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In the Year One Thousand Eight Hundred and Eighty-nine.

REPORT

OF THE COMMISSIONERS OF THE STATE TOPOGRAPHICAL
SURVEY FOR THE YEAR 1888.

11 Mt. Vernon Street, Boston, January, 1889.

To His Excellency Oliver Ames, Governor of Massachusetts.

Your Commissioners submit theirFourth Annual
Report of the survey of the Commonwealth.

In their last report your Commissioners stated
that, with the close of that current year, 1887,
the field work of the topographical survey was
substantially completed. Some revision work has
been done during the present season, 1888, in
detached places, on a few of the field sheets, which
has not, however, involved additional cost to the
Commonwealth.

The work of completing the drawing, in ink, of
the fifty-three (53) large original field sheets,
which correspond to the proposed arrangement of
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a series of atlas sheets of uniform and convenient
size, has been done at the office of the U. S.
Geological Survey at Washington, where these
sheets have been retained for that purpose, and
also for the tracings and transfers necessary for
engraving corresponding sheets on one-half the
scale, or one-quarter the size of the original field
sheets, which is the size and scale, e z.Vfoj adopted
by the Geographical Survey for their published
maps. As we have before stated, the sheets of the
Massachusetts survey have been arranged not only
for the convenient form and size of an atlas, but
also for practical use in the field on the scale
adopted for the actual survey, 3 o.VoT) h°r which
purpose each sheet was laid out to include fifteen
minutes of latitude and fifteen minutes of longi-
tude.

For convenient reference these sheets have been
given titles corresponding with the principal city
or town in each sheet, and are named as follows,
beginning at the south-west corner of the State;

Sheffield, Winchendon, Falmouth,

Pittsfield, Blackstone, Barnstable
Berlin, Worcester, Chatham,

Greyloi Fitchburg, Yarmouth
Marlborough, Wellfleet,Becket,

Proyincetown,
Gay Head,

Sandisfleld, Groton,

Granville, Franklin,
Springfield, Dedham, Martha’s Vineyard,
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Palmer, Framingham, Nantucket,
Brookfield, Lowell, Muskeget,
Chesterfield, Fall River, Lawrence,

Northampton, Providence, Haverhill,

Belchertown, New Bedford, Salem,
Hawley, Taunton, Newburyport,
Greenfield, Middleborough, Gloucester,

Warwick, Abington, Boston,
Webster. Plymouth, Boston Bay.
Barre, Duxbury,

In April, 18S7, seven (7) copies, and in October
of this year (1888) ten (10) copies and thirty-two
(32) originals of these sheets were furnished to the
Commission by the Geological Survey, leaving a

balance of four (4) sheets still to be supplied.
The Director of the Geological Survey, Major J.
W. Powell, in his transmitting letter, says: “As
certain of these sheets have not been engraved,
and as, during the progress of engraving, it is
quite possible that it may be necessary to refer to
the originals, from time to time, I beg that the
Commission will return to us for temporary use

such sheets as may be required for this purpose.”
This request will, of course, be most readily
complied with.

All of the sheets furnished in 1887, save one,
Kewburyport, were in the western part of the
State, and none of them included ground covered
by the town boundary survey; and those received
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in October of this year came so late in the season

that it has not been practicable to add the results
of the latter work to the topography.

In connection with this work your Commission-
ers beg to say, that it seems to them important to

make such examination of the topography as may
be found necessary, in order to adjust its details to
the more precise determination of the town bound-
ary points, and also for the purpose of making such
additions and changes in new roads, buildings,
timber outlines, and other details, as may have
taken place since the date of the original survey,
before putting the town boundaries upon the topo-
graphical atlas sheets.

In further connection with this subject, your
Commissioners wish again to call attention to the
question of publishing the results of the survey in
our own behalf. As before stated, the Geological
Survey has generously offered to furnish the Com-
monwealth with transfers of their engraved sheets,
on a system which will permit the addition of tim-
ber outlines and 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,
together with the town boundaries, to a map on the
smaller scale of the Geological Survey, and print
it at the cost of the State. Such a map, in atlas
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form, would be a popular publication, and its sale
would probably more than reimburse the outlay.

The Commissioners have not had the opportu-
nity, since the results of the survey have come into

their hands, to prepare estimates of cost or plans
for making this publication; but they would ask
permission to do so during the present session of
the Legislature, and at as early a day as appropri-
ate information can be obtained. In the meantime,
the Geological Survey will probably furnish copies
of their engraved sheets, at a small cost, to those
who desire to have them. The natural features of
the Commonwealth, the contours, lakes, ponds
and streams, the culture features of rail and

wagon roads, and the closer settlements of cities
and towns, are finely illustrated on the atlas sheets
of this map. The price fixed by the government
is fifteen cents for each atlas sheet.

There is still another proposition which your
Commissioners desire to submit:

The Geological Survey has prepared and placed
at their disposal the MSS. of a wall map which
gives an admirable summary of the results of the
topographical survey, on the scale of ten miles to
the inch, with contour lines given for each one

hundred feet of elevation. The cost and labor of

reducing the topographical details of the general
survey to this smaller scale have been great, and
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have been borne entirely by the Geological Survey.
It seems well to your Commissioners that the
Commonwealth should assume the publication of
this map, for the reason that in many places, par-
ticularly in schools, it will serve to present the
general features of the country in a far more accu-
rate and effective manner than they are exhibited
on any other map. For business offices and places
■where a view of the entire area of the Common-
wealth is desirable, it will serve a most useful
purpose.

The cost of engraving this map on copper, so
that the results may be presented in the most satis-
factory manner of that art, will be about fifteen
hundred dollars. To print a sufficient number of
the maps for official distribution and for the needs
of the demand which will undoubtedly arise for
them, will probably require an additional five hun-
dred dollars, making the whole cost two thousand
dollars. If placed on sale, at a reasonable cost, it
is possible that this expense would be met in a short
time by the sale of copies. Your Commissioners
would therefore recommend that an appropriation
of two thousand dollars be made for engraving
and printing the map above referred to.

As also stated in our last report, it may be
assumed that the Commonwealth will not be will-
ing to limit its citizens to the use of the map, in
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atlas form, engraved by the government for geo-
logical purposes alone, and certainly not to the still
smaller wall map last above referred to. The scale
of the atlas map one inch to the mile is, in
itself, not sufficiently large to admit the representa-
tion of details often important in the economy of
public works, but which can he shown on the
larger scale of the field survey, two inches to the
mile, giving four times the area of the govern-
ment scale to each sheet. Your Commissioners
are not prepared to submit estimates of cost or a

plan for engraving these sheets, nor do they deem
it expedient to undertake this work at once. They
propose, however, during the ensuing season, to
make a careful study of this subject, and prepare
one or two of the more important atlas sheets, say
the Boston and Worcester sheets, for engraving
by the Commonwealth, submitting with them esti-
mates of cost. The system and style of engraving,
and the conventional signs used in representing
details, should be such that future changes and ad-
ditions to the map can be made from time to time,
with the least detriment to, or disturbance of, the
work already done. The whole of this matter will,
however, as proposed, be made the subject of a

future report.
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11.
Determination of Boundary Lines of Towns

The work connected with the town boundary
survey has been much embarrassed during the
past year by the loss of Prof. Henry P. Walling,
whose sudden death, by heart disease, occurred
on the Bth of April last. Mr. Walling has been
identified with the State Survey from its inception
to the time of his death; in fact, it was mainly due
to his personal effort that the survey was inau-
gurated. He was at the time a member of the
staff of the Geological Survey, which he finally
left for the exclusive service of the Commonwealth.
His personal knowledge of the geography of the

State, and his long experience in map making,
gave him a special fitness for the work of the new
survey.

Mr. Walling was born in Burrillville, R. 1., on

June 11, 1825. After fitting for college he be-
came a partner of Barret Cushing, a well-re-
membered civil engineer of Providence. In 1853
he entered on his life work as a cartographer, and
between that date and 1870 did a great work in
the preparation of maps. His work extended over
a large part of the Northern States. He prepared
and published the well-known map of Massachu-

in Massachusetts.



111889.] SENATE —No. 11.

setts, which was the product in part of Borden’s
survey and in part of his own painstaking labor.
About 1870 he became a professor of mathematics
in Lafayette College, which office he retained for
two years. For some time thereafter he was an

assistant in the United States Coast Survey. Hav-
ing acquired an interest in geological problems he
then became an officer of the National Geological
Survey. In 1884he was assigned to the survey of

Massachusetts, which was to afford the foundation
of the new topographical and geological map just
finished. Although always a sufferer from grave
bodily ills, Mr. Walling, by dint of patience and a

masterful will, succeeded in accomplishing a re-
markable body of work. To him, more than to any
one else, is due the appreciation of good maps,
which is now bearing fruit in the national survey.

After the completion of the topographical survey
Mr. Walling devoted himself to the town boundary
work of the Commonwealth, and had the charge of
a large field party under the direct auspices of the
Commission, and was in the midst of the execution
of a large scheme of work when he was so suddenly
stricken down. The larger triangulation which he
had in hand not only covered the ground of the
boundary work laid out for the current season, but
extended back as a verification of the work of
1887, and even part of that of 188G. This involved
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many complicated projects, devised by and familiar
to himself alone, and which had not reached a

development that could be recorded or made
known to others. It therefore became necessary

to go over the whole of Mr. Walling’s work, in
order to find out his intended problems and the
better course and mode of their successful solu-
tion.

The task of continuing this work was intrusted
by the Commission to Mr. E. G. Chamberlain, Mr.
Walling’s principal assistant, and to Mr. E. E.
Peirce, as Mr. Chamberlain’s assistant. Great
credit is due to these gentlemen, and to Mr. Cham-
berlain especially, for the patient, skilful and accu-
rate manner in which the net-work of triangles
and the determination of primary and town boun-
dary points have been worked out. The execution
of this work has required more office force than
has heretofore been employed in the operations
of the survey, in computations and abstracts of
the field observations. The Commissioners wish

to acknowledge the able and valuable assistance
rendered by Mr. Allan D. Eisteen, who was for-
merly in the Computing Division of the United
States Coast and Geodetic Survey, and to express
their regret that personal circumstances prevented
a longer term of his service to the Commonwealth.
The nature of the work above referred to has been
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a mixture of field and office operations, according
to the requirement of observations or computations
in carrying out former projects or supplying defi-
ciencies in the frame-work of the survey. The

following extract from a report to the Commission
by Mr. Eisteen will explain the work more fully.
He says:

There are ninety-five record books containing hori-
zontal angles measured from about 375 stations. These
books are uniform with the small Coast Survey book for
direction instruments. The angles were measured by
Messrs. Walling, Chamberlain, Richardson, Kendall,
Keith, Johnson and Peirce, and the books have been gone
over and verified by Mr. Chamberlain, Mr. Peirce and*
Miss Perkins. ... A first abstract of angles was pre-
pared by Mr. Chamberlain with much care, and the results
were copied into a second abstract, consisting of three
volumes, containing in all about 660 pages. ... A
sketch is appended which shows approximately the rela-
tive position of thirteen principal stations that have been
adjusted by least squares, in strict accordance with the
method now in use in the United States Coast Survey
office. In this adjustment it was not considered necessary
or desirable to carry the computations further than six
places of decimals, or to preserve decimals of a second of
azimuth. In addition to the thirteen stations already ad-
justed, it may be found desirable to include Chestnut Hill,
which, it is now believed, is the same as that occupied by
Borden. Stations previously occupied and determined
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by the Coast Survey or Borden, within the field of our
work, are as follows :

Fay’s Mountain, Prospect Waltham, Boston State
House, Blue Hill, Red Brush and Beaconpole. Other
stations were also occupied by the Coast Survey and by
Borden in this vicinity, which have not been certainly
recovered. ... A preliminary computation of about four
hundred triangles has been made, for the purpose of dis-

covering weak places, finding bases for the reduction of
eccentric points to center, and indicating the best order to
follow in the final work. Nearly one hundred final sec-

ondary triangles have also been computed, and the L. M.

Z. computation has been carried on in connection with
them. . . . Difficulty has been found in the region north

and east of Moose Hill and south and west of Blue Hill.

Stations Hedley, Kollock, Hodges, etc., wall probably
have to be treated as eccentrics to some one central point,
and further observations may possibly be necessary at or

upon Fox Hill and Reservoir before a satisfactory agree-
ment can be reached among the triangles that determine
them. Only five places of decimals have been kept in

this secondary work. . . . The United States Coast
Survey office has, as yet, had nothing to do with the
work mentioned in this summary, except that the geo-
graphical positions of a few points in this neighborhood
have been taken by us from the list given in Appendix 8

of its Report for 1885.

The following - extracts are taken from a report
of Mr. E. G. Chamberlain:
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On assuming, April 12, the charge of the continua-

tion of the field work left unfinished by the death of

Professor Walling, I found the party engaged in the

determination of the corners of the new town of Avon and
of the city of Brockton, the work of two years ago at the
latter place not having proved satisfactory. ... It ap-

peared in the reports of 1886 and 1887 that 355 town
corners or angles in the town boundary lines had been

determined, completing, as was supposed, twenty-seven
towns. To determine these points 375 stations had been
occupied and about 5,700 directions observed. It is
now apparent that some of this work is not entirely
complete

In consequence of the almost constant and exclusive
field work, but little time could be devoted to office duties.
Many of the field notes had not been reduced, nor, of
course, carried to the abstracts. No second abstracts had
been made; this form being necessary because many
of the points had been occupied several times and by
different observers. ... No accurate plot of the triangu-
lation had been made. A tracing of the outline of each
town had been prepared from the maps in the county
atlases, and the positions of stations marked thereon as

nearly as could be estimated, and the lines drawn from
the stations to the corners which had been observed.
But, as these town maps were quite erroneous, the angles
were not and could not be properly protracted. . . .

The principal triangulation needed to connect with
the established coast survey points and furnish a founda-
tion on which to base the minor work had not yet been
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executed. During the summer of 1886 Mr. Walling
frequently spoke to me in regard to the prominent points
he had selected for his principal stations. Afterwards,
when I had become a member of his party, he explained
to me that hazy weather and various delays had interfered
with this work. ... So it has happened that some of
the most important lines have not yet been observed. . .

On assuming charge, my first work was to make a

skeleton plan on g-gvstrfr’ about one mile to the inch,
this being the largest scale that would conveniently give
a comprehensive view of Mr. Walling’s scheme of work,
which extended thirty miles north and south and thirty-
five miles east and west, and place thereon such coast
survey and Borden points as had been observed. Start-
ing with these known points, I plotted the various
observed lines, step by step, until I had a plan of 375
stations and of the many church spires and other objects
observed on but not occupied. This work employed me,

personally, with interruptions, until the end of June.
About the first of June Mr. E. E. Peirce commenced

drawing sectional plans on three times the above scale, or

this having been found, by experiment, to be
the smallest scale on which the town line work could be

well plotted. This work occupied Mr. Peirce until the

middle of August, and it was not until these drawings
were completed that an accurate idea could be had of the

condition of the work. . . . Having been with Mr. Wall-
ing, either as a volunteer aid or aregular assistant, during
much of the time covered by his reports, I have known
something of the value to be placed on the observations
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of his various assistants and with the different instruments
used. . . . Mr. Walling often felt obliged to content
himself with a minimum number of pointings, and some

lines of several miles in extent depend on such observa-
tions, In these cases it seems desirable that the angle
should be re-observed, unless there are good checks, in

which case proper weight should be allowed in computing.
Weights, however, are not well regarded in the coast
survey, the observer being required to take pointings
enough to secure a good result. This, in some cases, Mr.

O o 77

Walling felt unable to spare the time to do.
As a basis for field operations, three courses of proced-

ure naturally presented themselves: first, to repeat cer-
tain observations; second, to allow proper weight to
them ; third, to re-examine the general work. The first
we could not afford to do ; the second was objectionable ;

the third seemed the only true solution of the difficulty.
About the middle of August Mr. E. E. Peirce took the

field with Mr. E. G. Hunt as aid, carrying on the work

through the towns of Stoughton, Canton, Sharon, Wal-
pole and Millis to South Framingham, reaching the latter
point about the last of October. He occupied such main

stations as were called for by the plotting, which were

permanently marked and detailed descriptions made of
them. During these two months Mr. Peirce occupied in
all about fifty stations in and around the towns named.

In the same time I occupied, personally, about twenty
stations, and observed some of the more important lines,
choosing such days as promised to be good for observing
long distances. From the nature of the work it is often
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impracticable to give the result of any particular observa-
tion. It may not affect directly any town corner, but may
modify the position of some station on which a number of
corners indirectly depend. . . . The great need of the
work is a good triangulation of the principal points, say
ten or twelve miles apart, on which to base the town
boundary work. Massachusetts was the first State, and
for a long time the only State, in the Union, to make a

trigonometrical survey of its territory ; and it seems right
to assume that the intelligent people of this thickly settled

Commonwealth will not be satisfied with imperfect results
when a trifle more expense will give a true basis on which
to locate the large number of township boundaries within
its territory.

It was supposed that Mr. Walling would find many of
the Borden points, but Pegan, Brush, Moose, Miscoe and

Chestnut were lost; and although he made new stations on

these hills, and also on Noon, Pigeon, Bear and Woon-
socket, he did not determine their positions, for reasons

I have explained elsewhere

I have devoted considerable time to the compiling of a

descriptive list of stations, showing their surroundings and
approaches, witness marks and angles to near prominent
objects, as means of restoring their positions if needed at
a future time. Eight of the principal stations have been
marked with stone monuments. In the case of a ledge an

equilateral triangle of five to ten inches has been cut in

the rock around the drill-hole with the vertex pointing
due north, and sometimes the letters MASS have been cut
at the base. The drill-holes have been deepened to six



191889. SENATE —No. 11.

and eighteen inches and filled with a mixture of tar and

electric light carbons, with sometimes a copper bolt on the

top. Another work taken in hand is a descriptive list of
the town corners, with accurate sketches of their surround-

ings and their positions relative to roads, streams, houses,
etc., that they may be placed on the map, or rather that

the map may be fitted to the located corners.
About the first of November the sub-party in the im-

mediate charge of Mr. E. E. Peirce was transferred from

the vicinity of South Framingham to the north-easterly
part of Essex County, the Commission deeming it de-
sirable to take up new ground in this part of the Common-
wealth. From this date to the close of the year operations
have been carried on in the townships of Salisbury, Araes-

bury, Merrimac, Newburyport, West Newbury and New-
bury, and incidentally in Rowley. On November 26 the
violent storm of wind and rain injured many of the signals
and flooded the low ground, which seriously delayed the
work.

Thirty stations !have been located, commanding he
boundary points of the above-named towns, which are

thirty-seven (37) in number. These are being deter-
mined relative to the thirty stations selected, several of
which are supposed to be coast survey and Borden points.
The important stations on Prospect Hill, Rowley, and on
Crane Neck, have not been found thus far, and it will re-
quire careful work to determine the points selected on these
hills by observations from known points many miles to

the south and west. In accordance with the suggestion
OO

of the Commissioners, this greater work will be deferred
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to another season. The very important coast survey
station on Holt Hill in Andover is probably found,
although the copper bolt is missing. I have personally
occupied but three stations in Essex County, and have
left the execution of the work there mainly to Mr. E. E.
Peirce, who has also done most of the minor field work
during the season. He is a careful observer, and has
shown good judgment and executive ability in manage-
ment, and is deeply interested in the work. Mr. E. G.
Hunt, who was a year with Mr. Walling, has proved him-
self to be a valuable aid in the field. Mrs. Peirce,

formerly Miss Perkins, has rendered most skilful and
useful assistance in the computations and abstract work
of the office.

The Commissioners take pleasure in indorsing
all that Mr. Chamberlain has said regarding the
services rendered by his associates, and wish to
add their high appreciation of the able manner in
which he has performed the very difficult task of
continuing the work so unfortunately broken off
by the sudden death of Mr. Walling.

Although the main points upon which the town
boundary work in Essex County must ultimately
depend are not fully determined, the town boun-
dary work itself can be reported as substantially
completed so far as it has been prosecuted, and the
boundary lines of the townships of Salisbury,
Amesbury, Merrimac, Newburyport, West New-
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bury and Newbury, and, incidentally, the north
and south lines of Rowley, are determined.

Owing to the circumstances and conditions
above referred to, the Commissioners regard it as
more satisfactory to modify the reports made by
Mr. Walling in 1886 and 1887, and state the
results as a unit of work with that of the present
season, 1888. Although those parts of it gone
over in the operations of the present season can-
not be said to he actually completed, it would be
almost impracticable to describe or explain the
nature of the existing deficiencies, or their relation
to the work as a whole. In some cases a few
hours’ observations will make good large areas of
work. We deem it a better explanation, there-
fore, to restate the matter from the beginning,
with the qualification that additional observations
will still have to be made, the cost and time of
executing which will not be large, but, owing to
the nature of the work, almost iuqiracticable to
estimate.

Number of towns surveyed, 28

Number of boundary points determined, 355

In addition to the above, the work of 1888
included six townships surveyed in Essex County
and thirty-seven boundary points determined, mak-
ing a total of thirty-four towns and 392 boundary
points.
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The cost of the party, including $5OO of Mr.
Walling’s salary, and the salaries of Messrs.
Chamberlain, Peirce and Hunt, has been $3,478.52.

The work executed by the party in charge of
the officer detailed from the United States Coast
and Geodetic Survey, Mr. C. H. Van Orden, under
the law for furnishing points to States, has been
the continuation of the work of 1887, by the same
efficient officer, in Barnstable and Plymouth coun-

ties. This has probably been one of the most diffi-
cult sections of the State to triangulate, owing to

the generally low and level character of the
ground, with few prominent hills and the large
areas of woodland. The season has also been
unusually unfavorable for this kind of work. Mr.
Man Orden reports thirty-three rainy days, exclu-
sive of otherwise threatening weather and Sun-
days.

In addition to the delays occasioned by ordi-
narily bad weather, two hurricanes seriously
injured eight of the large signals, from seventy-
five to one hundred feet in height, which had to be
repaired at considerable expense and time.

The area gone over in Mr. Man Orden’s survey
is about 475 square miles, and includes the town-
ships of Sandwich, Mashpee, Bourne, Falmouth,
Plymouth, Kingston, Duxbury and Marshfield, the
boundaries of which have been completed; and
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boundary points have been determined in parts of

the lines of Pembroke, Halifax and Plympton, and
the triangulation extends still farther, over the

towns of Carver, Hanson and Hanover. In his
report Mr. Van Orden says: “The country east

and north of Falmouth Avas of the most difficult

nature, the line between Bourne and Plymouth
being in dense timber. In fact, the clearing re-

quired, in order to see and determine various boun-
dary points, has amounted in all to about two miles
of timber cutting. In the course of the Avork some
of the old but important points of the Coast Sur-
vey, which have for many years been supposed to

be lost, have been recovered, and permanently and
securely marked with marble posts. Among these
are the stations of “ Falmouth ” and “ Carolina
Hill.” The points of “ Crocker, Baker’s Pond,
"West BreAvster, Kelley, King’s Hill and Kicker-
son,” stations of 1887, were also marked with stone
posts.

In addition to the above work Mr. Van Orden
has continued the system of accurate levellings,
extending them along the line of the Old Colony
Railroad to Middleborough. All the copper plates
below Tremont are marked from the tAvo mean tide
gauges of Cape Cod and Buzzard’s Bay. The
bench marks at Tremont, and northward, have
been left for future connection with the Boston
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tide gauge. The present data, however, gives the
bench mark at Tremont as 66.047 feet above mean

sea level; the bench mark at Bock Station, 79.000
feet. The double levels give most satisfactory
results, being constantly in close accord. Mr. Van
Orden speaks in high commendation of the effi-
ciency and skill of his assistant, Mr. J. B. Tolley,
who has been with him in his former seasons of
work for the Commonwealth. Mr. Van Orden
had also during part of the present season the

services of Mr. W. C. Hawley as a sub-assistant.
In recapitulation we give below the details of

Mr. Van Orden’s work in statistical form:

Number of new stations determined, . .71
Number of new stations occupied, . . .57

Number of transverse stations occupied, . . 11l

Number of boundary points determined, . . 30

Number of miles of levels, . . . .65
Number of miles of cutting, .... 2
Area in square miles covered by triangulation, . 475

The cost to the Commonwealth of Mr. Van
Orden’s work, exclusive of hi s salary, is $2,564.75.

Your Commissioners deem it most advantageous
to the interest of the Commonwealth to continue
the town boundary survey with about the usual

Financial.
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force heretofore employed; namely, two field par-

ties, and such office assistance as may be required
for keeping up the records and computations, and
such draughting work as may be necessary for
plotting and adjusting the town boundary determi-
nations to the topographical maps, and making
such other plans as may be desirable. Estimates
of the amounts required for this purpose have
already been submitted to the State Auditor;
namely, eight thousand dollars for the trigono-
metiical survey proper, and five hundred dollars
for the survey and plans of such streams and roads
as are, occasionally, in whole or part, boundary
lines, and for permanently marking the triangula-
tion and town boundary points.

Owing to the complex nature of the co-operative
work of the General Government and the State,
it has been found, on a final adjustment of the joint
accounts, that certain moneys have been applied to
the State work which properly belonged to the
United States, amounting in all to $1,567.87, which
sum the Commissioners have paid, in settlement,
to the director of the Geological Survey, out of
the State appropriation of $8,500 made for the
current year of 1888. This payment, however, has
occasioned an excess over this appropriation of
$601.93. The items of expenditure during this
year, 1888, are as follows:
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Mrs. Peirce, ...... 587 83

Excess, .......$604 93

There is no reason for anticipating further con-
tingencies in the operations of the Commissioners;
and, while they submit the question of deducting
or including the amount of this last excess of $604
in the appropriation of $8,500 estimated for the
current expenses of 1889, they think it will result
in more efficient work if this amount is left intact,
and the excess of the $601.93 provided for, as a

deficiency, by a separate appropriation.
The more accurate determination of town boun-

daries was a natural outgrowth, and, in a measure,
inevitable result, of the topographical survey. As
stated in their first report, the Commissioners had
no desire to extend the features of the first con-

Cost of State party, including $5OO for Mr.
Walling’s salary, .....$3,478 52

Cost of Coast Survey party, by Mr. Van Orden, 2,564 75
Cost of computers’ salaries, Mr. Risteen and

Cost of office expenses and supplies, . . 206 39
Cost of new instruments, .... 283 25
Cost of expenses of Commissioners, . . 416 32

$7,537 06
Amount chargeable to Geological Survey, . 1,567 87

$9,104 93
State appropriation, .....8,500 00
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templated work; but they deemed it a part of their
duty to furnish such information and submit such
recommendations in connection with it, as, in their
judgment, were in the interests of the Common-
wealth. Their first estimate of the time and cost

of such a triangulation as would fix the boundary
lines of the cities and towns in the Commonwealth
was, as they stated, based on the best data pro-
curable at the time; and the fact that these data,
taken from the best State, county and town maps
of the day, were so largely erroneous as to the num-
ber and character of the lines and angles in city and
town boundaries, is an important practical proof
of the need of a better knowledge of the facts.
The insufficiency of the data, and the misinforma-
tion caused thereby, was, however, not wholly the
fault of maps. The vague and inaccurate manner
in which the boundary lines of many towns are
located, described and recorded in official docu-

ments, are further proofs of the need of better
work. It would astonish those unfamiliar with the

facts, to know how gross the errors of distance
and direction, in many of the town lines, actually
are, in some cases, more than a thousand feet.

It seemed manifest, therefore, that nothing short
of a perfectly accurate determination and record
of our municipal boundaries would he satisfactory
or desirable in the work undertaken by the Com-
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monwealth; and in connection with the excellent
topographical survey being made so largely by the

co-operation of the general government, the time
seemed favorable and appropriate for making the
town boundary survey. The cost and labor of
executing such a survey cannot be well understood
or fully appreciated by those unfamiliar with such
work. An approximately accurate survey can be

rapidly and cheaply executed, according to the
limit of its errors; but accuracy costs time, labor
and money.

The Commissioners are sensible of the responsi-
bility they assume in recommending expenditure
and corresponding appropriation for this work;
but they cannot, in justice to the Commonwealth
or to themselves, conscientiously advise the least
deviation from the standard of truth they are
endeavoring to maintain and the results they
desire and intend to produce. Mr. Chamberlain
has pertinently remarked in his report that “ Mas-
sachusetts was the first State, and for a long time
the only State, in the Union, to make a trigono-
metrical survey of its territory; and it seems
right to assume that the intelligent people of
this thickly settled Commonwealth will not

be satisfied with imperfect results when a

trifle greater expense will give a true basis on

which to locate the large number of cities and
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towns within her borders.” Mr. Herbert G.
Ogden, in an address lately delivered before the
“National Geographic Society,” at "Washington,
in speaking of the practical usefulness of perfect
surveys in furnishing incontrovertible data for the

security of property boundaries and the diminution
of litigation that now costs millions of dollars
annually, says: “ Some of the practical advantages
to bo derived from such work are now being
demonstrated in Massachusetts in the ‘ Town
Boundary Survey,’ as it is called, in which the
corners or turning points of the boundaries are
being determined trigonometrically in a subsidiary
work based upon the Geodetic triangulation of the
Coast Survey.* Each boundary corner in this
scheme becomes a fixed point, and the direction
and distance of many other corners are at once
accurately ascertained in their true relations to it.
The town boundaries will in due time be made the
bases of reference for all local surveys and sub-
divisions of property, so that, eventually, there will
be developed a cadastral map of unrivalled excel-
lence to supplement the topographical map that
has just been completed.”

From past experience your Commissioners deem
it unwise to attempt further estimates of the time
and cost of completing the town boundary survey.
The work so far done has been faithfully executed

And the Borden triansulation
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by those engaged in it, both in economy and labor.
A large part of the territory gone over in Barn-
stable, Bristol and Plymouth counties has proved
to be for more difficult to triangulate than was
anticipated. While it is the experience of most

surveyors that a country of bold reliefs is generally
better adapted to such a survey than a flat, or, as
it is termed, unaccented country, there may be
unlooked-for obstacles to progress in the more
hilly western counties of the State.

It was deemed most expedient to commence the
work in the eastern part of the State, in order,
mainly, to utilize the bases of the more numerous
triangulation points already determined by the
Coast Survey. The work has extended over the
whole ofBarnstable County, through most of Bris-
tol and Plymouth counties, the whole of Norfolk,
part of Middlesex, Suffolk and Worcester counties,
and the north-east part of Essex County,

The number of towns completed is 77.
The area covered, in square miles, is 1,690.
The proportion of towns completed to the whole

number in the State is about T J-g-.
The proportion of area gone over to the whole

area of the'State is about

All the field data of the work executed by the
officers detailed from the Coast Survey, excepting
that of the season of 1888, just closed, have been
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sent to the office of that department for revision
and adjustment in its computing division, and will
soon be returned with the indorsement of that
valuable verification. As soon as the results of
the work done by the more distinct State party
are in proper order, the Commissioners desire to

submit them also to the inspection of the Coast
Survey office, which, we understand, will accept
them for that purpose.

The Commissioners wish to acknowlege the very
cordial co-operation of the United States Coast
Survey in the work of our Commonwealth.

Very respectfully submitted,

FRANCIS A. WALKER.

HENRY L. WHITING
N. S. SHALER.




