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INTRODUCTION AND REVIEW

Hugh C. Mitchell

This number of the GEODETIC LETTER is given over to & consid-
eration of State-wide plane-coordinate systems. It may be regerd-
ed as a continuation of the May 1935, number, which was devoted
largely to an academic study of the use of geodetic control in ca-
dastral surveys througn the medium of plane coordinates. The pres-
ent number gives consideration not only to cadastral surveys, but
also to detall surveys of other tyves which have been based on State
plane-coordinate systems. It consists of & number of articles, some
of which partake of the nature of engineering revorts in that they
tell of things accomplished. These articles have been prepared by
men whose work has made them authorities in matters whereof they
write. In a way, the May 1935, number of the GEODETIC LETTER was
the story of what engineers thougnt of the value and utility of geo-
detic control and State vlane-coordinate systems, while this number
telle of what has aédtually been accomplished in various filelds in
the short time that has elapsed since the State systems were devised.
With several exceptions, the articles which make up this number de-
scribe pearticular instances of such accomplishment.

The national geodetlic survey provides such control through the
medium of thousands of well-monumented points for which vosition data
have been determined., Since, 1in any area, lost stations of the con-
trol eurvey can be readily reestablished from & few remaining sta-
tions, any dependent survey i1e tnereby insured azainst loss.

For many years the problem had been one of finding a simvle and
practicable means of utilizing for detaill surveys the admitted values
of data pertalining to monuments established in the netional control
survey. Prior to 1933 thie could be done only through the geodetlc
methods end formulas by means of which such control surveys are orig-
inally executed and normally extended, or by setting up systems of
plane coordinstes of very 1imited extent. Lack of training and ex-
perience on the part »f engineers and the need for special equioment
in the wey of instruménts, machines, and mathematical tables have
prevented any but & very small use of geodetic control data by the
first-named method. That use has therefore developed through the
second method - the establishment of local systems of plane coordi-
naetes, on which x and y values for the triangulation stations could
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be computed from thelr latitudes and longitudes. The computations
Involved in the transformation of geodetic positions to plane coor-
dinates on a local system are quite simple, but there 1s & serious
limitation to such use - the rapidity with which the accuracy of the
plane coordinates diminishes with increasing distance from the ori-
gin of the projection. This loss of accuracy 1s the direct result
of the type of projection which it 1s necessary to use. The only
practical way of overcoming 1t 1s to 1imit the extent of the area by
a single plane projection. Thus for the triangulation of Greater
New York, executed under the direction of the Coast and Geodetic Sur-
vey in 1903-8, three different systems of plene coordinates were a-
dopted for the reduction of the geographic positions to plane coor-
dlnates, the form in which 1t was necessary to put the position data
in order to make such data of the fullest use and value to the city
engineering department.

As the use of the national control survey data for referencing
and controlling detall surveys of various kinds became more general,
the reduction of geographic positions to plane coordinates on a tan-
gent plane was greatly simplified by the publication of tables which
in a few years ran into several editions. 1

It was in 1933 that a satisfactory method of using geodetic data
over a large are& on & single plane base was developed. 1In that yeer,
in response to & reqguest from the North Caroline Highway Commission,
Dr. 0. S. Adams, & Senior Mathematiclan in the Division of Geodesy of
the Coast and Geodetic Survey, devised a plane projection system which
included the entire State of North Carolina on & single plene, and at
the same time maintained acceptable scale factors to its very borders.
In the article commencing on page 10, Dr. Adams describes in & gen-
eral way the two kinds of map projectlion used in devising plane coor-
dinate systems for the various States. In the year which followed the
adoption of the North Carolina System, compareble systems were devel-
oped for the others States of the Union, projection tables were pre-
pared by means of which geographic positions on the standard datum
could readily be transformed into plsne coordinates on the proper sys-
tems, and in the offices of the Coast and Geodetic Survey such trans-
formation of coordinates was commen¢ed, and 1s still in progress.

Already three publications 2 of geodetic data, the last three to
apnear, contein both the geographic positions and the plane coordi-
nates of all stations upon which they report.

1
U.S.Coast and Geodetic Survey Special Publication No. 71, Relation
Between Plane Rectengular Coordinates and Geographic Positions.

2

Special Publications No. 198, First- and Second-order Triangulation
in Tennessee; No. 202, First— and Second-crder Triangulation in Cal-
ifornia; and No. 203, First- and Second-order Triangulation and Trav-
erse in Minnesota.
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In one State, New Jersey, early recognition was given the
value and use of the State coordinate system by act of 1egislature.3
In the short time that has elapsed since its establishment the New
Jergey Coordinate System has found wide recognition, many organiza-
tions within the State having adooted it as the base for their sur-
veys and mavs. The number of such organizations nemed by Professor
Kiesam on pages 17 to 19 sugZests an engineering directory.

After all, 1t 1s logicel that the same base .should be used for
both engineering and cacdastral surveys, since the plannlng, execu-
tion, and maintenance cf englneering projects require not only accu-
rate surveys and maps of the land being used, but actual control of
the land by ownership, lease, or other means, as well. And it can-
not be contended in cases where tne land to be used 1s of small val-
ue that accurate surveys of the boundary lines are unnecessary,
since the construction of an englineering project gives guch land a
value that willl regquire surveys made with commensurate care and ac-
curacy.

That the State coordinate systems have been used as bases for
surveys for many purvoses may be seen by reading the first paragraph
of ¥r. Whitmore's paper on page 21. So extensive have been the sur-
veys made for the purposes of tne Tennessee Valley Authority that
the coordinate systems of geven States have been used in that work.
The cadastral features of the Tennessee Vglley Authority surveys were
cselected for special attention in thils Jjournal, it being left to sur-
veys in other regions to exemvlify other ovurposes and uses., Thus
Mr. Studdert's article on page 27 gives what may in time become a
typical descriotion of a survey made for a large reservolr (flooa-
control) oroject, while the Denver survey described on page 32 1is
sure to become & model for city surveys in otner parts of the coun-
try. In &adopnting the Colorado Coordinate System as & base for the
Denver survey &and map, & momentous decision was mede. No other city
in this country hes the combination of size with resulting large
land values &nd unusually high altitude above sea level, so tnat 1n
no otner clty would a decision which must choose between & plane oro-
Jection at sea level and one 5,000 feet above sea level involve such
different results. In choosinz the State coordinate system for the
Denver survey, the enzineers responsible therefor acted with dellb-
eration, after consldering all phases of the matter.

In september 1235, a gpecial committee of the Committee on Con-
trol of the Federsl Board of Surveys and Maps was appointed to study
end report on the possible use of the State plane~coordinate systems
by members of the Board. 1In Seotember 1936, the report prepared by
the special committee and adopted by the Committee on Control was
formally adopted by the Board without a dissenting voice. The full
text of tne renort as adopted will be found on page &, while on
page 68 1s given & Discussion of Plane Coordinates which was pre-
pared in support of the formal revort. It is too soon for any re-
sults of this report to show, though there have been & number of sur-
veys made by federal bureaus for which the State coordinate systems

> See GEODETIC LETTER, May 1935. DPage 18.




were adopted as bases. It is hopea that at some future time, infor-
mation can be obtained to determine how extensively the advice of
the Board has been followed, and it 1s felt that the results of such
a survey will be particularly gratifying.

Since, as has already been sald, the use of land for englneer-
ing purposes requires some form of 1ega1 control over such land, the
accurate description of the 1and becomes & matter of importance. Not
only should the boundaries be established with accuracy, but their
descriptions should be such that they can at any time be reproduced
surely and economically. It is believed that referencing such bound-
aries to statlons of the national control survey provides the reqgulred
securlity and economy. The value of coordinates as legal evidence in
the restoration of lost land corners is discussed on page 39 Dby
Mr. Clement who writes with authority on the public land surveys of
the country.

To satisfactorily serve thelr purpose, descriptions of land
boundarles by means of State coordinate systems should be supported
by the weight of authority. 1In New Jersey such quality has been giv-
en them by act of legislature (see Note 3, page 3 ). It is to be
expected that in other States similar support and recognition will be
given the State coordinate systems which have been devised for their
areas, Already several States have indicated an active interest in
this matter, foremost among which is Iowa, where, under the direction
of Professor Holt, desire is being transformed into action, and an
act recognizing the Iowa Coordinate System prepared for introduction
into the State leglislature at an early date. On page U4 Professor
Holt presents an article in which the proposed Iowa Act 1is 1ncluded,
and in which the comoonent parts or sectione of that act are analyzed.
The proposed Iowa Act was prepared by Professor Holt in cooperation
with Professor Kissam and members of the Coast and Geodetic Survey,
and 1s believed to provide a model which, with small changes in the
enabling sections and the vrover technical description for the par-
ticular State substituted for that of the Iowa System, will serve at
least as a starting point for similar legislation in eny other State.
The technical descriptions of the coordinate systems established for
the verious States by this Bureau may be had by addressing a request
to the Director, U.S.Coast and Geodetic Survey, Washington, D.C.

A law providing for & sclentific method of describing land
boundaries should be eadministered in a scientific way, Two of the
civil divisions of our country recognize this twin advantage by main-
taining lané courts before which must come all matters relating to
land titles and bouncarles. These land courts, in Massachusetts and
in Hawail, maintain engineering departments which prescribe standards
for meking surveys and describing boundaries. One requlrement in
such surveys and descriptions is the use of trisngulatlon control sta-
tions for reference purposes,



Under the direction of Mr. Houdlette the geodetic control sur-
veys of Massachusetts have been greatly augmented by local control
surveys. Mr. Houdlette's description (page K3 ) of the present
status of those surveys is & splendid companion pilece to the letter
from Mr. Clarence B. Humphrey, Engineer for the Masgsachusetts Land
Court, which was published in the May 1935, number of this journal,
The adortion of the Massachusetts Coordinate System by the landé
court, as reported by Mr. Houdlette, has resulted quite naturally
from the adootion of the State system as a base for the local con-
trol surveys.

The history of land surveying in the Hawalian Islands 1s most
interesting. When the Mahele or peaceful revolutlon to which ref-
erence is made in the paper by Mr, Whitehouse on page K9 occurred,
and the lands of the islands were divided among the people, the
lords, end the crown, surveyors were put to a test of unsurpessed
severity to find means of providing accurate and setisfactory record
descriptions of these lands. Out of need for coordination of the
surveys of the many small irregular parcels of land came first the
trigonometrical survey of the islands, and as & natural corollary,
later came the establishment of a lend court, In the two fine ar-
ticles contributed by the Territorial Surveyor (page 59 ) and by the
Reglietrar of the Land Court (page 64 ), the engineering and Judicial
procedures involved in cedastral surveyes in the Territory of Hawail
are very clearly described. It should be noted that a territorisal
system of plane coordinates has not been devised for the Hawalian
Islands, though the relatively amall sizes of the various islands
would permit of each i1sland being made a separate zone in such a
system with 1imiting scale accuracy which would be of the order of
1 part in 28,000 for the largest island, Hewaiil, and of & very much
hizher order of accuracy for the other 1slands. The lack of such
1sland-wide vrojections is apparently felt, as reference is made
(page 62) to the use of plane coordinates on a 1ocal system and the
limitation on such use which occurs in surveys of large estates.

In any study of State coordinate systems for cadastral surveys,
one cannot 1gnore certain collateral matters which are of importance
if a completely satisfactory use of such a system 1s to be achieved,
Two of the most important of these relate to the establishment of a
State Survey and Map Office and of a State Land Court. 1In a great
measure these two organizations should be ianterdependent, each sup-
plementing and sunvorting the other. 1In tne Survey and Map Office
could be gathered togethner all survey and map information relating
to the State and of value to its peoole. The material in such an
office should be readily available to 211 interested persons. Such
an office could be very effectively organized as the engineering
division of the land court, in which case the map department would
serve as the archlves section of that court.

In writing an act designed to give legal status to a State co-
ordinate system, 1t 1s altogether out of the aquestion to include in
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the act specific instructions or requirements for surveying stand-
ards. The incluslon of sufficiently specific and accurate instruc-
tions would make an act so bulky that 1t would probably become a
nulsance rather than a benefit.

Plane-coordinate systems may be regarded simply as engineering
tools - & meansg to an end - and any abuse of their fine qualities
would naturally lead to unsatisfactory results, and tend to dlscred-
1t them. Such use must therefore be regulated. A land court,
through its engineering department, should be qualified to provide
the necessary control by establishing and maintaining sultable rules
and standarcs.

If a full realization of the benefits that should come from a
State coordinate act are to be realized, it should be aéminictered
by & land court which, according to a memorandum from Professor Kis~
sam, should be vested with certaln specific functions. 1In the words
of Professor Kissam, a Land Court Law should:

1. Authorize the appointment of judges and
a chief englneer.

2. Place all matters dealing with real estate
under the Jurlsdiction of this Court with
a right of appeal under a time limitation
to a higher court.

3. Set up a form of petition to the Land Court
for the purpose of confirming and registering
the title, empowering the Court to act on this
petition.

4. Make the paper resulting from the Court pro-
cedure act as final evidence of title; cause
it to be filed in the Recorder's Office, and
require that any liens or encumbrances must
appear on this paper to have legal signifi-
cance.

5. Requlre the Court, when registering title, to
describe the property by means of State Plane
Coordinates, and to stake out the property,
marking each corner by a monument bearing a
disk showing that the property 1s registered
in the Land Court. ‘

6. Most important of all, no prescription or ad-
verse possegsion can give title to land so
registered.

7. A new certificate of registration should be
required when any vart of, or the whole of the
property 1s sold.
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In Hawali the Torrens System of land registration has been
found quite satisfactory. In establishing any State land court,
therefore, careful study should be given that system as to its
value in promoting the work of the court.

It 1s with & great deal of regret that this group of author-
l1tative papers dealing with the use of State plane coordinates in
surveys in varlous fields of englineering 1s gathered together with-
out having at least one formal mentlion of a field in which those
coordinate systems should have and eventually will have very great
value and use - the field of highway englneering. It is reported
that test uses of State plane coordinates have been made in a lim-
1ted way in Texas and have proved quite satisfactory; that the high-
way department of Oregon has adopted the State system as a base for
its surveys; that an eastern State is making right-of-way surveys of
its highways, cdescribing the monuments of those surveys in terms of
the State coordinate system. These are but desultory instances; the
great value of State plane-coordinate systems as an engineering tool
in highway work 1is yet to be develoved.

In closling this perhaps too lengthy review of activities in a
field of engineering that will present what to many who read these
lines 1s & new solution of an age-old problem, it is desired to ex-
press deep &ppreclation to all who by their efforts have contributed
20 much in oreparing this record of progress in scientific land sur-
veying. Especlal acknowledgment is made to Dr. 0. 8. Adams and
Lieut. H. W. Hemple of the Division of Geodesy, U.S.Coast and Geodet-
ic Survey, who have given constant assigtance in editing this report
as the varlous papers which comprise it were being assembled, Ac~
knowledgment, too, is made to the Mr. Emerson Goble, Managing Editor
of National Real Esgtate Journal, for permission to reproduce the ar-
ticle by Mr. de Graffenried which appeers on page 57. With such an
article appearing in the Journal of the National Association of Real
Egtate Boards, and a kindred article in the Journal of the American
Bar Association, one cannot help but be optimistic and feel that the
0ld order of inaccurate and poorly defined 1land boundary surveys is
passing, and in 1its place is coming a scientific method with basic
attributes of permanency and accuracy.

i
"Scientific Boundary Descriptions," by Philip Kissam, American Bar
Association Journal, May 1936, page 335,



FEDERAL BOARD OF SURVEYS AND MAPS
STATE PLANE-COORDINATE SYSTEMS

In September, 1935, a subcommittee was appointed by the Chair-
man of the Committee on Control of the Federal Board of Surveys and
Maps to make a study of the State plane coordinate systems devised
by the Coast and Geodetic Survey, with speclal reference to the
question of the adoption of these systems by the various Federal
agencles.

The interests of any undertaking which is based on surveys and
maps are best served 1f such data for any area are fully coordinated
on a single base. At present there are in use an indefinitely large
number of systems of plane coordinates, each of 1imited extent, un-
related to one another, which will be added to by like systems in fu-
ture years.

In order to provide & means by which this condition could be al-
leviated, and to meet the demand of many surveyors and engineers for
a method whereby they could use the national geodetic control in
their own surveys and still apply the methods and formulas of plane
surveying, instead of using formulas pertalning to spherical coordi-
nates, these State plane coordlnate systems were devised.

The subcomittee made an exhaustive study of the matter and sub-
mitted an extensive report which was edopted by the Committee on Con-
trol. The report was placed before the Board at the February 1936
meeting, and thoroughly discussed &t the March and April meetings.

In compliance with the instructions received from the Board, the
whole subject has been reviewed by the subcommittee and the original
report has been revised and clarified in accordance with the repre-
sentations made by members of the Board, and is transmitted herewith
as an exhibit,

After careful consideration of the subcommittee's study, this
committee believes that the Coast and Geodetic Survey State plane-co-
ordinate systems adequately meet the needs for a method of coordinat-
ing local surveys and placing them on & single basig; that by their
use surveyors and englneers may more easily base surveys on the na-
tional geodetlc control without resorting to spherical coordinates;
and that their use to the fullest practicable extent should be en-
couraged by national and state recognition. The use of this system
in al] local surveys should be encouraged and facllitated by showing
the State plane-coordinate systems &s supplementary projJections on
maps published by federal mapplng organlizations where it 1s practica-
ble to do so.
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It 1s therefore recommended:

(a) That the Federal Board of Surveys and Maps recommends %o
1ts member organizations that, wherever practicable, they adopt the
systems of plane coordinates devised for the various States by the
Coast and Geodetic Survey, and to use these State systems of plane
coordinates as bases for such of thelr surveys and maps as will not,
because of their nature and extent, require the use of some other
system of coordinates or method of recording.

(b) That the Federal Board of Surveys and Maps recommends tO
1ts member organizations that, wherever practicable, they show the
appropriate State plane-coordinate systems as supplementary projec-
tions on all maps and charts produced by them which may have value
and use for engineering purposes, but which because of their nature
or extent require a geographlic base. Such supplementary projections
may be shown on charts and maps by ticks or other symbols, and should
be so labeled that a complete and accurate identification of the pro-
Jection which they represent can be made readlly, and no confusion
&rise even where several prolection systems are shown.

- A -

NOTE

The above report was adopted by the Federal Board of Surveys
and Maps at the meeting of September &, 1936, having been submitted
bo the Board by the Chairman of the Committee on Control, C. L. Gar-
ner, U.S.Coast and Geodetic Survey.

It was prepared by a speclal committee composed of the follow-
ing members:

0. S. Adamg, U.S.Coast and Geodetic Survey.

Donald B. Clement, General lLand Office.

H. W. Hemple, U.S.Coast and Geodetic Survey.

R. M. Herrington, U.S.Engineer Reproduction Plant.

Hugh C. Mitchell, U.S.Coast and Geodetic Survey, Chairman.

R. M. Wilson, U.S.Geological Survey.

- A -
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STATE-WIDE SYSTEMS OF PLANE COORDINATES1

0. 8. Adans

The U.S.Coast and Geodetic Survey has established a nstion-
wide network of arcs of triangulation that at the present time has
a total length of some 65,000 miles. These arcs are fairly evenly
distributed throughout the country and they thus form the basis
for the control of further surveys that may be made locally or re-
gilonally wherever the data are readily accessible., Experienced
engineers and surveyors reallize the fundamental importance of rig-
1d checks on any observational data. In an independent survey cer-
tain checks can be afforded by the methods of observation but an
external check by means of work that has already been established
and shown to be correct by various checks in the net to which 1t
belongs, 1is of the greatest importance in all such subsidiary sur-
veys.

Much remains yet to be done in the establishment of these fun-
damental Federal surveys. In splte of the fasct that, during the
past few years, there has been & rapld expansion of the horizontal
control net of the nation, very much more remains to be done. There
are large areas that are not now supplied with the fundamental data.
The rapidity with which the nationalnet may be completed will de-
pend almost entirely upon the demands made on the Federal Government
by engineers, planners and others who ma&y require the horizontal con-
trol survey data in the execution of thelr work.

In addition to the data established by the Coast and Geodetic
Survey, there are many surveys that have been made by other bureaus
of the Government, such as the Geological Survey, the Army Engineers,
etc. Whenever these surveys are properly tied in with the fundamen-
tal net of the Coast and Geodetic Survey showing an error of closure
acceptable for first-, second- or third-order surveys, they in turn
may become control data for subsequent work. In. sum total, there-
fore, there exist many thousands of stations that are accurately lo-
cated and correlated to each other scattered fairly evenly over the
country.

1 Paper read before the Surveying and Mapping Divislon of the Amer-
ican Soclety of Civil Engineers, Pittsburgh, Pa., October 14, 1935,
Abstract of paper appears in the Januery number of CIVIL ENGINEERING.
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In view of this fact, 1t 1e of supreme importance to arouse
the interest of engineers anéd surveyors throughout the country in
the great advantages to be gained by basing local endéd reglonal sur-
veys on this fundamental control. Since thls control net is so ex-
tensive and reaches from one end of the country to the other, 1t is
necessary to take into account the curvature of the earth in the
computetions, The final data are consequently expressed in terms
of latitude and longitude and in azimuths and lengths., These geo-
detic computations are rather involved and it generally requires
some study before they can be made with ease and certainty by even
well trained engineers end surveyors. The actual computations are
not so difficult but if one wishes to delve into the theory upon
which they are based, the mathematics involved 1s often beyond the
grasp of those who may wish to understand fully the significence of
the computations,

The Coast and Gecdetic Survey has tried for fifty years more
or less to encourege the use of control surveys in the form of geo-
detic positions among the engineering profession. While in certain
Instances we met with success, on the whole the batting average was
very low. Although I am sure that meny were needlessly frightened
off by an exaggereted view of the difficulties to be encountered,
yet the fact stil11l remeins that they were frightened off and as a re-
csult falled to take advantage of the control surveys. A wise gener-
al, when he does not meet with full success in one method of attack,
w111l change his tactics and seek to attaln his objective in some
other way.

During 1932 and 1933, the Coast end Geodetlc Survey cooperated
with the State of North Carolina in the completion of the first-or-
der horizontal control in that State. Early in 1933, Mr. George F.
Syme, of the State Highway and Public Works Commission, requested
us to conslder the possibility of setting up & system or systems of
plane coordinates for the State, At the request of Dr. William
Bowie, Chlef of the Division of Geodesy, I undertook a study of the
possibilities for the State. While working on the project, I had
several conferences with Colonel C. H., Birdseye of the U.S.Geologi-
cal Survey, Who was much interested in the subject of nlane coordi-
nates for use in State-wide survey operations., As & result of my
study and of the various conferences, the system for North Carolina
was devised. Not long after the computation of the tables occurred
the tragic death of Mr. Syme and the direction of the work in the
State passed into the hands of Mr. O. B. Bestor, who has been carry-
ing on survey operations in the State with the coordinates of the
triangulation stations on the State system used as coantrol of hie lo-
cal surveys. Severael thousand miles of tresverse have been run and
computed on the plane with no greater complications then those in-
volved in latitudes and departures.

This was, therefore, the start of the computation of tables for
State~wide systems of plane coordinates, a computation which was un-
dertaxen at the request of a practical engineer and surveyor. What
I wish to convey 1s the fact that the incentive for the initietion
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of such schemes came from engineers outside of the Government de-
partments and not as a result of & brain storm of some theoretical
mathematician and geodesist.

As a basis of the North Carollna system the Lambert conformal
conic projection with two standard parallels was chosen. A conform-
al projection was employed because the angles are better preserved
in this class of projections than in any other class. By holding
the scale exact along two standard parallels it is possible to keep
the departure from true scale within a prescribed maximum for a much
wider strip of country. The tables for the reductlon of geodetic
positions to plane coordinates were confined to the elements neces-
sary for such reductions., No table of meridian and parallel inter-
sections was computed. It was planned that the Coast and Geodetic
Survey should compute the plane coordinates of all of the stations
in the control net and have these available as well as the geodetic
positions. The engineer or surveyor would then have nothing more
to do than to make use of the computed coordinates in his work,

The Lambert projection 1s sultable for a State with greatest
extent in an east-and-west direction since it can be carried almost
indefinitely in that direction. If the departure from true scale
1s to be kept within one part in 10,000 the extent in & north-and-
south direction must be kept to the 1imit of 158 miles.

After the system for North Carolina had been established, we
began a study to see what could be done for a State with greatest
extent in a north-and-south direction. New Jersey was chosen as
the State to be studied in this respect. Again we wished to make
use of a conformal projection for the same reason as before. After
a careful consideration of the matter we finally decided to apply
a modified form of the transverse Mercator projJection. To &apply
this projection with complete rigidity 1t would be necessary first
to map the ellipsold on the conformal sphere and then to map this
sphere on the plane. However, we wished to hold the scale constant
along the central meridian of the region to be mapped. This could
not be done unless slight departures from full rigidity should be
introduced., Accordingly we found that for the limlted region to be
mapped & satisfactory solution could be found by adapting our formu-
las for geodetic positions to the calculation of the elements re-
quired for the computations of the coordinates.

I shall not attempt at this time to explain the process but I
think you can get a plcture of the whole by thinking of the ordinary
Mercator projection with which, I take it, you are all more or less
familiar., Let us suppose that we have a zone of 79 miles on each
slde of the equator mapped on an ordinary Mercator projection. Then
1f we reduce the scale along the equator by one part in 10,000 we
shall have a map that has the scale too small along the equator and
too large by the same amount along the top and bottom of the map.
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As & consequence there will be two parallels equidistant from the
equator along which the scale willl be exact. Now if we use our
imagination further and think of the great circle from which the
surface 1s mapped as being & meridian instead of the equator, we
shall have a true picture of what is done. Unfortunately for our
purpose, the earth 1s not & true sphere and the meridian is an el-
lipse and not a circle. However, with slight sacrifice of conform-
ality we can neglect the ellipticity and thus attain our purpose
for the small area that is to be included in any one system.

We thus found that this system gave & satisfactory solution for
the State of New Jersey and &accordingly tables were prepared for
that State and satisfactory formulas were devised for the reduction
of geodetic positions to coordinates,

We had thus develoved two systems of conformal projections that
are admirably sulted as bases for plane coordinates: the Lambert
projection for regions of greatest extent in an east-and-west direc-
tion and the transverse Mercator projection tor those regions with
greatest extent in a north-and-south direction.

Soon after we had reached this point in ocur investigations the
Civil Works Administration program wasg launched. The need of such
plane-coordinate systems for all of tnhe States was apparent and ac-
cordingly the computations were expedited and systems for the forty-
eight States were completed early in 1934,

Ag before stated, 1t is the plan of the Coast and Geodetic Sur-
vey to reduce all of the statlions from geodetic positions to plane
coordinates on these systems. After these computations have been
made the resulting coordinates will be made avallable for distribu-
tion elther in the State triangulation and traverse publications or
in the form of lithographic reproductions, Up to the present time
three State publications have been issued which contain both the geo-
graphic positions and the plane coordinates of the stations. These
publications sre those for the States of Tennessee, California and
Minnesota. Several other States have all of the computations ready
for publication but at present our program 1is held up due to iack of
funds for publilcation.

In all of the arcs of triangulation that have been orbeerved
since about 1927, there is established at each main stetion an azi-
muth mark distant & good fraction of a mile from the station and
such that 1t 1s viesible from the ground at the station. 1In the main
scheme of the arcs, it is generally necessary to use observing tow-
ers as the main scheme stations are seldom intervisible from the
ground., In view of this fact the establishment of the azimuth marks
1s a great ald to the use of the control for locel or regional sur-
veys. The azimuth of this mark from the station 1s determined and
in the plane-coordinate computations this geodetic azimuth 1s in turn
reduced to & plane or grid azimuth for use in local plane surveys.
These grid azimuths are given in the lists of vlane coordinates so
that the surveyor willl have &11 of the data necessary for the control
of his work,
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After the coordinetes of the control stations have been com-
puted, it scarcely mskes any difference on which of the two pro-
Jections the computations were based. The method of usirg the co-
ordinates is essentially the same on both of the systems and the
computation of surveys by plane coordinates is about the same on
either system. The method of traverse computation by means of lat-
1tudes and departures 1g famillar to all who have studled plane
surveying and 1s in general use among surveyors and engineers 1in
some form or other.

In almost 211 of the systems, the aim was to keep the varia-
tions of scale within one part in 10,000. This 1imit was slightly
exceeded in the North Carollna system because the engineers in that.
State preferred to let the departure exceed this 1imit rather than
have the State divided into two zones. In the computation of third-
order traverses 1t 1s probably not necessary to take into account
these variations of scale., In the most accurate work, however, it
is advisable to correct the measured lengths for this veriation of
scale before computing a given traverse.

Since in both systems of coordinates the reductions to coordi-
nates are made from geodetic positions, the sea-level lengths are
involved in the starting data. There are, therefore, two separate
reductions that should be applied to measured lengths before they
are employed in the computation of a traverse, if the most accurate
results are required. That 1s, the lengths should first be reduced
to sea level and then & correction should be applied for the varia-
tlon of scale on the grid. These grid varlations are listed for
every minute of latitude on the Lambert grids and for every 5,000-
foot distance from the central meridian on the transverse Mercator
grids. It 12 thus & very easy matter to determine this grid correc-
tion for any given line and in most cases it is sufficiently accu-
rate to determine a mean correction for any given traverse. For a
traverse that is properly tied in with the control, there will be a
starting station and an ending station for which the coordinates
will be given. By consideration of these coordinates it is very
easy to determine from the coordinate tables Just what mean grid
factor mey be required for the measured lengths of the traverse in
consideration.

A number of the States have already made very extensive use of
the coordinates in their local work. The use of the grid was start-
ed at once in North Carolina and 1t 1is still in active use for all
local surveys under the direction of Mr. 0. B. Bestor. In New Jer-
sey the system has been used extensively in the computation of 1lo-
cal traverses and under the able directlon of Professor Philip Kis-
sam of Princeton University, & law has been pasced that legalizes
the definition of property boundaries in terms of the coordinates
of the angle points of the property. This is a significant advance
both in the interest of the coordinate systems and in the interest
of cadastral surveying in the State, and it forms an important ad-
vance in the method of the definition of property boundaries.
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The coordinstes in Tennessee are in wide use by the various
divisions of the Tennessee Valley Authority. Traverses are being
computed directly on the grid and the corners of all Government
purchases of property are being tled in with the State system of
control. This method fixes for all time the exact location of
these points. If at any future time the marks at any of them
should be destroyed, they could be restored by means of their co-
ordinates. Monuments, even of the most permanent type, may be de~-
stroyed in time but the coordinate relations still persist and the
actual situation of the monument can be relocated and remonumented
in all cases of loss by destruction of the mark.

Extensive use is being made of the coordinates in North Caro-
lina, South Carolina, Georgia, Floride, Alabama, Tennessee, Loulsi-
ana, New Jersey, Connecticut, Massachusetts, Iowa and many other
States. An accureate map of Denver and vicinity 1s being made by
the U.S.Geological Survey under an appropriation of the Works Prog-
ress Administwation and the work is being based on the Colorado
grid.

The matter of city surveys brings up the question regarding
sea level and ground level, or rather, whether grid scele should
be used, or a scale on & mean ground-level plane. It seems to me
that the importance of having the work tied in with the control net
far outweighs the need for exact ground level distances. A circu-
lar letter was sent to & number of representative engineers and sur-
veyors to get a general recommendation on this very point. Most of
the replies that we received looked at the matter in the same way &s
we had considered 1t. Actual lengths and areas can easily be deter-
mined from & map made on the State grid even though the coordinates
may give slightly different results, Denver is probably at a higher
elevation than any other large city in the country and, if its en-
gineere find the use of the State grid satisfactory for theilr work,
it should be equally so for any other such city in the country.

It is our opinion that all local surveys that consist merely of
traverse can be computed on these State-wide plane coordinate grids
with much less effort than would be required by any other method.
If, however, & local survey is carried on by means of triangulation,
then it is probably simpler and more economical to compute the work
geofetically. Triasngulation can be computed and adjusted on the
grid but the calculations required are equal if not greater than
would be required by the geodetic method. Of course, if any engi-
neers or surveyors wish to compute all of their work geodetically,
we would not deslire to discourage them, 1f they will bese their work
on the Federal control surveys. We think, however, that they would
be overlooking & great advantege if they did not use the grid for
their traverse computations,

The members of the Corps of Engineers, U.S.Army, &re becoming
much interested in the State grids and they are ectually using them
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in some sections. There is no doubt that they would use them
much more extensively i1f stations of the control surveys were
more accessible in regions in which they are carrying on their
work., It is hoped that arcs of triangulation may be observed
along the principal rivers of the country in the not distant
future. These arcs would then serve as bases for the more de-
talled surveys of the Army Engineers.

At the 1instigation of Professor Philip Kissam, the Federal
Board of Surveys and Maps appointed a subcommittee on control
to study the advisability of the Board taking action of approval
of the use of the State-wlde vplane-coordinate systems. After an
exnaustive study of the matter, the subcommittee presented a re-
vort to the full committee on control recommending the approval
of the use of the State grids whenever feasible both by Federal
bureaus and by private engineers and surveyors. Final action
was taken by the Board at its meeting on September &, 193%6. This
should give an added impetus to a wider use of this tool which
we feel to be very important to the engineering profession and
which will tend to increase the accuracy of local surveys and &as
a result, put them in shape to be of further service to other
surveys in the same vicinity.

The Coast and Geodetic Survey has issued three special pub-
lications on the subject of these coordinate systems and their
use and these publications can be obtained from the Superintend-
ent of Documents, Government Printing Office, Washington, D.C.,
for a nominal sum. These are Special Publications Nos. 193, 194
and 195, The first i1s a general treatise applylng to both of
the systems but the other two apply each to only one system; 194
to the Lambert grid and 195 to the transverse Mercator grid. For
any further information about these plane-coordinate systems and
their use or about the subject of projections in general, appli-
cation should be made to the Director of the Coast and Geodetic
Survey, Washington, D.C. We are always glad to furnish asny 1in-

information we can on this important phace of geodesy which 1s
destined to become even more important in the time to come.

—A—

The north boundary of
Texas was originally
marked with fifteen
monuments.This 1l1lus~
tration shows one of
the seven which were
identified seventy
years later.

- B -
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THE UTILIZATION OF THE PLANE COORDINATES IN NEW JERSEY
Philip Kissam

About December 1, 1933 the U. S. Coast and Geodetic Survey
Initiated a Civil Works Administration project in New Jersey for
the purpose of establishing supplementary control surveys. When
this was generally known among the engineers throughout the State
they gave an immedliate and enthusiastic approval of the work, The
great interest shown was not only because of the establishment of
many control points conveniently located, but also because of the
introduction of the method of plane coordinate computation by which
surveys could be easily referred to geodetlic control. The Civil
Works Administrator himself was enthusiastic about the project.
When the work was taken over by the Federal Emergency Relief Admin-
istration, members of the directing body again expressed their en-
thusiastic approval of the work,

Later, when it became necessary to decide whether such a proj-
ect was worthy of continuance, the New Jersey Soclety of Profeasion-
a1 Engineers and Land Surveyors unanimously adopted resolutions en-
dorsing it and urging its continuance.

It soon became evident that to give full utilization of the
control survey for property location, a legislative bill should be
enacted providing legasl recognition of the New Jersey Plane Coordi-
nate System. Such leglslative action was taken during the early
part of 1935 and signed by Governor Hoffman on March 25, 1935, With_
the passage of this law the interest of various State Departments
was focused on the work, and requests were made to the U. S. Coast
and Geodetic Survey to establish triangulation stations on the prop-
erties of the Department of Institutions and Agencies and through-
out the State parks controlled by the Depertment of Conservation
and Development. The U. 8. Coast and Geodetic Surwvey immediately
complied with these requests, establishing the Newport-Freehold Arc
and part of an arc 1ln northern New Jersey, when the work was inter-
rupted through lack of funds,

From the outset of the operation of the prolect, the central
administrative office in New Jersey began to receive requests for
information regarding horizontal control. The number of these re-
quests has been continuslly increasing, so that the central office
has become, as well as an administrative office, a bureau of survey
information. The largest volume of such requests comes from the
New Jersey Riparian Stream and Waterway Survey. This Survey ex-
tends throughout the entire State and is organized for the purpose
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of mappling streams and waterways. Traverses run for this project
are monumented and the work is computed on the New Jersey System of
Plane Coordinates.

The second greatest volume of requests for information comes
from municipalities. Borough engineers are enthusiastic over the
opportunity for permanently marking the boundaries of city property
and are establishing the positions of city monuments by means of the
State Plane Coordinates. This development 1s unexpected, as 1t was
originally felt that the need for permanent pointe using plane coor-
dinates would be greater in the country than in the towns,

Many countles in New Jersey have established very fine engineer-
ing organizations. Englneers from these organizations have made full
use of the facilities offered. In Essex County a new map 1s entire-
ly controlled and plotted by means of the New Jersey Plane Coordi-
nates., Middlesex County has started such a map. Requests for infor-
mation and data have been received from County Park Commissions and
Planning Boards.

Private individuels. or partnerships, and several large corpor-
ations have adopted this System for describing thelr properties, and
many requests have been received in this cless. Other State Depart-
ments not mentioned above have requested information: The Highway
Department, The Hackensack River Authority, The Port of New York Au-
thority, and The Passaic Valley Flood Control.

Federal Bureaus are utilizing the System. The U. S. Engilneer
Office at Philadelphia has adopted the New Jersey System of Plane Co-
ordinates for all its work within the boundaries of the State. Ap-
proximately two-thirds of New Jersey falls within its territory. A
lLarge orders for descriptions and coordinates of monuments received
from this organization have been filled. The U. S. Coast and Geodet-
ic Survey has utllized preliminary computations of plane coordinate
traverses in their work of charting the coast 1line from aerial photo-
graphs. The Resettlement Administration has adopted this System
for control of surveys within the boundaries of their work, as well
as for the description of property. Four requests for information
were received from U. S. Corps of Engineers and requests were receiv-
ed from the National Park Service, the U. S. Geologlcal Survey, and
the U. 8. Department of Agriculture Soil Erosion Service.

It 1s difficult of course, to determine Just what utllization
he.s been made of the data requested. Whille some may never be used,
in meny ceses information given out has been passed along to other
organizations and individuals, and used by them also. There is no
doubt, however, that the System is being utilized in an extraordina-
ry degree consldering the short time that it has been in existence.
Practically every survey organization of importance within the
State is utilizing the System to some extent. Although the State
Highway Department has not yet felt that savings could be made by
controlling all its traverses by this method, 1t 1s believed that
should the public demand adequate descriptions of land purchesed by
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the Highway Department, this System would provide that Department
with an invaluable facility.

The U.S. Engineer Office, Second New York Digtrict, believes
that no savings would accrue from utilization of the System in the
Metropolitan area. However, in thils connection, an incident has
8lready occurred which i1llustrates the advantages of using a stand-
a8rd coordinate system. The maps of the New Jersey Riparian Stream
and Waterway Survey are of considereble use to the U.S. Engineers.
They provide the latest data on navigable waterways. Had the U.S.
Engineer Office converted its maps to the coordinate system, this
information could be plotted with & minimum of difficulty. Also,
1%t is usually more convenient for the New Jersey Riparlan Stream
and Waterway Survey to connect with the monuments of the U.S. Engi-
nReer Office than those of the New Jersey Geodetic Control Survey,
&s the former are placed along the rivers. The work of the Stream
Survey would be greatly facilitated if coordinates of these monuments
Were available.

Surveying thought and practice in New Jersey are rapldly teking
cognizence of the advaentages of a standard geodetic datum expressed
in terms of plane coordinates. It is the belief of the writer that
the time is not far distant when so many surveys will have been made
and computed on the standard coordinate system 1in certain areas that
1t will be advantageous to utilize that system for even the smallest
plece of survey work.
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USE OF STATE PLANE-COORDINATE SYSTEMS IN PROPERTY
SURVEYS BY THE TENNESSEE VALLEY AUTHORITY

George D. Whitmore

The Tennessee Valley Authority uses the various State vlane-
coordinate systems as the basis for all control surveys; for all
raerial mosalcs and aerlial photographic index sheets; &all reservolr
maps; all cadastral meps; all record plats of final boundary line
of government property; and for many special surveys, such a&s
ranges for measuring future silt deposits, and the large-scale to-
pographic surveys of certain parts of city areas. The planimetric
&nd tovogzraphic map sheets of the entire Tennessee River watershed,
being prepared in cooperation with the U.S.Geological Survey, all
show the State plane-coordinate grids by marginal ticks. In short,
the State plane-coordinate systems, of which seven are in use at
thie time, are now the computing and plotting bases for practically
every survey and map, of every description, executed by this organ-
l1zation.

One of the most important of these uses is in the property
survey progrem of the lands needed for the large reservoir sites.
This program is comprised of two major parts. The first part is
called locally the Land Acquisition Surveys. These are the surveys
and their resultling maps, executed mainly by a procedure involving
the use of large-scale aerlial photogranhs and standard planimetric
mapping methods, the princlpal purpose of which 1g to facilitate
the buying, or acguiring, of the necessary lands. -~ The sallent
point is that thece cadastral maps are plotted and compiled on the
basls of extensive traverse ground control, and that all such con-
trol 1s computed on the proper State plane-coordinate system. The
Tinished maps -—- used for land aporaisals, for abstracting and ti-
tle examination, and for the actual purchase -- 211 show grid lines
of the State plane-coordinete systems. Hence, the approximate
plane coordinates (probably correct on the average within 10 feet)
of each and every property corner within the surveyed area are avail-
able merely by scaling from the map.

1 Note: A rather complete description of this procedure is publish-
ed in the July-August-September, 1936, issue of "News Notes" of the
American Society of Photogrammetry.
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S. L. COBLER, A WIDOWER TO THE UNITED STATES OF AMERiCA 10/20/38

TVA 532
Tennessee Valley Authority

WARRANTY DEED

THE STATE OF ALABAMA
COUNTY OF JACKSON GR 275

KNOW ALL MEN BY THESE PRESENTS, That for and in consideration of the sum of FOUX
THOUSAND ONE HUNDRED FLFTY-NINE AND 16/100-~----- ($4,158.16---) dollars, cash in hang
pald to the undersigned by the United States of America, the receipt of which is
nereby acknowledged, we the undersigned grantors,

S. L. Cobler, a widower,

have this day bargained and sold, and by these presents do hereby grant, bargain, sell
and convey unto the Unlted States of America, tne foliowing descrioed tract or parcel
of land lying and being in Section Three (3), Township Six (6) South, Range Five (3)

East, Jackson County, Alabama, and wmore particularly bounded and cescrived as rcilows:

A tract of lund lying in Jackson County, Statc of aiabawg, on tne left =id2 of the Tenn-
essce Hiver, in tac Scuth Half (S4) of the Kortiwest Quarter (NWj) of Sectlon Taree

(3), Township Six (6) Soutn, aange Flve (b) East, and woru particularly cescribed as
follows:

Beginning at a rence curner at the southwest corner of the Northwest Quarter (NW}) of
Section lhree (3) (voorainates N. 1,470,588; ?. 418, £39), saia corner peing Norlh Six
degrees twenty-four minutes West (N.6Y 24' W.) twenty-sil nundred (2600) feet from Lhe
soutavest corner of Sectiun Tauree (3) (N. 1,468,004, E. 416,528), ana a corner tc the
land of T. n. idorgun; thence witn Norgan's line, tue wsot line of Section Tnree (3), and
a feuce llnc, Nortn flve uegress taitly-three winutes West (N. 50274 %.) thirteeu
hunarea four (1304) feet to a rence corner (N. 1,471,886; E. 416, 1i3), a corner of the
lands of T. E. Morgan, «nc tie G. T. Cabiness Estate, thence with tne line of tne
Cabiness Estate, ahd « [ence line (soutn vighty-nine degrees nineteen minutes East

(S, 83° 19! E.) two taousand six nunarea sixty-four (2664) feet to a fence corier in

the east line of tne Nortowest Quarter \LW}) of Section Three (3) (N. 1,471,854, E.
418,777), © corner of tue lwnas of the G. I. Cabiness Estate, and V. L. Evans; thence
with Evans' line, tne east line of tne Wortnwest Quarter (Nwé) of Gectlion Tnree (3), and
a fence iine, ‘Soutn six aegrees (6% n, minutes (00') East, thirteen hundred eleven
(1311) feet to a heoge stump at a fence corpner, and at the southeast corner of the korth-
west Quarter (NW}) of Section Inree {3) (Hi. 1,470,550; E. 416,914), a corner of the lands
of W. L. Evans, W. T. Caupbell, &nd t. 0. Weeks, thence with Weeks! lipe, tne scutn iine
of the Nortnwest Quarter (NW}) of Section Three (3), and a fence Line, North eighty-nine
aegrees eleven uinutes West 2“-89 ©11t W.) two taousana five aunared rifty (2650) leet
to a point on the ground shown by S. L. Cobler, « corner of tie lencs of H. 0. Weeks,
and T. E. Morgun; thence with Morgan's llne, the soutsi 1ine of the korthwest Quarter
(N¥i}) of Section Three (3), und the fence line Nortn elguty-nine aegreces eleven winutes
west (N. 83%11¢ W.), one nunareu twenty-tive (125) reet to thne polnt of beginnifig.

Tne wbove described lsno contains seveniy-nine end six-tentns (79.6) acres wore or lesc,
subject to the rights of a county rosd waich affects approxisately five-tenths (3.5)
acres, and ls knovn as Tract No. GR 275, us snown on Map No. 8-4159-45, prepared by tne
Engineers of the Tennessee Valley Autnority.

Tne coordinates referred to in tne above deseription are for the Alabama Mercator {Easts
Cooruinate Systew as establishcd by the U. S. Coust and Geodetic Survey, 1934, Tne
Central Meridian for tnis coorainate system LS Longituae Eighty-rive degrees (85°) firty
uinutes (50') no seconds (0O").

TO HAVE AND TO HOLD the said tract or pervel of land unto the said United States of
Awerice, its successors und assigns,' in fec siwple forever; and for tne consideration
ofureszid, we uc for ourselves, for our helrs, executors and administrators, successcrs
ana assigns, covenunt to ana with the s>ald Unitea States of America tnat we are lawtuily
selzed and possessea in fee simple of said tract or parcel of land; tnat we have a good
ana lawrul right to sell and vcuvey tne same as aforesaid; that the sawme is freg of alt
encusbrances, and that we will forvever warrant and defepa the titlle tnereto against the

lavlul claims of wll persons whoussoever.

it is understood and sgreed tnal wnerever in this instruwent the blngplar.numbey is
used, it applies to tan¢ piurai if and when necessary, and that when the piural is used,
tne plural iikewice applies to the singular if and when necessavy.

IN WITNESS WHEREOF, we have hereunto set our hands and seals on this the 30 day of
October, 1936,

S, L. Cobler

U. S. REVENUE 5TAMPS $4.50 PAILD.

THE STATE OF ALABAMA
COUNTY OF JaCKSON

I, C. 4. Wann, a Notary Public, in and for said county, in said state, here-
by certify that S. L. Cobler, a widower, whose name is sighed to the foregolng ?onvey
ance, and who is wnown to me, acknowledged before me on this day tnat, belng i“‘frm:fc
of the contents of the conveyance he executed the same voluntarily oun the day the sam
bears date.

Given under my hand end officlal seal of office this the 30 day of Octover, 1936.
SEAL

» C. A. Wann R probate hercby
THE STATE OF ALABAMA®%*JACKSON COUNTY I, R H. Moaneliy, Judge of Probdus WRETL

record on the Eoth day of Oct.

cert ent was filed for P
ertify that the foregoing instrument ot eanelly, Judge of probate

duly recorded asnd compared, inere being no tax due.

Fig., 2
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These land acquisition maps are not used, however, as record
plats. The actual purchase contract 1s based on & wrltten deed
description, such description belng prepared from the information
contained on the maps supplemented by comparison with the o0l1d deeds.
It 1s not at this time practical, therefore, to include the plane
coordinates of property corners in these written deed descriptions.

It is evident that such deed descriptions, being based on data
secured from large-scele cadastral maps, will not permit precise re-
tracement or relocation of the property lines in future years. This
is not considered important, however, since all of these private
property boundaries will be inundated, and it is agsumed there will
never be any need to retrace or relocate them precisely on the
ground. On the other hand, the outslde boundary 1ine of the govern-
ment land -- that 1s, the line between government property end pri-
vate property -~ does become important. It and its monuments may
have to be retraced and relocated many times in the future, both by
government and private surveyors., It 1s believed there 1s no better
way to insure that such future relocation will be accurate than by
the method of plane coordinates. It 1s believed also, of course,
that State plane-coordinate systems offer many advantages over spher-
ical coordinates or local plene coordinates.

The second part of the cadastral surveying program, therefore,
comeg after all of the land needed for any reservoir project is ac-
quired. The outside boundary line of the large block of government-
owned land is then monumented, & concrete monument being placed at
every angle point, and the boundary traversed with tape and transit.
In sectionlzed ereas, "angle points" include each intersection of
the boundary with section- and quarter-section lines. At intervals
averaging perhaps every three or four miles, the boundary traverse
le connected to the nearest horlzontal control monuments. The com-
oputing of the final boundary survey thus automatically includes the
State plare coordinates of every angle corner.

- These coordinates of the boundary corners and other data wilil
then be shown on the "final boundary-line plat" of each reservoir,
this being a record plat, with coples being filed in the proper coun-
ty records. Thus there will always be avallable for the use of lo-
cal surveyors, 1in map form, a methematical record of the plane coor-
dinates of each angle point on the government boundary line, togeth-
er with corresponding plane azimuths and lengths of the boundary
courses, This should certainly encourage the use of these plane co-
ordinates in future local surveys, both public and private in char-
acter.

On several occasions 1t has been necessary for the Authority
to transfer certaln parcels of lands to other government agencies,
This gsort of transfer is not usually effected by recorded deed, but
rather by memorandum, accompanied by & metes-and-bounds description
and plat. In each case, the description of the land parcel has in-
cluded the State plane coordinates of the corners, together with
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the corresponding plane azimuths and lengths of the courses. Figure
1 1llustrates such a pleat.

It hapoens occasionally, for one reason or another, that it be-
comes necessary to make a conventional transit-and-tape boundary sur-
vey of a property tract previous to actual purchase from the private
owner, In such cases the present practice is to run a transit-and-
tape traverse around the boundaries, then to connect this traverse to
the nearest coordinated control monuments. The written deed descrip-
tion of the tract then usually includes the State plane coordinates
of the property corners, as illustrated in the attached specimen deed
and plaet, Figures 2 and 3.

w B -

AN INPORTANT SURVEY STATION

This General Land Offlice
monument at the corner com-
mon to four States marks a
triangulation station of the
U.S. Coast and Geodetic Sur-
vey. Surmounting the monument
1s the wooden stand used for

mounting surveying instruments.
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MAPS, MONUMENTS AND CONTROL SURVEYS
W. W. Studdert

The civil englneer engaged 1in fleld surveys, on entering &
new territory, alwayes asks those in authority, "Where can I get
the best maps of this area?"

Those of the immediate territory belleve the engineer has
&sgked them a simple auestion. Little do they realize that their
township and county maps are no more than pictures unless they
have been based upon control surveys and monumented lines.

A few years ago the writer had the occesicn to ask for "the
best maps of this area! in a certain Central American country.
There were none, not even of the picture type maps such as are
found in this country of townships and counties. Many engineers
have faced the same problem over and over again, that problem of
Proceeding with assumed datums, with no guidance except thelr own
8bility and plotted courses. Strange as it may seem, my problem
in the troplcs was but 1ittle different from that enccuntered by
the engineers in this country where the "picture" maps of the e-
reas are in no way related to the fine system of control surveys
lald out by the U.S.Coast &nd GCeodetic Survey, by the U, S.Geolog-
icay Survey, and by other government agencies.

To show the waste created by the type of man described by
Director R. S. Petton, of the U.S.Coast and Geodetic Survey,when
he writes in the "Geodetlc Letter" of August 1934, page three,
"They (the engineers) are the henchmen of vrogress; expansion;
Change.", let us assume that the average civil engineer engaged
In fiel1d surveys directs the expenditure of $10,000 & year in
such practice. Over a twenty-five year period a sum of $250,000
will be, expended. Unless this engineer is actually, by perform-
&nce asg well as by definitlon, a henchman of progress, this sum
serves only to satisfy his lmmediate needs, leaving no material
traces of hig efforts of a quarter of a century of labor.

It may be advanced that the accuracy of an engineer's sur-
Vey does not always warrant that his lines be monumented., 1In my
Opinion even fourth-order surveys should be so monumented that
they will serve other engineers &t a later date. About 1750 A.D.,
& young man from William and Mery College, Williamsburg, Virginia,



was commliscsioned to make certain surveys by compass and chain in
the Dismal Swamp, south of Norfolk, Virginia, He monumented his
survey points with cest and wrought iron markers. They are in ex-
i1stence today end continue to serve the public 186 years after they
were set. He continued 1in leter 1ife to direct us on our course,
but his youth was given to a calling of which we will continue to
heer more and more, - surveying egnd the monumentation of eurveys,
He was George Weshington, our first National Engineer,

Several of our governmental departments, nemely, the Corps of
Enginreers, The U.S.Coast eand Geodetic Survey, the U.S.Geologicel
Survey, and the Geodetic Controcl Surveys of the verious States are
meking it e practice to monument all of thelr horizontal and verti-
cal control surveys. State highway departments should be encoursged
to follow suilt in order thaet the hypotheticel $250,000 spoken of ear-
lier can be saved for the taxpayer. M1llions of gasoline tax dol-
lars have been ignorantly wasted by highway departments through feail-
ure to monument anéd tle together their surveys. This is written with
positive knowledge, for as chief of a survey party cf a State Highway
Department, numerous right-of-way third-order surveys were run under
my direction but were not permanently monumented. Several years lat-
er, 1 advised a U.S.Geological Survey topographic engineer that such
lines were svallable to use in conjunction with hls traverce for
ocuadrangle maps. He later reported that while the notes were accept-
able, he was unable to meke the necessary tles as the temporsry marks
which I was compelled to place at the stations of my survey hed al-
ready disappeared, due to the resurfacing of the highweys, and the
widening of the right of ways that destroyed the value of the refer-
ence ties.

There have been many articles written on the feesibility of the
use of the State vlane-coordinate systems besed on the Lambert con-
formal projection. To one who has used these systems, the many arti-
cles are a cheering sign of the condition of the minds of the '"hench-
men of progress", showing an inquisitive, enthusiastic, and progress-
ive attitudge.

That the many government agencles composing the Federel Board
of Surveys and Maps have adopted the U.S.Coast and Geodetic Survey
plan of 8tate vlane-coordinates is en indication that to engineers
in State, county, city, and private employ will be given the leader-
ship to further expand the uses of these systems,

When tentative plans were belng drawn for the fleld surveys of
the Denison Reservolr on the Red and Washita Rivers along the Texes-
Oklahomé& border, 1t was decided that plane coordinates were, for meny
reasons, idegl for such a survey.

There were four conditions to be satisfied in selecting the
type of system to be used:
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(1) Necessity for using & system that all could under-
stand graphicelly and theoreticsally.

(2) The U.S.Engineer Regulations called for geographic
positions.

(3) Third-erder accuracy must be obtained.
(L) A1l available data should be used.

The entire organization was to be recrulted lccally, in so far
&s pogsible. Engineers were aveilable for this work whose experi-
€nce was mainly in highway and land surveying and in construction
work, While all of the engineers employed had &an excellent beck-
ground for such work, very few of them had experience in making geo-
detic or other surveys of a precislon above fourth-order accuracy.

The computations of geographic positions are simple to one who
undergtande their use, but to the engineer who has never dealt with
them, they give & feeling of helplessness.

Any system of plane coordinates would have satisfied condition
No, 1. To conform to the regulations of the U.S.Engineer Office,
the Oklehoma Coordinate System, Scuth Zone, was the ideal compromi se
8s it was mathematically related to the geographic datum, and compu-
tetions of plene coordinates from geographic positions could easily
be mage, Third-order accuracy immediately made itself graphically
understood as 1:5,000. Every chainman realized his responsibility,
88 414 each instrument man. The length of & survey in feet divided
by 5,000 can gilve & very small result. If thlis same value were ex-
Pressed in degrees, minutes, and seconds of latitude and longitude,
only the party chlef could compute the error of closure. There were
in the area of the Denlson Reservoir various lines of 1local control
Surveys established by survey projlects of the Works Progress Admin-
1stration sponsored by the Oklahoma Conservation Commission under
the direction of Professor N. E. Wolfard of Oklahome University. All
Of these 1lines were based on the Oklahoma Coordinate System, South
Zone, If we should adopt the same system, no additional computatlions
would be necessary to meke those surveys part of our scheme.

The selection of the Oklahoma Coordinate System for use on the
Denison project has proved to be of greater advantage than was orig-
inally anticipated. Our newly organized body of engineers and sur-
Veyors, after a few hours of study of the U.S.Coast and Geodetic Sur-
Vey Special Publications No. 193 "Manual of Plane Coordinate Compu-
tations" end 194 "Manual of Traverse Computation on the Lambert Grid",
were able to take the field with full confidence and knowledge of the
Job to be done. I want to pause right here and give credit where cred-
1t 1s due. 1In my mind end 1n,the minds of many of my assoclates,
U.S.Coast and Geodetlic Survey Speclal Publication No. 194 is an engi-
neering masterpiece in presenting to the uninitiated the problems of
using geographic positions with the Lambert Grid and State plane co-
Ordinaetes. The simplicity of its presentation with 1ts follow-through
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method 1s the best salesman that any system could have, It is writ-
ten and presented so plainly that even our untrained rodmen of less
then high school educetion have been sble to grasp the whole story.

The shore 1ine of the Denison Reservoir as proposed is approx-
imately 1500 miles long. This was accurately located by a network
of 900 miles of third-order traverse control surveys. U.S,Geologlcal
Survey triangulation stations and Oklahcma Conservation Commission
seécond-order traverse lines were used as the base for our plane-coor-
dinate system. Ten 1l5-men parties were organized and put into the
field on June 15th, 1936, st widely separated points. As their
lines tied into one &nother, as a matter of record, various "busts'
Were evident. For the supervising engineer, this 1s where the plane-
Coordinate system 1s a great help. By following a schedule of elim-
lnating possible errors, & "bust" is soon located. If geographic po-
sition computations are being used in the traverse a discrepancy 1s
not nearly so easily located.

The Lambert Grid with plane coordinates is 1deal for map work.
It gives a scale which is readily ascertainable with the regular
meshes of the projJection. At & glance one may readily estimate dis-
tances without epplying a scale to the map. The geographical pro-
Jection may be superimposed with mathematicel precision 1if desired.

We learned one valuable lesson on this project, which escaped
early notice, and to my certain knowledge 1is not heeded in local con~
trol surveys in two States. The warning is plain in seversl text
books: "Triangulation 1s strong in azimuth while relatively weak in
dlstance, whereas traverse is strong in distance while weak in azi-
Math," Our first lines completed showed excellent distance closures
and relatively poor &zimuth closures. The angles were rechecked in
the field but with little improvement in results. Polaris observa-
tiong were then taken every four miles, the plane azimuths computed
therefrom, end angle adjustments made to hold these plane azimuths.
When this was done, excellent closures were immediately obtained,

I cannot recommend too strongly ohservatlions on Polaris for azi-
miths at intervals not exceeding six miles. Since all authorities
recognize this weakness in the azlmuth structure of traverse, 1t is
my opinion that the traverse lines should be divided into sections
&nd adjusted for azimuths observed at regular intervals,

‘ Standard U. S.Engineer Office permanent monuments have been plac-
€d in pairs at two-mile intervals throughout the Denison Reservoir
Project. These mcnuments will prove invaluable to the engineer of
the future engaged on cedastral surveys, geological mapping, highway
location and many other tyves of surveys,
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HORIZONTAL .CONTROL FOR THE TOPOGRAPHIC SURVEY
OF DENVER, COLORADO

H., S. Senseney

To provide an accurate topographic msp of the city and
county of Denver, the Topographic Survey of Denver, Colo., tech-
nically known as WPA Project No. 674, was approved and authoriz-
ed in November 1935 by the Works Progress Administration. The
project 1s sponsored by the department of imorovement and parks
of the city of Denver, and the work is being done under the di-
rection of the United States Geological Survey. The engineer in
immediate charge 1s Fred Graff, Jr., acting chief of the Rocky
Mountaln section of the Topographic Branch of the U.S.Geologicel
Survey. The primary object of the project is to obtain en eccu-
rate and detailed large-ascale map of the city; therefore its ma-
Jor efforts are directed toward the meking of topographic surveys
and the drafting eand reproduction of the various sections of the
mep. The control surveys established as & foundation for the map,
which constitute only & part of Project No, 674, are in charge of
the writer, and the following remarks relate perticularly to this
part of the work,

The fact that the mep wlll be the largest of its scale and
kind thus far prepared by the U.S. Geological Survey hes aroused
considerable interest in the the relative merits of various new
methods of procedure. The result has been to introduce into this
project many field and office practices not heretofore generally
used in standard-scale mapping by the Topographic Branch of the
U.S. Geological Survey. It also appeared probable that the result-
ing survey not only would be widely discussed but that 1t might
have & considerable influence, favorable or otherwlise, because of
precedents that may be established, on the making of similar maps
in the future. The following discussion on the control-survey
methods used in thils project, therefore, should be of interest to
all map makers,

Various scales, contour intervals, coordinate axes, refer-
ence datums, sheet areas, and unit boundarles were glven serious
consideration, and & careful study was made of thelr relative
values in local and general usage before the gspecifications were
finally saccepted.
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About 60 squsre miles of territory are included within the
corporate 1limits of Denver. To comply with the requlrements of
the city engineer's department it was decided to use & horizon-
tal map scale of 200 feet to 1 inch, with a contour interval of
2 feet. On this scale the entire mep would require 400 square
feet of peper surface. A map so gigantic in size could not, of
course, be produced in & single unit, so for the convenience of
both the makers and the users of the map 1t will be assembled in
ol sheets, each representing a ground area measuring 4,000 feet
from north to south and 5,000 feet from east to west. Units so
shaped offer the greatest map surface on sheete that are not too
large to be convenlently handled.

The plane-coordlnete system of reference for horlizontal con-
trol devised by Dr. 0. S. Adams of the U.S., Coast eand Geodetic
Survey, end based on the Lambert conformal projection, was adopt-
ed by the U.S. Geological Survey for constructing the Denver map
after cerefully considering the advantages and possibilities of
& number of alternete systems. The use of geodetic coordinates
directly was at first contemplated, but as these are of little
value to local engineers 1t was declded Instead to use one of the
systems employing pléne rectanguler coordinates. Four such sys-
tems were considered., A description of each follows:

1. A rectangular system based on & polyconic projection with
elther ground or sea-level distances.,

2. A rectangular system based on some selected point of ori-
gin within the city. Similar systems have been used on & number
of previous city surveys, and they are genereally acceptable to lo-
cal engineers,

A modification of the State system devised by the U.S.
Coagt and Geodetic Survey so as to use actual ground distances.

L, The State system devised by the U.S. Coast and Geodetic
Survey without modification,

The last-mentloned system was the one accepted for the Denver
project. In using it, all measured distances are reduced to their
grid velues 1n eaccordance with the Lambert projection, which is
fully described in Special Publications Nos. 193 and 194 of the
U.S. Coast and Geodetlc Survey,

The State system of plane coordinates based on the Lambert
conformal projection (No. L4, above) has been given considerable
publicity, and hes been legelly adopted as standard in at least
one State, It was adopted a&as & basis for the Denver map because
1t satisfies local and general needs and, at the same time, repre-
sents the most progressive ideas ln modern large-scele map con-
struction. In this State system, Denver falls within the central
zone for the State of Colorado. The mep angle, or variation be-
tween the meridians and grid lines, ranges from 16 minutes 41
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seconds east on the west side of the clity projection to 23 minutes
seconds east on the east side,

Before work on the project was begun there were available for
horizontal control within the city, four auxlliary stations inter—
Sected from arcs of first-order triangulation by the U.S. Coast and
Geodetic Survey. A number of intersected stations of the U.S. Geo-
logical Survey, established several years ago, were a8lso availlable,
but these were not considered as of sufficient accuracy to be in-
Cluded in & second-order control base. For the same reason & loop
of traverse around the city, established in 1923-34 by a project of
the Civil Wworks Administration under the supervision of the U.S.
Coast and Geodetic Survey, was not used as basic control. Computed
Points on this traverse line could not be recovered, and no infor-
m&tion could be obtained either in regard to its circuit closure or
8s to the methods used in its computation.

Obviously, this meager distribution of points was insufficient
for the accurete mapping of so large an area. Further control was
therefore established by combining edditional triangulation with
new loops of transit traverse.

A net of triangulation was first spread over the city starting
from two first-order etations of the U.S. Coast and Geodetic Survey,
Boulder and Morrison, located about 25 mlles west of Denver. The
triangulation was carried through to a tie upon two other first-order
Stations, Indian and Watkins, located approximately 15 miles east of
Denver. The resulting net includes 21 occupled and 6 intersected
Stations, 19 of which are within the city proper. The dlagram shows
the arrangement end location of the triangulation stations that 1lie
Within the city limits. Stations Orphanage, Purine, and Tank are
Connected through triangulation with the first-order line, Boulder-
Morrison, and stations Fairmount and D.U. are connected with the
line Indian-Watkins. This triangulation was used as & base from
Which to extend traverse control and it has been tabulated to give
both the geodetic and the plaene coordinates of each station. The in-
8trument and signals were centered over the station marks at all sta-
tlons, Angles were observed with a 10=-second vernier theodolite by
the repetition method, each angle being measured 20 times, The av=
€rage closure of 41 primary triangles was 1,70 seconds, &and the
largest closure was 3%.62 seconds. Adjustments were made by the
Method of least squares. The triangulation was computed first
SO0 as to 'obtain geodetic coordinates which were then transformed
to plane-rectangular coordinates.

The traverse net within the city 1imits containes 81 miles of
trunk 1ines and 164 miles of intermediate traverse. Routes were first
Selected so that trunk lines would be spaced about 1-1/2 miles eapart.
Intermediate lines, generally east-and-west, were then tled between
the trunk 1ines at intervals of approximately 2,000 feet. The dia-
gram indicates the routes followed by the traverse lines.
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Slope distances were measured with 100-foot steel tapes, under
10-pound” tension when along the ground and 22-pound tension if on
Supports, Thesé tapes were checked every week by comparing them
¥ith a master tape which had been tested by the U.S.Bureau of Stand-
8rds, 1In measuring dlstances each tape length was merked with a
Center punch in the head of a tack. The temperature readings and
the differences of elevation at the ends of the tape were recorded
for each tape length. All distances on trunk lines were determined

Y two independent measurements made in opposite directions. Mean
distances were used for the computation, Intermediate lines were
measured in one direction only. All measured lengths were corrected
for temperature &nd inclination of tape, and then reduced to lengths
Consistent with the accevted projection,

Angles of the traverse were observed with 30-second trensits,
the geflection engles being measured six times by repetition. Clo-
fure errors for trunk and intermediate lines were within the 1limits
Prescribed for second-order accuracy.

Traverse stetions were established about 1,500 feet apart, each

One being marked with a splke and a chiseled triangle. Three refer-

€nce marke were cut in curbes at each instrument station. Intermedi-
8te points at each street intersection elong the lines were marked
Y spikes with chiseled circles around them. These traverse lines

tied in and located 70 section corners and 142 guerter corners in the
c ty.

Permanent marks were set along trensit lines st intervels of
8bout 2 miles. These marks are standerd U.S.Geological Survey tab-
lets 1n the tops & by 12 by 48&-inch concrete posts. The posts are
Usually set either in parks or between the sidewalks and curbs with
their tops flush with the ground. In the Denver project &4 of these
Permanent marks and 3,291 intermediate points were esteblicshed. It
1s sare to say that no street corner within the city 1imits is more
than three city blocks from & loceted control point. The points are
distributed in sufficient number over the 94 unit sheets to estab-
lish adecuste individual control for each mep unit.

Three astronomical azimuth stations were occuvied and the ob-
Served ezimuthe were reduced to plane or grid azimuths. Plane azi-
Muthg at triangulation stations were used as initial or closing azi-
Muths for the traverse lines. Treverses were computed in terms of
reCtangular coordinates., All trunk-line circuits were adjusted to
the triangulation by comouting mean values of coordinates at Jjunction
Doints, Intermedlate traverses were generslly fitted between trunk

ines simply by prorating the required corrections according to their
Mileage. 1In the few places where Junction points occurred among in-

termediate 1ines the usugl trunk-line adjustment method was used.
No attempt was made to adjust excessive errors, and in the 245 miles
Of traverse only 9.2 miles, or 3.8 per cent, of rerunning was neces-

8ary to bring all circuits within adooted limits of closure,
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Tabulated results of the horizontal control, giving the x and y
coordinates of marked stations, will be availlable to all engineers

who have use for them.

Accurate 1ines of spirit levels were run over routes nearly the
same ag those shown on the traverse diagram. Bench marks established
by this leveling are being used as reference marks for the vertical
control of the topographic mepping. The bench marks will be useful
8lso in determining meen sea-level datum for any local engineering
surveys that may be made in the future.

First impressions of the standard State system of plane coordi-
nates are apt to be unfevorable, but a careful analysis of this sys-
tem will eventually convince those who use it of its many advantages
over the polyconic projection or other forms of map bases for pro-
Jects of the kind Just described and its merit as a standard base for
all large-scale engineering maps,
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COORDINATE POSITIONS AS COLLATERAL EVIDENCE
IN THE RESTORATION OF LOST CORNERS
OF THE PUBLIC LAND SURVEYS

Donald B. Clement

The term "publlc domain® 1is used broadly to designate those
lands vested in the Federal Government by the original thirteen
"tates, and subsequent acquisitions by treaty and purchase; the

Public domain" embraces the area west of the Ohio and Mississippl
ivers, and the Stetes of Alabama, Florida, and Mississippi, ex-
®luding the State of Texas.

Among the first acts of the Congress after the establishment

OFf our Government was one to make provision for the survey and dis-
DOsal of the public lands as & means of ralsing revenue and to re-
Vargd those who had served in the Army of the Revolution. The pres—
ent rectangular system of surveying the public lands has been de-
zeloped from the basic provisions contalned in the act passed by

he Continental Congress on May 20, 17%%5, and the act of Conagress
8poroved May 18, 1796. The survey of the public lands was commenced
Near the present city of Marietta, Ohio, shortly after the passage
°f the act of 17%5, and the surveys have progressed westerly to
C&re for the advancing tide of immigration and cettlement of the
geStern country, Designed originally to mark, on the ground, the
w°undar1es of lands for purpose of settlement and development of a

lderness, 1t was and is a marked success; the descrintions and
itles to more than 75 percent of the land in the continental Unit-
®d States are based upon the public land surveys.

The surveys executed in the earlier part of the program were
2°t of the highest order of accuracy and were made with instruments
hat today would be consldered somewhat crude. Any question as to
€ binding effect of these surveys is removed, however, by the &act

Congress approved February 11, 1205, which provides that the cor-
Ners marked in the public land surveéys shall be established as the
prOper corners of the sections, or subdivisions of sectlons, which
they were intended to designate; the boundary lines run in such sur-
Veys chall be established as the proper boundaries of the sections,
Or subdivisions of sections, for which they were intended, and the

engths of such lines, as recorded, be held and considered the true
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length thereof., Thile is the basic legislative provision that the
corners established on the ground mark the boundaries of the lands
for which such corners were establighed; 1t 1s still the basic law
and must be borne in mind in comnection with the original survey of
the public landg or in any restoration of previous surveys,

The corners established in the earlier days of the public land
surveys were not permanent and the physical evidence thereof has
largely disappeared, by natural ceauses due to the lapse of time
since they were originally established and by causes incident to the
development of the country, construction of roads, cultivation of
land, etc. It may be considered that no lend corner can be so estab-
lished phyesically as to be indestructible.

When it is realized that the position of the bounderies of all
the lends within the public domain is dependent upon the corners es-
tablished in the original surveys, the importance of the preserva-
tion of such corners and the marking of the voints in the most per-
manent manner possible is readlly apparent. It has always been cus-
tomary to mark physical reference polnts to witness the position of
the corner in the public land surveys; these references usually con-
elsted of native trees to which measurements were taken, large bould-
ers or outcroppings of rock in the vicinity of the corner, or in the
prairie States in the digging of pits and building a mound of earth
at specifled distances from the corner monument. These physicael ref-
erences in many instances can still be identifled even after the
lapse of 100 years or more, and the position of the corner may thus
readily be determined sfter the identification of the reference ob-
Ject. These reference objects are ordinarily referred to as access-
crles to the corner and no corner ls consldered lost if 1te access-
cries can be identified.

Nor 1s & corner considered lost if its position has been per-
vetuated by the construction of other physicel objlects to replace
the original monument, or if there is reliable record of its posi-
tion with reference to certain buildings, center lines of roads, etc.
But when a corner is lost the problem of restoration thereof fre-
quently requires quite extensive survey procedure; any processes
which may reduce the amount of surveying work thus required would
be most welcome.

There are certaln definite legal rules, developed from the ba-
sic lew, which govern the restoration of lost or obliterated corners.
These rules are based broadly on the provosition that the errors in
the original survey should be proportioned along the lines connecting
undoubted original corners. In the practical application of these
rules it is customary to give proper weight to physical topographic
features encountered on the ground which were recorded in the field
notes of the original survey, and to other colleteral evidence of
the position of the original corners.
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During recent years the triangulation net of the Coast and
Geodetic Survey has been expanded considerably, and stations es-
teblished at more frequent intervals throughout the country; in
addition, thousands of statlons have been established on inter-
mediete traverse lines connecting the points of the triangulation
net., The geographic position of each of these stations hasg been,
or cean reedily be, determined; through such data the plane coordi-
nates of each point, referred to the appropriate State system,are
readlly available.

It 1s believed that these stations of the Coast and Geodetlc
Survey afford unequaled collateral evidence for the restoration
of lost corners which had been connected with the triangulation net
or local control stations wnile such public land corners were in ex-
istence. It is also believed that when a loet corner has once been
restored@ by proper legel methods, the security of 1ts position
would be greatly enhanced 1if it were connected to the points previ-
ously established by the Coest anéd Geodetic Survey and the proper
plane coordinates of the corner determined.

However; i1t is to be noted that surveying 1s not an exact
sclence; errors such as are incident to any human endeavor are cer-
tain to be found in any line or angle measured on the earth's sur-~
face. For this reason it cannot be assumed that a connection from
& land corner to only one control station of the Geodetic Survey
would be acceptable for the restoration of the missing corner un-
less such control pofint be in the immediate vicinity of the corner;
the rules governing the distribution of error between original cor-
ners should anply equally where the missing public land corner is
to be restored by plane coordinates, thus necessitating measure-
ments or connections from at least two control points. An excep-
tion may be noted where the control point is in the immedlate vi-
cinity of the missing corner and the connecting 1line measures not
over 500 or 600 feet: 1in such case the control monument might be
considered, for practical purposes, as an accessory to the original
corner and the corner restored by direct measurement from only one
control point.

It may be considered impracticable tn make direct connections
from each of the corners of the vnublic land surveys now in progress
to stations of the Coast Survey. It may be pointed out, however,
that i1f during the original survey of & glven township, or at the
time of & subsequent retracement of the lines thereof while the cor-
ners were still 1in existence, connections were made from each of
the four corners of a township to triangulation .or control stations,
the plane coordinates of those four township corners might be ascer-
tained without difficulty. Through the connections so made, togeth-
er with the measurements recorded in the survey or retracement of
the lines connecting those corners, the plane coordinates of each
intervening point or corner might be computed and determined within
the 1imits of sccuracy of tne survey or retracement.
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Regardless of the method of determining the plane coordinates
of a given corner of the onublic land surveys, such coordinates can-
Not overcome or outweigh the physical evidence of the corner monu-
Ment 1tself; the corner monument is the corner for which it was es-
tablished, regardless of i1ts position. However, when the corner
Monument is missing through destruction or decay, it is apparent

hat the plane coordinates of that corner, proverly and accurately
deter‘mined, may become the best available evidence of the position
Of the original corner, and thus afford a ready and accurate means
Or its restoration,

The foregoing is intended not so much as a guide for the res-
toration of lost corners by coordinate methods as for the purpose of
€mphasizing the importance to be attached to the original position

corners of the public land surveys and for the need of preserving
thoge positions by the best possible means. No general rules for the
Use of plane coordinates in the restoretion of lost corners can be
laig down in a short discussion of this nature, but the need for
Meang of preserving the positions of the corners and boundaries can-
N0t be emphasized too strongly. It is believed that the adoption of
the DPlane coordinate system based unon the control of the Coast and
Geodetic Survey stations, affords one of the most certaln means of
p§§serving the posltion of the corners and boundaries in the public

mein,

Survey monument in
Rochester, N.Y.,

aefter an encounter
with a steam shovel,
Geographlic positions
and plane coordlnates
are immune to such de-
struction.
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PLANE COORDINATES IN LAND BOUNDARY DESCRIPTIONS
A. H. Holt

The permanence of marks of land boundary =- of "corners" --
the finding of such marks or monumentes when they are no longer
readlily vigsible, the replacing of them when they have been remov-
ed, are matters which have long been of serious concern to land
owners and to all others -~ engineers, lawyers, ebstracters --
who have of necessity, been interested in the occupation, use or
ownership of land. NoO such marks are truly permanent. All are
subject to removal or obliteration, wilful or accidental, The on-
ly feasible means yet devised of iansuring the permanence of posi-
tion of a land corner, &g contrasted with the permanence of the
physical object which may once have marked that position, 1s that
for which the Egyptians long &ago developed the science of Geometry;
viz.: so relating this position to the positlions of other monuments,
by mathematical means, that if not all are simultaneously destroyed
those which remain may be satisfactorily used to recover those which
are missing.

Many schemes for employing this means have been devised, and
have been used with varying degrees of effectiveness and convenlence,
To be effective such a system must be so founded as to be practically
certain to be workable when needed, and must be capable of restoring
the location sought with any required precision. To be convenient
it must be simple -~ capable of being understood and used by survey-
ors, and also capable of being sufficiently explained to non-techni-
cal persons, without involving any complicated mathematics or ab-
struse 1deas., The necessary data must be capable both of being de-
termined originally, and also made to serve their final purposes, by
generally known and commonly used methods of surveying and computa-
tion. To meet with general acceptance and use, the scheme must be
highly effective and reasonably convenient.

The plane rectangular coordinates of a point offer the most
satisfactory answer to these needs. The chief bar to their use here-
tofore has been the lack of any esteblished system of general avail-
ability, and the consequent absence of any means of giving permanent,
or legal, significence to their use in a recorded land description,
The time and the opportunlty have now arrived to remove the bar,

Elsewhere in this Geodetic Letter wlll be discussed the origin,
nature, availability, and permanence of the Btate-wide systems of
plane coordinates which have been set up for the several States by
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the United States Coast and Gendetic Survey. Let it suffice here
to say, by way of review, that the location of any point by means
of these systems 1s fixed by stating one distance east-and-west
and one north-and-south, that these distances for ordinary work
may be obtelned, uced in computation, snd employed for finding the
polnt on the ground, by the ordinary instruments and methods regu-~
larly used in farm or 1ot surveying. There 1s nothing new about
the use of vlane coordinates for surveying field work, mapping or
computations. The only new item 1s the establishment of a general
State system, so tied to the national trisnguletion net asg to be
available for use, now or at any time in the future, eanywhere in
the State within reach of a U.S.Coast and Geodetic Survey or other
properly-located triangulation or traverse station. Loss of monu-
ments will not prevent the accurate re-establishment of boundary
corners whose positions are known in terms of this system. The
work of re-establishment will involve nothing more than ordinary
surveylng unless all monuments over & large area disappear at one
time.

An imoortant step toward facilitating the use of this conven-
ient method of recording the locations of property corners is to
officially define and name the State system, so that when reference
to it is made there can be no doubt as to what i1s meant, and so as
to vreclude imorover use of 1t, or ambiguous references to 1t. It
1s desirable that this be done by legislative enactment, This hes
e&lready been done in New Jersey, and is contempnlated in several
other States, Since 1t is true that, except for differences which
are obvious and eeasily hendled, thlis matter of legislative defini-
tion is much the same 1n all States, 1t 1s thought that a study of
the form of such an act might be of some general use.

The following 1s & proposed act, prepared as for the State of
Iowa, Some of the sections will, of course, be different for other
States; but 1t is thought that the form, general content, and some
of the deteiled provisions may be generally applicable.

THE COORDINATE SYSTEM BILL
A BILL FOR

AN ACT to describe, define, and officially name & system of coor-
dinates for designating the positions of points on the sur-
face of the earth within the gstate of Iowe,

BE IT ENACTED BY THE GENERAL ASSEMBLY OF THE STATE OF IOWA:

1. The system of plane rectangular coordinates which has
been established by the Unlted States Coast and Geodetic Survey
for defining and stating the positions or locations of points on
the surface of the earth within the state of Iowa is hereafter to
be known and designated ss the "Iowa Coordinate System."
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For the purposes of the use of this system the state is
divided into & '"North Zone" &nd a "South Zone."

The area now included in the following counties shall con-
stitute the North Zone:

Lyon, Osceola, Dickinson, Emmet, Kossuth, Winnebago, Worth,
Mitchell, Howard, Winnishiek, Allamekee, Sioux, O'Brien,
Cley, Palo Alto, Hancock, Cerro Gordo, Floyd, Chickasaw,
Fayette, Clayton, Plymouth, Cherokee, Buena Vista, Pocahont-
as, Humboldt, Wright, Franklin, Butler, Bremer, Woodbury,
Ida, Sac, Calhoun, Webster, Hamilton, Hardin, Grundy, Black
Hawk, Buchanen, Delaware, Dubuque, Monons, Crawford, Carroll,
Greene, Boone, Story, Marshall, Tama, Benton, Linn, Jones,
Jackson.

The area now included in the following counties shall con-
stitute the South Zone:

Haerrison, Shelby, Audubon, Guthrie, Dalles, Polk, Jasper,
Poweshiek, Iowa, Johnson, Cedar, Scott, Clinton, Pottawat-
tamie, Cass, Adair, liadison, Warren, Merion, Nahaska, Keokuk,
Washington, Louisa, Muscatine, Mills, Montgomery, Adams,
Union, Clarke, Lucas, Monroe, Wapello, Jefferson, Henry, Des
Moines, Fremont, Page, Taylor, Ringgold, Decatur, Wayne, Ap-
panoose, Davig, Van Buren, Lee,

2. As established for use in the North Zone, the Iowa Coor-
dinate System chall be nemed,and in any land description in which
i1t 1s used 1t shall be designated, the "Iowa Coordinate System,
North Zone."

As established for use in the South Zone, the Iowa Coordinete
System shall be nemed, and in any land description in which it is
used %t shall be designated, the "Iowa Coordinate System, South
Zone.'

3. The pleane rectangular coordinates of a point on the
earth's surface, to be used in expressing the position or location
of such point in the appropriate zone of this system, shall consist
of two distances, expressed in feet and decimals of a foot. One of
these distances, to be known as the "x-coordinate", shall give the
vosition in an east-and-west direction; the other, to be known as
the "y-coordinate", shall give the position in a north-and-south
direction, These coordinates shell be made to depend upon and con-
form to the plene rectangular coordinates of the triangulation and
traverse stations of the United States Coast and Geodetic Survey
within the state of Iowa, as these coordinates have been determined
by the said Survey.

4, Wnhen any tract of land to be defined by & single descrip-~
tion extends from either of the two coordinate zones into the other
zone, the positions of all points on 1ts boundaries may be referred
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to eilther of these two zones, the zone which is used being specifi-
cally named in the description,

5. For the purpose of more preclsely defining the Iowa Co-
ordinate System, the following definition by the United States
Coast and Geodetic Survey 1s adopted:

The Iowa Coordinate System, North Zone, consists of
8 Lambert conformal Projection of the Clarke spheroid of
1866, having a central meridian 93° 30' west of Greenwich,
The intersecting cone of thils projection cuts the surface
of the spheroid in parallels of latitude 42° OU' and U43° 16!
north of the equator, along which veresllels the scsle shall
be exact., The origin of coordinstes for this zone is at the
intersection of the meridian 93° 30' west longitude and the
perallel 1L1° 30! north latitude. This origin is given the
coordinates: x = 2,000,000 feet; y = O feet.

The Iowa Coordinate System, South Zone, consists of a
Lambert conformal projection of the Clarke spheroid of 1866,
having a central meridien 93° 30! west of Greenwich. The
Intersecting cone of thle prolection cuts the surface of the
spheroid in parsllels of latitude 40° 27' and 41° 47' north
of the eauator, along which parallels the scale shall be ex-
act. The origin of coordinates for this zone 1is at the in-
tersection of the meridian 93° 30! west longitude and the
parallel 40° 00' north latitude. This origin 1s given the
coordinates: x = 2,000,000 feet; y = O feet.

The vosition of the Iowa Coordinate System shell be a&s mark-
ed on the ground by triangulation or traverse stations established
1n conformity with the standards adoptel by the Unilted Stestes Coast
and Geodetic Survey for first~order and second-order work, whose
geodetic positions have been rigidly adjusted on the North Americen
datum of 1927, and whose plane coordinates have been computed on the
system here defined. Any such station may be used for establishing
a survey connection with the Iowa Coordinste System.

6. No coordinates based on the Iowa Coordinate System, pur-
porting to define the position of & point on a land boundary, shall
be vresented to be recorded in any public land records or deed rec-
ords unless such ovoint 1s within one~half mile of & trisngulation or
treverse station established as prescribed in section 5 of this act.

7. The use of the term "Iowa Coordinate System" on any map,
report of survey, or other document, shall be limited to coordinates
based on the Iowa Coordinate System as defined in this act.

8. Nothing contained in this act shall be interpreted as re-
cuiring any purchaser or mortgagee to rely wholly on a description
based on the Iowa Coordinate System.
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9. This act, being deemed of immedlate importance, shell be
in full force ang, effect from and after 1ts publication in two news-

vapers of thlis state, as provided by lew,
* * * * * *

* * * * * * * * * * *

The following comments on the several parts of this oproposed
ect indicate some of the reasons why, after conslderable discussion,
this form is presented.

The statement of the purpose of the act is probably of general
application.,

The enecting clause will conform to the style regularly used in
the State in which the act'ls presented.

Section 1. The number of zones will vary in different States,
and their nemes will accord, It seems desirable to make the specific
statement that the area "now included" in certain counties shall
"conestitute" & given zone, to guard ageinst change or uncertainty re-
sulting from possible future changes in county nemes or boundsrles, --
by consolidation or otherwice. It is thought that the date of the
ect and the known division of the State into counties at that date
will a%t any time in the future mekXe certain what area is included in
a given zone. The countlies mey be named in either a geozraphical or
&n alphabetical order. For a State in which the county arrangement
1s &g regular as it ig in Iowa, the former seems to be rather more
convenient., Each arrangement hés its adventages,

Section 2. This section formally assigns the names by which the
comoonent parts of the State syetem shall be designated, The terms
"north", "eouth", "central", etc., seem descriptive, &and hence useful,
where practicable. Other names may have to be devised in States where
there are several zones.

Section 3, This section formelly ties the vlane-coordlinate sys-
tem of the Staste to the national trianguletion net, and mekes the
United States Coast and Geodetlc Survey responsible for the determl-
nation of the coordinates of the controlling stations.

Section 4, The purpose of this section -~ to provide for the
bounding of a trect of land lying within more than one zone -- 1is ob-
vioue, A slight rewording will be necessery for those States which
have more than two zones.

Section 5. This sectlion has been the subjlect of a good de&l of
discussion and revision. A first reaction might be to put these pre-
clse definitions of the system and trhe zones into the first section
of the act, It is recognized, however, that these mathematical defi-
nitions will be understood by relatively few people; and it has been
thought best to make the statement in Section 1, simple and non-tech~-
nical, holding the necessary mathematical definition for a later sec-
tion. The definition ies purposely labeled & "definition by the United
States Coast and Geodetic Survey", and the expression "adooted" is a
selected one. The intent 1s to emphasize that the definition is
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vouched for by an out-of-State, disinterested, technical organiza-
tion, nationally knowh. The Insetting of the definition in the
printing 1e to continue the emphasis, It is thought that tnese
points may help a legislator who mizht otherwise hesitate to favor
& measure whose provisions he could not ordinarily be expected to
understand, by assuring him thet they have the endorsement of the
United States Coast and Geodetic Survey. The definition of each
zone 1s made complete in itself, even though thet involves some
repetition. The necessity for dolng this 1is more obvious in States
whoee division into zones must be less regular than in the instant
example., The finel parsgraph of the section reguletes the source
from which the coordinates of a point are to be determined. It im-
poges the requirements of at lesst second-order precision and "rigia
ad justment", according to the U.S.Coast and Geodetic Survey stend-
ards, in locating control stations; but does not require that the
work be done by the U.S. Coast and Geodetic Survey,

Section 6, The intent of this section is tc prevent official
records of land boundaries, such as deed records, being made a re-
pository of inaccurate data., The provisions of the sectlicn prohibit
the recording of coordinates obtained by a survey of less than second-
order precision which has been carried more than a half-mile to reeach
the point whose coordinates are in question, -- the half-mile being tak-
en 8s the straight-line distance from the control station, The bur-
den of compliance with the law 1s placed upon the surveyor or other
person who might seek to have the data recorded, rather than upon the
recorder, who would heve no feaslble way in many cases of determining
whether the date hed been so obtained as to entitle them to be record-
ed.

Section 7. The 1intent of thls section, to prevent the use for
any improper purpose of the terms defined Dby the act, 1s obvious.
It supplements Section 2.

Section &, This section is intended to reassure any person who
may be somewhat ultre-conservative, - to make clear to him thet there
can be nothing implied from any provision of the act to reguire him
to accept & land -description expressed in terms of coordinates in
case of & transfer of title or interest in land. Obviously there is
no such requirement in the bill, but a plain statement to thils effect
may result in forestalling opposition to the eact on the part of some
who might be unduly &pprehensive.

Section 9. The presence, and the form, of this section will de-
pend upon the customs of the State concerned.

The mention, under the heading of Section & above, of the desir-
ability of reassuring some persons concerning the use of coordinates
in land descriptions, calls to mind & point which apparently needs
strong and frequent emphasis in order to remove misunderstanding and
forestall opposition in the matter of the legalizing of the State
systems, To some persons, and among them a few engineers, the sug-
gestion of using plane coordinates in land descriptlons seems to con-~-
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note the abandonment of the older methods of description. To this
they object, and thelr objections might make them oppose or at least
fail to support such an act as 1is herein proposed. This fact should
be clearly understood: THE USE OF PLANE COORDINATES IN LAND DESCRIP-
TIONS DOES NOT MEAN THE ABANDONMENT OF THE OLDER METHODS OF DESCRIP-
TION, either by platted subdivision or fraction of subdivision, or

by metes and bounds, It 1s intended to supplement either of these
methods, and to facilitate the finding, or the checking of the loca-
tion of, any of the corners implied or described in the older forms
of description. It 1s simply & matter of increasing the certainty
and facllitating the future field use of the old descriptions,—-- not
of superseding them. With the coordinates available, one may well
stil11l find that the best way to describe the tract to be conveyed 1s
to say: "A certain tract of land consisting of the east half of the
northwest quarter and the north half of the northeast quarter of Sec-
tion so-and-so": but 1t will be wise to add to this description, "the
coordlnates of the corners of which tract, referred to the Iowa Coor-
dinate System, North Zone, are - - =", and to oroceed to give the
coordinates of the corners, in order, around the tract., If it be said
that the subdlvislons of the Public Land Surveys are already, in the-
ory, located in &accordance with a coordinate system, let it be men-
tioned -~ and 1t is believed that no experienced surveyosr who has re-
traced public land surveys made by contract will gainsay the state-
ment -- that all the dats available from these Surveys will not ordi-
nerily assure the replacing of a lost (not merely obliterated) cor-
ner within & long way of where it originally stood. So, while the
description by fraction of section is excellent from the point of
view of the abstracter or the examiner of title, it does not, without
outside help from some source, give any assurance that the narcel
which 1s so easily, and apparently clearly, thus described can be lo-
cated on the ground. And, &fter all, that is where the land will fi-
nally have to be found.

Most people will probably agree that a metes and bounds descrip-
tion is less desirable than one of the type mentioned above,-- when
conditions are such that a description of this tyve can be written.
But occasionally the situation Jjust about reauires a metes and bounds
description. It 1s not the purpose of this brief article to discuss
methods of surveying; but the statement may be safely made that in
this situation, fileld work (either an original survey or a survey to
restore missing corners), computation, platting, and description wil]
ordinarily be materially aided by the use of plane coordinates. Such
a description can readlly be written so as to involve the coordinates
of the corners, and so as to include, also, without confusion, &ll
the data which should normally appear in such a description. As part
of the closing discussion of a paper which was printed in the Trans-
actions of the American Society of Civil Englneers, Volume 99, pages
1155 et seq., the present writer suggested such a description. It
was reprinted in the May 1935, issue of the Geodetic Letter; but, for
convenience of reference, it is given here, with a few minor modifi-
cations which have been suggested by developments since it was first
proposed.
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"A parcel of land situated in Blank County, Iowa,
and described as follows. The coordinates used to de-
fine the positions of corners are referred to the Iowa
Coordinate System, South Zone. Bearings used are re-
ferred to the meridian of that zone.

"Beginning at & point marked by &n iron pin set
in concrete whose coordinates are: x = 2,461,271.3 feet,
y = 571,001.4 reet, &nd which is on the north line of
Section 00, Township OO0 North, Range 0 West of the Fifth
Principal Meridian, three hundred one and six tenths
(301.6) feet east of the northwest corner of said sec-
tion; thence south seventy-two degrees and forty-ceven
minutes east (S 72° L7' E) one thousand eighty-three and
four tenths (1083.4) feet along & fence 1ine to an iron
pin set in concrete, whose coordinates are: x = 2,462,306,.2
feet, y = 570,680.7 feet; thence south sixteen degrees and
twelve minutes west (S 16° 12! W) fifteen hundred eighty-
nine and three tenths (1589.3) feet, along end in prolon-
gation of a fence line, to an iron pin, set on the center
line of Blank road, whose coordinates are: x = 2,461,862.8
feet, y = 569,154,5 feet: thence south sixty-six degrees
eand five minutes west (S 66° 05' W) twelve hundred ninety-
two and one tenth (1292.1) feet along the center line of
sald Blank roed to an iron pin whose coordinates are:
x = 2,460,681.6 feet, y = 568,630,7 feet; thence north
thirteen degrees and fifty-elght minutes east (N 13° 58' E),
to and along & fence line, twenty-four hundred forty-three
and one tenth (28443,1) feet to the point of beginning; con-
taining forty-eight and thirty-six hundredths %48.36% acres,
more or less."

The introduction of the coordinates increases the bulk of
this description, and that 1s objectionable; but it is believed
that the date are worth including. Extra care will be required
in transcribing such a descrlption to avold an error in steting
& number: but, agein, it is believed that the date are worth the
extra care required,

From the standpoint of an abstracter or of an attorney exam-
ining an abstract to determine where the title lies, metes and
bounds descriptions present a serious problem. It is difficult
to tell whether such a decscription, later than another in matter
of time, calls for the same parcel of lend as the earlier one, It
ie difficult to tell whether two tracts, supposed to be adjoining
and both described by metes and bounds {(unless the description of
the common boundary is the same in both), actually do have one
common boundary, whether they overlap, or whether there mey be &
gap between them. This difficulty is increased, when magnetic
bearings are used, by the changes in direction of the needle. 1If
coordinates of pointe on 8 supposedly common boundary are glven,
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the above uncertainties can be very quickly removed.

The extent to which these State Coordinate Systems can be used
for property description now or in the early future 1is very limited.
Control stations with coordinates determined are available within
reach of only a very small frection of the area of the land to be de-
scribed. However, it is very desirable thet an "enabling act", de-
fining and naming the system for a State, should be a part of the
statute law of the State well in advence of any such use. This should
insure, from the very beginning, uniformity of terminology, with re-
sulting certsinty of meaning of terms used. It should also impose
reasorable limitatlons on the use of the coordinates for descriptions
of boundary when those descriptions are to become a part of the public
records. Thils last matter 1s &n exceedingly difficult one to control.
In thls connection, be it noted that corresponding matters under cur-
rent schemes of description are in most Staetes quite uncontrolled.

It is possible that a satisfactory solution of this situation, and of
other allied matters that are quite beyond the scope of this paper,

may be found only in the establishment of a State Land Court, with
competent legal and engineering personnel, and with the authority sas
well as the ability to exercise control of surveys and descriptions

to be recorded. The way to these Land Courts will undoubtedly be

long and rough but may we have the courage and the persistence to fol-
low it. In the meantime, the adoption of acts legalizing the State Co-
ordinate Systems, and the use of these systems wherever practicable,
will be .steps in the right direction.
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MASSACHUSETTS GEODETIC SURVEY
E., C., Houdlette

Those interested in the progress made 1n the use of geodetic
control in Massachusetts may refer to the contribution made by
Clarence B. Humphrey, Engineer for Court, Massachusetts Land Court,
to the Geodetic Letter for May, 1935 (No. 5, Vol. 2, page 26) from
wvhich the following chronologicel abstract is drawn.

1846;"

1290:

1898:
1915:

1933

1935:

First triengulation in Massachusetts made by Mr. Simeon
D. Borden who devised 5 separate origins based on a
plane tangent at each point of origin.

Publication of town boundary atlases and topographical
meps based on recomputed values of Borden points and &d-
dition of many others by the U.S.Coast and Geodetic Sur-
vey, 11 based upon the Clarke spheroid of 1866.

Massachusetts Land Court established.

A system of plane coordinates was adopted for each reg-
1stration district to the number of twenty-one districts.

April 1. The increasing use by the Department of Pub-
lic Works of the twenty-one Land Court systems of coor-
dinates developed & need for simplification. Through
conferences and cooperation between the Land Court and
the Department of Public Works, made effective on the
above date, geodetic control in the State was establish-
ed on eight coordinate systems, three of which remained
&8s before, while five systems replaced the remaining
eighteen systems,

"Since December 1933 ..... much work has been done which
will be of inestimable value in the future. The result
of this work has been that in Massachusetts, at least un-
cfficlally, the 1927 North Americen datum has been adopt-
ed, and furthermore, a rectangular system adopted based
on the Lambert Conformal Conic Projection ....." This
ebstract is completed by further quotation from the seme
source.l "Everybody understends the velue of a plane
rectangular system coverlng the whole State, and its
great potentlial value, 1if those in charge of engineers

1
Note: Geodetic Letter, May 1935,
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working for State departments or other politicel sub-
divisions of the Commonwealth would gradually adopt the
system and have &l11 of their surveys connected with 1t."

In December 1933, the then Local Control Survey was requested
to facilitate adoption by the Court of the Lambert projection by
computing the coordinates of the corners of the 72 subdivisions into
which the Court divides each of the 54 topographic sheets, which are
then developed on the scale of 3CO feet to the inch. Later the
Court recuested & retrisngulation of Nentucket and the determination
of coordinates on the 1927 datum of all 1ts stations on the island.

In May 1935, subsequent to the above article in the May Geodet-
lc Letter, Mr. Humphrey submitted a memorandum to Mr. Houdlette upon
the subject of legislative action. There followed a conference at
which it was decided to postpone this contemplated step until the
arcs of first-order triangulation now in progress across the State
along the north and south borders and through the western counties
were completed, and adjusted to the North American datum of 1927.
Then with all traverses within the State tied to this adjusted system
the plicture would be complete upon which to base legislative action.

1936: To bring the record up to date the Lend Court has adopt-
ed the single system of plane coordinates developed for
the State on the Lambert projection and requires that the
survey accompanying each new case be tied to the nearest
Lambert control point if located within a reasonable dis-
tance of the property.

The Massachusetts Department of Public Health has adopted State-
wide vertical control based on mean~sea-level datum. Its Chief En-
gineer hes requested a speclal prolect, now being executed by the
Massachusetts Geodetlic Survey, to establish bench marks at all sources
of water supply, reservoirs, wells, standpipes, elevated tanks, end
pumpling stations in Worcester County and all counties east of Worces-
ter County. This survey will include the determination of water lev-
els in a1l open water bodles, with date of observation, and the ele-
vations of crests of dams, spillways, and overflows and of intake
plpes.

The Meassachusetts Department of Public Works, which includes
the Division of Water Ways, the Division of Highways, and the Divi-
sion of Bridges, has also adopted this control for all future sur-
veys. The field work required in reconnaissance and final location
of new highway routes 1s greatly lessened since it 1s no longer nec-
essary to run back traverses to establish control.

Public interest, both private and official, is continusally
increasing. Many communities made appropriations for material
needed for monuments and towers to further the work of the Massa-
chusetts Geodetic Survey in establishing local control points.
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The reproduction department has published & varlety of docu-
ments pertaining to geodetic work in the State in the form of spe-
cial reports, lectures, and manu&ls on procedure in the fileld, pro-
cedure in computation, and procedure in preparing the text of spe-
clal reports. The Massachusetts Institute of Technology has loaned
lecture rooms for use by classes of men drawn entirely from the per-
sonnel of the Masgsachusetts Geodetlic Survey receiving instruction
from Mr., H. J. Shea, formerly obgerver in the U.S.Coast and Geodetic
Survey, now instructor in Geodesy &t the Institute. The course of
sixteen lectures is to hbe repeated this winter,

The Kirstein Public Library, 20 City Hall Avenue., Boston, Mass.,
the Business Branch of the Boston Public Librery accepted a window
display as an educative exhibit in April 1936. A relief model of a
portion of the Worcester Turnpike (Mess. Route 9) through Southborough
and Westborough, presented the topography of 9.5 square miles of ter-
ritory at the horizontal scale of 1 to 5400 and the verticel scale of
1 to 1440, Miniature towers indicated triangulation stations, while
labelled flags were placed at treverse stationsg, bench marks, and
highway markers. Surrounding the glassed-in model were models of tow-
erg, and photographs of field parties and of instruments, including
first-order triangulation and leveling instruments., The exhibit re-
mained three weeks, Later it was set up in the Park Square Bullding
and again at the Brockton Falr.

Since 1ts organization, the Magsachusetts Geodetic Survey has
steadlly pursued 1ts objective of making horizontal and vertical con-
trol available throughout the State despite the "stop" and "go" sig-
nels, the readjustments of field and office personnel, and fluctua-
tions in available funds. The work accomplished within the State 1is
summarized in the following table.

PROGRESS STATISTICS - MASSACHUSETTS GEODETIC SURVEY

(10 mos.) Total

Monthly averages for the years 1934 1935 1936 to date
Field force 200 276 221

Office force Lol 80 140

Total men employed 2l 356 433
Traverse mileage 63 73 50 2128
Second-order levels, mileage 61 130 12& 3835
Firgt-order levels, mileage 15 18 b 776
Arcs of triangulation, mileage 130 227 206 6339
Traverse stations established 151 131 74 W17
Triangulatiosn stations established 20 28 11 810
Bench marks established 169 230 260 7385

Average traverse closure 16,700 23,025 . 23,390
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About 50 per cent of the notlceable increase in the office force
ig attributable to the Reproduction Division established in August
1935 and later expanded to prepare, reproduce, and assemble the man-
uals, special reports, computation forms and other material needed
in the operation of the project and for gpecial reports of the W.P.A.
Planning Board of the State, and also to the publication of a spe-
clal volume of hitherto unpublished bench marks, approximately 800
in number, established in this State by the U.S.Geological Survey.

A special repvort "High Water Data - Flood of March 1936 in Massa-
chusetts", just off the press and now being bound, 1s based upon some
1400 observed points which required about 800 miles of levels to de-
termine the elevation of each. As this work was not a regular part
of the control program, neither the points nor the level mlleage are

included in the above summary.

SURVEY MARK OF THE MASSACHUSETTS

LAND COURT

Made of bronze and cast in cap form for use
on pipes or as a disk for use with concrete

and masonry monuments,
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Remedying Qur Archaie System
of Land Descriptions

lT has been said that the transfer of
real property involves difficulties out
of all proportion to its value, as com-
pared with the transfer of any other
form of wealth. In large part the
trouble is due to the methods hereto-
forc used in America in preparing
the descriptions of land in deeds and
other instruments affecting the title
to realty. These methods have been
aptly described by Professor Kissam
of Princeton University as ‘“inade-
quate, archaic and inaccurate and the
cause of untold economic loss and
damage.” The frequency and ill ef-
fects of defective descriptions are in-
deed appalling, and there are few
brokers who have not in some way
suffered as a result of them.

While it is the privilege, as well as
the duty, of a purchaser to insist
upon a sound description of the land
which he intends to buy, it is well
known that the seller, as well as his
attorney, is as a rule loath to depart
from the description by which he has
received title.  This difficulty has
often proved insurmountable.

Not inirequently another obstacle
is encountered, arising from a total
lack of means by which an adequate
description may be obtained. Com-
petent surveyors often differ as to
the location, as well as the dimen-
sions, of the same piece of prop-
erty. In fact, under present condi-
tions and methods, surveying in many
localities is admittedly an unscientific
and inaccurate art.

Our haphazard, loose, rule-of-
thumb, trial-and-error methods of de-
scription are a heritage from Eng-
land, as an examination of the very
earliest proprictary grants and pat-
ents will demonstrate.  In and about
New York, and throughout a long
stretch of the Atlantic coast, they
have caused from colonial days to the
present a mass of litigation and in-
calculable loss, and the end of the
sorrows engendered by them has not
yet been reached.

The writer only recently, while ex-

by Thomas P. deGraffenried

Of the New York City Bar

amining the title to a large and valu-
able parcel of acreage within fifty
miles of the New York City Hall,
met with a record description which
read: ‘“‘Beginning at a point where
an old hickory tree once stood.” He
was at once reminded of that favorite
exclamation of auctioneers: “Sold to
the lady in the vacant seat!”

It was Rufus Choate, arguing a
question of interstate boundary, who
uttered the words which may be fit-
tingly applied to a multitude of land
descriptions which may be found in
the registries of America: “It is as
vague as the imagination of man. It
is as though you should say, “Be-
ginning at a bluc jay perched upon
a leafy bough in summer, and run-
ning thence five thousand feet to a
hive of bees in swarming time.”

Fortunately, the courts have de-
veloped many salutary and remedial
rules of construction. These are of
great benefit, but can only mitigate,
not eliminate, the long-standing evil
of careless descriptions. Like the
discase itself, these remedial rules
came to the American colonies from
England, and in view of the impor-
tant part played by them in our out-
moded system of conveyancing, some
familiarity with them is desirable.

COURTS generally, when interpret-
ing ambiguous and imperfect convey-
ances, have endeavored as far as pos-
sible to put themselves in the position
of the parties at the time of the ex-
cution of the instrument, and to as-
certain their intentions in the light
of all the surrounding circumstances.
When necessary to cffectuate the in-
tention of the parties, the courts have
not hesitated to substitute north for
south or east for west, or to stretch
or diminish distances in order to con-
form to established monuments or
boundaries, or to reject surplusage in
descriptions or interpolate missing
terms: but to this process there are
well-defined limits and it is a primary
rule that nothing passes by an instru-

ment of conveyance except what is
described therein, whatever the in-
tention of the parties may have been.

The intention of the parties, the
courts hold, may be ascertained not
only by the language of the descrip-
tion but by reference to extrinsic
facts. These may be found in prior
deeds relating to the same property
or prior deeds in the chain of title,
or writings contemporancous there-
with or circumstances relating to the
premises described in them, and evi-
dence of undisturbed usc of the prop-
erty on the one hand and of acqui-
escence in such use on the other is
competent and important.

Again, it is cardinal that every in
strument of conveyance must be read
in the light of the facts and circum-
stances existing at the time of its exe-
cution and must receive the same con-
struction which would have been
given it immediately after its execu-
tion, and it has long been the rule
that every reasonable intendment is
to be made in favor of the grantec
and against the grantor. It is, of
course, presumed that every grantor
intended to convey that which he
owned and not that which he did not
owil.

It is well settled that a conveyance
is to be construed with reference to
its distinct, locative calls, as marked
or appearing upon the land, in pref-
erence to quantity, course, distance,
map or other references. Ambigu-
ous or patently erroneous descrip-
tions have often been rejected and
the land located by other calls. Vis-
ible or definite objects, fixed upon
by the terms of the grant as the
boundary or locative call of the prem-
ises, such as a marked tree or clear-
ing, the corner of a lot, or the land
of another person, which is certain
and notorious, must be adhered to in
the location of the land, although they
do not correspond with the courses,
distances or quantity specified in the
deed, all of which must give way to
such known boundaries or calls. The
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locations made upon the ground and
the acquiescence of the parties fol-
lowing such locations have often been
held conclusive and binding upon the
parties.

As a rule, any description by which
the identity of the premises sought
1o be conveyed can be readily estab-
lished is sufficient, since the office of
a description is not primarily to iden-
tify the land but to afford the means
of identifying it. A description
which enables a surveyor to locate
the land, or affords any other means
of identifying it, is not to be reject-
ed. A conveyance does not fail by
reason of uncertainty in the descrip-
tion if the premises can be identi-
fied by descriptions in other convey-
ances or by reference to plats, lines
or records well known in the neigh-
borhood or on file in public offices.

FROM the foregoing summary it
is obvious that while the courts ex-
tend @ helping hand wherever pos-
sible, there remain many cases in
which careless, inaccurate descrip-
tions have placed purchasers beyond
hope of remedy.

In approaching the counsideration
of a cure for this evil, it should be
borne in mind that our country is
very poorly surveyed and mapped. In
fact, Dr. William Bowie, Chief of
the Division of Geodesy of the Unit-
vd States Coast and Geodetic Sur-
vey, has said that “it is one of the
most backward in this particular of
all the highly organized countries of
the world.”

Much, it is true, has been accom-
plished by the municipal topographi-
cal bureaus of our larger cities, nota-
bly New York and Chicago, toward
the permianent establishment of mon-
uments, locations and boundaries, but
even in Greater New York, where a
very active and progressive topo-
graphical bureau has been at work
for a long time, the topographical
maps for many local areas are yet in
a formative state, being tentative
only. At best. the work of these mu-
nicipal agencies is local. The prob-
lem is national, and as a result of the
plan devised by Dr. O. S. Adams of
the United States Bureau of Coast
and Geodetic Survey, it is now be-
ing treated as such.

The great difficulty with most sur-
veys is the lack of a basic starting
point, or basic line, permanent in
character. or if not fully permanent,
capable of being casily and accurately
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restored in case of accidental destruc-
tion. At present, the particular point
chosen for a starting-point or monu-
ment must nécessarily, in many in-

stances, be of a temporary nature,

such as a tree, the center line of a
stream, an unmapped road line, a
neighborhood corner, a poorly con-
structed monument, or the like. Often
the location of an entire parcel, even
in well settled areas, is a matter of
considerable conjecture, giving rise
to disputes between surveyors. The
magnetic or arbitrary bearings now
customarily used are quite inadequate
and old surveys are frequently mis-
leading as to the magnetic o1 true
north, as the magnetic point is con-
stantly shifting in a very irregular
manner.

The plan projected by Dr. Adams
is not only national in scope but is
designed to provide permanent start-
ing points for surveys throughout the
country and by the use of them to
make possible, within the limits of
present surveying practice, an accu-
rate survey of land in any part of
the United States. He has devised
a method whereby a large strip of
territory may be projected upon a
plane and the geographic co-ordinates
in such a strip converted into plane
rectangular co-ordinates, maintaining
in that projection an accuracy well
within the limits required or obtained
in ordinary land surveying.

While the system is new in this
country, it is said to have been adopt-
ed years ago in France, and with
such success in practical application
that in areas where every landmark
was destroyed during the war, it has
been possible to re-establish prop-
erty lines exactly as they existed prior
to the destruction of the marks. The
chief principle in this system, Pro-
fessor Kissam remarks, is the estab-
lishment of carefully monumented
and referenced points over the entire
country, interconnected by precise
surveys so that the rclative position
of each point with respect to the en-
tire system of points is known to a
nicety. Marks of this kind, called
“control points,” should for proper
use be established at distances of not
more than a few thousand feet from
each other. Once established, they
are in principle indestructible, because,
even if many thousands of them
should be destroyed, they may ali be
replaced, provided but two remain.

The United States Coast and Ge-

odetic Survey, in pursuance of this
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system, has established or is estab-
lishing in every state monumented
triangulation stations, spaced at in-
tervals of approximately twelve miles
and interconnected by the most pre-
cise type of surveying cver developed.
Mr. Hugh C. Mitchell, a senior math-
ematician of that Bureau, in a recent
letter to the writer, explains that the
various state systems of planc co-
ordinates, as prepared by the Bureau,
are the means of putting the data
obtained from the National Geodetic
Survey in such form that they may
be used by any land surveyor with-
out resorting to anything more in-
volved than ordinary formulas and
methods of plane surveying.

Prominent engineers and others
throughout the country, after careful
study of the plan, have given it their
unqualified approval and support.
Through the co-operation with the
Bureau of Professor A. H. Holt, As-
sociate Professor of Engineering at
the State University of Jowa, a prac-
tical surveyor as well as a distin-
guished engineer, and a member of
the state bar, an act has been pre-
pared for presentation to the legisla-
ture of Towa, providing for the es-
tablishment of the system of plane
co-ordinates in that state.

In New Jersey the method was of-
ficially adopted by an act of the leg-
islature in 1935, and although the
official use of the system in that state
is yet in its infancy, good results are
said to have been obtained.

A similar act has been drafted for
presentation to the legislature of
Florida and the State Planning Board
of Pennsylvania has requested that
an act be prepared for that state.

A proposed act, prepared by Mr.
Mitchell for the State of New York,
divides that state into four zones,
three north and south zones and one
east and west zone, with technical de-
scriptions of each of tﬁcsj zones and
of the projections placed over them
given in the act.

Other states for which, pursuant
to requests received from them, the
Bureau has prepared acts are Texas,
Tennessee, Virginia and South Caro-
lina.

In short, the plan now bids fair to
be generally adopted throughout the
country. The consequences of ancient
blunders will, of course, be with us
for years to come, but the establish-
ment of the Bureau's system will
make possible simple and definite de-
scriptions of land in the future.
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LAND SURVEYING IN HAWAIT
L. M. Whitehouse

The transition of the government of the Hawalian people from
the feudal system which had prevalled for many centuries prior to
the discovery of the islands by Captain Cook in 1778, to that of.
a constitutional government under a Christian civilization which
took place about sixty years after the discovery, was accompeanied
by a radicel change .in the system of land tenure. However, the
anclent subdivisions of land, for geographic and other convenient
reasons, have remalned unchanged to the present day.

The Hawaiians had no written language of their own and the
manner in which the boundaries end names of lands were perpetuated
wag by word of mouth passed down from generation to generation by
certain persons who were selected as the repositories of this infor-
mation. Boundaries of the land sectlons constituting the domains
of the chlefs were identified by geographical -features, such as
streams, mountain ridges, hills, capes and other prominent points,
and where no such features existed, by stone walls, large rocks,
cairns of stones or other materlal and other artificial monuments.
All these features were generally given names indicative of some
physical characteristic or historical event connected therewith.

The smaller psrcels of land held by the common people were
identifled by the extent of theilr cultivation; wet land patches for
the cultivation of the taro, the Hawallan staff of 1ife, were bor-
dered by narrow banks and the areas under dry cultivatlon were
marked by low and narrow ridges of hard-packed eerth to delimit
the occupation of the 1ndividuals., House lots, not always located
in the cultivated fields, were enclosed by stone walls or wooden
fences of cut saplings. 1In almost every instance each land 4ivi-
sion down to the smallest unlit had a distinctive name of 1its own.

In the peaceful revolutlion from the absolute monarchy of Kam-
ehameha I to the constitutional monarchy under Kamehameha III, in
which also the system of land tenure underwent a change, the com-
mon people who previously had only a permissive use of the lands
on which they 1ived, were given an opportunity to secure allodlal
titles to their holdings.



The king and his feudatory chiefs, in a grand division which
took place in 1848, divided between themselves the large land sec-
tions. The king, who received the largest individual share, then
transferred a portion of his lands to the government as a part of
the public domain and retained the remainder for himself as an ap-
purtenance to the crown.

In these transactions it was provided on the part of the com-
mon people that all claims should be accompanied by a metes-and-
bounds description of survey and map. In all these early surveys
the magnetic compass - an inadequate and unreliable instrument -
was used in measuring the bearings of the land lines and usually,
put not always, the Gunter's chain for the measurement of dilstances.
The chiefs were not required to submit surveys of their lands, their
claims being awarded by the names of their particular land sections
according to their ancient boundaries. Further provision was later
made by which these boundaries, at the option of the land owners,
could be defined by survey before & boundary commission, and when
these lands were surveyed the practice was no different.

No real attempt was made to correlate these surveys with one
another or to exercise any method of control. Perhaps as many as
40,000 parcels of land, large and small, were surveyed in this man-
ner between the years 1846 and 1870. The crown and government lands
generally remained unsurveyed, except in the instances where the
king s0ld some of his lands and the government granted lands out of
the publlic domain. These latter surveys were generally magnetic,
but sometimes true bearings were used, the north line being establish-
ed at the site of the survey.

No base maps were ever made and by 1870 it was quite impossible
to determine the area and extent of the crown and government lands.
This led to the inception of the Hawalian Government Survey. The
first steps taken were to determine the latitudes and longitudes of
initial stations, to measure base lines and to extend a chaln and
network of geodetic stations over the whole group of islands, as a
foundation to which all existing surveys could be coordinated and to
which all subsequent surveys could be connected.

The United States Coast and Geodetic Survey was consulted for
the best practice and methods and besides practical advice, &also
helped by lending the Hawaliian Government a base-line apparatus and
other instruments of precislon. The true azimuth system was adopted
and thereafter all government surveys were based on thlis method of
surveying. This did not by any means correct the errors of the old
sumweys or provide for the compulsory surveying of the privately
owned land sectlions. Perhaps as many as two-thirds of the lands of
the kingdom were in private hands - lands for the most part remain-
ing unsurveyed or at the best but poorly surveyed - so that there
still remained much to be done to bring about a system of land and
boundary control,
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A triangulation station on Kaual Island, T.H. Note
permanent observation platform and demountable target.
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It is easy to imagine that. this condition would cause much
litigation affecting boundaries, and such 1s the case, as the Ha-
walian courts have had innumerable lawsults involving land bound-
aries,

The situation became so acute that thoughtful men acquainted
with these problems and familiar with what had been done in other
communities conceived the 1dea of applying the Torrens System of
land registration to these islands, the use of which would be op-
tional.

A lawyer well versed in land matters, the then head of the
territorial survey department and the chief of the bureau of con-
veyances, took a leading part in initiating the move to enact prop-
er legislation and in 1903 an act was passed creating a Court of
Land Registration, the name being later changed to Land Court,

The Land Court is a court of original Jurisdiction and is pre-
sided over st stated periods by one of the Circuilt Court Jjudges and
thls court decides aquestions of titles &as well as of boundaries.

Regpecting surveys submitted in the lLand Court, the rules re-
quire that a preclse surveyor's transit shall be used for measuring
angles and that the azimuth shall be used in all descriptions of sur-
veys with zero or 360° at true south and that the initial point of
the survey shall clearly show its connection with the government tri-
angulation. Distanges shall be measured in feet and decimals of a
foot with a steel tape certified to be accurate by the U.S.Bureau of
Standards.

At the opresent time, & surveyor can readily tie-in his work
either directly to a government station or to a reference point which
has already been tied in to the triangulation net. For all ordinary
purposes the plane rectangular coordinates 1 are used and are much
easier to apply. Where the cadastral survey 1s over a large area and
1t becomes impracticable to have a single plane reference for the en-
tire area, the coordinates can then be referenced to the nearest geo-
detic station and the spherical difference between two or more sta- -
tions will automatically adjust itself within a reasonable degree of
error. In the case of the city surveys, coordinates and azimuths can
be taken from & nearby street monument which latter 1s connected with
the government triangulation.

The territorial surveyor is ex officio surveyor of the Land
Court and before an application for the reglistration of title to land
comes before the court for hearing, the survey and map 1s examined by
him and must receive his approval, The examination 1s thorough and
goes into all the elements of good surveying, the prescribed standards
being of the highest. All boundary points, if practicable, must be
marked in a durable and substantial manner, there belng no special
type of marker designated, but 1t must be of & quality best suited to
the ground conditions. The nature of the mark must be embodled in the
description of survey and indicated on the map.

1

Note: On & local system of plane coordinates.
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The economic velue of a Land Court title i1s great, although
difficult to measure in dollars and cents. The best recommendations
are: that it ig constantly growing in favor and very few transactions
0f valuable vroperty now take place until a Land Court title is ob-
tained; that no private title and guaranty company could successful-
ly compete with the existing system; and that no one would serious-
ly think of abolishing the Land Court.

As no attempt was made to compel the registration of all the
land in the Territory in the Land Court, so in the first years of its
existence not many applications were flled, most of the cases cover-
ing small holdings, but as its value has become better known, advan-
tage has been taken of 1ts gervices, Owners of large tracts of land
such as corporations and trustees of trust estates, find particularly
valuable the provisions stating that adverse possession and easements
cannot run against a reglatered title.

It 1s not uncommon at the present time for tracte of land of
from 20,000 to 80,000 acres -~ big areas in these islands - to come
under the operation of the Land Court system, Operators in real es-
tate, especislly of tract subdivisions, aré relieved from conveying
by warranty deed as the government already has gueranteed the title.

The knowledge which a landowner cerries with him that his bound-
aries have been accurately determined, that his title has been per-
fected, and that the ares 1s mathematlcally correct, ceannot but be a
continual source of setisfaction in the peaceful possession of his
property.

We have followed the evolution of the definition of boundaries
of lands from anclent times to the present, first by their names &and
references to certain landmarks, passed down from generation to gener-
etion solely by word of mouth; next, by magnetic bearings with unequal
variations in the declination in different localities and with un-
standardized chaing, these surveys being unrelated one to the other;
next, the setting up by the government of & triangulation system with
geodetic stations to which surveys may be referenced, but no legal
means by which precise surveys could be substituted for the 0l1d inac-
curate and imperfect surveys; and lastly, the Land Court system by
which anyone can come into court and have his title to land definitely
quieted for all time, guaranteed by the government and at the same
time have his boundaries precisely defined by the most modern methods
of surveying.

The Land Court method of registering boundaries and guaranteeing
titles has been found well worth while in Hawaii, and although the
Initial cost in many cases has been great, subsequent charges have
been found to be in the majority of cases considerably less than
costs incurred in the transfers of title of unregistered lands.
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THE HAWAII LAND COURT SYSTEM
P. H. Mulholland

Thirty-three years ago there was introduced into the Territory
a new method of dealing with land which 1ts sponsors hoped would
prove a solution to the problem of dealing with Hawailan land titles
with facility and safety. Difficulties had been experienced in real
estate transactions which it was hoped the method would overcome. In
thirty-one years Land Court registration has assumed an important
place in the life of the community. To such an extent has it been
accepted that a Land Court title today 1s looked upon as the last
word in security and strength. The new system is based on the Torrens
land registration acts and is usually referred to as the Hawalian Tor-
rens System or Land Court System.

The Hawalian act is designed to create a system of dealing with
land which is simple, rapid, inexpensive and secure. To this end a
governmental register is established which consists of & number of cer-
tificates of title bound together. These certificates contaln the
following informatlion:

(1) The person in whose name the land 1s registered;

(2) A description of the land, title to which 1is so reg-
tetered;

(3) A summary of the encumbrances to which the land is
subject, 1f any.

An examination of these certificates, original or duplicate orig-
inal, 1s all that 1is necessary to determine the status of the title
therein set forth. The Territory guarantees the accuracy of its reg-
1ster and compensates those who suffer losses through reliance thereon.

Land and easements or rights in land held and possessed in fee
simple within the Territory may be registered. The provisions relative
to the registration and conveyance of registered land shall apply: to
the registration and conveyance of easements and rights. Interests in
registered land less than an estate in fee simple are noted as encum-
brances on certificates of title affected. They are not the proper
subject matter of separate certificates.

The act 1s administered by the Land Court which has Jjurisdiction
throughout the Territory. A Judge of the Circuit Court of the First
Circult designated so to act by the chief Justice acts as Jjudge of the
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Land Court. The Judge appoints a registrar and such assistants as
maey be allowed by law, He may also apvolnt one or more examiners
of title who have been declared by the Supreme Court to be qualified.

The form of application is prescribed by statute. It may be
filed by any person authorized by law, or by a non-resident through
his agent or by @& trustee unless expressly prohibited by the instru-
ment creating the trust.

The application is filed in duplicate, accompanied by a plan of
the land and a complete abstract of title.

The court upon recelving the application refers a certified copy
thereof and the abstract of title to an examiner and refers the map
to the territorial surveyor for check.

Immediately upon the filing of an examiner's opinion favorable
to the applicant or the filing of applicant's election to proceed in
case of an unfavorable report, as the case may be, and the filing of
the report of the surveyor, notice of the filing of the application
1s published in a newspaper of general circulation.

Any person claiming an interest, whether named in the notice or
not, may appear and file an answer on or before the return day, or
within such further time as may be allowed by the court. The answer
must state all objections to the applicatlion; must set forth the in-
terest claimed by the party filling the same; end must be =igned and
sworn to by him or by some person in his behalf. A trial is then
had before the judge of the Land Court to dispose of the 1ssues in-
volved. .

If no person appears and answers within the time allowed, the
court may at once, upon motion of the applicant and no reason to the
contrary appearing, order a general default to be recorded and the
application to be taken as confessed. The applicant then presents
proof of ownership and title. If the court finds that he has not ti
tle proper for registration, his application will be dismigsed. 1If
the evidence produced 1s satisfactory, a declsion is rendered in his
favor,

In conteated as well as in non-contested cases, the decision of
the court must be filed in writing. An appeal may be taken from a
decision of the Judge of the Land Court to the Circuit Court sitting
with a jJury on questions of fact only. 1In all cases a writ of error
from the Supreme Court shall 1lie to the final decree of the Land
Court.

Final decree may be entered at any time after the expiration of
ten days from the date of the decislon. On entry of the decree a
certified copy thereof is sent to the assistant registrar of the Land
Court who transcribes 1t into & book called the regilstration book.
This transcription is the orizinal certificate of title and is signed
by him and sealed with the seal of the court. The assistant registrar
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then mekes an exact duplicate of the original certificate includ-
ing the seal, but putting on it the words "owner's duplicate cer-
tificate" and delivers it to the o"ner or his authorized agent.

As soon as the decree 1is transcribed, the land described there
in becomes registered 1and. The land, though registered, 1is in all
respects subject to the same burdens and incidents of proper convey-
ancing end law which attach by law to unreglstered land.

The decree of registration 1s an agreement running with the land,
and binding upon the applicant and all his successors in title, that
the land shall remain forever registered and subject to the act or
amendments thereto. Prescription or adverse possession does not run
againest registered land.

The certificate of title 1s the owner's evidence of ownership.
He holds 1t free from all encumbrances except those noted on 1t and
certain statutory encumbrances which may be existing, a list of which
1s printed on the back of the document,

If an owner's duplicate certificate 1s lost or destroyed he may
secure & new duplicate by filing a petition with the Land Court stat-
ing the facts. The court, after notice and hearing, will direct the
1ssuance of a new one to teke i1ts place. No certificate of title can
be altered or amended without order of court.

Once land is on the register and a certificate issued, 1t may be
dealt with as though 1t were unregistered. There 1s no 1imit to the
transactions which may be entered into concerning it. With respect
to documents affecting land under the act executed after decree 1issues,
there i1s this reguirement: that such papers must be registered in the
Land Court in order to effectuate any change in ownership or to encum-
ber any reglstered interest.

The aystem has achieved that which its friends in the islands had
hoped would be accomplished. It has promoted =ecurity in transactions
which had formerly been marked with so great an element of risk and
speculation. It has added to this element of security the further ele-
ment of speed in transfer, which under certain circumstances and in
particular cases may be the most important feature of a real estate
transaction. Other benefits have proceeded naturally and logically
from these two great elements of speed and security, rendering impor-
tant contributions to the commercisl 1life of the community. Loans on
registered property are obtained with much less difficulty than loans
on unreglstered property.

On June 30, 1933, the system had completed its thirtieth yeear of
service to the peovble of the Territory. On that date there had been
registered in the Land Court 1012 titles involving lands assessed for
taxatlon purposes at a sum in excecs of twenty-seven millions of dol-
lars, In addition, there were pending regilstration sixty-four titles
lnvolving lands assessed at over six millions. From varlous sources

we learn that steps are being taken for the registration of practically
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every large estate in the Territory. Outstanding corporations in
the i1slands have asdooted a policy to register all their resl prop-
erty. Local banks and trust companies are insisting on land reg-
istration as a prerequisite to loans on properties which have no
clear paper title.

One island of the group, Lanal, 1is entirely within the system,
the whole having been registered, a few years ago, under one appli-
cation.

Of the 1sland of Oshy's area of 604 square miles, eleven per
cent 1s registered. If the applications which are now pending are
completed this percentage will be increased to approximately one-
third of the whole.

On the other 1slands of the group progress has not been so
rapid, although it has been very encouraging. Molokal leads with
four per cent. Of the island of Hawaii's area of 4030 square miles,
three per cent 1s registered; on Maul, two per cent, and on Kaualil,
one-half per cent is under the provisions of the Torrens Act.

These are impressive figures, but the future holds possibilities
of a still more amazing record. The factors which brought the sys-
tem into being in the Territory and which are responsible for its
sauccess and popularity will strengthen rather than diminish with the
pagsage of years, end the experience both of those who use the system,
and those who, on the side lines, have watched its progress and ef-
fects, has produced a public state of mind appreciative of its bene-
fits and receptive to a continued use of its facilities,

-nA-

UWEKAHUNA

A triangulation station on edge of Halemaumau Pit,
Kilauea Volcano, Hawail Island. Note permanent ob-
servation platform and demountable target.

-Al-
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sey, page 17 ) 18 Associate Professor of Civil Engineering at
Frinceton University, Technical Advisor to the New Jersey Geodetic
Control Survey, and sponsor of the New Jersey Coordinate Act.

HUGH C. MITCHELL (Introduction and review, page 1 ) 1s a Senior
Mathematiclan in the Division of Geodesy, U.S.Coast and Geodetic
Survey, and chairmen of the special committee on plane coordinates
(see page 9 ) of the Committee on Control, Federal Board of Sur-
veys and Maps.
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H. S. SENSENEY (Horizontal control for the topographic survey of
Denver, Coloredo, page 32 ) is a Topographic Englneer of the U.S.
Geological Survey, eand engineer in charge of the control surveys
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- 69 -

W. W. STUDDERT (Maps, monuments and control surveys, page 27 ) was
at one time with the U.S.Coast and Geodetic Survey, and is now
Associate Engineer and Chief, Survey Division, U.S.Engineer Offlice,
Denison, Texsas,

L. M. WHITEHOUSE (Land Surveylng in Hawaii, page 59 ) 1s Surveyor,
Territory of Hawall, and Commissioner of Public Lands,
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THE FEDERAL BOARD OF SURVEYS AND MAPS (Plane coordinate systems,
page & , and Discussion of plane coordinates, page 68 ) was

"created by Executive Order of December 30, 1919, and
was designed to furnish the means of coordinating the
activities of the bureaus and independent organizations
of the federal government engaged on surveying and map-
ping, and to avoid duplication of effort between these
organizations, also to meke the refults of greatest use-
fulness to the map using public."

While the powers of the Board are advisory, not mandatory, its
determinations are adhered to closely by its member orgenizatlons,
which number 24 at the present time.” Assisting the Board is an
Advisory Council with & membership of 22

"consisting of the representatives of map users and publish-
ers outside of the federal government which are interested
in the iurveying and mapping done by the federsl govern-
nent. "

The Board meintains a Map Information Office in the Interlor De-
partment Building, Washington, D.C.

1
From the report of Willliem Bowle, Chalrman of the Board, to the

President of the United States, dated March 5, 1923.



