has been the completion of the
boundary lines of the following townships : Bellingham,
Brookline, Dover, Foxborough, Franklin. Medfield,
Millis, Norfolk, Walpole, Wellesley and Wrentham,
completing the towns in Norfolk County, Blackstone,
Mendon, Hopedale and Milford in Worcester County,
and Hopkinton, Holliston, Sherborn and Natick, in
Middlesex County. The partially finished townships
adjoining these are Uxbridge, Northbridge, West-
borouo'h and Southborough in Worcester County,
Attleborough and Mansfield in Bristol County, and

Ashland, Framingham, Wayland and Weston, in Mid-

dlesex County.
It was found necessary for bringing the triangulation

previously made into connection with the town corners,

to create a considerable number of new stations, among
them forty-seven previously erected structures, such as

church spires, cupolas, towers and chimneys. The

details are as follows :

Number of township boundaries completed, ....

township boundaries partially completed, ...
triangulation points determined, 2 75
triangulation points occupied, . • • ■ • 2 37
boundary monuments determined, ....
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Number of points “ occupied,” included in the last statement, . 24
Area of ground, in square miles, covered by the above work, . 421
Cost to the Commonwealth of Mr. Wallings’ work during the year,

including his salary for five months, .....$4,567 26

Your Commissioners are again constrained to state
that the expense attending this work has exceeded their
estimates and expectations. It has been conducted with
zeal and industry by trained experts, and they can but
submit the results upon their merits, with, however, the
affirmation, that, in their opinion, they have been as eco-
nomically obtained as it was possible to have them, con-
sistent with the accuracy essential to their value. The
system pursued has been to make each corner and angle
in the town boundary lines a point of triangulation ; and,
where this was impracticable, an independent point of
triangulation has been located and determined as near
as possible to the given town boundary point, and a trav-
erse run to connect the two. In the course of the
survey, and serving a necessary purpose in it, many sub-
stantial objects have been determined, such as church
spires, cupolas, water towers, chimneys, etc., and where
important points have been occupied at commanding
places, the stations have been marked by a stone monu-
ment ; these points form a net-work of accurately deter-
mined geographical positions, so generally distributed
that they will furnish the bases for any character
of future survey. The particulars of the present work
can, perhaps, be better understood by quoting from the
reports to the Commissioners, of the gentlemen who
have made the survey.

Mr. Bradford says ;

“The horizontal observations have been made accord-
ing to the standards of the triangulation of the Coast
Survey, and the bases are generally lines joining points
of primary triangulation of that work and the Borden
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State Survey, the data being previously adjusted, at the
Coast Survey office, to Clark’s spheroid. The heights
of nearly all the stations were observed by vertical
circle, and are referred to the ground. They are based
partly upon elevations of a few points received from the
Coast Survey office, and also connected with approxi-
mate planes of high water at Cromeset Point in Ware-
ham, and at Clark’s Cove in New Bedford. I have also
elevations of two planes in Fall River, derived by level-
ings by the city engineer from the Coast Survey bench-
marks. The computations are not yet made, but I trust
the resulting elevations will be sufficiently precise.

This peculiar kind of triangulation, the location of
marks placed with no reference to convenience of sight-
ing, presents additional difficulties to the ordinary
obstacles to a trigonometrical survey, and necessitates

O 7

special devices for overcoming them. The boundary
marks are often in wooded swamps, so difficult of access,
that much time may be consumed in even finding them
with the best guides that can be procured. It is evident
that in a section w'ell wooded, with few commanding
elevations, and most of these covered with heavy trees,
the surveyor has much to contend with. All kinds of ar-
tificial structures mustbe used, steeples, houses, barns,
etc., — for it would be impracticable, except at too great
expenditure, to build high scaffolds for observing. The
necessity, however, for high signals over or near many
of the boundary marks wras apparent. For this purpose,
I experimented with zinc gutter-pipe, sections ot bam-
boo, and dry pine poles, lashed together and raised with
stout tackle into the highest adjacent trees. By these
means, a height of eighty and one hundred teet from
the ground was obtained, this being usually sufficient
to over-top the forest, as well as intervening rises of
ground.”

From Mr. Van Orden’s report wr e make the following
quotations : -

“ The method of connecting the boundary corner
monuments with the triangulation was, where possible,
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to make them, points in the triangles and quadrilaterals,
and when this was impracticable, the station from which
the traverse was run was placed as near as possible to
the corner mark, the traverse often not exceeding the
length of a steel tape. The connection was often made
with a small base, measured with a steel tape, and one
or more triangles used, which was considered preferable
to the traverse. Whenever this method was checked it
always gave satisfactory results. * * * Owing to

- o - o
the number of objects, church spires, cupolas, etc., and
the corner stones being determined with the same care
as the rest, only such points of the new triangulation
were marked as could be permanently effected in a
manner to be of use in future work. * * * I am
more than ever convinced of the value of these points to
the Commonwealth. With a system of geographical
points in the shape of stone monuments that are large,
usually well set, and regularly visited by boards of
selectmen, who will look out for their condition, not
only are the town boundaries thus accurately and
permanently determined, in such a manner as to settle
all questions of litigation, but the country is more evenly
covered than it would be by any scheme of mere triangu-
lation. * * * Another important purpose served by
this methodof determining boundary points is found in the
fact they may be reproduced when lost. The value of
this fact was impressed on me while making the survey
of the line between Provincetown and Truro. The fifth
and sixth stones in this line are in shifting sand, and in con-
stant danger of being covered up or displaced ; but these
points being in sight from three light-houses, each of
which is a point of triangulation, these boundary points
can be exactly reproduced. Another value of the accu-
racy of their determination is tire measure of change

O

they afford in the waste or accretion of the seashore.
* * * In reference to the character of the town
boundaries, there are, as a rule, more corners than
would seem necessary. Brewster has sixteen, and
between Mashpee and Sandwich, in a distance of one
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and one-half miles, there are fourteen. Great difficulty
was found in reaching the ground where the boundary
lines of Barnstable, Mashpee, Sandwich and Falmouth
come together. This part of the cape has been avoided
in previous surveys, the obvious reason being that it is so
densely wooded. For a while it seemed impossible to
reach this locality without great expense in cutting and
building hi gh scaffolds. At the north and south ends of
Santuit Pond, however, two tall trees were fortunately-
found, in which signals were raised to the height of
seventy-five and one hundred feet, which were intervisi-
ble and could be seen from the distant main station of
‘ Hyannis,’ ‘Shootflying Hill’ and ‘Bourne’s Hill,’
giving an independent local base and azimuth, from
which a small triangulation was made, reaching the stone
bounds in question.”

In addition to the regular town boundary work, Mr.
Van Orden was requested by the County Commission-
ers of Barnstable County to examine and test the accu-
racy of the county meridian line at Barnstable village,
in regard to which Mr. Van Orden further reports ;

“ After your approval this work was done by connect-
ing it with the triangulation, using the lines Beach Point
Light House to Yarmouth Congregational Church, and
Beach Point Light House to Scargo Observatory, by
which the azimuth of the meridian line was found to be
iBo° -52' n", giving. for the length ot the meridian line,070 O '

a small correction 0.26 inches, much less than could
be noticed by ordinary land surveying instruments.
The three stones were undoubtedly in original position,
for, with the large theodolite, the centre stone was found
to be only 1-20 of an inch out (to the eastward) ol line.’’

In continuation of the subject, before alluded to, ol
accurate level bench-marks throughout the State, the

Commissions would state that alter consultation with Mr.

Van Orden, they deemed it expedient to commence that

work, and the result has proved that it can be done,

in connection with the Town Boundary Survey, with but
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small additional expense. It seemed particularly desir-
able to undertake it, as Mr. Van Orden has had expe-
rience in the geodetic leveling in the valley of the
Mississippi River.

In his report Mr. Van Orden says :

A double line of levels have been run along the Old
Colony railroad from Orleans station to Sagamore sta-
tion. and a double line from Harwich station to the
Exchange, in Harwich Centre. The levels were started
at Wellfleet, but this was so near the sea level that
Orleans was selected as the place of beginning. A
single line was also run from Sagamore station to the
Cape Cod Bay tide guage bench-mark for heights above
the mean sea level. From Buzzard’s Bay station a
double line ought to be run to the tide guage at moutho o o
of Back River in Buzzard's Bay. A slight discrepancy
between the figures of the canal report and those of the
Coast Survey office occurs here, suggesting a possible
change, by action of frost and ice, of the position of the
boulder on which the common bench-mark is. This
matter should be looked into before either record is
accepted. The whole line, so far run, is permanently
marked by copper plates firmly secured to the station
and freight-houses of the Old Colony railroad. Mr.
C. H. N}T e, superintendent of the Cape Cod division,
courteously gave me permission to place these plates
on such stations of the road as I thought desirable,*
and they have been accordingly placed at the following
localities :

Above Mean
Level of Sea.Sagamore Copper plate on west end of station, 3.04 feet above

platform, 20.91 feet.
Sandwich Copper plate on south side of freight house on door

frame near the west end, . . . . .23.29 feet.
Barnstable Copper plate on east side of hay window of sta-

tion, 4.71 feet above platform, .... 67.44 feet.
Harwich Copper plate on east side of bay window, 3,86 feet

above platform, 33.76 feet.
Brewster Copper plate on north side of bay window, 3.47 feet

above platform, 118.61 feet.
* Ibis permission has been since cordially approved by President Choate.
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Orleans Copper plate on south side of bay window, 3.05 feet
above platform, . . . . . *56.39 feet.

Harwich Exchange —Bench-mark cut on stone door-sill on
west side of building, ..... 61.09 feet.

Brewster Station —Triangulation point, .... 130.65 feet.
Harwich Exchange Triangulation point (ball on cupola), . 164.00 feet.

The figures of the elevations on these bench-marks
have not yet been engraved on the copper plates, as it
was thought better not to mark them until the second
line was run from Sagamore to the Cape Cod Bay
bench-mark, and connections made with the Buzzards
Bay and Boston gauges, so as to take the mean. The
figures above given are probably close approximations
to the correct elevations. A set of steel numbers have
been prepared, for stamping the proper level figures on
the respective plates with the exact results as deter-
mined.

From Mr. Walling’s report we add still further com-
ments on the character of the work and the nature and
condition of the country and of the boundary lines :

Preservation of Triangulation Points.

By the method of fixing the locations of boundary
monuments adopted in the present survey, the triangula-
tion points form part of general system of locations, of
which those of the monuments along the actual bounda-
ries constitute the final results. The triangulation points
leading to these results may therefore be considered as
an actual and important part of boundary line evidence,
and entitled to such protection as can be given to them.
Would it not be well to prohibit by law, with suitable
penalites, any wanton disturbance of monuments placed
for the preservation of the triangulation points? It the
owner of the land should find it necessary to remove
them in the legitimate use of his land, should he not be
required to notify the Commissioners, in order that they
might have proper witness marks set up in the vicinity
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for the preservation of the position marked by the mon-
ument to be removed ?

If, as now seems quite certain, especially in the more
thickly settled portions of the State, these triangulation
points are to become the basis of cadastral maps, and
indeed, of all the local surveys made by the present and
future generations of intelligent engineers and surveyors,
the importance of preserving the triangulation points
becomes greatly increased.

The limited amount of the preceding appropriations
for town boundary work has not been sufficient to authorize
the expenditure of much money for erecting monuments
at triangulation points, and the towns in which they are
situated are not likely to charge themselves with the

- O

expense unless required to do so by law. During the
past two years I have established and occupied about
400 triangulation stations. Of these about 100 were
marked by stakes driven in the ground with nails to mark
the exact positions of the stations. The other 300,
excepting some ten or twelve cupolas, church spires, etc.,
are located upon rocky ledges and are marked by small
drill holes in the rock, usually three-fourths of an inch
in diameter and one or two inches deep, the time at my
disposal after the occupation of the point not being suffi-
cient in the same daj' to drill a deeper and more perma-
nent hole. This could be done more economically by a
special assistant with suitable tools, without interrupting
the work of instrumental observation. I suggest that
these holes be enlarged to an inch or more in diameter,
and deepened sufficiently to be out of danger from the
shelling off of the rock at the surface. They should
then be filled with plaster of paris or some durable sub-
stance which “will not, like the copper bolts formerly
driven into the holes, tempt the cupidity of boys, to the
loss of both bolt and hole.

For those points where stakes were driven, good granite
stones, say five feet or more in length, should be placed
in the ground sufficiently deep to be out of danger of
change of place by frost. During the past year twelve
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stones were placed at trigonometrical stations. The
stones were five feet in length and eight inches square
at the top where they were dressed and marked. The
sides were also dressed to a depth of six inches from the
top. Some were buried so that their tops were level
with the ground or a little below it. Others extend five
or six inches above the ground, the difference being
made to suit the convenience of the owners of the ground
where they are located, in regard to mowing, ploughing,
etc. The cost of getting out the stones, which were
furnished by Mr. J. S. Thayer of Blackstone was $2.00
each. The cost of transporting and setting, at distances
of from two to eight miles from the quarry was about
$3.00 each, total $5,00 each.

Unless the towns are to be required by law to defray
the expense of setting stones and deepening the drill
holes, within their limits, a special appropriation will be
needed for that purpose.

Precision of Results.
So far as the computations have proceeded, the results

indicate a very satisfactory degree of precision. The
directions through the points' occupied have been taken
to and from so other points that an impregnable
chain of checks insures accuracy in the results. An
inspection of these checks show that an error in com-
puted location so large as a metre (about three feet) is
quite outside the limits of probability. It has been found
convenient for the purpose of computation to adopt the
method of rectangular co-ordinates, in which the State is
divided into a convenient number of districts whose
extent in longitude is not so great as to make the spheri-
city of the earth a source of practical error. Probably
the most convenient division will be that which Mr.
Borden adopted for his original triangulation, in which
the State wr as divided into four parts of equal widths
in longitude, each with its central prime meridian.

The width of these longitudinal strips does not exceed
that prescribed in the German Empire, where the rec-
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tangular co-ordinate system has been established, by
imperial decree, for the convenience of civil and topo-
graphical engineers. In the territory covered by the
work of the past two years, the geodetic positions given
in the United States Coast and Geodetic Survey report
for 1885, have been converted into rectangular co-
ordinates, having lor their origin the State House at
Boston, by the best German formulae, kindly indicated
to me by Professor T. H. Safford of Williams College,
to whom I am also indebted for other valuable informa-
tion and suggestions in relation to this subject. The
positions of all the new points are thus referred to the
same system of co-ordinates, by giving the distances
east or west from each point to a meridian passing
through the dome of the State House in Boston, and

O

north or south to a line at right angles to this meridian,
passing through the same origin.

While it may be best to bring out the final results in
the form of geodetic co-ordinates,?-, e., latitudes and
longitudes, the work of civil engineers in making extend-
ed plans, cadastral maps, etc., will be facilitated by the
use of the rectangular co-ordinates as originally com-
puted.*

Value of the Work.
It cannot be disguised that the work ot locating the

town boundaries by triangulation is a much greater
undertaking than was supposed at the outset. In fact, it
involves a second triangulation of the State and a deter-
mination of some thousands of points in addition to the
few hundred which the first survey by Mr. Borden com-
prehended. But its value, when completed, is so evident,
that no one who understands it can fail to see that it is a
work of eminently practical economy. The present
condition of the records of town boundaries is simply
scandalous in a State like Massachusetts. The law ol
the Commonwealth, which provides for the perambula-
tion or “running out” of all the town boundaries once

* These questions of mathematical and technical nature will be further and fully considered
by the Commissioners in the final arrangement and report of the results of the survey.



[Jan.28 TOPOGRAPHICAL SURVEY.

in five years, was well devised to secure the intended
object, namely, the preservation of town boundaries ; but
the implied requisition of a quinquennial re-survey of
the lines is practically a dead letter, all the towns justly
regarding it as involving an unreasonable and unnec-

& o o
essary expense. The general custom throughout the
State has been for the selectmen of every two adjacent
towns to visit together the monuments of the boundary
as described in previous perambulation records, and if
the monuments were found standing as required by law,
a new perambulation record was filed, usually copied
from the former one, not infrequently perpetuating gross
errors and sometimes introducing new ones to be copied
in future records. Since each new' set of perambulation
records is signed-by the representatives of the two towns
interested, subsequent dispute or litigation over the loca-
tions of town boundaries would seem to be debarred.
But as vears pass on there is great danger, even with
this precaution, that confusion will ultimately arise from
the uncertainty attending the positions of monuments
remote and inconveniently accessible from human habita-
tions. In fact, a comparison of the later perambulation
records of many towns with those more ancient shows
that changes have taken place in boundaries as at pres-
ent recognized, quite important in the amount of territory
involved, but unauthorized by legislative action. Other
perambulation records are so vague and indefinite in their
descriptions of locations, directions and distances, that it
would be difficult, if not impossible, to say where the real
boundary was to be found. Sometimes the actual bound-
aries as recognized by the selectmen are essentially differ-
ent from those given insomewhatrecent acts of incorpora-
tion, and seem to require confirmatory legislative action.

In some towns I have found that the knowledge of the
location of a sequestered monument was confined to the
memory of a single person whose age and deciepitude
made it difficult for him to go to the place and point it

out. There are many boundary monuments, no availa-
ble record of whose locations exist sufficient to restore
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them if personal memories of them should be lost In- the
death of the person or persons possessing these memories.
Nor could any change of locations arising from care-
lessness or malicious mischief be detected. After the
work now in progress is completed, whose cost, at the
rates of the work already done, will not be likely to ex-
ceed the cost of a single “ running out” of the lines by
the older methods of chain and compass, there can be no
danger of losing the position of a monument, since it
can be restored with absolute certainty from the chain of
triangulation points upon which the whole work is based.

The United States Geological Survey could make no
use of existing town boundary records, for showing town
boundaries upon the topographical map of the State just
completed under its direction, and, since the director of
the survey did not consider that it was within the prov-
ince of the general government to establish municipal
boundaries, they will not be likely to appear upon the
new map until the State furnishes the requisite data.

Much of the secondary triangulation for this new sur-
vey has been completed, namely, in Berkshire County,
in the Connecticut valley and in the eastern counties of
the State. So far as can be judged from appearances
the work will present much less difficulty in the remain-
ing parts of the State than in the portions completed.

The selectmen in the towns visited have manifested
great interest in the work, and have rendered valuable
assistance in pointing out the boundary monuments, etc.
The local surveyors also appear to realize the value of
the work as seen from their point of view, and are gen-
erally anxious to avail themselves of its results for
verifying and perfecting their own work.

When connection with the State triangulation shall
have become the general practice of surveyors, all their
work will be linked together in a harmonious whole, and
litigation or disputes over boundary lines, public or pri-
vate, will have become a thing of the past. Our present
survey will render this connection practicable and easy.

Respectfully submitted,

H. F. Walling.
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In recapitulation we give the total amount of work
done during the year by the three parties engaged in the
town boundary survey :

Number of township boundaries completed, 41
township boundaries partially completed, . . . . 13
triangulation points determined, ..... 698
town boundary points determined, ..... 378

Area of survey in square miles, ........1,063

It would seem unnecessary to comment farther on the
evidently imperfect and unsystematic manner in which
the town boundaries of the State are at present located
and defined. The areas of townships derived from such
enclosing boundaries, are unknown quantities, and their
geographical positions as municipal sub-divisions of the
Commonwealth cannot be located.

It is gratifying to the Commissioners to state that soo ~ o

so far as the town boundary survey has extended, and
its purposes been understood, it has met with universal
favor, particularly among the selectmen of towns and
those interested in public affairs.

We wish again to express our obligations and thanks
to the railroad companies who have, in response to our
appeals, furnished transportation to the field parties.
This has been asked in reference to the special State
work only, because of the 'limited appropriation avail-
able. The United States has not co-operated, financially,
in this part of the work, and, whatever has been saved in
transportation, has been applied to the legitimate opera-
tions of the actual survey. Passes were kindly issued
to the field parties engaged in this work by President
Choate of the Old Colony railroad ; Vice-President Shinn
of the New York and New England railroad : General
Superintendent Folsom of the Boston and Providence
railroad; General Manager Barnes of the Boston and

Albany railroad ; General Superintendent Mellen of the
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Boston and Lowell railroad, and President Lord of the
Boston and Maine railroad. In conformity to the terms

of the Interstate Commerce Law of Congress, these

passes were limited to the State of Massachusetts. The
amount of this economy in transportation, has been of
appreciable value to the Commonwealth.

Financial.
In the prosecution of the work intrusted to their

charge, your Commissioners have expended, during the
fiscal year of 1887, nearly all the money previously
appropriated, the balance remaining being sixty-one
cents.

In order to continue the town boundary survey in
a manner advantageous to the Commonwealth, and to
providefor the necessary incidental expenses of the Board,
the same amount appropriated for 1887 is respectfully
recommended for the year 1888, namely : $B,OOO, for
which estimates have already been submitted.

In addition thereto, the Commissioners ask the appro-
priation of $l,OOO to meet a deficiency in the town
boundary survey work of 1887, arising from the service,
during a portion of the year, of Mr. H. F. Walling. By
an inadvertent omission in the arrangement between the
Commissioners of Massachusetts and the Director of the
U. S. Geological Survey, this portion of Mr. Walling’s
salary was not provided for.

Legislation.

In the execution of the town boundary survey many
cases have been found where lines might be straightened
to the advantage of contiguous townships, thereby mak-
ing them more symetrical, more readily perambulated
and requiring fewer monuments to mark the respective
lines. The officers of many towns desire improvement
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in this respect, and your Commissioners would suggest,
in order to accomplish this purpose with the least trouble
and expense to the respective towns and to the Common-
wealth, that, where contiguous towns desire or consent to
have the boundary changed, the present board of Com-
missioners, or other agents so authorized to act, may, on
hearing and agreement, locate and define such new or
altered boundary, and that their action shall be final to

establish such lines.
Legislation seems also to be desirable in legalizing a

road or street, with sinuosities impracticable to mark with
monuments, as a boundary between towns. The law now
provides see General Statutes, chapter 27, section
5 —that “The Selectmen of the contiguous towns

shall erect, at the joint and equal expense of such towns,

permanent monuments to designate their respective
boundary lines at any angle thereof, except where such
lines are bounded by the ocean or by some permanent
stream of water.” * * * But no mention is made in
the statutes of roads , which are frequent existing lines
of boundary of the same character, as to the impracti-
cability of being marked by monuments as the “ streams’
referred to.

Whenever a stream or road is made a boundary line,
an accurate survey should be made of either stream or

road, as the case may be, based on the surrounding
points of triangulation or determined corners or angles
in the other town lines, showing the courses and dis-

tances of the sinuosities of such line and a plan ot such
survey should be filed with the other data of town

boundaries in the office ot the State Survey Commission,
or other office designated to receive them. Such a re-

cord seems necessary and proper to complete the system
of the accurate determination of town boundaries. This
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can be done in connection with the present trigonomet-
rical survey or by the towns, at their joint expense, as
provided in the case of erecting monuments, as may be
deemed most expedient. A greater uniformity and even
accuracy would probably be secured by having such
lines run in connection with the present boundary survey.

It seems further important that appropriate action
should be taken, as suggested in Mr. Walling’s report,
to prohibit by law, with suitable penalties, any wanton
disturbance of monuments placed for the preservation of
the triangulation and town boundary points. If the
owner of any land on which such monuments have been
placed should find it necessary to remove them in the
legitimate use of his land, he should be required, before
doing so, to notify the Commissioners, or others in author-
ity, of his intention so to do, in order that proper witness
marks can be set up or other means taken, which, while
not interfering with his rights, may preserve a record of
the position of the monument.

Very respectfully submitted.

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








