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INTRODUCTION AND REVIEW 

Hugh C. Mitchell 

Thi~ number of the GEODETIC LETTER is given over to a consid­
eration of State-wide plane-coordinate ~ystems. It may be regard­
ed as a contlnuati0n of the May 1935, number, which was devoted 
largely to an academic study of the use of geodetic control in ca­
da~tral su~veys through the medium of plane coordinates. The pres­
ent number gives consideration not only to caaastral survey~, but 
also to detail surveys of other tY!Jes Which ha.ve been based on State 
olane-coordinate systems. It consists of a number of articles, some 
of which partake of t~e nature of engineering reports in that they 
tell of things accompli~hed. These articles have been prepared by 
men who~e work has made them authorities in matters whereof they 
wrl teo In away, the YJJ.Y 1935, number of the GEODETIC LETTER was 
the st·')ry of wha t engineers thougnt of the value and utility of geo­
aetic control and state plane-coordtnate systems, while this number 
tells of what has act:.lally been accomplished in va.rious fields in 
the short time that has elapsed since the State systems were devised. 
Wi th seve'!'al exceptions, the articles which make up this number de­
scribe particular instances of such accomplishment. 

The nattona.l ~eodetic survey provides such control throu~h the 
medium of thousands of well-monumented points for which positiJn data 
have been deterlfl tned. Since, in any a rea, 10 st stat tons of the con­
trol ~urvey can be readily reestablished from a few remainin~ sta­
tions, any clependent survey is t'nereby insuJ:"ed, a,q:'a tnst loss. 

For many years t.he problem had been one of finding a simple a.nd 
practicable means of utilizing for detail surveys the admitted values 
of d,a ta pertaining to monuments established in the national control 
survey. Prior to 1933 this could be done only through the geodetiC 
methods a.nd formulas by means of which such control surveys are orig­
inally executed and normally extended, or by setting up systems of 
plane coordinetes of very lim1 ted extent. Lack o'f tra1ning and ex­
perience on the part of engineers and the need for special equipment 
in the way of instruments, machines, and mathema.tical tables have 
prevented any but a very small use of geodetic control data by the 
first-named method. That use hae therefore developed through the 
second method - the establishment of local systems of plane coordi­
nates, on which x and y values for the triangulation stations could 
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be computed from their 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 is a serious 
limi ta tion to su.ch use - the rapidity wi th which the accuracy of the 
plane coordinates diminishes with increasing d.istance from the ori­
gin of the projection. This loss of accuracy is the direct result 
of the type of projection which it is necessary to use. The only 
practical way of overcoming it is to limit the extent of the area by 
a s1ngle plane projection. Thus for the triangulation of Greater 
New York, executed und.er the direction of the Coast and Geodetic Sur­
vey 1n 1903-S, three different systems of pl~ne coordinates were a­
dopted for the reduction of the geographic positions to plane coor­
dinates, the form in which it 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 detail 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 nublication 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 area on a single plane base was developed. In that year, 
in response to a request from the North Carolina Highway Commission, 
Dr. O. S. Adams, a Senior Mathematician in the Division of Geodesy of 
the Coast and Geodetic Survey, devised a plane projection system which 
incluCled the entire State of North Carolina on B single ple.ne, and at 
the ~ame time maintained acceptable scale factors to its very borders. 
In the article commenCing on page 10, Dr. Adams describes in a gen­
eral way the two kinds of map projection used in devising plane coor­
dinate systems for the various states. In the year which followed the 
adoption of the North Carolina System, comparable systems were devel­
oped for t.he 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 plene coordinates on the proper sys­
tems, and in the offices of the Coast and Geodetic Survey such trans­
formation of coordinates was commeneed, and is still in progress. 

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

1 
D.S.Coast and Geodetic Survey Special publication No. 71, Relation 

Between Plane Recte.ngu1ar Coordinates and Geographic Positions. 
2 

Special publications No. 199, First- and Second-order Triangulation 
in Tennessee; No. 202, First- and Second-orc-er Triangulation in Cal­
ifor·nia; 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 an~ u~e of the state coordinate system by act of legislature. 3 
In the short time that has elap~ed since its establishment the New 
Jersey Coordinate System has found wide recognltion, many organiza­
tions within the state having adooted it as the base for their sur­
veys and maus. The number of ~llch organizations named by Professor 
Ki~sam on pages 17 to 19 sug~ests an en~ineering directory. 

After all, it 1s log-lcal that the same base,shou1d be u~ed for 
both engineering and cadastral surveys, since the piannlng, execu­
tion, and maintenance of engineering orojects require not only accu­
rate surveys and maps of t~e 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 the land to be used is of small val­
ue that accurate surveys of the boundary lines are unnecessary, 
since the construction of an engineerIng project gives auch land a 
value that will require surveys made with commensurate care and ac­
curacy. 

Th~t the sta~e coordinate systems have been used as bases for 
surveys fnr many puruoses may be ~een by reading the fi~st paragraph 
of Wr. Vfuitmore's paper on page 21. So extensive have been the sur­
veys made f~r the purposes of the 'rennessee Valley Authority that 
the coordinate systems of seven states have been used in that work. 
The cao.astral features of the Tennessee Valley Authority surveys were 
~elected for special attention in this Journal, it being left to sur­
veys in other regions to exemplify other purposes and uses. Thus 
Mr. Stuc3dert's article on page 27 gives what may in time become a 
typical descriotion of a survey made for a large reservoir (flood­
control) oroject, while the Denver survey described on pll.ge 32 is 
~ure t.J become a model for city surveys in other parts of the coun­
try. In adopting the Colorado Coordinate System as a base for the 
Denver survey and map, a momentous decision was made. No other city 
in this country has tne combination of size with resulting large 
land values end unusually high altitude above sea level, so that in 
no otner city wou~d a decision which must choose between a plane pro­
jection at ~ea level and one 5,000 feet above sea level involve such 
different results. In choosing the State coordinate sy~tem for the 
Denver survey, the engineers responsible therefor acted with delib­
eration, after considering all phases of the matter. 

In september 1935, a special committee of the Committee on Con­
trol of the Federal Board of Surveys and Maps was appointed to study 
and report on the possible use of the State plane-coord1.nate systems 
by members of the Board. In Se9tember 1936, the report prepared by 
the special committee and adopted by the Committee on Control was 
formally adopted by the Board witho:.lt a dissenting voice. The full 
text of the re~ort as adopted will be found on page g while on 
page 68 is given a Discussion of Plane Coordinates which was pre­
pared. in SupDort of the formal report. It 1 s too soon for any re­
su'_ t s of thi s report to show 7 though there have been B number of sur­
veys made by federal bureaus for which the state coo~dinate systems 

3 See GEODETIC LETTER, May 1935. Page 18. 
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were adopted as bases. It is hoped that at some future time, infor­
mation can be obtained to determine how extensively the advice of 
the Board has been followed, and it is felt that the results of such 
a survey will be particularly gratifying. 

Since, as has already been said, t'he use of land for engineer­
ing purposes requ1res some form of legal control over such land, tne 
accurate descriDtion of the land becomes a matter of i~portance. Not 
only should the boundaries be established with accuracy, but their 
descriptions should be such that they cap at any time be reproduced 
surely and econ~mically. It is believed 'that referencing such bound­
aries to stations of the national control ~urvey provides the required 
security and economy. The value of coordinates as legal evidence in 
the restoration of lost land corners is discussed on page 39 by 
Mr. Clement who writes with authority on the public land surveys of 
the country. 

To satisfactorily serve their purpose, descriptions of land 
boundaries by means of State coordinate systems should be supported 
by the weight of authority. In 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 sy~tems 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 1nto action, and an 
act recognizing the Iowa Coordinate System prepared for introduction 
into the State legislature at an early date. On page 44 Professor 
Holt presents an article in which the proposed Iowa Act is included, 
and in which the comoonent parts or sections 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 r~odetic Survey, 
and is believed to provide a model which, with small changes in the 
enabling sections and the proper technical description for the pa.r­
ticular state substituted for that of the Iowa System, will serve at 
least as a starting pOint for similar legislation in any other State. 
The technical descriptions of the coordinate systems established for 
the various 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 a scientific method of describing land 
boundaries should be administered in a scientific way. Two of the 
civil divisions of 0ur country recognize this twin advantage by main­
taining lane courts before which must come all matters relating to 
land titles and bounfaries. ~nese land courts, in Massachusetts and 
in Hawaii, maintain engineering departments which prescribe standards 
for making surveys and describtng boundaries. One reqUirement in 
such surveys and descriptions is the use of trie.ngulation control sta­
tions for reference purposes~ 
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Under the direction of Mr. Houdlette the geodetic control sur­
veys of Ma~sachusetts have been gres.tly augmented by local control 
surveys. Mr. Houdlette's descript10n (page 53) of the present 
status of those surveys is a splendid companion piece to the letter 
from Mr. Clarence B. Humphrey, Engineer for the Massachusetts Land 
Court, which was published in the May 1935, number of this journal. 
The aooution of the Massachusetts Coordinate System by the lane. 
court, as reported by Mr. Houdlette, has resulted quite naturally 
from the adoption of the state system as a base for the local con­
trol surveys. 

The history of land surveying in the Hawaiian Islands is most 
interesting. When the Mahele or peaceful revolution to which ref­
erence is made 1n the paper by Mr. Whi tehou~e on page 59 occurred, 
and the lands of the islands were divided among the people, the 
lords, and the crown, surveyors were put to a test of unsurpassed 
severity to find means of providing accurate and satisfactory record 
descriptions of these lands. Out of need for coordination of the 
survey~ of the many small irregular parcels of land came first the 
trigonometrical survey of the islands, and as a natural corollary, 
later came the establishment of a land court. In the two fine ar­
ticles contributed by the Territorial Surveyor (page 59 ) and by the 
Registrar of the Land Court (page 6~ ), the engineering and judicial 
procedures inVOlved in cadastral surveys in the Territory of Hawaii 
are very clearly described. It should be noted that a territorial 
system of olane coordinates has not been devised for the Hawaiian 
Islands, though the relatively small sizes of the various islands 
woul.d permit of each island being made a separate zone in such a 
system with l1m1t1ng ~cale accuracy which would be of the order of 
1 part in 28,000 for the lar~eet island, Hawaii, and of a very much 
hi~her order of accuracy for the other islands. The lack of such 
island-wide prOjections is apparently fel t, as reference is made 
(page 62) to the use of plane coordinates on a l~cal system and the 
li~ltation on such use Which occurs in surveys of large estates. 

In any study of State coordinate systems for cadastral surveys, 
one cannot ignore 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. In a great 
measure these two organizations shou:.d be interdependent, each sup­
plementing and supporting the other. In the Survey and Map Office 
couJ.d be gathered together all survey and. map Informati~n relating 
to the State and of value to its oeo01e. The material in such an 
office should be readily available to all interested persons. Such 
an office coul. d be very effectively organized as the engineering 
d1vision of the land court, in which case the map department wo~ld 
serve as the archives section of that court. 

In writing an act designed to give legal status to a State co­
ordinate system, it is altogether o~t of the question to include in 
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the act specific instruction~ or requirements for surveying stand­
ards. The inclusion of sufficiently specific and accurate instruc­
tions would make an act so bulky that it would probably bec::>me a 
nuisance ra.ther than a benefit. 

Plane-coordinate systems may be regarded simply as engineering 
tools - a means to an end - and any abuse of their fine qualities 
would naturally lead to ungatisfactory results, and tend to discred­
it them. Such u~e must therefore be regulated. A land court, 
through its engineering department, should be qualified to provide 
the nece~sary control by establishing and maintaining suitable rules 
and standaros. 

If a full re8.lizati~n of the benefits that should come from a 
state coordinate act are to be realized, it should be R6mint~tered 
by a land court which, according t::> a memorandum from Professor Kis­
sam, should be vested with certain specific functions. In the words 
of Professor Kissam, a Land Court Law should: 

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

2. Place all matters dealing with real estate 
under the jurisdiction of this Court with 
a right of appeal under a time limitation 
to a ~igher 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. 

~. 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. Require 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 is registered 
in the Land Court. 

6. Most important of all, no prescrlption or ad­
verse possession can give title to land so 
registered. 

7. A new certificate of registratlon should be 
required when any part of, or the whole of the 
property is sold. 
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In Hawaii 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 is with a great deal of regret that this group of author­
itative papers dealing with the use of State plane coordinates in 
surveys in various fields of engineering is gathered together with­
out having at least one formal mention of a field in which those 
coordinate systems should have and eventually will have very great 
value and use - the field of highway engineering. It is reported 
that test uses of State plane coordinates have been made in a lim­
ited 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, c.escrlblng the monuments of those surveys in terms of 
the state coordinate system. These are but desultory instanceR; the 
great value of state plane-coordinate systems as an engineering tool 
in highway work is yet to be developed. 

In clOSing this perhaps too lengthy review of activities in a 
field of eng1neering that will present what to many who read these 
lines is a new solution of an age-old problem, it is desired to ex­
press deep appreciation to all who by their efforts have contributed 
90 much in preparing this record of progress in scientific land sur­
veying. Especial acknowledgment is made to Dr. O. S. Adams and 
Lieut. H. W. Hemple of the Division of Geodesy, U.S.Coast and Geodet­
ic Survey, who have given constant assistance in editing this repo~t 
as the various papers which comprlse it were being assembled. Ac­
knowledgment, too, is made to the °Mr. Emerson Goble, Managing Editor 
of National Real Estate Journal, for permission to reproduce the ar­
ticle by Mr. de Graffenried which eppee.rs on page 57. With such an 
article appearing ln the journal of tbe National Association of Real 
Estate Boards, and a kindred article 4 in the journal of the American 
Bar Association, one cannot help but be optimistic and feel that the 
old order of inaccurate and poorly defined land boundary surveys is 
passing, and in its place is corning a scientific method with bastc 
attributes of permanency and accuracy. 

"Scientific Boundary Descriptions," by Phllip Klssam, American Bar 
Associat10n Journal, May 1936, page 335. 

- 6. -
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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 special reference to the 
question of the adoption of these systems by the various Federal 
agencies. 

The interests of any undertaking which is based on surveys and 
maps are best served if 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 limited extent, un­
related to one another, which will be added to by like systems 1n fu­
ture years • 

. In order to provide a 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 1n 
the1r own surveys and st1l1 apply the methods and formulas of plane 
surveying, instead of using formulas pertaining to spherical coordi­
nates, these State plane coordinate systems were devised. 

The subcomittee made an exhaustive study of the matter and sub­
mitted an extensive report which was adopted by the Comm1ttee on Con­
trol. The report was placed before the Board at the February 1936 
meeting, and thorough1y discussed at 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 a single basis; that by their 
use surveyors and engineers may more easily base surveys on the na­
tional geodetic 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 all local surveys should be encouraged and facilitated by showing 
the State plane-coordinate systems as supplementary projections on 
maps published by federal mapping organiza~ns where it is practica­
ble to do so. 
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It is therefore recommended: 

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

(b) That the Federal Board of Surveys and Maps recommends to 
its 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 geographic 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 readily, and no confusion 
arise even Where several projection systems are shown. 

- D. 

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 spectal committee composed of the follow-
ing members: 

O. S. Adams, U.S.Coast and Geodetic Survey. 

Donald B. Clement, General Land Office. 

H. W. Hemple, U.S.Coast and Geocetic 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. 

-/),.-



STATE-WIDE SYSTEMS OF PLANE COORDINATESI 

O. S. Adams 

The U.S.Coa~t and Geodetic Survey has established a nation­
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
gionally wherever the data are readily accessible. Experienced 
engineers and surveyors realize the fundamental importance of rig­
id 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 it 
belongs, is 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 spite of the fB.Ct that, during the 
past few years, there has been a ~apid 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 national net may be completed will de­
pend almost entirely upon the demands made on the Federal Government 
by engineers, planners and others who may require the horizontal con­
trol survey data in the execution of their 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 Division of the Amer-

ican SOCiety o~ Civil Engineers, Pittsburgh, pa., October 14, 1935. 
Abstract of paper appears in the January number of CIVIL ENGINEERING. 
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In view of this fact, it i~ of supreme importance to arouse 
the interest of engineer~ ana surveyors throughout the country in 
the great advantages to be gained by basing local e.nd regional sur­
veys on this fundamental control. Since this control 'net is so ex­
tensive and reaches from one end of the country to the other, it is 
necessary to take into account the curvature of the earth in the 
compute.tions. The final data are consequently expressed in terms 
of latitude and longitude and in azimuths and lengths. These geo­
detic compute.tions are rather involved and it gen.erally 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 is often beyond the 
grasp of those who may Wish to uncerstand fully the significance of 
the computations. 

The Coa~t and Geodetic Survey has tried for fifty years more 
or less to encoure.ge the use of control surveys in the form of geo­
detic positions among the englneering profession. While in certain 
instances we met with success, on the whole the batting average was 
very low. Al though I am sure that me,ny were needlessly frightened 
off by an exaggerated view of the difficulties to be encountered, 
yet the fa.ct still remains that they ~ frightened off and as a re­
sul t failed to take advante.ge of the cO:ltrol surveys. A wise gener­
al, when he does not meet with full success in one method of attack, 
will change his tactics and seek to attain his objective in 901le 
other way. 

D~ring 1932 and 1933, the Coast and Geodetic S~rvey 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 ana Public Works Commission, requested 
us to consider the possibility of setting up a system or systems of 
plane cOClrdinates for the State, At the request of Dr. William 
Bowie, Chief 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 m~ch interested in the subject of !,)lane coordi­
nates for use in State-wine survey operations. As a result of my 
study end of the vario~s conferences, the system for North Carolina 
was devised. Not long after the computation of the tables occur~ed 
the tragiC death of Mr. Syme end 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 coorainates of the 
triangulation stations on the State system used as c~ntrol of hi~ lo­
cal surveys. Several thousand miJes of treverse have been run Bnd 
computed on the plane with no greater compl i ca tlons ths.n 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
dertaken at the request of a practical engineer and surveyor. What 
I Wish to convey 1s the fact that the incentive for the initiation 
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of such schemp-s came from engineers outside of the Government de­
partments and not as a result of a brain storm of some theoretical 
mathematician and geodesist. 

As a basis of the North Carolina 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 wi thin a pre scr1.bed maximum for a much 
wider strip of country. ~he tables for the reduction of geodetic 
posi tions to ple.ne coordinates were confined to the elements neces­
sary for such reductions. No table o'f 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 is suitable 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 
is to be kept within one part in 10,000 the extent in a north-and­
south direction must be kept to the limit 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 projection. To apply 
this projection with complete rigidity it would be necessary first 
to map the e'llipsoid 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 f~r the limited region to be 
mapped a 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 ca.n get a picture of the whole by thinking of the ordinary 
Mercator projection with which, I take it, Y0U are all more or less 
familiar. Let us suppose that we have a zone of 79 miles on each 
side of the equator mapped on an ordinary Mercator projection. Then 
t f we reduce the scale along the equa.tor 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 a consequence there will be two parallels equidistant from the 
equator along Which the scale will be exact. Now i~ we use our 
imagination further and think of the great circle from which the 
surface is mapped as being a meridian instead of the equator, we 
shall have a true pioture of what is done. Unfortunately for our 
purpose, the earth is not a true sphere and the meridian is an el­
lipse and not a oircle. However, with slight sacrifice of conform­
ality we oan neglect the ellipticity and thus attain our purpose 
for the small area that is to be 1ncluded in anyone system. 

We thus found that this system gave a satisfactory solution for 
the state of New Jersey and accordingly tables were prepared for 
that State and satisfactory formulas were devised for the reduotion 
of geodetic positions to ooordinates. 

We had thus developed two systems of conformal proJeotions that 
are admirably suited as bases for plane coordinates: the Lambert 
projeotion for regions of greatest extent in an east-and-west direc­
tion and the transverse Mercator projection for tnose regions with 
greatest extent in a north-and-south direction. 

Soon after we had reached this point in our investigations the 
Civil Works Administration program was launched. The need of such 
plane-coordinate systems for all of the States was apparent and ac­
cordingly the computations were expedited and systems for the forty­
eIght States were completed early in 193~. 

As before stated, it is the plan of the Coast and Geodetic Sur­
vey to reduce all of the stations from geodetic positions to plane 
coordinates on these systems. After these computations have been 
made the resulting coordinates will be made available for distribu­
t10n either in the State triangulation and traverse publications or 
in the form of lithographic reproductions. Up to the present time 
three State pub110ations have been issued which contain both the geo­
graphic positions and the plane ooordinates of the stations. These 
publications Bre those for the States of Tennessee, California and 
Minnesota. Several other States have all of the oomputations ready 
for publication but at present our program is held up due to lack of 
funds for publication. 

In all of the arcs of trian~lation that have been orb~erved 
since about 1927, there is established at eaoh main station an azi­
muth mark distant a good fraction of a mile from the station and 
such that it is visible from the ground at the station. In the main 
scheme of the arcs, it is generally necessary to use obserVing tow­
ers as the ma)n scheme stations are seldom intervisible from the 
ground. In vie* of this ~aot the establishment of the azimuth marks 
is a great aid to the use of the oontrol for looal or regional sur­
veys. The azimuth of this mark from the station is determined and 
in the plane-coordinate computations this geod.etic az1muth is in turn 
reduoed to a plane or grid azimuth for use in looal pla.ne surveys. 
These grid azimuths are given in the lists of DIane ooordinates so 
that the surveyor will have all of the data neces9a~y for the oontrol 
of his work. 
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After the coordina.tes of the control stations have been com­
puted, it scarcely makes any difference on which ot the two pro­
jections the computations were based. The method of using 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
itudes and departures is familiar to all who have studied plane 
surveying and is 1n general use among surveyors and eng1neers in 
some form or other. 

In almost all of the systems, the a1m was to keep the varia­
tions of scale within one part in 10,000. This limit was slightly 
exceeded 1n the North Carolina system because the engineers in that. 
state preferred to let the departure exceed this limit rather than 
have the state divided into two zones. In the computation of third­
oreler traverses 1 t 1. s probably not necessary to take into account 
these variations of scale. In the most accurate work, however, it 
1s advisable to correct the measured lengths for this variation of 
scale before com?uting a ~iven traverse. 

Since in both systems of coordinates the reduct10ns 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 mes.sured lengths before they 
are employed in the computati~n of a traverse, if the most accurate 
results are required. That is, the lengths should first be reduced 
to sea level and then a correction should be applied for the varia­
tion of scale on the grid. These grid variations are listed for 
every minute ot lat1tude on the Lambert grids and for every 5,000-
foot distance from the central meridian on the transverse Mercator 
grids. It is thus a very easy matter to determine this grid correc­
tion for any given line and in most cages it is sufficiently accu­
rate to determine a mean correction for any given traverse. For a 
traverse that is properly tied in w1th the control, there will be a 
starting stat10n and an ending stat10n for which the coordinates 
will be given. By cons1deration of these coordinates it is very 
easy to determine from the coordinate tables just what mean grid 
factor mey be requ1red for the measured lengths of the traverse 1n 
consideration. 

A number of the States have already made very extensive use of 
the coordinates in their local work. The use of the gr1d was start­
ed at once in North Carolina and 1t is still in active use for all 
local surveys under the d1rection of Mr. O. B. Bestor. In New Jer­
sey the system has been used extensively in the computation of lo­
cal traverses and under the able direction of Professor Phi11p Kis­
sam of Princeton University, a law has been pas~ed that legalizes 
the definition of property boundarles in terms of the coordinates 
of the angle pOints of the property. This Is a slgnificant advance 
both in the interest of the coordinate systems and in the interest 
of cadastral surveying in the State, and 1t forms an important ad­
vance in the method of the definit10n of property boundaries. 
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The coordinates in Tennessee are in wide use by the various 
divisions of the Tennessee Valley Authority. Traverses are being 
computed cirect~y on the grid and the corners of all Government 
purchases of property are being tied 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 pergist 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, Florida, Alabama, Tennessee, Louisi­
ana, New Jersey, Connecticut, Massachusetts, Iowa and many other 
States. An accurate map of Denver and vicinity is bei~g made by 
the U.S.Geological Survey under an appropriation of the Works Prog­
ress Administration 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 scale should 
be used, or a scale on a mean ground-level plane. It seems to me 
that the importance of haVing the work tied in w1th the control net 
far outweighs the need for exact ground level d1stances. A circu­
lar letter was sent to a number of representative engineers and sur­
veyors to get a general recommendation on th1s very paint. Most of 
the replies that we received looked at the matter in the same way as 
we bad cons1dered it. Actual lengths and areas can easily be deter­
mined from a map made on the state grid even though the coordinates 
may give slightly different results. Denver is probably at a hlgher 
elevation than any other large city in the country and, if its en­
gineers find the use of the State grid satisfactory for their work, 
it should be equally so for any other such city in the country.. . 

It is our op1nion 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, a local survey is carried on by means of triangulation, 
then it is probably simpler and more economical to compute the work 
geocetically. Tria.ngulation can be computed and adjusted on the 
grid but the ca1culations required are equal if not greater than 
would be required by the geodetic method. Of course, 1f any engi­
neers or surveyors w1sh to compute all of their work geodet1cally. 
we would not desire to d1scourage them, if they will be.se their work 
on the Federal control eurveys. We think, however, that they would 
be overlooking a great advantage if they dld not use the grid for 
their traverse computations. 

The members of the Corps of Engineers, U.S.Army, are becoming 
much interested in the State grids and they are actually using them 
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in some sections. There is no doubt that they would use them 
much more extensively if stations of the control surveys were 
more accessible in regions in which they are carrying oq 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
tailed surveys of the Army Engineers. 

At the instigation 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-wide plane-coordinate systems. After an 
exhaustive study of the matter, the subcommittee presented a re­
port to the ful.l 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 g, 1936. 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 is a general treatise applying 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 any in­
information we can on this important phase of geodesy which is 
destined to become even more important in the time to come. 

-~-

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

-~-
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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 immediate and enthusiastic approval of the work. The 
great interest shown was not only because of the establishment ot 
many control pOints conveniently located, but also be~ause of the 
introduction of the method ot plane coordinate computation by which 
surveys could be easily referred to geodetic 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 ot 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 Society of Profession­
al Engineers and Land Surveyors unanimously adopted resolutions en­
dorsing it and urging its continuance. 

It soon became evident that to give full utilization ot the 
control survey for property location, a legislative bill should be 
enacted oroviding legal recognition of the New Jersey Plane Coordi­
nate System. Such legislative 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 Department of Conservation 
and Development. The U. S. Coast and Geodetic Survey immediately 
complied with these reque,sts, establishing the Newport-Freehold Arc 
and part of an arc in northern New Jersey, when the work was inter­
rupted through lack of funds. 

From the outset of the operation of the project, the central 
administrative office in New Jersey began to receive requests for 
information regarding horizontal control. The number of these re­
quests has been continually increasing, so that the central office 
has become, a.S 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 mapping 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 grea.test 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 is unexpected, as it was 
originally felt that the need for permanent points using plane coor­
dinates would be greater in the country than in the towns. 

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

Private individuals. or partnerships, and several large corpor­
ations have adopted this System for describing their properties, and 
many requests have been received in this class. Other State Depart­
ments not mentioned above have requested informat~on: The Highway 
Department, The Hackensack River Authority, The Port of New York Au­
thori ty, and. The Passaic Valley Flood Control. 

Federal Bureaus are utilizing the System. The U. S. Engineer 
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. 
Large orders for descriptions and coordinates of monuments received 
from this organization have been filled. The U. S. Coast and Geodet­
ic Survey has utilized preliminary computations of plane ~oordinate 
tra.verses in their work of charting the coast line 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. Geological Survey, and 
the U. S. Department of Agriculture Soil Erosion Service. 

It is difficult of course, to determine just what utilization 
has been made of the data requested. While some may never be used, 
in many cases 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 considering 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, it is believed that 
should the public demand adequate descript10ns of land purchased 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 District, believes 
that no savings would accrue from utilization of the System in the 
Metropolitan area. However, in this connection, an incident has 
already occurred which illustrates the advantages of using a stand­
s.rd coordinate system. The maps of the New Jersey Riparian stream 
and Ws.terway Survey are of considers.ble 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 c~uld be plotted with a minireum of difficulty. Also, 
it is usually more convenient for the New Jersey Riparian Stream 
and Waterway Survey to connect with the monuments of the U.S. Engi­
neer Office than those of the New Jersey Geodetic Control Survey, 
as 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 rapidly taking 
cognizance of the advantages of a standard geodetic datum expressed 
in terms of plane coordinates. It is the belief of the writer that 
the time is not fa!' distant when so many surveys will have been made 
and computed on the standard coordinate system 1n certain areas that 
it will be advantageous to utilize that system for even the smallest 
piece of survey work. 

-6-
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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 u1.ane­
coordinate systems as the basis for all control surveys; for all 

. aerial mosaics El.nd aerial photographic index sheets; all reservoir 
maps; all ca<1.~.~!ral maps; all recQ.rd pl~ts o:t final boundat:Lt~ne 
of government property; and for many special surveys, such as 
ranges for measuring future silt deposits, and t~e large-scale to­
pographic surveys of certain parts of city areas. The planimetric 
ana topographic mllp 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 
this time, are now the computing and plotting bases for practically 
every survey and map, of every description, executed by this organ­
i za tion. 

One of the most important of these uses is in the property 
survey program 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 S~~ve~s. These are the surveys 
and their resulting maps, executed mainly by a procedure involving 
the use of large-scale aerial photographs and standard planimetric 
mapping methods, the principal purpose of which i) to facilitate 
the buying, or acquJring, of the necessary lands. The salient 
point is that these cadastral maps are plotted and compiled on the 
basis of extensive traverse ground control, and that all such con­
trol is computed on the proper state plane-coordinate system. The 
fInished maps -- used for land appraisals, for abstracting and ti­
tle examination, and for the actual purchase -- all show grid lines 
of the State plane-coordinate 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. COBL;;R, A WlOOIl'EH TO THE VNIT!;;j) STi\T~5 Of AMERiCA 

TVA 532 
Tennessee Valley Au thol' i ty 

lIlE STATE OF ALAIlAMA 
COUNTY Of JACKSON 

WARRANTY DEED 

vR 275 

lO/0'J/3G 

KNOll ,ILL liEN BY THESE PRESENTS, l'hat ror and In consldcrauon of tne Sum of FOUR 
THOUSAND ONE: HUNDRED flFTY-NWF. AND lG/100-------(l4,lb9.1G---) dollars, cash in hand 
palo t.o tile undersigned by the United States of America, the receipt of YohLCh 15 

ner-coy acrtnol'lleagea, we t.he undcI'!>igncd grdnt01'S, 

s. L. Cobler, a 1'ddower, 

have this day bargained and sold, and by these presents tin he£"eby grant, bargain sell 
and convey untu t.he Unlt.cu 5tc.t.e~ of Amer~ca, tne: follol'd.T,g descr.loed traCt or p~rcel 
of land lY.1.Ilg and bc.&.ng in Sect.&.on Three l3), To,msh.Lp Su~. ~6) South, Rangt;- r.lve (5) 
East, Jackson County, Alabama, and more purtil!ularly bOWluca and aescrloed a~ 1"0.1100\·5: 

A tract v1' I __ nci lyinb in Juch:son CvUI4ty,~ State vf Alab.:u.lo., ... n tn~ lc.,::fL :'ld·:: of U1e Terul­
css~e Hlv~r, ie, tUe South Half (St) of the N~rtia~st Quart~r lNW~) ~r S~cLlon Tnrc~ 
(.5), l'o\lln::.h.i..t> S1x (6) Soutn, l\angt.: F1v~ (~) East, aud U.urL; pa['ticu1ar1.f c:..escl'J.bed a.5 
follo"'a~ 

Bf~g.i.nning 3.t Cl fence curucr elt Ule !:>OUti)'H:~t cornel' ,Jf the Northwt:~t Qual't4?l" l""Yrl) of 
Sectl.:>n Ihree (.3) (c(J.:.>rc.in ..... tts ~. 1,47J,~8; ~. ';16, ;2.39), .::iaia corn~r bcing NorLtl S.L.Jt. 
degr~es t~t:!nty-fuur Ulinut(;::i Wc~t (h.6° 2~' W.) twt:;r4ty-!.lh uunurE::d (2600) feet fro((j the 
~ol.ltnvoE::st c.;)rner 01' 5-:1!t.i..un 'fnrl:c (;)) (tt. i,4G8,OQ4, f.. 416,5t9), uno a l.:,Jrner tc the 
land 0f ~. 1:.. uore; ... n; tn,=oce wi til lJ,)r~un'.::. liue, tIle "~at liu(; vf ~(;Ct.iou Iilrt:;c (~) and 
a feuct' line, NOl'tn five uel;{l'ea& t.ll.i.rLJ'-tnr~e uo.i.nut-as West (tie. 5°33' Y;.) tnlrtet;>u ' 
tlUuareQ four (1.304) feet tu a fenct.: C0rnLl' I.U. 1,471,886; E.. 416, 1l3), d cornel' of thl? 
land~ 001" T. E. )dorgan, ... ne. tile (i. T. Cabln(:~.:. Estate, t.h~ncE: \uth tUI.; lir~e of tnc 
Ctl.LJine~z Estat~, -.&uci ... .f~11C€ line (SuutH t;.1t:.hty-uiw~ dt:!grt:es h.ln~tLl:n mJ.hutc~ EdSt 
(5. 890 19 1 E.) t'lrO t."l,)u~"nd oSl.>.. llUnareQ ~i},.ty-four (21364) ft::t!t to " feuce CQrut:r ill 
the east 11nt: of tue Nortll\·,est Quarter \rmt) of SoctiQn ThrE:E: (3) (N. 1,471,854, E. 
418,777), to corner of tele l ... no!) vf tne G. i. Ca.biness Eti ta tt- dne! \':. Lo. Evan!>; tnen<:':G 
wi t.h EV<.J.n~1 lint::, tilE:: e..a~t line of tne Nvrtn1liest Qua.rt.er (NV;!·) of Gectlvn Turc;L' (3), dllO 
a fence iinc, Soutn six oet::rec~ (6°) n.) mi,;utc& (00 1 ) Ea;;it, t.hirt.'C~n hundred elt::v<.:o 
(l~ll) feet to a h~oge :H.umt> at. a ft.:n~e ~.)rnf:r, and at th~ sQutheust corner of the l\vrt.h­
.... ~st Quartei" (NW!) of Sccti.:m Iilrt:e (3) (N • .i,470,550j E. 410,914), Cl C.)l'ner ,)f the lanus 
,)[ W. L. Evan&, W. I. CaUl~bell, .anti 0. 0. Wt:;:€.k~) t.ht:nc~ ..... .i.t.h W~~ksl lin~1 tnt: SOut.h .line 
of the N..lrtnitf:&t Quartt:-r lNW~) of Se~tion :l"hrcc (~), and a fE:nce l.1n(:, fi0rt.n eight;{-nlne 
a~gree~ ~leven I.Ii.lnutE:s Wcst \N.S9 °Il' W.) two tnoubana. five nunQrl;}d fifty \2500) feet 
tQ a point on the ~round ::;huwn by S. L. Cobler, ... c.)rner 0f tile l ... nC!s of H. O. \',e(.rl:!', 
ana 1'. E, MorgiJnj thenCe r.-ith Morgan's line, the south line of tne horthYte.st Qual'tt:r 
(Ny;:) of Sec"tlon Three (3), <.and the fence llnt: NurtJl fclgl1tY-ll.iJl.~ oegrees eleven Lr.oluutes 
'tie::,t (N. 8~oll' ¥t'.), anI;;! uunal'eu twenty-five (125) lE:E:t to tIle p0int \)f beginning_ 

Tne U.uove described l~lla contains ::..event.y-nlne (:.nd ~lx. .. tentn~ (79.6) acre& wure ..lr lcs!:., 
~ubject to the rights 0[' a county rO&.d Yulicn af.fect~ app1'0xlUlately .five-tenths (0.5) 
acre!>, and 1~ Kn.)v,n a::l Tract No. lIit 27f>, i.LS snov;n on J.lCi? l~o. 8-4159-45, prepared bl the 
~lnet'r& of the Tennebsec Valley Autllor.iti'. 

Inc C')')l'u.ina.tcs referred to in tne Clbov~ dc~o.!l'lption aloe for the Alabama Ut:rcator (East; 
Ccol'uinatc System as cstab11shGd by tne U. S. COiJst and Geodet.ic SUI'vey, 1934, Tne 
Central Meridian for tllis c')olooinate ;;i,)'"!:item 1s Longituae ElghtY-l~lve ciegrt:!es tfJbO) fu'Ly 
Liinutes (50t) no seconds (00"). 

TO HAVE AND TO HOLD the said tract or p ... rL:~1 uf land W1t.0 the sal.d United State!> of 
AU1el'icu., its successors u.nd ::"S~igns,' in f~l: :.iwpJ.e forever; and 1'or tne L:un~idt;:"ration 
ofvI'ese:.ld, v.e 00 for uur::;~lvt::;:', for our hclr~, eXE:~utol'S aCId ada1inistratur~, .sUC~t;!:>scr!:i 
anti as:iigns, CQVE:nunt to anu with th~ ~cdd Unitea States of Allh:ri.ca tn-at lie art: laft.fully 
st::iz~d. and ~o:).ses!>ea 1n ft;:"c &lmplt~ >jf !:iaid tract or pal'cel of lalld; tllat 'lie hav~ a gvou 
'Ina la .... :fu1 ri~ht to scll and L!cuvey tnc ::;i<.l..&ZIC as arol'e~aid; t.hat L.he ::.a.llle is fl'E:~ of all 
CW!u'!lbl'an"C~::;, and t.hilt. w(: \\111 fO}."E:veI' warrant and defenn the 'Litle tH(!I't:'tu agal.r,st the 
la~rul ~1aim~ of ~Ll per~ons ~ho~~ot;!ver. 

it 1::; und'::t.t.t.ood and G~reea tfl.lt 'fint:rcvel' 1n thiS lnst.rwoent the &iJlgoul~ronuUlb~~ is 
used, it applies t,) tlle. plural 1f dnd ",hen n6:l:~S5al'y, and that when t.rw p.ura1 .lS used, 
the plural .llKe'11Ct:. op;>lies to th~ ::.ingular if and when nec6~5a\'y. 

IN Wr'l"NE.s~ iftHf;REOF, 't;E:: h.ave hereunto SfH our hand~ ..... nd seals on this the 30 day of 
OctOber, 19:;'6. 

V. S. Rr;VENUE STAIIP,; $-).50 PAID. 

THE STATE OF ALABAIIA) 
COUNTY OF JACKSON ) 

S. ),. Cobler 

I C. h. 't1ann 0. NOt..Hoy Publ~c, in and foJ' s .... l.d county, in !>aid :,tJte, here­
by certify that s. L. Cobler, 0. 'Wioo'iler, .",.hose nome 1.5 5.1.eHl!c. to tht.:! for(:golng conv~y­
ancc and Vltio i!:o known to me acknowledged before fIle on t.his cay tn~t, tH:ir:g ~llfol'ffit:d 
of the. contents 0:- :::"h(:: conv<:;nn{;~ ne eXt:!cuted the !>a\~c volur~t~t' i ly ali. the day the 3ll.r:l(.' 

beur!; delte. 

G1vto'n unner my hand end officLal seal of office thiS thc 30 day of October, 1936, 

SEAL 

THE STATE OF ALABAl4A*4:o*JACKSON COUNTY C·I~'R~au~ McAnelly, Judge of PI'ooat ... : nercby 0 

1 was ftied for record 011 t.ht: ;)oth day of Oct, 19~6, 
ccrt fy that the foregoing instrument n. I'. IIcAn~lly, J1Jde c of rrob!lte 
duly recorded :lnd compared, t.ncr€: br.l..ng no tn)l.. due, no... ,.., 

Fig. 2. 
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These land acquisition maps are not used, however, as record 
plats. The actQal purchase contract 1s based on a written deed 
description, ~uch description being prepared from the information 
contatned on the maps supplemented by comparison with the old deeds. 
It i~ 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-scale cadastral maps, will not permit precise re­
tracement or relocation of the property l1nes in future years. This 
is not considered important, however, since all of these private 
property boundaries will be inundated, and it is assumed there will 
never be any n~ed to retrace or relocate them precisely on the 
ground. On the other hand, the oQtside boundary line of the govern­
ment land -- that is, 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 is believed there is no better 
way to insure that such future relocation will be accurate than by 
the method of plane coordinates. It is believed al~o, of course, 
that State plane-coordinate systems offer many advantages over spher­
ical coordi~ates or local plane coordinates. 

The second part of the cadastral surveying program, therefore, 
comes 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,.B. concrete monument being placed at 
every angle point, and the boundary traversed with tape and transit. 
In sectionized areas, "angle poi~ts" include each intersection of 
the boundary with sectlon- and quarter-section lines. At intervals 
averaging perhaps every three or fOQr miles, the boundary traverse 
is connected to the nearest horizontal control monuments. The com­
puting of the final boundary survey thus automatically includes the 
State plane coordinates of every angle corner. 

These coordinates of the boundary corners and other data will 
then be ~hown on the "final boundary-line plat" of each re~ervoir, 
this being a record plat, with copies being filed in the proper coun­
ty records. ThQS there will always be available for the use of lo­
cal surveyors, in map form, a mathematical record of the plane coor­
dinates of each angle point on t~e government boundary line, togeth­
er with corresponding plane azimuths and lengths of the boundary 
courses. TIlis should certainly encourage the use of these plane co­
ordinates in future local surveys, both public and private in char­
acter. 

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

It hap"gens occa.sionally, 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 pr&ctlce is to run a translt-and­
t ape traverse around the boundaries, then to connect this traverse to 
the nearest coordinated control monuments. The written deed descrip­
t ion of the tract then usual ly includes the state plane coordinates 
of the property corners, as illustrated in the attached specimen deed 
and plat, Figures 2 and 3. 

- ~ -

AN IUPORTANT SURVEY STATION 

This General Land Office 

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 

is the wooden stand used for 

mounting surveying instruments. 
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MAPS, MONUMENTS AND CONTROL SURVEYS 

w. w. Studdert 

The civil engineer engaged in field surveys, on entering a 
new territory, alway~ asks those in authority, "Where can I get 
the best maps of this area?" 

Those of the immediate territory believe the engineer has 
asked 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 occs.sien to ask for "the 
best maps of this area" in a certain Central American country. 
There were none, not even of the pict~re 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 their own 
ability and plotted courses. Strange as it may seem, my pro~lem 
in the tropiCS was but little different from that enccuntered by 
the engineers in this country where the "picture ll maps of the a­
reas are in no way related to the fine system of control surveys 
laid out by the U.S. Coast and Geodetic Survey, by the U.S.Geolog­
ical Survey, and by other government agencies. 

To show the waste created by the type of man described by 
Director R. S. patton, of the U.S.Coast and Geodetic Survey,when 
he wri tes in the "Geodetic Letter" of August 1934, pa.ge three, 
"They (the engineers) are the henchmen of progress; expansion; 
Change.", let us assume that the average civil engineer engaged 
in field surveys directs the expendl ture of $10,000 8. year in 
SUch uractice. Over a twenty-five year period a sum of $250,000 
Will bel expencted. Unless this engineer is actually, by perform­
ance as well as by definition, a henchman of progress, this sum 
serves only to satisfy his immediate needs, leaving no material 
traces of his efforts of a quarter of a century of labor. 

It may be advanced that the accuracy of an engineer's sur­
vey d.oes not always warrant that his lines be monumented. In my 
opinion even fourth-ord.er surveys should be so monumented that 
they will ~erve other engineers at a later date. About 1750 A.D., 
a young man from William and Mary College, Williamsburg, Virginia, 
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was commissioned to make certain surveys by compaRs ana chain in 
the Dismal Swamp, south of Norfolk, Virginia. He monumented his 
survey points with cast and wrought iron markers. They are in ex­
istence today end continue to serve t'he public lS6 years after they 
were set. He continued in later life to d1rect us on our course, 
but his youth was given to a calling of which we will continue to 
hear more and more, - surveying end the monumentation of ~urveys. 
He was George Washington, our first National Engineer. 

Several of our governmental departments, namely, the Corps of 
Engir.eers, The U.S.Coast and Geodetic Survey, the U.S.Geological 
Survey, and the Geodetic Control Surveys of the veriou~ States are 
making it e practice to monument all of their horizontal and verti­
cal control surveys. state highway departments should be encouraged 
to follow suit in oriier that the hypothetical $250,000 spoken of ear­
lier can be Raved for the taxpayer. Mlllions of gasoline tax dol­
lars have been ign0rantly wasted by highway departments through fail­
ure to monument and tie together their Rurveys. Thls is written with 
positive knowledge, for as chief of a survey party of 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, I adVised a U.S.Geological Survey topographic engineer that such 
lines were B.vailable to use in conjunction with his traverse for 
oUBdrangle maps. He later reported that while the notes were accept­
able, he was unable to make the necessary ties as the tempors.ry marks 
which I was compelled to place at the stations of my survey had al­
ready disappeared, due to the resurfacing of the highways, 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 feasibility of the 
use of the state plane-coordinate systems based on the Lambert con­
formal projection. To one who has used these systems, the m~ny arti­
cles are a cheering sign of the condition of the minds of the Ifhench­
men of progress", showing an inquisitive, enthusiastiC, and progress­
ive a.ttitude. 

That the many government agencies composing the Federal Board 
of Surveys and. Maps have adopted the U. S. Coast s.nd Geodet 1c Survey 
plan of State plane-coordinates is an indication that to engineers 
i~ state, county, city, and private employ will be given the leader­
ship to further expand the uses of these systems. 

When tentative plans were beIng drawn for the field surveys of 
the Denlson Reservoir on the Red and Washita Rivers along the TeXBs­
Oklahoma border, it was decided that plane coordinates were, for many 
reasons, ideal 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 a system that all could under­
stand graphically and theoretically. 

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

(3) Third-erder accuracy must be obtained. 

(4) All available data should be used. 

The entire organization was to be recruited lcca11y, in so fa.r 
as possible. Engineers were available for this work whose experi­
ence was mainly in highway and land surveying and in construction 
work. While all of the eng1neers employed had an excellent back­
ground for such work, very few of them he.d experience in making geo­
detic or other surveys of a precision above fourth-order accuracy. 

The computations of geographic positions are simple to one who 
understand~ their use, but to the engineer who has never dealt with 
them, they give e 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 Oklahoma Coordinate System, South Zone, was the ideal compromise 
as it was mathematically related to the geographic datum, and compu­
tations of plane coordinates from geographic positions could easily 
be made. Third-ord.er accuracy immediately made 1 tself graphically 
understood as 1:5,000. Every chainman realized his responsibility, 
as did each instrument man. The length of 8 survey in feet divided 
by 5,000 can give a very small result. If this same value were ex­
pressed in degrees, minutes, and seconds of latitude and longitude, 
Only the party chief could compute the error of closure. There were 
in the area of the Denison Reservoir various lines of local control 
surveys este.blished by survey projects of the Works Progress Admin­
istration suonsored by the Oklahoma Conservation Commission under 
the direction of Professor N. E. Wolfard of Oklahoma University. All 
of these lines were based on the Oklahoma Coordinate System, South 
Zone. If we should adopt the same system, no additional computations 
would be necessary to make 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 Publica.tions No. 193 "Manual of Plane Coordinate Compu­
tations" a.nd 194 tlManual 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
;t is due. In my mind and inythe minds of many of my associates, 
U.S.Coast and Geodetic Survey Special 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
ordinates. The simplicity of its presentation with its follow-through 
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method 1~ the best salesman that any system could have. It 1s wr1t­
ten and presented so plainly the. t even our untrained rod.-nen of less 
than h1gh school ed~cet1on have been able to grasp the whole story. 

The shore line of the Denison Reservoir BS 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.Geological 
Survey triangulati:)n stations and Oklahoma Conservation Comminsion 
second-oroer traverse lines were u~ed as the ba~e for our plane-coor­
dinate sy~tem. Ten 15-men parties were organtzeo and put into the 
field on June 15th, 1936, s.t w1dely separated points. As their 
lines tied into one another, as a matter of record, various "busts ll 

were evident. For the supervising engineer, this is where the plane­
coordinate system is a great help. By following a schedule of elim­
inating possible errors, a "bust ll is soon locateo. If geographic po­
Rition computations are being used in the traverse a discrepancy is 
not nea~ly so easily located. 

The Lambert Grid with plane coordinates is ideal for map work. 
It gives a scale which is readily ascertainable 'Ni th the regular 
meshes of the projection. At a glance one may readily estimate dis­
tances without applying a scale to the map. The geographical pro­
jection may be superimposed with mathematical preciSion if desired. 

We learned one valuable lesson on this project, which escaped 
early notice, and to my certain knowledge is not heeded in 1:)ca1 con­
trol surveys in two states. The warning is plain in severa.l text 
bOOks: "Triangulation is strong in azimuth while relatively weak in 
dlstance, whereas traverse is strong in distance while weak in azi­
muth. It Our first lines comnleted showed excellent o.ista.nce closures 
and relatively poor azi~uth- closures. The angles were rechecked in 
the field but with little i~nrovement in results. polaris observa­
tions were then taken every four miles, the plane azimuths comp~ted 
therefrom, B.nd angle adjustments ma.de to hold these plane azimuths. 
When this was done, excellent closures were immediately obtained. 

I cannot recommend too strongly ohservations on polaris for azi­
muths at in terval s not exceed tng six mil es. Since all authorities 
recognize this weakness in the azi~uth structure of traverse, it is 
my Opinion that the traverse lines should be divided into ~ections 
and adjusted for azimuths observed at regular intervals. 

. Standard U.S.Engineer Office permanent monuments have been plac-
ed in pairs at two-mile intervals throughout the Denison Reservoir 
ProJect. These monuments will prove invaluable to the engineer of 
the future engaged o'n cB.dastral surveys, geological mapping, highway 
location ana many other tyues of surveys • 

.. 6. -



- 32 -

HORIZONTAL.CONTROL FOR THE rOPOGRAPHIC SURVEY 

OF DENVER, COLORADO 

H. S. Senseney 

To provide an accurate topographic map 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 is sponsored by the department of imDrovement and parks 
of the city of Denver, and the work is being done under the di­
rection of the Uni ted Ste.tes Geological Survey. The engineer in 
immediate charge is Fred Graff, Jr., act~ng chief of the Rocky 
Mountain section of the Topographic Branch of the U.S.Geological 
Survey. The primary object of the project is to obtain e.n e.ccu­
rate and detailed large-scale map of the city; therefore its ma­
jor efforts are directed toward the making of topographic surveys 
and the drafting and reproduction of the various sections of the 
map. The control surveys established as 8 foundation for the map, 
which constitute only a part of Project No. 674, are in charge of 
the writer, and the following remarks relate particularly to this 
part of the work. 

The fact that the map will be the largest of its scale and 
kind thus far prepared by the U. S. Geological Survey has aroused 
considerable interest in the the relative merits of various new 
methoo.s of procedure. The resul t 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 it might 
have a considerable influence, favorable or otherwise, because of 
precedents that may be established, on the maki~g of similar maps 
in the future. The following discussion on the control-survey 
methods used in this project~ therefore, should be of interest to 
all map makers. 

Various scales, contour intervals, coordinate axes, refer­
ence datums, sheet areas, and unit boundaries were given serious 
consideration, and a careful study was made of their relative 
values in local and general usage before the specifications were 
finally B.ccepted. 
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About 60 squB.re miles of terri tory are included wi thin the 
corporate limits of Denver. To comply with the requirements of 
the city engineer's department it was decided to use a horizon­
tal map scale of 200 feet to 1 inch, with a contour interval of 
2 feet. On this scale the entire map would require ~OO square 
feet of paper ~urface. A map so gigantic in size could not, of 
course, be produced in a single unit, so for the convenience of 
both the makers end the users of the map it will be assembled in 
94 sheets, each representing a ground area measuring 4,000 feet 
from north to south and 5,000 feet from east to west. Units so 
~haped offer the greatest map surface on sheets that are not too 
large to be conveniently handled. 

The plane-coordinete ~ystem of reference f~r horizontal con­
trol devi~ed by Dr. O. S. Adams of the U.S. Coast and Geodetic 
Survey, and based on the Lambert conformal projection, was adopt­
ed by the U.S. Geological Survey for constructing the Denver map 
after carefully considering the advantages and possibilities of 
a number of alternate systems. The use of geodetic coordinates 
directly was at first contemplated, but as these are of little 
value to local engineers it was decided rnstead to use one of the 
systems employing plBne rectangule.r coordinates. Four such sys­
tems were considered. A description of each follows: 

1. A rectangular system based on B. polyconic pro jecti::>n with 
either ground or sea-level distances. 

2. A rectanfSUl.ar system based on some selected pOi!1t of ori­
gin within the city. Similar systems have been used on a number 
of previous city surveys, and they are generally acceptable to lo­
cal engineers. 

3. A modification of the state system devised by the U.S. 
Coast and Geodetic Survey so as to u~e actual ground distances. 

4. The state system devised by the U.S. Coast and Geodetic 
Survey without modification. 

The last-mentioned system was the one accepted fo~ the Denver 
project. In using it, all measured distances are reduced to their 
grid values in accordance with the Lambert projection, which is 
fUlly described in Special Publications Nos. 193 and 194 of the 
U.S. Coast and Geodetic Survey. 

The state system of plane coordinates based on the Lambert 
conformal projection (No.4, above) has been given considerable 
publicity, and has been legally adopted as standard in at least 
one state. It was adopted as a basis for the Denver map because 
it satisfies local and general needs and, at the same time, repre­
sents the most progressive ideas in modern large-scale map con­
struction. In this State system, Denver falls within the central 
zone for the State of Colorado. The map angle, or variation be­
tween the meridians and grid lines, ranges from 16 minutes 41 



U. S. G. S. DENVER SURVEY 
TRIANGULATION IN THE CITY OF DENVER 

r------ __ I-~_ - ---- - ----- - --- - - - _SL -- -- ____ /;---,-----1 
I 
I 
I 

~---------------~ 

Vd/verc1e 

Ruby 

J -' 
I 

6. D U 015 
, I 

I 
, I 

I ~ L _________________________________ ~' 

I 
I 
I 
I L _______ , 

Sand 

LEGE.ND 

CITY BOUNDARY 

8 TRIANGULATION STA 



- 35 -

seconds east on the west side of the city projection to 23 minutes 
24 seconds east on the east side. 

Before work on the project was begun there were available for 
hortzontB.1 control wi thin the city, fou.r auxiliary 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 also available, 
but these were not considered as of sufficient accuracy to be in­
cluo.ed in B second-order control base. For the same reason a loop 
of tra.verse around the city, established in 1933-34 by a project of 
the Civil Works Administration under the supervision of the U.S. 
Coast and Geooetic Survey, was not used as basic control. Computed 
POints on this traverse line could not be recovered, and no infor­
~ation could be obtained either in regard to its circuit closure or 
as to the methods used in its computation. 

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

A net of triangulation was first spread over the city starting 
from two first-order stations of the U.S. Coast and Geodetic Survey, 
Boulder and Morrison, located about 25 miles west of Denver. The 
triangulation was carried through to a tie upon two other ftrst-order 
stations, Indian and Watkins, located approxiMately 15 miles east of 
Denver. The resulting net incl~des 21 occupied and 6 intersected 
stations, 19 of which are within the city proper. The diagram shows 
the arrangement B.nd location of the triangulation stations that lie 
Within the city limits. Stations Orphanage, Purine, and Tank are 
connected through triangulation with the first-order line, Boulder­
Morrlson, and stations Fairmount and D.U. are connected with the 
line Indian-Watkins. This triangulation was used as a. base from 
which to extend traverse control and it has been tabulated to give 
both the geodetic and the .plane coordinates of each station. The in­
strument and signals were centered over the station marks at all sta­
tions. Angles were observed with a 10-second vernier theodolite by 
the repetition method, each angle being measured 20 times. The av­
erage 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 
so as to 'obtain geodetic coordina.tes, which were then transformed 
to plane-rectangular coordinates. 

The traverse net within the city limits contains Sl miles of 
trunk lines and 16~ miJes of intermediate traverse. Routes were first 
selected so that trunk lines would be spaced about 1-1/2 miles apart. 
Intermediate lines, generally east-and-west, were then tied between 
the trunk lines at intervals of approximately 2,000 feet. The dia­
gram indicates the routes followed by the traverse lines. 
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Slo~e distances were measured with 100-foot steel tapes, under 
10-pound' tension when along the ground and 22-pound tension if on 
Supports. Thes~ tapes were checked every week by comparing them 
With a master tape which had been tested by the U.S.Bureau of Stand­
ards. In measuring distances each tape length was marked 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 
by two inc1ependent measurements made in opnosite directions. Mean 
distances were used for the computation. Intermediate lines were 
meas~red in one direction on1y.- All measu~ed lengthg were corrected 
fOr temperature and inclination of tape, and then reduced to lengths 
consistent with the accepted projection. 

Angles of the traverse were observed with 30-second transits, 
the deflection angles being measured six times by repetition. Clo­
sUr€ errors for trunk and intermediate lines were within the limits 
prescribed for second-order accuracy. 

Traverse station~ were established about 1,500 feet apart, each 
one being marked with a spike and a chiseled triangle. 'T'hree refer­
ence mark~ were cut in curbs at each instrument station. Intermedi­
ate point~ at each street intersection along the lines were marked 
by spikes with chILse1 ed circles around them. These trs.verse lines 
tied. in and located 70 section corners and 142 qua.rter corners in the 
ci ty. 

Permanent marks were set along trs.nsi t lines at interval s of 
about 2 miles. These marks are standard U.S.Geological Survey tab­
lets in the tops S by 12 by 4S-inch concrete posts. The posts are 
USually set either in narks or between the ~idewalks and curbs with 
their tops flush with the ground. In the Denver project S4 of these 
permanent ma.rks and 3,291 intermediate points were est8.bli~hed. It 
iR safe to say that no street corner within the city limits 1s more 
than three c1 ty blocks from a loce.ted control point. T"he points are 
Oistributed in sufficient number over the g4'unlt sheets to estab­
lish adeoua,te individual control for each map unit. 

Three astronomical azimuth station~ were occuDied and the ob­
~erved azimuths were reduced to plane or grid azim~th9. Plane azi­
muths at triangulation stations were used as initial or closing azi­
muths for the traverse lines. Traverses were cO~Duted in terms of 
rectangula,r coordinates. All trunk-line circui ts- were adjusted to 
the triangulation bY,computing mean values of coordinates at junction 
POints. Intermediate traverses were generally fitted between trunk 
lines simply by prorating the required corrections according to their 
mileage. In the few places where Junction points occurred among in­
termediate lines the u~ual trunk-line adJustment method was used. 
No attemnt was made to adjust excessiv~ errors, and in the 245 miles 
of traverse only 9.2 miles, or 3.~ per cent, of rerunning was neces­
sary to bring all circuits within adooted limits of closure. 



Tabulated results of the horizontal control, giving the x and y 
coordinates of marked stations, will be available to all engineers 
who have use for them. 

Accurate lines of spirit levels were run over routes nearly the 
same as 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 mapping. The bench marks will be useful 
also in determining mean sea-level datum for any local engineering 
surveys tha t may be made in the future. 

First impressions of the standard State system of plane coordi­
nates are apt to be unfavorable, but a careful analysis of this sys­
tem will eV'entually 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. 

- 6 -

- A -
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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 "public domain" is used broadly to designate those 
lands vested in the Federal Government by the or1g1nal th1rteen 
~tates, and. subsequent acquisitions by treaty and purchase; the 
RPUbliC domain" embraces the area west of the Ohio and Mississ1pp1 
ivers, and the States of Alabama, Florida, and Miss1ss1ppi,. ex­

ClUding the state of Texas. 

Amon~ the first acts of the Congress after the establishment 
of our Government was one to make pravls10n for the su~vey and dis­
POsal of the public lands as a means of raising revenue and to re­
wal"d those who had served in the Army of the Revolution. The pres­
ent rectan~ular system of surveying the public lands has been de­
~eloped from the basic provisions contained in the act passed by 

he Continental Congress on May 20, l7g5, and the act of Congress 
aporoved May l~, 1796. The survey of the public 1ands was commenced 
neal" the present city of Marietta, Ohio, shortly after the passage 
Of the act of l7g5, and the surveys have progressed westerly to 
cal"e for the advancing tide of immtgration and ~ettlement of the 
Western country. Designed originally to mark, on the ground, the 
bOiundaries of lancs for purpose of settlement and development of a 
w Iderness, it was and is a marked success; the descriotlons and 
t1tles to more than 75 percent of the land in the continental Un1t­
ed States are based upon the pub11c land surveys. 

The surveys executed in the earlier part of the program were 
~~t of the highest order of accuracy and were made with 1,nstrul!lents 

at today would be considered somewhat crllde. Any question as to 
the binding effect of these surveys is removed, however, by the act 
or Congress approved February 11, 1,~05, wh1ch provides that the cor­
ners marked in the pub11c land surveys shall be estab11shed as the 
proper corners of the sections, or subdivisi'ons of sections, Which 
they Were intended to des1gnate; the boundary lines run 1n such sur­
Veys shall be established as the DrODer boundaries of the sections, 
~r subdivisions of sections, for which they were intended, and the 

engths of such l1nes, as recorded, be held and considered the true 
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length thereof. This is the basic legislative provision that the 
corners established on the ground mark the boundaries of the lands 
for which such corners were establ.ished; it is still the basic law 
and must be borne in mind in connection with the original survey of 
the public lands 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 causes due to the lapse of time 
since they were originally established and by causes incident to the 
development of the country, construction of roads, cuI tiv8.tion of 
land, etc. It may be considereg. that no la.nd corner can be so estab­
lished physically as to be indestructible. 

When it is realized that the position of the boundaries of all 
the lands 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 points in the mo~t per­
manent manner pos~ible is readily apparent. It has always been cus­
tomary to mark physical reference points to witness the position of 
the corner in the public lana surveys; these references usually con­
sisted of native trees to whtch measurements were taken, large bould­
ers or outcroppings of ,rock in the vicinity of the corner, or in the 
pratrie States in the digging of pits and building a mound of earth 
at specified distances from the corner monument. These physical ref­
erences in many instances can still be identified even after the 
lapse of 100 years or more, and the position of the corner may thus 
readily be determined after the identification of the reference ob­
ject. These reference objects are ordinarily referred to as access­
ories to the corner and no corner is considered lost if its access­
ories can be identified. 

Nor is a corner considered lost if its position has been per­
petua ted by the construction of other physicB.I objects 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 certain definite legal rules, developed from the ba­
sic la.w, which govern the restoration of lost or obliterated corners. 
These rules are based broadly on the proposition 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 collateral evidence of 
the position of the original corners. 
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During recent years the triangu1ation net of the Coast and 
Geodetic Survey has been expanded considerably, and stations es­
tablished at more frequent intervals throughout the country; in 
addition, thousands of stations have been established on inter­
medis.te traverse lines connecting the points of the triangulation 
net. The geographic position of each of these stations has been, 
or can readily be, determined; through such data the plane coordi­
nates of each point, referred to the appropriate State system, are 
readily available. 

It is believed that t~ese stations of the Coast and Geodetic 
Survey afford unequaled collateral evidence for the restoration 
of lost corners which had been connected with the triangulation net 
or local control stations While such public land corners were in ex­
istence. Itls also believed that when a lo~t corner has once been 
restored by proper legal methods, the security of its position 
would be greatly enhanced if it were connected to the points previ­
ously establ ishec by the Cos.st and Geodetic Survey and the proper 
plane coordinates of tte corner determined. 

However; it is to be noted that surveying is not an exact 
science; 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 
a. 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 pofnt be in the immediate vicinity of the corner; 
the rules ~overning the distribution of error between original cor­
ners should anply equally where the missing public lane.. 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 1s in the immediate vi­
cinj~y of the missing corner and the connecting line measures not 
over 500 or 600 feet; in 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 to'make direct connections 
from each of the corners of the nublic land surveys now in progress 
to stations of the Coast Survey. It may be pointed out, however, 
that if during the original survey of a given township, or at the 
time 0f a subsequent retracement of the lines thereof while the cor­
ners were still in existence, connections were made from each of 
the four corners of a to~nship to triangulation.or control stations, 
the plane coordinates of those four township corners might be ascer­
tained without dlfftculty. Through the connections so made, togeth­
er with the measurements recorded in the surveyor retracement of 
the lines connecting those corn~rs, the plane coordinates of each 
intervening point or corner might be computed and determined within 
the limits of a.ccuracy of the surveyor retracement. 
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Regardless of the method of determining the plane coordinates 
of a given corner of the nublic land surveys, such coordinates can­
not overcome or outweigh the physical evidence of the corner monu­
ment itself; the corner monument is the corner for which it wa9 es­
tablished, regardless of its position:- However, when the corner 
monument is missing through destruction or decay, it is apparent 
that the plane coordinates of that corner, pronerly and accurately 
determined, may become the best available evidence of the position 
of the original corner, and thus afford a ready and accurate means 
for 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 
emphasizing the importance to be attached to the ori ~inal position 
of corner/s of the public land surveys ana for the need of preserving 
those po~itions by the best pcissible means. No general rules for the 
use of o]ane coordinates in t~e restoration of lost corners can be 
laid dow~ in a short discussion of this nature, but the need for 
means of preserving the positions of the corners and boundaries can­
not be emphasized too strongly. It is believed that the adoption of 
the plane coordinate system based upon the control of the Coast and 
Geodetic Survey stations, affords one of the most certain means of 
preserving t~e position of the corners and boundaries in the DubIic 
domain. -

Survey monument in 

Rochester, N. Y., 

after an encounter 

with a steam shovel, 
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and plane coordinates 
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structlon. 
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PLANE COORDINATES IN LAND BOUNDARY DESCRIPTIONS 

A. H. HoI t 

The permanence of marks of land boundary of "corners" --
the tlndlng of such marks or monuments when they are no longer 
readily visible, 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, abstracteTs --
who have ~f necessity, been interested in the occupation, use or 
ownership of land. No such marks are truly permanent. All are 
subject to removal or obliteration, wilful or aocidental. The on­
ly feasible means yet devised of insuring the permanenoe of posi­
tion of a land corner, as contrasted with th,e permanence of the 
physical object Which may once have marked that position, is that 
for whioh the Egyptians long ago developed the soienoe of Geometry; 
viz.: so relating this position to the positions of other monuments, 
by mathematical means, that if not all are simultaneously destroyed 
those whioh remain may be satisfactorily used to recover those whioh 
are mt ssing. 

Many schemes for employing this means h&ve been devised, and 
have been used with varying degrees of effectiveness and oonvenieno~ 
To be effective suoh a system must be so founded ~s to be praotically 
certain to be workable when needed, and must be oapable 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 al so capable of being sufficiently explained to non-teohni­
cal persons, without involving any complioated mathematics or ab­
struse ideas. The necessary data must be capable both of being de­
termined origina1ly, and also made to serve their final purposes, by 
generally known and commonly used methods of surveying and oomputa'­
tion. To meet with general aoceptanoe and use, the scheme must be 
highly effective and reasonably oonvenient. 

The plane reotangular 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 established 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 de scription. 
The time and the opportunity have now arrived to remove the bar. 

Elsewhere in this Geodetio Letter will be disoussed the origin, 
nature, availability, and permanenoe of the State-Wide systems of 
plane coordinates Which have been set up for the several states by 
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the Unit-eo states Coast and Ge:)detic Survey. Let it suffice here 
to say, by way of review, that the l~cation of any point by means 
of these systems is fixed by sta tlng one o.'Lstance east-and-west 
and one north-and-south, that these distances for ordinary work 
may be obte.ined, u!:1ed in computation, end employed for finding the 
point on the ground, by the ordinary instruments and methods regu­
larly used in farm or lot surveying. There is nothing new about 
the use of ulane coordinates for surveying field.work, mapping or 
computations. The only new item is the establishment of a general 
State system, so tied to the national triangulation net as to be 
available for use, now or at any time in the future, nnywhere in 
the State within reach of a U.S.Coast and Geodetic Surveyor 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 sy~tem. The 
work of re-establishment will involve nothing more than ordinary 
surveying unless all monuments over a large area disappear at one 
time. 

An t::nportant 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 is meant, and so as 
to preclude improper use of it, or ambiguous references to it. It 
is desirable that this be done by legislative enactment. This has 
already been done in New Jersey, and is contemplated in several 
other States. Since it is true that, except for differences which 
are obvious and ee.9ily he.ndIed, this matter of legislative defini­
tion i~ much the same in all States, it is thought that a study of 
the form of such an act might be of some general use. 

The following is a proposed act, prepared as for the State of 
Iowa. Some of the sections will, of course, be different for other 
states; but it is thought that the form, general content, and some 
of'the detei1ed provisions may be generally applicable. 

THE COORDINATE SYSTEM BILL 

A BILL FOR 

AN ACT to describe, define, and officially name a system of coor­
dinates for designating the positions of points on the sur­
face of the earth within the state of Iowa. 

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 United 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 e.s the "Iowa Coordinate System. U 
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For the purposes of t~e use of this system the state is 
divided into s. "North Zone" and 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, Allamskee, Sioux, O'Brien, 
Cley, Palo Alto, Hancock, Cerro Gordo, Floyd, Chickasaw, 
Fayette, CIs.yton, Plymouth, Cherokee, Buena Vista, Pocahont­
as, Humboldt, Wright, Franklin, Butler, Bremer, Woodbury, 
Ida, Sac, calhoun, Webster, Hamilton, Hardin, Grundy, Black 
Hawk, Buchanan, 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: 

Harrison, Shelby, Audubon, Guthrie, Dallas, Polk, Jasper, 
Poweshiek, Iowa, Johnson, Cedar, Scott, Clinton, pottawat­
tamie, Cas,s, Adair, Madison, Warren, Marion, 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, DaVis, Van Buren, Lee. 

2. As established for ~se 1n the North Zone, the Iowa Coor­
dinEtte System shall be !'lv.med, and in any land description in which 
it is used it shall be deSignated, the II Iowa Coordinate System, 
North Zone." 

As established for use in the South Zone, the Iowa Coordinate 
System shall be named, and in an~ land description in which it is 
u!:led it shall be designated, the "Iowa Coordinate System, South 
Zone. II 

3. The pla.ne rectangular coordinates of a point on the 
earthr~ surface, to be used in expressing the position or location 
of such point in the appropriate zone of this system, 'shall consist 
of t~.'o distances, expre~sed in feet and decimals of a foot. One of 
these distances, to be known as the "x-coordinate tl

, shall give the 
position 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 plane 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. When any tract of land to be defined by a Single descrip­
tion extends from either of the two coordinate zones into the other 
zone, the positions of all points on its boundaries may be referred 
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to either of these two zones, the zone which is used being specifi­
cally named in the de~cription. 

5. For the purpose of more precisely oefining the Iowa Co­
ordinate System, the following definition by the United States 
Coast and Geodetic Survey is adopted: 

The Iowa Coordinate System, North Zone, consi~ts of 
e Lambert conformal Projection of the C1e.rke spheroid of 
1966, having a central meridian 93 8 36 1 west of Greenwich. 
The inter~ecting cone of thi~ projection cuts the surface 
of the spheroid in pare.lle1s of latitude 42" 041 end 1~3" 16' 
north of the equator, along which pa.rs.llels the sce.le shall 
be exact. The origin of coordinates for this zone is at the 
intersection of the meridian 93" 30' west longitude end the 
parallel ~l" 30' north latitude. This origin is given the 
coordinates: x = 2,000,000 feet; y = 0 feet. 

The Iowa Coordinate System, South Zone, consi~tB of a 
Lambert conformal projection of the Clarke spheroid of IB66, 
having a central meridian 93° 30 1 west of Greenwich. The 
intersecting cone of this projection cuts the surface of the 
sphero! 0. in pare.llel s of la ti tude 4.0 0 37' and 41 0 47' north 
of the equator, along which parallels the scale shall be ex­
act. The origin of coordinates for this zone is at the in­
tersection of the meridian 93° 30' west longitude and the 
parallel 4.0 0 00' north latitude. Thi~ origin is given the 
coordinates: x = 2,000,000 feet; y = 0 feet. 

The po 5i tion of the Iowa Coordinate System she.l1 be as mark­
ed on the ground by triangulation or tr,lverse stations established 
in conformity with the standards adoptei by the United Ste.tes Coast 
and Geodetic Survey for fi rst-order and second.-order work, whose 
geodetic positions have been rigidly adjusted on the North American 
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 Coordinate System. 

6. No coordinates based on the Iowa Coordinate System, pur­
porting to define the position of a point on a land boundary, shall 
be presented to be recorded in any public land records or deed rec­
ords unless such Doint is within one-half mile of a trie.ngulation or 
traverse station established as prescribed in section 5 of this act. 

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

B. Nothing contained in this act shall be interpreted as re­
quiring any purchaser or mortgagee to rely wholly on a description 
based on the Iowa Coordinate System. 



9. This act, being deemed of immediate importance, shall be 
in full force and effect from and after its Dublication in two news-

• papers of this state, as provided by law. * * ............ * * ........................ ... 
The following comments on the several parts of this proDosed 

act indicate some-of the reasons why, after considerable discussion, 
this form is presented. 

The statement of the purpose of the act is probably of general 
appl i ca tion. 

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

Section 1. The number of zones will vary in different states, 
and their names will accord. It seems desirable to make the specific 
~tatement that the area "now included" in certain counties shall 
"con~tltute" a ~iven zone:to guard against change or uncertainty re­
sulting from possible future changes in county names or bounda,ries, -­
by consolidation or otherwise. It is thought that the date of the 
8.ctand the known division of the state into counties at that date 
will at any time in the future mB.ke certain what area is included in 
a given zone. The counties may be named in either a geo~raphical or 
an alphabetica,l order. For a state in which the county arrangement 
is as regLllar as it is in Iowa, the former seems to be rather more 
convenient. Each arrangement he-,s its aovantages. 

Section 2. This section formally assigns the names 
comDonent parts of the State sy~tem shall be designated, 
"north", "south", II central II , etc., seem descriptive, and 
where practicable. Other names may have to be devised in 
there are several zones. 

by wh1.ch the 
The terms 

hence useful, 
States where 

section.3. Thi s section forlil811y ti e s the plane-coordinate sys­
tem of the Ste.te to the national triangulation net, and makes the 
United States Coast and Geodetic Su~vey responsible for the determi­
nation of the coordinates of the controlling stations. 

Section 4. The purpose of this section -~ to provide for the 
bounding of a tract of land lying within more than one zone -- is ob­
vious. A slight rewording will be necessary for those states which 
have more than two zones. 

Section 5. This section has been the subject of a good deal of 
discussion and revision. A first reaction might be to put these pre­
cise definitions of the system and the 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 I, simple and non-tech­
nical, holding the necessary mathematical definition for a later sec­
tion. The definition i~ purposely labeled a "definition by the United 
States Coast and Geodetic Survey", and the expression lIadoDted" is a, 
~elected one. '!'he intent is 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 i£ to continue the emphasis. It is thought that these 
points may belp a legislator who might otherwise hesitate to fa.vor 
a measure whose provisions he could not ordinarily be expected to 
understand, by a.s~urlng him that they have the endorsement of the 
United States Coast and Geodetic Survey. The definition of each 
zone is made complete in itself, even though that involves some 
repetition. The necessity for dOing this 1s more obvious in states 
who~e division into zones must be less regular than in the instant 
example. The final paragraph of the section regulates the source 
fT'om which the coordinates of a point are to be d_etermined. It im­
poses the requirements of at least second-order precision and "rigid 
adjus-tmenttl, according to the U. S. Coast and Geodetic SLlrvey sta~nd­
ards, in 10cB-ting control stations; but does not require that the 
work be done by the U.S. Coast a.nd Geodetic Survey. 

Section 6. The intent of this section is to prevent official 
records of land boundaries, such as o_eed records, being made a re­
pository of inaccurate data. The provisions of the section 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 reach 
the point whose coordinates are in question,-- the half-mile being tak­
en B.S the straight-line dista.nce from the control station. The bur­
den of compliance with the law is placed upon the surveyor or other 
person who might seek to have the dB.ta recorded, rather than upon the 
recorder, who would have no feasible way in many cases of determining 
whether the data had been so obtained as to entitle them to be record­
ed. 

Section 7. The intent of this section, to prevent the use for 
any improper purpose of the terms defined by the act, is obvious. 
It supplements Section 2. 

Section g. This section is intended to reassure any person who 
may be somewhat ultra-conservat1ve., - to make clear to him that there 
can be nothing implied from any prOVision of the act to require him 
to accept a land -description expressed in terms of coordinates in 
case of a_ transfer of tl tIe or interest in land. Obviously there 1s 
no such requirement in the bill, but a plain statement to this effect 
may result in forestalling opposition to the act on the part of some 
Who might be Llnduly apprehensive. 

Section 9. The presence, and the form, of this sectl~n will de­
pend upon the customs of the state concerned. 

The mention, under the heading of Section g above, of the desir­
ability of reassuring some persons concerning the use of coordinates 
in land descriptions, calls to mind a. point which a.pparently 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 their objections might make them oppose or at least 
fail to support such an act as is 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 is 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 is Simply a matter of increasing the certainty 
and facilitating the future field use of the old descriptions,-- not 
of superseding them. With the coordinates available, one may well 
still find that the best way to describe the tract to be conveyed is 
to say: itA certain tract of land consisting of the east half of the 
northwest quarter and the north half of the no~theast quarter of Sec­
tion so-and-so"; but it will be wise to add to this description, "the 
coordinates of the corners of which tract, referred t~ the Iowa Coor­
dinate System, North Zone, are - - _II, and to proceed to give t:he 
coordi~ates of the corners, in order, around the tract. If it be said 
that the subdivisions of the PubliC Land Surveys are already, in the­
ory, located in accordance with a coordinate ~ystem, let it be men­
tioned -- and it is believed that no experienced survey~r who has re­
traced public land survey~ made by contract will gainsay the state­
ment -- tha t all the data. available from these Surveys will not ordi­
narily assure the replacing of a lost. (not merely obliterated) cor­
ner within a long way of where it originally stood. So, while the 
descrtption by fraction of section 1s excellent from the polnt of 
view of the abstracter or the examiner of title, it does not, without 
out~ide help from some source, give any assurance that the narcel 
which is so easily, and apparently clearly, thus described can be lo­
cated on the ground. And, after 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 type can be written. 
But oc~asionally the situation just about requires a metes and bounds 
description. It is not the purpose of this brief article to discuss 
methods of surveying; but the statement may be safely made that in 
this Situation, field work (either an original surveyor a survey to 
restore missing corners), computation, platting, and degcription will 
ordinarily be materially aided by the' use of plane coordinates. Such 
a description can readily be written so as to involve the coordinates 
of the corners, and so as to include, also, without confusion, all 
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
a~ti~ns of the American Society of Civil Engineers, 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
cati~ns Which have been suggested by developments since it was first 
proposed. 



- 51 -

"A parcel of land situated in Blank County, Iowa, 
and described as follows. The coordinates used to de­
fine the post tions of corners s.re referred to the Iowa 
Coordinate System, South Zone. Bearings used are re­
ferred to the meridian of that zone. 

"Beginning at a point marked by an. iron pin set 
in concrete whose coordins.t·es are: x = .2,461,271.3 feet, 
y = 571,001.4 feet, end which is on the north line of 
Section 00, Township 00 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-seven 
minutes east (S 72 g 47' E) one thousand eighty-three and 
four tenths (10S3.4) feet along a fence line to an iron 
pin set in concrete, whose coordinates are: x = 2,462,306.2 
feet, y = 570,6S0.7 feet; thence south sixteen degrees and 
twelve minutes west (s 16~ 12' W) fifteen hundred eighty­
nine and three tenths (1589.3) feet, along and 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,S62.S 
feet, y = 569,154.5 feet; thence south sixty-six degrees 
and five minutes west (S 66 g 05' w) twelve hundred ninety­
two and one tenth (1292.1) feet along the center line of 
said Blank road to an iron pin whose coordinates are: 
x = 2,460,6g1.6 feet, y = 56S,630.7 feet; thence north 
thirteen degrees and fifty-eight minutes east (N 13° 58 1 E), 
to and along a fence line, twenty-four hundred forty-three 
and one tenth (2443.1) feet to the point of beginning; con­
taining forty-eight and thirty-six hundredths (4S.36) acres, 
more or less ... " 

The introduction of the coordinates increases the bulk of 
this description, and that iR objectionable; but it is believed 
tha t. the da ts. are worth including. Extra care will be required 
in transcribing such a description to avoid an error in statlng 
a number; but, again, 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 seri:Jus problem. It is difficult 
to tell whether such a description, la.ter than another in matter 
of time, calls for the sa~e parcel of 15nd as the e~rller one. It 
is difficult to tell whetner two tracts, supposed to be adjoinin~ 
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 may be a 
gap between them. This difficulty is increased, when magnetic 
bea.rings are used, by the changes in direction of the needle. If 
coordinstes of points on 8. supposedly common boundary are given, 
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the above uncertainties can be very quickly removed. 

The extent to which these state Coordinate Systems can be useo. 
for property description now or in the early future is very limited. 
Control stations with coordinates determined are available ~ithin 
reach of only a very small fraction of the area of the land to be de­
scribed. However, it is very desirable that 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 advance of any such use. This should 
insure, from the very beginning, uniformity of terminology, with re­
suI ting certs.lnty of meaning of terms used. It should al so impose 
reasonable limitations on the use of the coordinates for'oescriptions 
of boundary when those descriptions are to become a part of the public 
records. This last matter is an exceedingly difficult one to control. 
In this connection, be it noted that corresponding matters under cur­
rent schemes of description are in most st&tes quite uncontrolled. 
It is possible that a satisfactory solution of this Situation, and of 
other allied mB.tters 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 as 
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. 

-6-

Map of Iowa showing State coordinate system and lines of 
departure from true scale. 

-6-
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MASSACHUSETTS GEODETIC SURVEY 

E. C. Houdlette 

Those interested in the progress m~de in the use of geodetic 
control in Massachusetts may refer to the contribution made by 
Clarence B. Humphrey, EngineeI" for Court, Massachusetts Land Court, 
to the Geodetic Letter for May, 1935 (No.5, Vol. 2, page 26) from 
which the following chronological abstract is drawn. 

1 

19~6:- First triangulation in Massachusetts made by Mr. Simeon 
D. Borden who devised 5 separate origins based on a 
plane tangent at each point of origin. 

1933: 

1935: 

Publication of town boundary atlases and topographical 
maps based on recomputed values of Borden points and ad­
dition of many others by the U.S.Coast and Geodetic Sur­
vey, all based upon the Clarke spheroid of lS66. 

Massachusetts Land Court established. 

A system of plane coordinates wa.s adopted for each reg­
istration district to the number of twenty-one districts. 

April 1. The increasing use by the Department of Pub­
lic Works of the twenty-one La.nd Court systems of coor­
dinates developed a 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 
as before, while five systems replaced the remaining 
eighteen systems. 

"Since December 1933 ....• much work ha.s been d.one which 
will be of inestimable value in the future. The result 
of this work has been that in Massachusetts, at least u·n­
officially, the 1927 North American datum has been adopt­
ed, and furthermore, a recta.ngular system adopted based 
on the Lambert Conformal Conic Projection ••.•• " This 
abstract is completed by further quota.tion from the same 
source. l "Everybody understands the value of a plane 
rectangula.r system covertng the whole State, and its 
great potential value, if those in charge of engineers 

Note: Geodetic Letter, May 1935. 
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working for state departments or other political sub­
division~ of the Commonwealth would gradually adopt the 
sY-9tem and have all of their surveys connected with it. 1I 

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 
whlch the Court divides each of the 54 topographic sheets, which are 
then developed on the scale of 300 feet to the inch. Later t~e 
Court reouested a retriangulation of Nantucket and the determination 
of coordinates on the 1927 datum of all its stations on the island. 

In May 1935, subsequent to the above article in the May Geodet­
ic Letter, Mr. Humphrey submitted a memorandum to Mr. Houd1ette 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 picture would be complete upon which to base legislative action. 

1936: To bring the record up to date the Land 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 has requested a special project, now being executed by the 
Massachusetts Geodetic Survey, to establish bench marks at all sources 
of water supply, reservoirs, wells, standpipes, elevated tanks, and 
pumping stations in Worcester County and all counties east of Worces­
ter County. This survey will include the determination o·f water lev­
els in all open water bodies, with date of observation, and the ele­
vations of crests of dams, spillways, and overflows and of intake 
pipes. 

The Massachusetts 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 is greatly lessened since it is no longer nec­
essary to run back traverses to establish control. 

Public interest, both private and offiCial, is continually 
increaslng. 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 e. variety of docu­
ments pertaining to geodetic work in the State in the form of spe­
cial reports, lectures., and manuals on procedure in the field, pro­
cedure in compute. tion, e.nd procedure in preparing the text of spe­
cial reports. The Massachusetts Institute of Technology has loaned 
lecttJ.re rooms for use by classes of men drawn entirely from the per-
80nnel of the Massachusetts Geodetic Survey receiving instruction 
from Mr. H. J. Shea, formerly observer in the U.S.Coast and Geodetic 
Survey, now instructor in Geodesy at the Institute. The course of 
sixteen lectures is to be 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 e~~ibit in April 1936. A relief model of a 
portion of the Worcester Turnpike (Mass. Route 9) through Southborough 
and Westborough, presented the topography of 9.5 square miles of ter­
ritory at the horizontal scale of 1 to 5~00 and the vertical scale of 
1 to 1440. Miniature towers indicated triangulation stations, while 
labelled flags were placed at traverse stations, bench marks, and 
highway markers. Surrounding the glassed-in model were models of tow­
ers, and photographs of field parties and of instruments, including 
first-order triangula.tion and leveling instruments. The exhibit re­
mained three weeks. Le.ter it was set up in the Park Square Bu11 ding 
and again a t the Brockton Fe.ir. 

Since its organizati~n, the Massachusetts Geodetic Survey has 
steadily pursued its objective of making horizontal and vertical con­
trol available throughout the State despite the "stop" and "go" sig­
pals, the readjustments of field and office personnel, and fluctua­
tions in available funds. The work accomplished within the State is 
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 2~1 
Office force 41 80 1 0 
Total men employed 241 356 431 

Traverse mileage 63 73 50 2128 
Second-order levels, mileage 61 130 l~tt 3S35 
First-order levels, mileage 15 18 770 
Arcs of triangulation, mileage 130 227 206 6339 

Traverse stations established 151 131 74 4117 
Triangulati:)n stations established 30 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 noticeable increase in the office force 
is attributable' to the Reproduct1on 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 special reports of the W.P.A. 
Planning Board of the state, and also to the publication of a spe­
cial volume of hitherto unpublished bench marks, approximately 800 
in number, establi9hed in this state by the U.S.Geo1ogical Survey. 

A special report "H1gh Water Data - Flood of March 1936 in WJ8.ssa­
chusetts ll , just off the press and now being bound, is 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, nei ther the pOints nor the level mileage are 
included in the above summary. 

SUR'[~:[~BK OF THE MASSACHPSETTS 

4ANA-P_Q.DRT 

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

-6-
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Rem.edying Our Ar~hai~ SystelU 
of Land Des~riptions 

I T has been said that the transfer oi 
real l'ruperty involves difficulties out 
of all proportion to its value, ru. com­
pared with the transfer of any other 
form of wealth. In large part the 
trouble IS due to the methuds hereto­
f ore 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 
dalllage." The frequency and ill ef­
fects of deiective descriptions arc in­
deed appalling, and there arc few 
brokers who have not in some way 
suffered as a result of them. 

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

:\Ot inire'l"ently another obstacle 
is encountered, arising from a total 
lack of Illeans 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 oi prop­
erty. In iact, under present condi­
tion!\ 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 arc a heritage from Eng­
land, as "n examination of the very 
earliest proprietary grants and pat­
ents will dcnlonstrate. In and about 
New York, and throughout a long 
stretch of the Atlantic coast, they 
have caused f rolll colonial days to the 
present a mass of litigation and in­
calculable loss, and the end of the 
sorrows engendered by them has 110t 
yet been reached. 

The writer only recently, while ex-

hy '1'IaOOUIS P. deGruffeoried 
or the Ne" York City Bir 

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 
(illestion of interstate boundary, who 
littered 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 YOlt should say, "Be­
ginning at a blue jay perched upon 
a leafy bough in summer, and run­
nin!: 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 arc of 
great benefit, but can only mitigate, 
not eliminate. the long-standing evil 
of careless descriptions. Like the 
disease itseli, 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. 

f;OURTS 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
cut ion of the instrument, and to as­
certain their intentions in the light 
of all the surrounding circumstances. 
When necessarv to effectuate the in­
tention of the parties, the courts have 
not hesitated to substitute north for 
south or cast 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 l!,Scertained 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 contemporaneous 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 
strulllent of conveyance must be read 
in the light of the facts and circulll­
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 grantee 
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 
own. 

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, 
Illap or other references. Ambigu­
ous or patently erroneous descrip­
tions have ofien been rejected and 
the land located by other calls. Vis­
ihle 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 ooundaries or calls. The 
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lucations made upun 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. an)' description b)' which 
the identity of the premises sought 
to be cunveyed can be readily estab­
lished is sufficient. since the office of 
a description is not primarily to iden­
ti f y 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 
()r records well known in the neigh­
borhood or on file in public offices. 

F ROM the foregoing sUlllmary it 
is obvious that while the courts ex­
tend a 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 consideration 
of a cure ior this evil, it should be 
borne in mind that our country is 
very poorly surveyed and mapped. In 
fact, Dr. William Bowie, Chief of 
th .. Division of Geodesy of the Unit­
ed States Coast and Geodetic Sur­
vey, has said that "it is one of the 
m~st backward in this particular of 
all the highly organized countries of 
the world." 

Much. it is true, has been ;..ccom­
plished by the municipal topographi­
cal bureaus of our larger cities, nota­
bly New York and Chicago, toward 
the pem,anent establishment of mon­
ulllents. 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 fOT many local areas arc yet in 
a formative state. being tentative 
unly. 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 IllOSt sur­
veys is the- lack of a basic starting 
point, or basic line, permanent in 
character. or if not fully permanent, 
capable of being easily and accurately 

restored in case of accidental destruc­
tion. At present, the particular point 
chosen for a starting-point or monu­
ment must necessarily, in many in­
stances, be of a tClllporary nature,' 
such as a tree, th!' center li1.e of a 
stream, an unmapped road line, a 
neighborhoud 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 risc 
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 01 true 
north, as the magnetic point is con­
stantly shifting in a very irregular 
manner. 

The plan projected by Dr. Adanls 
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 linps exactly as they existed prior 
to the destruction of the marks. The 
chief principle in this system, Pro­
fessur Kissam remarks, is the estab­
lishment of carefully monumented 
and referenced poin ts over the entire 
country, interconnected by precise 
surveys so that the relative 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 all 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 ever 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 plane co­
ordinates, as prepared by the Bureau, 
are the means of putting tl:e 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 Iowa, a prac­
tical surveyor as well as a distin­
guished engineer, and a member of 
t he state bar, an act has been pre­
pared for presentation to the legisla­
t u re 0 f Iowa, 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. 
\Iitchell for the State of New York, 
divides that state into four zones, 
three north and south zones and one 
east and west zone, with t!jchnical de­
scriptions of each of thest 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 
hlunders 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 HAWAII 

L. M. Whitehouse 

The transition of the government of the Hawaitan people from 
the feudal system which had prevailed for many centuries prior to 
the discovery of the islands by Captain Cook in 177g, to that of· 
a constitutional government under a Christian civilization which 
took place about sixty years after the discovery, was accompanied 
by a radical change .in the system of land tenure. However, the 
ancient subdivisions of land, for geographiC and other convenient 
reasons, have remained unchanged to the present day_ 

The Hawaiians had no written language of their own and the 
manner in which the boundaries s.nd names of lands were perpetuated 
was 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 sections constituting the domains 
of the chiefs were ident i fied by geographical· fea tures, 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 material and other artificial monuments. 
All these features were generally given names indicative of some 
physical characteristic or historical event connected therewith. 

The smaller pa.rcels of land held by the common people were 
identified by the extent of their cultivation; wet land patches for 
the cultivation of the taro, the Hawaiian staff of life, were bor­
dered by narrow banks and t.he area s under dry cuI ti va tion were 
marked by low and. narrow ridges of hard-packed earth to delimit 
the occupation of the individuals. House lots, not always located 
in the cultivated fields, were enclosed by stone walls or wooden 
fences of cut saplings. In almost every instance each land divi­
sion down to the smallest unit had a distinctive name of its own. 

In the peaceful revolution 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 lived, were given an opportunity to secure allodial 
titles to their holdings. 
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The king and his feudatory chiefs, in a grand division which 
took place in l~~S, 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 - aq inadequate and unreliable instrument -
was used in measuring the bearings of the land lines and usually, 
'out not always, the Gunter's chain for the measurement of distances. 
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 ~urvey before a 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 
~O,OOO parcels of land, large and small, were surveyed in this man­
ner between the years 1~4b and 1970. The crown and government lands 
generally remained unsurveyed, except in the instances where the 
king sold some of his lands and the government granted lands out of 
the public 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 maus were ever made and by lS70 it ~'as quite impossible 
to determine the area and extent of the crown and government lands. 
This led to the inception of the Hawaiian Government Survey. The 
first steps taken were to determine the latitudes and longitudes of 
initial stations, to measure base lines and to extend a chain and 
network of geode.tic 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 Hawaiian Government a base-line apparatus and 
other instruments of precision. The true azimuth system was adopted 
and thereafter all governmept surveys were based on this method of 
surveying. This did not by any means correct the errors of the old 
su~eys or provide for the compulsory surveying of the privately 
owned land sections. Perhaps as many as two-thirds of the lands of 
the kingdom were in private hands - lands for the most part remain­
ing un~urveyed 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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KILAUEA 

A triangulation station on Kauai Island, T.H. Note 
permanent observation platform and demountable target. 

-6 
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It is easy to imagine tha~ this condition wou~d cause much 
litigation affecting boundaries, and such is the case, as the Ha­
waiian courts have had innumerable lawsuits 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 idea 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 initiat1ng the move to enact prop­
er legislation and in 1903 an act was passed creattng a Court of 
Land Registration, the name being later changed to Land Court. 

The Land Court is a c~urt of original jurisdict10n and is pre­
sided over at stated periods by one of the Circuit Court judges and 
this court dec1des auestions of titles as well as of boundaries. 

Respecting surveys submitted in the Land Court, the rules re­
quire that a precise surveyor's transit shall be used for measuring 
angles and that the azimuth shall be u!=led in all descriptions of sur­
veys with zero or 360 Q at true south and that the initial point of 
the survey shall clearly show its connection with the government tri­
angulation. DistanQes 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 present time, a surveyor can readily tie-in his work 
either dl~ectly to a go~ernment station or to a reference point which 
has already been tied in to the triangulation net. For all ordinary 
purposes the plane rectangular coordina tee 1 are used and are much 
easier to apply. Where the cadastral survey is over a large area and 
l.t becomes impracticable to have a single plane reference for the en­
tire area, the coo~dinates 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 reas0nable degree of 
error. In the case of the city surveys, coordinates and azimuths can 
be taken from a nearby street monument which latter is connected with 
the government triangulat1on. 

The territorial surveyor is ex officio surveyor of the Land 
Court and before an application for the registration of title to land 
comes before the court for hearing, the survey and map is examined by 
him and must receive his approval. The examination is 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 1n a durable and substantial manner, there being no special 
type of marker" designated, but it must be of a qua11ty best suited to 
the ground conditions. The nature of the mark must be embodied in the 
description of survey and indicated on the map. 
1 Note: On a local system of plane coordinates. 
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The economic ve.1ue of a Land Court ti t1e i~ great, although 
difficult to measure in dollars and cents. The best recommendations 
are: that it is conatantly growing in favor and very few transactions 
of valuable property n~w take place until a Land Court title is ob­
tatnea; that no private title and guaranty company could successful­
ly compete with the ex~sting system; and that no one wou1d 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 filed, most of the cases cover-
1.ng small holdings, but as ! ts value has become better known, advan­
tage has been taken of its services. 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 regi~tered title. 

It is not' uncommon at the present time for tracts of land of 
from 20,000 to gO,OOO acres - big areas in these islands - to come 
under the operation of the Land Court system. Operators in real es­
tate, especie.lly of tract subdivisions, are relieved from conveying 
by warranty deed as the government already has guaranteed the title. 

The knowledge which a la.ndowner carries wi th him tha t hi~ bound­
aries have been accurately determined, that his title has been per­
fected, and that the area is mathematically correct, cannot but be a 
continual source of satisfaction in the peaceful possession of his 
property. 

We have followed the evolution of the definition of boundaries 
of lands from ancient times to the present, first by their names and 
references to certain landmarks, passed down from generation to gener­
ation solely by word of mouth; next, by magnetic bearings with unequal 
vBriations in the declination in different localities and with un­
standardized chains, these surveys belng unrelated one to the other; 
next, the setting up by the government of a triangulation system with 
geodetic stations to which surveys may be referenced, but no legal 
means by Which precise surveys couJd be substituted for the old inac­
curate and imperfect surveys; and lastly, the Land Court system by 
which anyone can come into court and have his title to land deflni tel'y 
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 case~ considerably less than 
costa incurred in the transfers of title of unregistered lands. 

-6-
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THE HAWAII LAND COURT SYSTEM 

P. H. Mulholland 

Thirty-three year~ ago there was introduced into the Territory 
a new method of dealing with land Which its sponsors hoped would 
prove a solution to the problem of dealing with Hawaiian land titles 
with facility and safety. Difficulties had been experienced in real 
estate transaction~ which it W&s 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 is looked upon as the last 
word in security and strength. The new system is based on the Torrens 
land registration acts Bnd is usually referred to as the Hawaiian Tor­
rens Sy~tem 'or Land Court System. 

The Hawaiian act is designed to create a system of dealing wi th 
land which i~ simple, rapid, inexpensive and secur.e. To this end a 
governmental register is established Which consists of a number of cer­
tificates of title bound together. These certificates contain the 
following information: 

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

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

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

An examination of these certifIcates, original or duplicate orig­
inal, is all that is necessary to determine the status of the title 
therein set forth. The Territory guarantees the accuracy of its reg­
ister and compensB.tes those who suffer losses through reI iance 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 1n fee simple are noted as encum­
brances on certificates of title affected. They are not the proper 
subject matter of separate certificates. 

The act is administered by the Land Court which has jurisdiction 
throughout the Territory. A judge of the Circuit Court of the First 
Circuit designated so to act by the chief justice acts as judge of the 
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Land Court. The judge appo~nts a registrar and such assistants as 
may be allowed by law. He may also appoint 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 a 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 receiving the application refers a certified copy 
thereof and the abstract of title to an examiner Bnd 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 
is 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 application; must set forth the in­
terest claimed by the party filing the same; Bnd must be signed and 
sworn to by him or by some person in hts behalf. A trial is then 
had before the judge of the Land Court to dispose of the issues 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 dismissed. If 
the evidence produced is satisfactor~ a decision is rendered in his 
favor. 

In contested as well as in non-contested cases, the decision of 
the court must be filed in writing. An appeal me.y be taken from a 
decision of the judge of the Land Court to the Circuit Court sitting 
With a jury on questions of fact only. In all cases a writ of error 
from the Supreme Court shall lie 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 decision. On entry of the decree a 
certified copy thereof is sent to the assistant registrar of the Land 
Court who transcribes it into a book called the registration book. 
This transcription is the original certificate of title and is signed 
by him and sealed with the seal of the court. The assistant registrar 
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then makes 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 is transcribed, tQe land described there 
in becomes regtsteored land. The land, though registered, is in all 
respects subject to the same burdens and incidents of proper convey­
ancing Bnd law which attach by law to unregistered land. 

The decree of registration is 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 
against registered land. 

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

If an owner's duplicate certificate is lost or destroyed he may 
~ecure a new duplicate by filing a petition with the Land Court stat­
ing the facts. The court, after notice and hearing, will direct the 
issuance of a new one to take its place. No certificate of title can 
be altered or amended without order of court. 

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

The system has achieved that Which its friends in the islands had 
hoped would be accomplished. It has promoted ~ecurity 1n 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 t~o great elements of speed and security, rendering impor­
tant contributions to the commercial life of the community. Loans on 
registered property are obtained with much less d.ifficulty than loans 
on unregistered property. 

On June 30, 1933,the system had completed its thirtieth year of 
service to t~e people of the Territory. On that date there had been 
registered in the Land Court 1012 titles involving lands assessed for 
taxation purposes at a sum in exce~s of twenty-seven millions of dol­
lars. In addition, there were pending registration sixty-four titles 
involving lands assessed at over six millions. From various sources 
we learn that steps are betng taken for the registration of practically 
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every large estate in t~e Territory. Outstanding corporations in 
the islands have adopted a policy to register all their r~al 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, Lanai, is entirely within the system, 
the whole having been registered, a. few years ago, under one appli­
cation. 

Of the island of Oah4's area of 604 square miles, eleven per 
cent is 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 islands of the group progress has not been so 
rapid, although it has been very encouraging. Molokai leads with 
four per cent. Of the island of Hawaii's area of 4030 square miles, 
three per cent is registered; on Maui, two per cent, and on Kauai, 
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 
success and popularity will strengthen rather than diminish with the 
passage of years, and 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 recept1ve to a continued use of its facilities. 

-6-

UWEKAHUNA 
A triangulation station 'on edge of Halemauma~ Pit, 
Kilauea Volcano, Hawaii Island .. Note permanent ob­
servation platform and demountable target. 

-6-
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THE FEDERAL BOARD OF SURVEYS AND MAPS (Plane coordinate sYRtems, 
page g , and Discussion of plane coordinates, page 6S) 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 organizationR 
of the federal government engaged on surveying and map­
ping, and to avoid duplication of effort between these 
organizations, also to make the retUlts of greatest use­
fulness to the map using public." 

While the "Dowers of the Board are advisory, not mandatory, its 
determinations are adhered to closely by its member .orga.nizations, 
which number 24 at the present time.' Assisting the Board is an 
Advisory Council with a membership of 22 

"consisting of the representatives of map users and publish­
erR outside of the federal government '.-,Thich are intere sted 
in the iurveying and mapping done by the federal govern­
ment." 

The Board maintains a Map Information Office in the Interior De­
partment Bull.dlng, Washington, D. C. 
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1 
From the report of William BOWie, Chairman of the .Board, to the 

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


