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NATIONAL GEODETIC SURVEY DATA: 
AVAILABILITY, EXPLANATION, AND APPLICATION 

Joseph F. Dracup 
Chief, Horizontal Network Branch 

National Geodetic Survey 
National Ocean Survey, NOAA, Rockville, MD 

ABSTRACT. Geodetic data have been issued by 
the National Ocean Survey and its predecessors 
for more than 100 years. During this period, 
the data were furnished in a variety of 
formats, finally evolving into the present-day 
tabulations. Although much of the data is 
available in a modern standardized form, some 
material is still published on old-style 
listings. Explanations are given to assure 
that the user fully understands the published 
information. Some of the data was computed on 
several reference surfaces, which must be 
considered when the information is used to 
relate maps and charts of the past with the 
present. Explanations are provided in regard 
to survey accuracies and problems inherent to 
certain geometric configurations. 

Since hundreds of publications and thousands 
of papers dealing with geodetic surveys have 
been published or presented, the compilation 
of a complete bibliography would be a formidable 
task. This report gives a concise listing of 
publications and papers of general interest 
and their sources of availability. Also 
included are detailed references to the 
application of geodetic control and practices, 
as only a brief discussion of this subject is 
presented in the text. 

INTRODUCTION 

For more than 150 years, the Coast and Geodetic Survey (C&GS) 
collected and published data related to the oceans and the land. 
With the formation of the National Oceanic and Atmospheric 
Administration (NOAA) . in October 1970, the Coast and Geodetic 
Survey became a major line component of this agency and was 
renamed the National Ocean Survey (NOS) . This reorganization 
later included the transfer of the seismological and geomagnetic 
activities from NOS to the Environmental Research Laboratories 
(ERL) , another mainline component of NOAA which is located in 
Boulder, Colorado, and the establishment within NOS of the 
Office of the National Geodetic Survey (NGS), the latter to 
include all geodetic functions of the former C&GS. 



2 

In 1973, the seismological and geomagnetic functions were 
transferred to the u. S. Geological Survey (USGS) . However, 
the national data bank for geomagnetic data remained with NOAA 
and geomagnetic information is available from the National 
Geophysical and Solar-Terrestrial Data Center, EDS/NOAA, 
Boulder, Colorado 80302. The crustal movement studies which are 
performed by NGS will continue to be published and distributed 
by that office. Results of these studies and requests for 
geodetic data may be obtained from the Director, National 
Geodetic Survey Information Center, Cl8, Rockville, Maryland 
20852. 

These organizational changes should have little effect on most 
users of geodetic cont rol , si nce these data wi ll continue to be 
published and issued by the NGS. However, those surveyors and 
engineers who require information relating to seismic and 
magnetic data should refer their requests to the organizati onal 
components noted in the previous paragraph. 

NGS will provide, upon request, price lists for the geodetic 
data. Also available is an information bulletin listing 
specific publications of this office, in addition to those 
mentioned in this Technical Memorandum . The primary content of 
the information bulletin is directed to servicing procedures . 

AVAILABILITY AND EXPLANATION 

Publications 

Some bound publications of NGS and NOS are printed and sold by 
the Superintendent of Documents, u. S. Government Printing Office . 
Requests should be directed to that agency and not to the NGS. 
If, however, a publication cannot be furnished by the GPO, it 
occasionally may be obtained from NGS stock . The Department of 
Commerce also maintains field offices in most major cities . 
These offices are usually able to fill requests promptly. 

During its long history, the Coast and Geodetic Survey 
prepared more than 300 Special Pub l ications dealing with all of 
the scientific disciplines in which the organization was 
involved. Many of the older publications are out of print. 
Most wil l not be reprinted because they are of little present­
day interest, and their contents have been superseded by later 
publications. NGS has retained file copies of those documents 
concerned with geodetic surveying and generally can furnish 
commercial-type copies of excerpts or occasionally even an 
entire publication . 
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The NGS, as in the past, will furnish data and their personnel 
are always a va ilable for advice concerning technical matters, 
such as specifications, use of theodolites and electronic 
distancing equipment, computations, and review of unsatisfactory 
closures between points established by this agency. 

Also available from NGS are numerous papers, technical 
bulletins, data reports, and similar pamphlet-type publications 
which have been prepared and issued over the years. Generally 
such material is limited in depth and scope but often appears 
in lists of references. For this reason, NGS has maintained a 
supply of the more popular ones and will reproduce a few copies 
of others upon request. 

The reference library of any surveyor or engineer who performs 
control surveys or employs the State Coordinate Systems should 
contain the following NGS and ACSM publications and papers. 
All are included in the more comprehensive bibliography cited at 
the end of this paper; hence, only a brief identification is 
given below. 

(1) coast and Geodetic Survey , : Plane Coor dinate 
Projection Tables , Speciar-Ptiblication series. For 
states where projects will be undertaken. 

(2) Coast and Geodetic Survey , 1949, reprinted 
1971: Sines, Cosines, and Tangents, ten 
dec ima l places with ten-second interval , 
0°- 6° Svecial Publication No . 246 . For plane , . 
coordinate computations on Lambert projection. 

(3) Mitchell, H. c., and Simmons, L. G., 1945, r evised 
1974, reprinted 1975: The Stat e Coordinate Systems 
(A Manual for Surveyors) , Special Publication No. 235 . 

(4) Dracup, J . F., and Kelley, c. F., 1973, 
r e printed 1975: Horiz ontal Control as Applied 
to Local Surveying Needs. 

(5) Simmons, L. G., 1968, r eprinted 1975: 
Geodetic and Grid Angles - Stat e Coordinat~ 
Systems, ESSA Technical Report C&GS 36 . 

(6) Fe d e ral Geodetic Control Committee, 1974, reprinted 
1975/1976: Clas sification , Standards of Accuracy , 
and General Specifications of ' Geodetic Control 
Surveys . 
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(7} Federal Geodetic Control Conunittee, 1975/ 1976: 
Specifications to Suppo r t Classi f ication, 
Standards of Accuracy , and General 
Specifications of Geodetic Contr ol Surveys. 

(8) Dracup, J. F., 1969, revised 1973: 
Suggested Specifications for Local Ho ~izontal 

Control Surveys , Technical Monograph No . CS-1 . 

(9) Dracup, J. F., 1970: Standards and 
specifications for supplemental horizontal 
control surveys. 

(10) Mitchell, H. C., 1948, reprinted 1974/1976: 
Definitions of Te r ms Used in Geodetic and 
Other Surveys , Special Publication No . 242. 

(11) Tomlinson, R. W., and Burger, T. C., 1971, 
revised 1975: Electronic Distance Measuring 
Instruments, Technica l Monograph No. CS-2 . 

The impression from a cursory review of the reference 
material is that the use of the State Plane Coordinate System 
involves very complex procedures. Such is not really the case. 
In the final analysis, State plane coordinates are really 
nothing more than an adaptation of the latitude and departure 
practices which have been in use for centuries. 

Numerous reasons have been given during the last 40 years for 
not employing the State plane coordinate systems. Some are 
quite valid, e.g., a lack of national network control; but 
others, especially those related to scale factors, are 
irrelevant. The application of a scale factor is arithmetical, 
not an involved mathematical procedure. In those higher 
elevation sections of the country, the reasons given for not 
using the system include the reduction to sea level in addition 
to scale factors. The sea level reduction is also arithmetical . 
In fact, the two factors can often be combined, thus resulting 
in a single computation to reduce each measured distance. 

Some surveyo rs and engineers contend the State systems are not 
adaptable to their projects because ground distances are 
required in laying out structures, etc. This problem, of course, 
can be generally overcome by projecting the State plane 
coordinates to the average elevati on and correcting for the 
average scale factor of the site. In a few projects examined by 
the author, this has been a needless exercise since the distance 
measurements made at the site for construction purposes either 
involved such short lengths or such inaccurate taping procedures 
that the requirement for project coordinates was seldom 
justified. 
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Horizontal Control Data 

Early in the 1930's, it was decided to lithoprint horizontal 
and vertical control data in a loose-leaf form rather than in 
bound volumes by States as previously. For this format {which 
became known as the ''lithos"), separate listings for the 
geographic positions, plane coordinates by zones, and descrip­
tions were required to complete the data for horizontal control 
points. Leveling data were issued by lines, and material 
involving several lines was often required to furnish the 
complete data for an area. 

As time passed and a tremendous amount of data was 
accumulated, it became obvious that this format was cumbersome 
and that a new approach to publishing the material was mandatory. 
It was then decided to issue the data in 30' by 30' quads, the 
advantages being that all data for a horizontal control point 
could be printed on a single sheet of paper and all the leveling 
control for an area of about 800 square miles could be assembled 
in a single volume. 

At present, previously published adjusted geodetic data for 
most States have been converted to the quad format. With rare 
exceptions, all new adjusted data are being prepared in this 
form. The New Adjustment of the North American Datum now 
underway is scheduled for completion in 1983. Published data 
for this adjustment will be computer generated, probably in a 
format similar to the quad format. 

The diagrams for the quad format are on a 1:250,000 scale, and 
show horizontal and vertical control established by NGS, USGS, 
and any other Federal, State, or local Government agencies 
whose data have been accepted for publication by NGS. The 
acceptance or adjustment of data published by NGS is made with 
the understanding that prescribed specifications for the stated 
standard of accuracy have been rigorously followed by the 
establishing agencies; the NGS accepts no responsibility for the 
accuracy of such surveys. 

Diagrams 

NGS will continue to publish the State diagrams showing 
control established or adjusted by NGS, one for the horizontal 
control and another for the vertical control (fig. l and 2). 
In areas where the control is congested, larger-scale diagrams, 
such as nautical base charts, supplement the State diagrams. 

The normal dimensions of the quad-format diagrams are 1° in 
latitude by 2° in longitude with the data assembled in 30' 
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Figure 1.--State diagram showing horizontal control established 
by or accepted for adjustment by NGS. 
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Figure 2.--State diagram showing vertical control established 
by or accepted for adjustment by N~S. 
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by 30' volumes. The horizontal and vertical control data are 
issued separately and designated as shown below: 

25 081 4 25 081 1 25 080 4 25 080 1 

DIAGRAM NG >- 17-8 MIAMI 

25 081 3 25 081 2 25 080 3 25 080 2 

26° 

25° 

02° 01° 80° 

· Each station is assigned a number identified as "QSN" (Quad 
Station Number). These numbers are assigned to stations in a 
new project and tabulated in alphabetical sequence, generally 
in two g roupings, the marked stations in one group, and 
intersection points in the other. When the horizontal control 
ddta for an entire state are converted to the quad format, the 
stations are normally tabulated in alphabetical sequence and in 
two groupings, but not by project . There are variations to 
these practices due to certain situations, such as clustering 
all intersection points in a general location, to save paper, 
or to satisfy some particular condi tio·n. 

All QSN's begin with 1001, thus each station has a unique 10 
digit identifier. In some of the earlier listings, nearby marks 
connected by traverse or replacement stations were assigned the 
same number as the station. Later, in many cases, a letter was 
added. For example: 250802 station 1029A could be the point 
connected by traverse and 1029B the replacement station for 
250802 station 1029. For inclusion in the planned data bank, 
stations containing a letter will need to be renumbered to avoid 
the alpha-numeric identification. The data bank, when finally 
compiled,- will contain all the observations, the adjusted 
results, and descriptions and recovery notes for all horizontal 
control stations. 
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In a few instances along coastlines, quad dimensions are 2° in 
latitude by 1° in longitude, and on other occasions, to offset 
the need of an additional sheet, they are slightly larger than 
normal size. Larger-scale base maps are also used to supplement 
the regular quad diagrams in areas where a large concentration 
of control exists. 

Control established or adjusted by the NGS is shown in black; 
that established, computed, and issued by the USGS in red; and 
data accepted by the NGS for publication in brown. The accuracy 
of the control is also indicated. A sample regular-size quad 
sheet (without color coding) is shown in figure 3. 

Data Sheet Format 

An example of the new format for horizontal control data 
sheets is shown in figure 4. This single-sheet type of listing 
replaces the multi-page tabulations previously employed. In 
the old "litho" format, separate sheets were necessary for the 
listings of the various data; for the example shown in figure 4, 
the user would have received as many as eight sheets of paper. 
Since much of the horizontal control data for a few States is 
still issued in the "litho" type format, examples and 
explanations of the data are given later. 

The form shown in figure 4 is largely self-explanatory. The 
following comments should assure a more complete understanding 
of the tabulated data. 

(1) Source - Archive number assigned to computations in 
which position was determined. Other source numbers are 
occasionally shown on data sheets prepared several years ago. 
These refer to projects in which the station was used as 
control, but this practice has been discontinued. 

(2) Field sketch - A sketch is drawn for each project and 
filed by State and number. Sketches for projects that extend 
into more than one State are assigned to one of these States. 
Usual ly only the sketch for the project in which the station 
was originally positioned is shown. The field sketch number 
and locality are omitted on more recent tabulations. 

(3) Geodetic positions - Positions given to five decimal 
places of seconds are for computational purposes only and are 
not an indication· of accuracy. 

(4) Elevations - Values shown to one decimal in meters and to 
even feet were probably determined from vertical angles 
(trigonometric leveling) . Elevations given to two decimals in 
meters and one decimal in feet were generally determined in the 
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course of a leveling project or from a spur line run by the 
horizontal control party from nearby bench marks. Elevations 
determined in such spur leveling usually carry the notation 
"WYE LEVELING." Those with no check are so indicated, and the 
source of the data, if other than the NGS, is also noted. 
Because of policy changes, remarks concerning the elevations are 
not always shown on the latest listings. 

A few words of caution with respect to these values. Vertical 
angle elevations can be ± 3 feet or more in error relative to 
leveling control in the general area, and many elevations shown 
to two decimals in meters are unadjusted values. These data are 
tabulated for use in reducing electronic distance measurements 
and to furnish elevation control for projects where accuracy is 
not critical. 

Whenever a project requires accurate elevations, the State or 
quad diagrams should be examined to ascertain the availability 
of leveling control in the immediate area; then a request 
should be made to the appropriate agency for the data. 

(5) State coordinates - The "X" coordinate is the value in 
feet referenced east or west of a meridian selected, and 
designated as the central meridian for a particular zone. To 
keep the coordinates positive, a large constant value is 
assigned to the central meridian in the State system, the 
computed coordinate (X') is added to this constant value when 
the point is east of the central meridian and subtracted when 
west of this meridian. For the example shown, the central 
meridians for both zones have assigned values of 500,000.00 
feet. The station is therefore 159,410.80 feet east of the 
central meridian for the west zone and 159,733.54 feet west of 
the central meridian for the east zone. 

The "Y" coordinate is the distance in feet north of some 
parallel of latitude which is below the southernmost extremity 
of the zone; it is usually assigned a numerical value in feet 
of 0.00. 

(6) e (or 6a angle) - The angle between the geodetic and 
grid meridian; often referred to as the mapping angle. 

These angles are applied with the opposite sign to geodetic 
or astronomic azimuths to obtain plane (grid) azimuths. In 
this example, the coordinates are computed on the transverse 
Mercator projection and the mapping angles are identified as 
6a (delta alpha) angles. Similar values on the Lambert 
projection are referred to as e (theta) angles. Another term, 
the (t-T) or second term co~rection may be computed and applied 
as an additional refinement, but generally it is quite small 
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and usually can be ignored. However, the computations are 
rather simple · (see reference no. 5, page 3). Where significant, 
these corrections should be applied to the azimuths and angles 
in projects where a high accuracy is required. 

Astronomic azimuths should also be corrected for the 
deflection of the vertical at the point of observation when 
such azimuths are to control higher grade projects. This 
correction is known as the Laplace correction and can amount to 
as much as 20" in the conterminous United States, but generally 
is considerably smaller. Values of 5 to 7" are not uncommon, 
however. The NGS will furnish estimated corrections upon 
request. Since these estimations involve, in many cases, a 
review of the local topography, reasonably accurate positions 
of the points from which the observations were made are 
required. Scaled values from USGS topographic sheets are 
usually satisfactory for this purpose. 

(7) Geodetic and plane azimuths - For the more recent 
listings, the number of azimuths is limited to those required to 
compute the azimuths of the marks and objects given in that 
portion of the description or recovery notes known as the "box" 
or "box score." In earlier versions, all geodetic azimuths and 
distances from the station were shown, but revisions necessary 
to keep the listings up-to-date became too costly and the 
practice was discontinued. It was felt that with the 
availability of electronic computers, these data could be 
easily computed and their elimination from the format would 
cause little inconvenience. 

(8) Descriptions and recovery notes - Anyone using a station 
to control a survey should verify the descri~tive and observa­
tional data contained therein to insure that a recovery has 
been made. Any discrepancies should be reported to the NGS or 
to the establishing agency. 

The "DIRECTION" shown in the box does not refer to a compas·s. 
bearing but to the angular direction from the initial point 
taken in a clockwise manner. The direction to the initial 
point is usually assigned a value of 0° 00' 00~0. 

The angles between any of the other points are obtained by 
differencing the directions involved. All points shown in the 
box, with the possible exception of the initial point, were 
visible at tripod height at the time the descriptive information 
was prepared. When the initial station carries the notation VG 
(visible from ground), it, too, can be observed from tripod 
height. 
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(9) Additional explanatory notes - When a point has been 
determined by procedures which do not provide a check, the 
notation "NO OBSERVATIONAL CHECK ON THIS POSITION" appears 
under source. The agency making the observations, if other 
than the NGS, is identified by the statement "Observations by 
~~~~~~~~~ 

" which immediately follows the station name. 
Other comments are added below the azimuths when needed to 
explain particular circ umstances. In general, only the date 
of establishment is shown but on occasion, especially in 
crustal movement areas where new positions have been determined, 
the original date and the date of the new observations used in 
the new position determination are noted. 

"Litho" Type Format 

The old style horizontal control listings, commonly called 
"lithos," involve separate sheets for the geographic position s, 
plane coordinates, descriptions, and recovery notes (see 
fig. 5, 6, and 7). There were some advantages to this format 
such as all geodetic azimuths and lengths were available and 
the data were assembled in a more orderly fashion with regard to 
the actual route of the survey and the area covered; but these 
advantages were more than off set by the numerous sheets of paper 
required to complete the compilation of the data for a point. 

In the e arly forms used for this type of listing, there were 
other disadvantages; the order of accuracy, for example, was not 
indicated but could be ascertained by a review of the data as 
follows: 

(a) First-o rder - Azimuths to hundredths of seconds, 
l o garithms of the distances in meters to seven places, and 
the distance in meters to two decimal places. 

(b) Second-order - Azimuths, logarithms, and distances to 
one less decimal or significant figure than for first-order 
points. Since surveys made to third-order accuracy were also 
listed in the same manner, it is occasionally difficult to 
determine the a c curacy o f a particular point. Any problems 
in this r e gard would g e ne rally be in the c oastal regions 
because units other than geodetic parties may have performed 
the survey s. 

Geodetic parties s e ldom, if ever, perform surveys to less than 
second-order specifications, except to locate certain structures. 
But photogrammetric or hydrographic support units often 
establish control only to the accuracy required for the 
particular project involved and these accuracies may be third­
order or even less on occasion. Data for surveys made to less 
tha n third-order requirements are not published, however. 
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~= ~r::.~· t:..r~~.~4.J~: :!h:~. 1:t~1:~~ ~!" r:rt::~ ,~.,. 
Nrtt h 24 ta et s• oc a blu•d. pin• t ,..., 18 teat I of a ll>too• 
atu:111P, 30 rae t I oC a lean.in, oatr t n• and pl'OJ eoh 0 lno.Ma ab"• 

th• ·:;:.,~;. DJSTUC• macnOll 
9 TOJIZS fHt: 0•0010010 
a ••• l'o.t 1'19.0I 6S 3S 16.0 
"·•.ro.l 109.'11 191 , • • , .• 
.t.a. n . (Approa. ) 0.2 .t.1• N •• ••·• 
.. le.ht of t .• hUOP• •'bo'I'• •t•tlOn .. .,... .. 111 f••t • 

nrke W:!!.!::~:: ~=~r~·i~";;;:·:.!:::t;::••' lt31)-All 

ftlft <••rton C:Ountf,na .,P.c .w •• 11.»1&.B.L •• 1•~T)••lt•U°"• 
Nfarenoe • n4 aa1mu.t.h Nrka reoo•ere4 •• deaor1ba4 and tn gioo4 
oondlUon. _ ... 

TVlltD (C1tN• Cou.nt7.ri. •• o .L.A •• l13t ) - Statlon h ln •l••r­
la.c OD • etde ot W.ltbl• cooch•• Rher, a.nd abou:t O.O •lle I ot 
hnt9ra C~. It h 181 rMt W or road. 163 r aat W or prowd.nen' 
pelaetto on hl-"'-w•tar line on • bank ot rl••r• l'JO ran a or •de• or u .. oua . ..rk proje ct• 3 lnoh••· 
a rd b:~!:c:1.:4:~~w-:~P r:i•:~:.::d.:•~:::~t=-edrtt:n a:t:!~: 
7• and Ub. 

Rara ... nca .. rti: lo.l h '7.~ fHt: I or road, •3 taet • o r hlp-

•atar ~}:~n:! !:~ :0~~ r.1~;t;;.t ~r!,P:i:~!:. 3 t~=~:c. ot 
ol .. rlft8, 108 hot • ot road at antra.no• to 1'00d•, }4,e teat • ot 
hJ&l'l·••tar line , iand proJ • cl• 6 lnchoe. 

Ad-.ath urk h 3 ffft n or wlra hnc•, a teot IW or 11· 
lnoh ••h, &6 fHt n or l2•1nch nHt ~ tra• ln r enoa eornar. 
l&O ta•t S or road, a.nd proJ e ota 4 1.noh••· 

To ,...Cb r...- oouttbouH in ln••m•u, So n on v.e. lllt>• 

;:r1!! !!~!~i:::: > i~·~. "!~:' .~o~~t:~::n"::!: :.:::~t .. :~ .... 
~~-:!n;~r~:;io::h:·11~~: to~!i 41~}::· .:~.!i!. "!!:; :::-,...,. •• 
l att at hl"I• p1n• b"·•• a.nO fol low 41a trell t~ !Ml.Md 1.,. 
tor o.6 •11• to olaerlnl on tart and atatlon. 

06J'ICT DISTAHCll DilllCTIOW 
Ct\As.s.t. taat 0-0010010 

:::::::~ m., ~::~ J~ : ~::: 
Aa.l'lt.. (SSI) 0 .10 llila tM OI M.I 
a. 12&-root to••r ... atatl.oaa CA.SSA and u~a .. ~ t a.llM 

to ... IACAJfTO. 

'l"OlUtDl (Clt ru• Co\U\t7 , ne •, O.L. A., 1034' 1.8.t. • lt3"7 )-•lhtton 
Md • ll • rk• raoo•e,..d •• d• aortb-4 • nd ln Cood .. n.dltl .. 'h Add1Uonal 4•aorlptton rollowaa 

Statton h oa the • ahore ot Ulo• trtthlaaoooM• 11:1 .. r. ftoM.r 
the I Up o:" a ewall trian&"lar cha rtn&. on • all&ht rhe at 
th• • a nd of a double "°"' or pata.ttou, IO fHt I or th• taller 
or two pal.a treu, ea t H t • or • •-root llunwd out _.., •"'"' 
&& 1•rd• I or •d.&• or ri'f'• r ••u:p, about to prd• • ot tho hS.,._ 
watar Una ot • benk or rS••r. W..rk proJ•o'\• t lnotwa. 

Figure 7. --Sample description of triangulation 
stations on old format. 
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In those cases in which the accuracy of the control is 
important and there are doubts about the accuracy, the NGS 
should be consulted prior to beginning field operations. The 
accuracy of the control is discussed further in a later 
section. 

Intersection points such as water tanks, church spires, etc., 
with very rare exceptions, are always located to third-order 
accuracy. No check points in this listing format are given 
to hundredths of seconds in position and to even feet for the 
State plane coordinates. 

Field Positions 

At the conclusion of a field project, lists of geographic 
positions computed from the unadjusted observations and lists 
of descriptions and recovery notes are prepared and published. 
The listing format is very similar to the "lithe" type and all 
the data are printed on yellow paper (fig. 8 and 9). 

These positions must be used with care since the values, 
regardless of the number of decimal places shown, have not been 
processed to remove or distribute the closures other than those 
involved in the triangles. The general practice is to initiate 
the computations from one published line and proceed in a 
continuous operation without consideration of ties to inter­
mediate established control or to any lengths or azimuths 
observed in the project. Plane coordinates are not computed for 
field positions. 

In some instances it is neither possible nor feasible to adjust 
a field project inunediately upon completion; on occasion this 
could present a problem to a user who may urgently require a 
high degree of relative accuracy between a few points. The NGS, 
in such cases, will provide, upon request, internally consistent 
positions and plane coordinates for specific points; and, 
although the final adjusted data may differ somewhat from these 
values, the differences will be more or less constant in a 
general area. 

Survey Data on Other Datums and Spheroids 

The principal purpose for establishing geodetic surveys during 
the early years of the Coast and Geodetic Survey (originally 
known as the Survey of the Coast and then the Coast Survey) was 
to determine the relationship of our coastal cities in order to 
place the hydrographic surveys of the coast, rivers, and harbors 
and the resulting charts and maps on a single base or datum. 
Ideally the coastal surveys ~hould have been planned and · 
executed in a continuously connected manner, but such a plan was 



•OU For• 16-~, 
12-111 

.I for.,., 1 y C&GSForm 28dJ FIELD GEOGQPHIC POSITION$ 

Class 1 

I 

U. S. OEPIJllMD .. OF Co.tlERCE 
UTIOllAL OCEAllC and ATMOSPHERIC ..,..MISTRATIOll 

G-149b3 
LOCALITY Pinellas Count y HORTH AlllERICAH 1927 DATUM First . ORD!.RTRIAHGULATIOH. STAT! Florida 

STAT ION 
LATITUDE A"D 

AZIMUTH 
LOIOGITUDt: 

0 ' " 0 ' " 0 

BAUDER 1973 27 54 . 52.3012 / 172 12 06.22 / 352 
d .m. 82 47 34.4189 / 208 53 ll .57 .; 28 

92 45 l~ . 9 / 

HALL 1973 Z7 55 00 .7258 / 218 00 17.43 / 38 
d.m. 82 50 29.1373 / 273 05 43 . 98 / 93 

275 04 25 .7 / 

BOOTH 1926 28 00 02.8458 / 292 59 .)5.92 / 113 
r. 173 d.m. 82 39 46 ,9342 / 18 18 54.18 .; 198 

/ 
19.65 / GANDY 1973 27 52 38.1252 142 47 322 

d .m. 82 35 17.3449 / 212 25 21.93 / 32 
76 07 47.2 

FRANKLAND 1973 27 j 5.n68> 125 29. 50 ',... 305 53 20 
d.m. 62 39 02 .3913 / 171 13 43 .19 351 

91 48 1.4 .0 / . 
HCXEY 1967 27 53 35.1763 / 149 49 24 .09 ,., 329 

r. '73 d. m. 82 43 33.2775,., 227 14 57.71 / 47 
1 52 19.4 / 

268 05 u8.3 / 

DUMP 1973 27 51 52.4485 / 161 55 29.12 / 341 
d,m. 82 40 21.9632 ." 214 23 16.07 I' 34 

340 57 27.5 ,,... 
I' 

,. 
ST PETERSBURG NffiTH- 27 53 05.8908 214 33 48 .75 34 
WEST BASE 1933 r . 173 82 45 52.8121 / 256 42 04 .02 / 76 

d.m. 316 14 23.5 / 

WAI.SING 1973 27 52 47.22$3 
,; . 

141 53 26.65 / 321 
d,m. 82 48 31.2520 ./ 201 58 54.45 / a 

92 40 25 .2 / 
'No check oe thi1 po1itlon. A.bWe• l.,1-...e ., ... 4.:desc.ril>«di -.=.m.arked; ... =oot; r.=rttO'feted; l.:toat; , .:probably. 

(Esa•pl .. : o.d.=-ot d .. cribed; p. l.=probabl1 1011. ) 

BACK AZIMUTH 

' " 
11 53.50 / 
53 41 .60 / 

01 26 .57 / 

07 05 .78 / 

03 13 .0.3 / 

18 03.37 / 

45 13.29 
, 

26 52.39 .; 

19 17.93 / 

13 22 .20 ,.; 

48 59.07 ,,. 
15 52.93 / 

54 54. 81 ,. 
23 53 .28 ,. 

/ 
34 29 .02 
43 09.29 / 

52 31.49 ' 
59 21.04 / 

TO STATION 

HARRIS 
BREEZE 
RI() 

HARRIS 
!BAUDER 
RU 3 

CYPRESS 2 RI.! 4 
JOODAN 

COORTNEY 
CYPRESS 2 R:.I 4 
IRM 3 

JO.WAN 
COURTtIEY 
fU.! 2 

'lE!iPCRT 
JCRDAN 
Azimut h mark 2 
Azimuth mar k 1 

kJOR.DAN 
!FRANKLAND 
IR11 3 

~IBWPCaT 

~C!IBY 
ru1. 5 

HALL 
!BAUDER 
flll 3 

DISTANCE 

MKTIER8 

5470.627 / 

3628.172 / 

6550 .298 / 

4784.62!J / 

13, 743 .180 / 
9,428.929 

12,196.135 "' 

9' 851.058 .; 

5,125.525 ,. 
~ ,031. 248 

2 , 908 . 6~5 
,,. 

4,393.167 -

6,462 .908 .,.. 
3,853.287 / 

4,148 .272 
3, 921./~55 

5,223 .058 

/ 

/ 

" 
4, 151.861 / 

ca:ip:l-iLJ.! 
chec1<: ~ 

Figure 8. - -Samp l e f ormat o f f i e l d geograph i c positions . 



U S DEPARTMENT OF COMMERCE 
NIUIONA.l t)('fOll l A."'0 Af MOSJ"t tf RIC A[)~ !Nl .. Tk•TIO N 

UNADJUSTED HORIZONTAL CONTROL DATA 
byt~ G- Page No 

National Geodetic Survey 
NORTH AiM(R tCAN 192'7 OA1UM 

4'fQ,tir.A ,-o • ., 7•- J+ 
11'-HI 
.,, ........ . C OC.I •g- ~H 

lt•HC••L oct: ... Of•I. .... (> • l..OS~l•· t •OM ... S1 f>• f•O .. 
NAf l0 ..... L Gl 00ll ot. '." • vt, 

OIBCRI P TION Of T RIJ. NGUlATIOH iTA TION 

NAIH. or nATION BAUDER / STAT( r\or l da"' ,. COUNTY P\ne \\aS -

~:;;; ';;:::,I.;-~~~ . ,...c;cache lhaus .. 
Uu A o ..... ... ~ (NO 2 70824 
"''-"" J973.... Ol:K"llU:O•'t' u.J. Nov ak 

~ ~CIO .. f Of flLUCO--r. t,90vt U U IO .. tt•• .. 23 ,:(1t-\ ! .. f.ICilff OJ" t. ICO.,f ll .OYt '1 • f10fll • •"1126 .4 ~lfl"\ 
1 b' t u ••Act ""''°"' •<11•• I OIU AMCU "•Oett•,CrK>tO 10 U l• Utw .,.. , 1ur l alMCt "' 'us ANO f'•o.Mthll 
?& " 1.1•0l"0A°'-llllO-\ TlitlOIO •••• OIJICn Wl'OC" CAM l l if I N P•O- tNC ~lllOIHtD At l Hf: Sf .t. f lOM 

I 

desc 
de•c 
I lb 

HARRI S I 9:Y. 
RH I ' 
RH 2 ' 
RM 3,. 
RH I to RM 

0•1t C t 

SE : 
WSW w . 

, 
70.35 21.441, 
79. 9 0 - 24. 352 

0 , 15 n tle ' 
143.96 ~(43.879) 

·oo oo oo.O · 
131·10·22 
277·44· 55 
2ao·n· 38. 1 

thl!' !ltaclon l a located t. n the ce nte r of Largo . at t h e northeast 
corner of t h e grounds of t he Bauder Elementary Schoo l. l.n a hal f 11oon 
a hape<l gra99y a rea and on property of Plne llas County.' 

I To r e ach t he stat ion ! r cn t he La rgo TO'm Hall t.n Largo, go ves t 
~ on lot Ave SW !or 0.05 11lle co a cross r oa d , Turn le ft and go aout h on 
i 4th Street SW for 0 . 05 ,.l l e to a s i de road r lght and the school Ln t he 
i eourhvest ang le o! the tntersect l on. Tum r ljht: and go wea r on 2nd Ave 
1 ~II for 0.05 ... ue ro t he otatlon on th• lef r . 
~ Sta tion 1>a r ks an standard dis k s st&11ped BAUDER 1973. The sutface 

disk l! s et l n t he t op of a 12-lnc h cyltndrtcal concre t e nionU11ent 2 
inche s below t he s urface o! the ground. I t ls 70. 5 f ee t southwes t or 
pave r 11.ne pole nuttber 8A84 whlch ha s a trans fornier, 62 f e e t sout h e ast. 
o f power lin e pole nunber SA.85, 53 f eec n or th-nor theas t of the northwest 
corne r of che t101t nor thea.s ter l y bui ldlng of t he Bauder Elementary 
School , 24 Ce e t ooutJ1 of the c e nter or 2nd /we SW and 16 . 5 Ceec north 
of t he noc t h edge of a "ved d r lveway. The unde rground u rk l a s e t 
ln t he t op of an lrr e gular r1a a s or concrete 48 t.ochee belov the surfa c e 
of t he ~round.' 

Re ference mar k I, a otandard d l s k otaniped BAUDER NO l 1973, U 
cenie nte d In a d rl 11 hole ln a cove r ed concrete sldewelk. I t 1• 42. 5 
feet southvest of t he east 1 o f 3 pal " trees and ll . 7 f eet nort:h or t he 
north face of t he s c hool bul ldlng, ' 

Re fere nce 11a rk 2, a standatd disk staroped BAUDER l'IO 2 1973, lo 
c e..ent e d I n a dtl l1 hole I n the concret e s idewalk . I t ls 53 fef!t oout h­
s outhvest of potiter line po l e nuraber 8A85 , S2 f eer nort.l"lweat o! a 36-lnch 
live oak t r e e and 24 Ceet south of the c ent er of 2nd Ave SW.' 

Refe renc e 11ark 3 , a s t anda rd disk aramped B4 UDER NO 3 1 973, l s s ec 
t.n the top of a 12·lnch cyllnd rlcal concrere r1onument. 1--l nch below the 
g r oun<J s urface . Ir l s 3 1 f e e t e a s t of the c ent e r of Ridge Road , 14 f eet 
non.h of the center o f 2nd Ave SW, 12 . 4 feet southeast of powe r l l ne 
pole nUttber 8Al 6 and 2 f eet s out hwes t of a metal vt. tnesa pose.-

To teach r-eference rHrk 3 fr011 che ata t l on. go wes t on 2nd Ave SW 
Cor 0 , l S 11lle t o the junct l on of Ridge Roa d and the 11ark ln t he northeast 
angle or t he t.nterae c rlon • .,, 

C.uad, t 60bvl 

RECOVERY llOTE, TRl4 HGULA TIOH STA TIOH 

"'""' 0 .. $TA1 10"" BRAY 
1utA•1..1s1..r.o •• J.B. 
111•cov1.111110 ... • C. L. Bnrdt 
AllllL.IHI Ol!HAHCI •..o O rllllf.(:T IOM , .. ()flit Pd , .. ,,T TO'fllot 

.. l l<i•f 0" TCLIUCO-f aff""lll tf11TtOJ1 11111•a 5 • 61 •._t:t 

,,"," .Plor1da eo1cM ,,,..111.., ,.'""° O 
cou""' Palm Beact. 

2 Q1l•• southeast of Lake Worth 
Ml>t."t o• 1..1fiMl • eave '''"ICMol .. ,.11111 4. b 

0 1a• ... •Ct• ... o D•MI C1•°"'S r o o\[I .. ,,. ... •• Ill•, -lf"l[IU .. CI "'""'"'' 4110 .. ,.O• lloll•H oeac•• WM IC .. C•• H Sl:[M 
••OM '"l GlfOUl'IO "' ""'t. t.T I TIQlll 

01•••1o1ca 
O•JC'C l" 9(A llll•G 

•cc• ..... 11: ... 0111,ccno111 

PIER ''A .. Poi nt ·v lJU oo·: oo 
PIER N ' l m1le ) u 14 t5.91 
HM l s lU.~l (J4 . lu.1) 162 3~ v 9 -
Rio: 2 N .. 124. J7 ( 37. 908 ) 345 53 20-
Lake North #C;lT Rad Tower (red lt 11~ l •ule )'- 346 10 U2 . t 

The sta tion mark. reference marks l ~nd 2 were recovered in good 
condition . Reference mark J (AZ );)( ) w&li not r ecovered at thie t ime . 
Obtlerved dir ectiorA betw~en r e ference m~rka checked very close but a 
difference 1n distance was noted ; reference m&rk l, 0 . 11 fee t (O.OJ4 
meters ) reference mark 2 , 0 . 0 4 feet (0 . 015 meters), A tie to this 
station wa.s made by a geodimeter traverse . 

A new description f ollows: 
The st~tion is locc ted 2 miles southeast of Lnke North, 2 mi lee 

norther.at of Lantana, l mile south of the Lake Worth Public Beaer. and 
0 ,1 mile east of Highway AlA. It is in the npproximate center of a 
sand ndge that ie covered with ••&BTSP• buahea and ii the highest 
and l ast solid i;round before reaching the oc~an. 

To reach the st • tion from tlie junction or Sta te High-ya 80 8 and 
AlA, which is l mile eaat o f the bu:i1nesa district o! Lake Worth , go 
oouth on HiRhway 41A for l. 0 mile to 11 s .. nd road on the left. Turn 
leh and follow eand rond e<Ult far 0 . 1 mile to a cut open!~ onto the 
bench una the sta tion on the left, H O feet to tho north, 

The station mark is a atundu rd disk , stWllped BRAY 1934, set in 
the top of a round concre te monument 5 inches und er the sand. It is 
12 feet west of the edge of tho sand ridge and l. 4 feet eae t or a 
metal witnese post. Note: lb 7a 

Reference mark l is a standard duk , stamped !lilAY NO l 1 9 34, 
set in the top of a round concrete monument proje cting 5 inches on 
the nortn side e.na exposed 18 inches on the south side, It ; a 29 
feet nortn of the center of the sand road. ~O feet west or the edge 
of the ridga and 1 . 2 feet southeaet o f a metal •ltn esa J>08t . Note : llb 

Reference mark 2 le a s tand~rd disk , &tamped BRAY NO 2 1934, 
set in the to~ of a round concrete monu.o;ent flush with the ground. It 
ie 10 feet weet of the edge of the ridge and 1.1 !eet en.st of a metal 
witneea post. Note: llb 

u. o•~AltTJllllUI T OI co•.: .. ~~~ 
co••• "''" C> •••C>• ~''- '""""'~ 

Fi gure 9 .--Sampl e format of descriptive information issue d with 
unadjus ted horizonta l con trol data . 
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neither possible nor, in truth , necessary. Consequently, many 
harbors and rivers were surveyed on independent systems long 
before the establishment of the national network in their 
areas ; and, while the vast majority of this work was eventually 
computed on the North American Datum (or its equivalents, the 
New England Datum or the U. S. Standard Datum), many of the 
stations involved were not recomputed on the North American 1927 
Datum. Prior to the adoption of the New England Datum in 1880, 
the computations were carried out on the Bessel spheroid and 
undoubtedly not all stations computed on this spheroid were 
converted to the Clarke Spheroid of 1866 when it was adopted 
in 1880. 

Many of these early stations, not included in today's 
published files, appeared on maps and charts and were used in 
surveys of the time; and indeed some may still physically exist. 
Nevertheless, their value in resurveys , erosion studies, and 
other research endeavors is considerable. Annually, numerous 
requests for conversion of these points to the North American 
1927 Datum are received. Occasionally, the requests are of such 
a nature that a review of the original field records is 
necessary. Fortunately, these early records are readily 
accessible, but often the research required to resolve a 
particular problem entails a very large effort. In such cases, 
it may be necessary to require reimbursement for gathering, 
reviewing, and evaluating the data. 

Physical Geodesy Data 

These data refer to the physical properties of the Earth 's 
gravity field as applied in geodesy. The fundamental para­
meters are gravity intensity, astronomic position, and their 
temporal variations. Deflections of the vertical and geoidal 
separations are major elements related to the precise size and 
shape of the Earth. Knowledge of the intensity and direction 
of the gravity field at points on and above the Earth's surface 
is essential in studying the Earth's internal constitution, in 
metrology, and in space technology applications. Polar 
variation, or the wobble of the Earth's axis within the body of 
the Earth, is also included. Data are available in tabular 
form or, in certain cases, on charts showing contours of gravity 
intensity anomalies or geoidal separations. 

Listed gravity data are compiled for distribution by NGS. An 
index map is available showing the current density of stations 
by 1° x 1° square subdivisions. The data are in automated 
format and can be furnished for any selected area in the form of 
punch cards, printouts, or magnetic tape . A sample listing is 
shown in figure 10. 



CAIVl1t Cl8RARV - AOtuSt 19 19fo 
LATITUDE 24 OC.CO TH•u lZ 00.00 

CoNCl10bE 78 ob.Ob tP•u 85 cc.oo 

LATITUDE lONGITUCE TY'E UNIT ElEVAllON OBSE•VEO FREE At• !OUGUER ISO SOURCE e•SE STA SEQUENCE STD DEV SlO DEV 
ME1ERS 6Rl~ITV tALS lhC,JCt JNC,ICV CR tt REFERENCE FREE AIR BCCCUER 

+21 21.10 • 80 !z.4t • z.e Cj f'i.2458() • 26., • 26.!S .!¥I 21 t!C t5E 

•21 21.ao - so 34.20 • 3.0 i 24.Z i Zl.'i !61 211!50 656 

¥21 28.oO - lb 3!.40 • 4.l 'lf'l.24010 • 21.'l • 21.4 21150 t5t 

¥21 28.lb - IC !2.CO • z.• 9 n. zooo • zr.5 • 21., .!! J 21 t!C f!!t 

¥21 28.lo - St 42.EC ' 2.' 979.2'620 • 26.8 • 26.5 !ti llt!O · l 

• I.! + 3.2 • 3.0 !61 21150 Bl' 

+21 21.50 - IC 34.tt • I. I! 'O'l.2050 + 23.4 4 2Y.2 31\l 211!0 

+21 28.60 - IC !2.2C • 919.24160 • zt.5 • zr.z !ti 21 l!O t5li l 

+21 21.fb - 80 33.4b • z.e 'ii t9.24li0b • l5., • 2! ·' !U 21t50 t5li 

•21 29.00 - 10 !3.'lO • 2.3 9 l'l.zoeo • 2,.2 • 24.• '!El 211!0 

+21 29.tO - lb 3,.!c • 2.1 'l1'l.z41'lo • 21.1 • 26.4 361 211!5t t5t 

+21 29.ZC - It 35.ct • 2.4 • n.4 • n.1 !tl 21150 I 

+21 z'l.20 ec 15.00 • 3.4 IJf'l.2080 • 2!.3 + zz.9 361 211!0 t'5E 

+zi 29.50 - it 3!.tC • 2.3 '¥11J.246ib !61 21'!0 li56 

+zw 29.50 - 10 34.et • 2.6 'ilf'l.2Ufo !ll 

•21 29.80 - 80 32.80 • 'll'l.2010 • 21.2 • 26.IJ !ti 21 t!b l'5t 

+21 30.00 - lo 34.50 • 2.1 04.24!!10 • 24.o • 21.1 lfll 2lf50 t5t 

+21 30.60 - IC !!.4c • 2.t 919.24150 • 25.1 • 25.6 !u 211'50 t 

.21 10.10 It 34. ttl • 2.5 09.20'!10 • 24.I • 24.5 JU Zlhd t!ll 

•21 31.'!o - IC 41.od • 914.Z!l'!lo • u.1 • n.2 ]fl 211'!0 

•21 31.4b - ltl 3!.50 • ~.1 . 979.24150 • 25.6 • 25.t !tl 211'!0 

• 2. 1 CJ79.24no • 25.t • 24.8 !tl 211!0 

•21 !l.5o - 10 14.10 • 2.4 1Jn.2u10 • 23.1 • 22.11 361 llf'!b 1:1 

•21 31.60 et J4.9c • • 16.3 • 16.1 361 zlf!!c 

•2• !2.46 - ii 2t.16 • !4.o 41'J.2tli4 • 2.1 - t.o I 273! HI 

+21 12.11 - 11 zc.21 • 34.o • 2.J - 1.4 27'52 1650 2 

Figure 10.--Sample listing of gravity data. 
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Astronomic data are available for more than 3,000 stations in 
the U. S. and territories. The data are maintained in a card 
file, one card for each station. Copies of the cards are 
furnished on request, and contain final results in latitude, 
longitude, and azimuth; precision figures; and deflections of 
the vertical where available. A sample data card is shown in 
figure 11. Many of these data are now available on computer 
listings. 

Anyone considering the observation of astronomical azimuths 
should consult the following two articles, referenced in the 
bibliography of this paper, prior to initiating operations: 

(1) P 1 . J A A 1973 Astronomi6al azimuths o i ng, r., .. , : 
for local control. 

(2} Rice, D. A., 1959: Ephemeris time and universal 
time. 

Vertical Control Data 

Quad Type Format 

Figures 12 through 15 illustrate the format used in tabulating 
vertical control data on the quad system. The line numbers do 
not correspond to those shown on the State leveling diagrams 
nor are they necessarily the same as those assigned when the 
l ine continues into adjacent quads. In crustal movement or 
subsidence areas, several elevations identified by the year of 
observation are often listed for each bench mark. 

Listings by Lines 

In some States and localities within States which have not 
been completely converted to the quad-type publication, leveling 
control is published by lines where the numbers correspond to 
those shown on the State leveling diagrams. This format is 
quite similar to the quad type; no examples are shown here. In 
the oldest listings there may be no route sketch inc luded, and 
the elevations are often tabulated with the benc h mark 
descriptions rather than in separate lists. Also, for all t ype s 
of listings which follow this general format, when a line 
extends into another ptate, the line number may not be ide ntical. 

Field Elevations 

Unadjusted field elevations are generally avai l able shortly 
after the completion of a survey project. These data, as for 
any material that has not been verified or adjusted in the 
office, must be used with c aution. 
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Quad .• ?9.~l.~ ' . . . . . . . IQ • 
U. S. Dl!:l' .. ,llTllU:NT 01' COMMl!l'tCI!: 

NATIONAL ocaANIC AHO ATMOl~H&fUC AOMINl8T ... ATION 

AST«OHOMY, ABSTRACT OF RESULTS St.te • F).prJ..d.S: 1 • • • • • • • ~· 

LATITUDE 

St.tion . •. ~~Y9~'.1':1'.A .. ~Q~~ ..... .. . ....... .... Oiief of Pany.~:. ~-·· ~.k.e.z: ... , .. .... 1 ••••• • ; ... -! 
Obeen'er R. B. Gassett D11te 26 Sept. 1962 o . •.. . ~ ·.~~ .. ~ ............ 1:,, ... ~ .......... )>1>/•L . • • .• lM'1UU..'dof 1<6." • ••• C0Mkbll11\1'11Hli .lo:- ::0 

0 , ,, II ,, l:IJ 

Mean Obsen'ed Latitude •.••• ?9 .. -~~ .. ~ ~?L ...... ± o ... ~ ... ~-=-~ . )_)~~.~ .. . • . .... !f!>~'! .. •.•' ~ 
Reduction to See Len I ( m. ) .. Q, 00 . l Accepced . .• 1.6. . . I-' 

Vuiation of Pol& . •. ~ ,Q '~9Q~. J:3;r~ .. -. •. 1.0. . No. of Observation• Q \0 Rejected, • • .. • • \>I 

. . +1':24 " - ~ Eccentric Reduction-in Latitude •.•. -tQ r }l.. 
0 , ,, 

Aauonomic Latitude (¢,.) 29 22 
Q , ,, 

Geodetic Latitude (¢0 ) •••••• ?9 . . ~.2 . . ...... . 

Deflection in the Meridian(¢,.-¢>,.) ..•••.••••. .-. 

Remark.s: None x - +.007 
y - +.102 

• • • • • • 111 Long1tude ......• •.. .•••.•••• 

~ ± o': o8 . 19.~~~~.W. T.".±~ ~: ~?)B•~T--~ .... 
04.404 ± 

~?:.:4:~ (~~-::: ~/ :: :~~~ :: ~:.~~:::: 

LDHGITUDI! 

St.tion .• ~~ Y'!~'!-"!~ .. 1.~~~ . ...... ........ ... . . Chief of Pany. ~: . ~:. ~-~-~ •••••.••••. •..•• 

Obsmer .. ~~ .~.· . ~.s.s.e.~~ ....................... ~te.~ . ??~:. ~~.6-~ . ............. .. 
PllllttLIMINA"''I" ~INAL 

0

INIT .. UMKHT ... o . C"llllONOM&TSllll NO. 

{ Time~ .. ~~ ••• ~ ... ~~~?~~ . . ~·~~ . . ~~~ . .3.3.l.~~ ...... 7~'?! .... . 
O , ,, ,, '' NO 01" •a.Ta 

Mean Observed Longitude 8l ll 04. 47 :t 0 .12 .4 
Arc .. ..• .• .•••• 1 • • • • •••••••••••••••••••••••• • • • • • • • 

Eccentric Reduction-in Longitude_. . . • • • • • . +1.24 in L•titude. ~. ·.~~ •••• 

Variation of Polee .• f:. •.O. ·.~Q~~ . ~~~. . . . . . . +. 01 
sf 11 " 05:·72·± 0~12 Astronomic Longitude (,\ .. ) 

\1codetic Longitude (,\ 0 ) , •• • •• ~~ •• +l-' .. . . ·: . .. 
Deflection in Longitude (,\ .. -,\ •) .••.••• •• ••.•• • 

Deflection in Prime Venic•I (,\ .. --' 0 ) Cos cfl •••• • •• 

Remarks: None . x • - .003 
y ,;. +.102 

Q(? !~9') 

-=~ !~. 
:-9.-9.5 .. 

.8715 Cost/> .•...••.••••• • 

(cfl ") • ~.o. • .2.2. .' . . '?~ :~~~. • • • • • • • 

. FA VORETTA 1934 AZIMUTH WELCOME 3 
Stauon •• ••.••••• , • •• • ••••••••...•••.•••. • •. Mark_ •.• , ••••••.•••••.••.•.•••.••.•••.••••. 

Obm.,er •• \1 .•. 9.· .. ~q"!~~ • . ~ ... E. Matlock Date 18, 19 Oct. 1962 
Chief f Pan S. C. Miller.... ............. - ....... T.:j'5}077" ........ · ... · ...... 

o y .• • ..•...•• •• .....• • •• •••..•••. .• Instrument No .1 •••••••••• .- ••••••• • ••••• ••••• •• 

Mean Ob•l!ncd Azimuth ••.•• ~~ . •.•• . ~. : ••.. '?? :?? .. ± • ~~:~~. . l Accepced ... ~~ .• ••• 
. . +o ~2 No. of Ob•en'ations l 

Diurnal Aberration . . . • .-/. . • Re jected .•.. ...•• 

Elnation of mark ( m.) ....• • •••••.• 9 .•~.. Si~ t/> • ••• 4.9.~~ ..... Cost/> • .•. ••..••. 
0 , ,, 

Eccentricity . 9.·.0.0. . (¢ 0 ) •• ?9 . ... 2.~ .•. Q~ ~ ~~ ....... . 
Variation of Pole C .I .O .1968 BIH . ;-.•'lJ. . _ (,\ ,.) .. f?~ .

0 

•• ~.l . .' . . '?E? ~~~ ....... . 
A•tronomic Azi~th(cz .. ) 148 05 1 05.91 ± 0.24 (cz.,) .••.. " .•••. : • •.•• :: •.••••• • • 

(.\,.-.\.) •• :-~.·~ .... ,(.\,.-.\ 0 )Sin t/> • •• •••• •• •• ".'?:~~- . (cz .. -cz.,): .. • ~' •••• ,<f>t cfl • • •••••••••• 

Laplace Azimuth .. .•••. ...•. l:-~ ..... 9?.' ..... ~ ~ ~ . .' . -(a .. -cz 0 ) Cot ¢ .••.•.• • •••.•• 

Remarks : None x - -. 
y - +.110 

ACCa• 810N NUMa&f .. 

ol. 18,19 0-12984 A-3047 
uaco .... oc Ml41·P-7t 

Figure 11.--Sample data card showing astronomic data. 



U. S. OEPART"ENT OF COHHER CE 
•AT JOIAl OCEAlllC AID ATNOSPHERIC AO"UISTRAT I OI 
IAT101Al OCEA• SURVEY 

JULY 1974 

111• 30 I 

VERTICAL CONTROL OAT' 
BY THE 

IATIONAL GEOOET IC SURVEY 
IATJOIAl GEODETI C YERT JCAL OATUN OF 1'Z9 

SOLO I ER SUM" IT 

111. 0. 

___ / 

USCONM • IOU,·ASHEY l lLE 

10l ( !£' 

•"'"\ ~ )ICOflHO 

10J \ ,/' r I 
I 10· -- l 
\ - ~ !£' \-.... I CLEAR CREE• 

~ \_/-0-~~·· 
) FAIRVIEW '-...., ~ ..__ 

10J / !£' 

} ......... .. 
1 1 1 • JO ' 39 1111 

STATUTE NIUS 

H H E3 F3 E3 ,. ~ 10 

QUAO 
UT 
LATITUDE 
LONGITUDE 
OIAGRAll 

391111 

39. JO TO 40. 0 I 

111• 0
1 

TO 111•10' 
•J 1Z-Z 

Figure 12.--30-min . quad diagram showing routes of vert ical control. 



VERTICAL CONTROL DATA 
U. S. OEPARTft ENT OF COft ftE RCE IY THE 
IATIO•Al OCIA l lC AllD AtflOSPHEAIC AO"lltsTRATIOI 
I AT IOIAl OCE AI SURVEY 

UT I OUL GEOOET IC SURVEY 
IATIOIAl GEODETIC VERTICAi. OATUft Of 1•Z• • 

JULY 1'74 

AOJUSTftENT OF 1929 
CHIEF OF PARTY 

J. H. BRITTAIN 
OBSERVATIONS OF 1927 

BENCH ftA~K 

11'1Z <USGS > 
c 15 
0 15 

~4 1 ~S !USGS > 

G 15 RESET 
H 15 
35 AAS ( USGS > 
K 15 
E 17 

CH I EF OF PARTY 
F . B . OUINN 

OBSERVATIONS OF 193g 

BENCH ftARK 

8" <USGS> 
"2J9 

~m 
74U <USGS > 

~5n9 
<USGS > 

E 21'1 
F 2J9 
G 219 

~1il9 < USGS> 
K 239 

~9H'1 ! USGS l 

:m 
p 2J9 

LI NE 101 

LINE l OZ 

CIRCLE-00353 
4 . 0ftft FIRST-ORDER 

ADJUSTED ELEVATION 
cMrtH• c"tu 

2190 . 171 
2111 . as1 
ZZ05 . 523 
ZZ31 . 107 

1990 : 961 

im:m 

7117 . lll 
7111 . Z71 
7235 . 9S3 
7319 . 190 
7443.1 77 

7054 . 454 

muu 
6130 .230 
5051 . 144 

L-07990 
3.4ftft SE COND-ORDER 

AO JUSTED ELEVATION 
CfllfUI> unu 

2117 . 0U 

m1:m 
2z5t 112 
2Zl5.lZ5 

7175 . 471 
7195 . 917 
7295 . 740 
7411 . 967 
740 . 770 

~m :m 
7546 . 097 
7572 . &46 

3Z7 . 653 mu~i 2331 . 914 
2H1 . 642 7649 . 729 

muH mtm 
2360 . 596 7744. 722 
2390 . 061 7141.415 
2414.701 79ZZ . 2S4 

2432 . 141 7979 . 472 
2465 . 694 1019 . 531 
3000 . 511> 9144 . 193 

CHIEF OF PARTY 
H.J. OLIVER 

OBSERVATIONS OF 1934 

BENCH ftARK 

" 42 

" 4Z RESET 1964 
K 42 
L 42 

" 42 

• 42 
p 42 
a 
R 

4Z 
4Z 

s 42 

SS 42 

~u v 4Z 
WW 42 

VY 4Z 
w 4Z 
x 4Z 

CHIEF OF PARTY 
C. LEF EVER 

OBSERVATIONS OF 1935 

BENCH MARK 

F 131 
G 131 
H 131 
J 131 
K 131 

L 131 
1303 <USGS > 
9121 <USGS > 
• Ill 
1472 !USGS> 

1442 . 13 <USGS > 
p 131 
a 131 

01140 J911t1 PAGE 10 . 
UT 
&.AfllUD£ 
LOI~ ITUOE 
OIAGAAM 

111 · 

aJ tz-z 

TO .o• t 
TO 111 • 1 0 • 

LINE 103 

L-01740 
3.4'1ft SECOND-ORDER 

ADJUSTED ELEVATIO N 
CJllHHI Ullfl 

1542.241 5059 .136 

1165 '. 294 
5059. 731 
1>119 . 719 

1903.671 6245.1>50 
1956.206 6417.916 

DESTRO YEO 
1911.120 1>295.329 
11'13 . 31>4 6211.llZ 
111>2 . 590 6110 . 147 
1135.111 6023 . 013 

1115 .993 5957.'170 
1125.101 5990 . 149 

DESTROYED 
1712.242 5147 . 239 
1711 .010 5143.427 

1105 . 571 5923.777 
1774 . 236 
1754 . 153 

sazo . 973 
5755 . 014 

LINE 104 

L-07127 
3.4'1'1 S E CO ND-ORDER 

ADJUSTED ELEVATION 
CJllT ... I Ull•1 

1916 . 935 1>511 . 10~ 2017.269 6147 . 91 
Z191 . S6Z 7213.11 
2269.224 7444 . 946 
231>4. 193 7751> . SZJ 

2191 .440 9416 . Hl 
ZS31 . 2S4 1304 .622 
2993 .776 <1&22 . 010 
2731.7&0 mun ZS&Z .7n 

2574 . 07& 1445.121 
Z6Z2. 714 1604.917 
2619.5&7 1 59~.42 & 

*NOTE: THE WORDS nSEA-lEVEL DATUM OF 1929" WERE OFFICIALLY CHANGED IN 1973 TO "NATIONAL GEODETIC 

VERTICAL DATUM OF 1929." 
SI 

THE DATA REMAIN THE SAME~ ONLY THE NAME WAS CHANGED. 

Figure 13.--30-min. quad format listing of elevations. 



VERTICAL CONTROL DATA u. s. DEPARTPIENT OF CDPIPIERCE QUAD 391111 PAGE NO. 
BY THE UT IATIOIAL OCEOIC 00 ATftOSPHERIC AOftlllSTAATIO• 

NATIONAL GEODETIC SURVEY LATITUDE 39• 30 TO 40 . 0 IA TI OIAL OCEA• SUA\IEY 
•ATIONAL GEODETIC VERTICAL DATU" OF 19Z9 LONG ITUOE 111 . 0 TD 111 • 30 

,,:.il ... 1914 DESCRIPTION INDEX DI AGRA" NJ 1Z-Z 

o!: NCH MARK STATE LI NE PAGE<S> BENCH MARK STATE LINE PAGE< S> 
T 131 UT 104 11 A 4Z UT 103 5 A 42 RESET 191>4 UT 103 5 u 4Z UT 103 7 A 132 UT 104 12 u 131 UT 104 11 A 239 UT 102 2 
v 42 UT 103 7 B 132 UT 104 12 v 131 UT 104 11 B 239 UT 10Z 3 VV 4Z UT 103 a Bii <USGS> UT 102 z 
W 4Z UT 103 a c 15 UT 101 1 w 131 UT 104 11 c 13Z UT 104 12 WW 42 UT 103 a c ZH UT 10Z 3 
x 4Z UT 103 a D 15 UT 101 1 x 131 UT 104 11 D 239 UT 102 "J 
y 131 UT 104 12 E 15 UT 101 1 

E 17 UT 101 2 z 131 UT 104 1Z E 239 UT 10Z 3 
35 ARS <USGS> UT 101 z 131 UT 104 a 

23'1 UT 102 4 54 RS <USGS> UT 101 
G 15 RE SET UT 101 1 7192 <USGS> UT 101 1 G 131 UT 104 a 7498 <USGS> UT 102 3 G ZH UT 102 4 7573 <USGS> UT 102 3 

7702 <USGS> UT 102 4 H 15 UT 101 2 7922 <USGS> UT 102 5 H 131 UT 104 9 
H 239 UT 102 4 8303 <USGS> UT 104 9 

8442. a3 <USGS> UT 104 10 J 131 UT 104 9 a47z <USGS> UT 104 10 
I( 15 ·UT 101 2 9gz1 (USGS> UT 104 9 I( 42 UT 103 6 
I( 1 ~1 UT 104 9 
I( 2 9 UT 102 4 

l 42 UT 103 6 
l 131 UT 104 9 
l 239 UT 102 4 

II 42 UT 103 6 
II 239 UT 102 5 

N 42 UT 103 b N 131 UT 104 10 
N 239 UT 102 5 
p 42 UT 103 b p 131 UT 104 10 p 239 UT 102 5 
0 42 UT 103 6 
0 131 UT 104 10 

R 42 UT 103 7 
R n1 UT 104 10 

s 42 UT 103 1 s 131 UT 104 11 SS 42 UT 103 7 

T 42 UT 103 ' 
Figure 14.--30-min. quad format of vertical control data descriptive index. IV 

.....i 



U. S. DEPARTHENT OF COH MER CE 
NATIONAL OCEAN IC ANO AT"OSPHERI C AOMINISTRA TION 
NATIONAL OCEAN SURVEY 

JULY 1974 
RECOYEAY JllOTE . BE•CH NARI!:: 

DESJGWATJOM·71'l IUSt;S) SU.TE-UT COUIUY-UTAH 
OUAD- 1'1 111-101 ESTABLISHED 8Y· USGS 
OISTAtriCE AMO DIRECTION fRO" NEAREST TOWM -.U COL TOtll 
DISK STAMPE0-1 1'9Z 1910 2t RECOVERY OATE-1qz7 

tP•IRITTAIN 

OETAILEO OEStR IPT IOO· THIS PUILIC SCHOOL I UILDING IS IEIOG OIS•••TLEO . 
AT COL TOfll . UTAH coun Y. , .. THE SOU TH WA LL OF THE PUil It SCHOOL 
I Ul l OUG . J FEET WE ST OF THE NAllll E# TA.UCE. ANO A80UT 4 FUT .\IOVE 
THE C9t0UI D. SET VERTICALLY . 

RECOVEl'lY ll OTE , BEllCH ffA .. K 
OESIGllATIO"-C 1S STATE-UT COUNTY -UTAH 
OUAO - 1'1111-101 ES TAI LISHED IV ·C•GS CP- IR ITT AUI 
OIST.UCE .uo DIRECTION FRO" NEAIUST TO Wlll- 0 . 4 filllE JllORTHWES T 
01$1( STAfltPE0-1111.Z 71 C 1S 19l7 RECOVERY DATE-19Z7 
DETA I LED DESCRJPTl(IH-0.4 NILE JI ORTH WES T ALONG THE DUYER • RIO 
GR AI OE WESTERN RAILROAD FRO" COLTOJi , UTAH COUlllTV, 10 FUT NORT HWE ST 
OF A ROAD CROSSING, AT A co•CRETt- CULVERT UNDER THE TAA CIC, IN THE 
TOP OF THE EAST EID OF THE NOR TH HEADWALL, AfllD •O FUT lllOAT HEAST 
OF THE CUTElltLl lllE OF THE fllO• TH TR ACK . 

Rf tOYEAV I OTE, 8E•CM "ARtC 
OESICulA TI Olll - 0 1S STATE·UT COUMT Y·UTAH 
OUAO· l•1111·101 ESUILISHEO l't' -C•CS CP · IRlfTAU 
OI STAl ( E A•O Ol ll:ECT IO• FfllO" lllEA"IE ST TOWM-Z.l "ILES I OIUH WE ST 
OJSK STAftPE0-0 1) 1•Z7 RECOYEAY OATE -1 •Z7 
DETAILED DES CRIPTIOlll -Z.Z "l lES MOIUHWE ST ALO•G THE OE • YER • RI O 
CiRA•DE WES TUUf RAILROAD FRO" COLT Olll, UTAH COU lfTY, AT llUOGE t.4• A, 
.OD I• THE TOP OF THE EAST E:•D OF THE lfORTH AIUT,.EIH . 

VERTICAL CONTROL DATA 
OUAO 
UT 

191111 PAGE NO . 
BY THE 

NATIONAL GEOOETIC SURVEV 
NAT IO NAL GEOOETJC VERT ICA L OATU" OF 1929 

LAT JTUDE 
LONGI TUDE 
DIAGRAM 

19. 10. 
111 0. 

NJ 12 ·2 

RECOVE~V NOTE . BElllCH "AAIC 
OESIGMATIOM-E 15 STATE-UT COUlllTV-UTAH 
OUAO• 3q1111-101 ESTABLISHED I Y·C•GS CP· BRJTTA I N 
OJSTA•CE AN O OIAECT IO lll FRO" NEARES T TOWN · l ftlLES SOUTHEAST 
DISK SU,.PE0·131q.aqo E 15 1'Z7 RECOVERY OATE-1927 
DETAILED OESCAIPTION·J . O ft llES SOUTHEAS T ALO•G THE OElllYER • RIO 
GAA•OE WE STE Rlll RA IL ROAD FROM SOt. OI ER SU"NIT. UTAH cou• TV, O.• NI LE 
EAST OF " llEPOST 041Q, AT A CO• CA ETE CU LVER T u•OER THE TRACC . II THE 
TOP OF THE WE ST ENO OJ THE SOUTH ltEAO WA \.L • .t.•O 17 HET SOUTH OF THE 
CE•TERL J lii' f OF THE SOUTH TAAC IC 

OESCRIPTIO• OF 8EN CH "ARIC 
OESIGNATION·S4 RS <USGS > STATE·UT cou• TY·U TAH 
OUAO· 191111· 10 1 ES TAIL ISHEO IY ·USGS CP - IRITTAIN 
OI STANCE ANO OI RECT IOflf FllllO" flfEA ltEST TOWlll-AT SOLO JEA su""JT 
DIS-: su."PEO- 'H AS 1911 7441 L.EVHllC!G DATE-
OETA IL EO OESCRJPTIOlll-AT SOLDIER SU""Jl , UT AH COUNTY , l l. J FEET 
EAST OF THE NORTHEAST COR•EA OF T"4E OEfllYEA • RIO GRAN DE WESTER• 
RAILROAD STATION . A•O U FEET SOUTH OF THE CElllTERL.lfllE OF THE 
SOUTH TRACK . SET IN THE TOP OF A CO• CRETE POST . 
NOTE - THI S IE.lfCH NARIC WAS ESTAI LI SHE D BY THE UNITED jTATES 
CEOLOCICAL SURVEY U "AY Pil l TO ltEPL.ACE F 1 L 

OES I G•AT I O•·G 1~ RE SET 
OllCOIOTJOW OF IEICH ••O< 

STATE-UT cou•n- uu.H 
OUAO- 1'1111 -101 ESTA. I L I SHED I T•C•GS 
OISTAlll CE ANO OIRIECllO• FRO" llEAREST TOW• · Z. , lt l l ES WE ST 
Olllt STANPEO· Ci 15 19l7 UVELIJifG OATE-1'Z7 

Cll-IAI fTAU 

OETA JlEO OESUl:I P TIO• · Z. , Jtl lES WE ST ALO•G U.S. MIGHWAY 10 FftO" 
S OLDIER SU,.NJT , UTAM COUWTY . l . 1 ft llES EAST OF ClllULY , O• HIE 
WE ST SIDE Of THE PO l l T OF A RIDGE, 4, FEET ltORftol OF TH E CElllTEl'I 
l UIE Of THE H ICHWAY, .O D 1111 THE TOP Of A BOUl..DER. 
•OTE-1111 SEPTE,.BEA '914 IT WA S REPORTED THAT THE 8 0ULOER CO•TAl•ING 
THE OR I GI •AL 8E•CH MARK G 15 HAO IEE• " DYED . 1 • MAY 14)1 , THE 
U•I TEO STATES GEO LOGICAL SUAVEV SET THE IOUl..OER I• THE A80YE• 
DESCRIBED LOCATJOll ANO litESET THE MARK , 

TO 40 • 0 
TO 111 • 10 ' 

Figure 15 .--30-rnin. quad format showing vert ical control descriptions. 

N 
co 
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Accuracy of Horizontal Control Stations 

The accuracy of control points published as part of the 
national network is noted on the listings of geographic posi­
tions or on the data sheet for each point, or can be ascertained. 
With few exceptions, stations forming the basic network have 
been established by one Federal agency (the former Coast and 
Geodetic Survey, now the National Ocean Survey, Office of the 
National Geodetic Survey). Since about 1940, the standards and 
specifications employed have been continually upgraded for 
first- and second-order surveys. At the present time, all 
primary arcs and area networks are accomplished to first-order 
(1:100,000) standards. On occasion, supplemental surveys may be 
performed to second-order class I (1:50,000) standards, and in 
rare instances to second-order class II (1:20,000) criteria. 

Prior to this time, most basic area networks were established 
to standards approaching first-order; however, because of the 
lack of sufficient scale and a very slight reduction in the 
specifications, this work has been classified as second-order. 
There is little doubt that with the introduction of a few 
measured distances most of these area nets can be upgraded to 
minimum first-order standards. As currently adjusted, however, 
the relative accuracy of many stations may barely meet the 
listed standard and in some isolated instances may fall below 
standard. Where such conditions exist , the cause in a lmost 
every case can be traced to the piecemeal manner in which the 
network was adjusted. Plans are underway for a new adjustment, 
the results of which will better reflect the excellent quality 
of the observations . 

For many years, in an effort to provide the local surveyor 
or engineer with convenient control, a large number of stations 
supplemental to the basic net was established along highways or 
other easy-to-reach locations. The observations involved with 
these points - are generally of the same precision and quality as 
the basic stations and acceptable geometry was usually obtained; 
however, no effort was made to establish continuous chains . 
As a result, stations located quite close to one another, but 
not connected, may have relative accuracies somewhat less than 
the stated standard. At the time much of this work was 
accomplished , few local practitioners had the equipment or 
trained personnel to meet even these lower standards, and 
there did not seem to be any reason for concern about the 
possible less-than-desirable relationship of these points. 
About a decade ago, however, with the increased use of 
electronic distancers and quality theodolites at all levels of 
the surveying profession, it was realized this practice could 
no longer be tolerated; so a decision was made to connect all 
points which were within a specified distance. This 
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spec]fication, known as the 20 percent rule, is rather 
rigorously followed. Essentially, the rule states that a 
connection will be made between two points whenever this 
distance is 20 percent or less than the total distance along 
the shortest directly connected route between two points. For 
example, in figure 16, VERONA should have been connected to 
KOLLATH because this distance is less than 20 percent of the 
shortest directly connected route, KOLLATH-HILT + HILT-VERONA. 
Similarly, a connection SAUK-MARXVILLE should have been made 
since this distance is less than 20 percent of the sum of the 
distances SAUK-REUTER + REUTER-ROBSON + ROBSON-MARXVILLE. 
When a survey is made between two unconnected stations, an 
evaluation such as this should be made. Should the distance 
be greater than 20 percent of the route as described above, 
satisfactory results will usually be obtained, but should it 
be less, there is a good chance that excessive closures may 
result. 

HILT 
MINIX 

KOLLATH 

FITCHBURG 
(USGS) 

MINIX 

MERRIMAC 

REUTER 

MARXVILLE 

Figure 16.--Samples where problems may exist because 
of the relative locations of stations. 

' 
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Another method for evaluating the control in a locality is to 
measure lines of the network at every opportunity. By comparing 
these measurements with computed or published distances, the 
scale differentials can be determined, and, often, a better 
understanding of the survey closures can be obtained. 

Whenever difficulties are encountered, the agency that 
published the data should be consulted. Often a review of the 
computations or a check of the field records can resolve or at 
least clarify a problem. On occasion, revisions will be made 
to the published data when serious distortions in the network 
are uncovered by additional observations. When these recomputa­
tions are made, observations secured by other organizations, 
private and public, will be included, providing the data 
furnished were obtained by acceptable survey practices. 

APPLICATION 

Geodetic data have numerous applications, some having little 
to do with surveying per se, but no effort is made here to 
expound on this subject except to note that the results of 
geodetic operations affect everyone's daily life in one way or 
another, The publications listed in the bibliography contain 
numerous examples of the application of geodetic data. In a 
publication of this size, it is the author's opinion that the 
possible solution to a particular problem is more worthwhile 
than an enumeration of the attributes of geodetic control data. 

Accordingly, one of the main complaints expressed by users 
is the lack of orientation at a station site or the blockage of 
the lines of sight to the azimuth mark or some other point which 
could be used to provide orientation. 

On these occasions, the only solution would seem to be 
astronomical observations. In many instances, however, a 
variety of "tricks of the trade" can often be used; so the 
astronomic work may not be necessary. Figures 17, 18, and 19, 
and the accompanying text, describe some of the methods that 
have proven successful. In addition to these procedures, there 
are numerous other geometrical and trigonometrical innovations 
that can be employed by imaginative surveyors. These practices 
would not be suggested for surveys where results better than 
1:15,000 are expected, but could be used in higher grade 
surveys as a check, providing good quality orientation has been 
introduced elsewhere in the traverse. 

In the examples shown in figures 17 and 18, 
traverse terminating at control point FIXED. 
FIXED and its azimuth mark is obstructed. An 
point may be substituted for the azimuth mark 

A is a point on a 
The line between 
intersection 
in the example 
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A 

I 
I 

I 
I 

I/ 
I, 

0 
Azimuth Mark 

FIXED 

I 
I 

(1) Measure distances shown 
by two parallel cross 
hashes. 

(2) Measure angle at A. 

(3) Compute angle at Azimuth 
Mark by side-angle-side 
computation. 

(4) To obtain the azimuth A 
to Azimuth Mark, apply 
computed angle at Azimuth 
Mark to grid (plane) 
azimuth FIXED to Azimuth 
Mark. In this example, 
the computed angle would 
be subtracted. 

Figure 17. --Example of establishing azimuth control 
by computation using observed angles 
and distances. 

FIXED 

(1) 

x 
( 2) 

Observe angles as 
indicated by full lines -
no distances are 
necessary (assume a 
distance for one line 
and compute other lines ) . 

Compute angle at FIXED 
between Azimuth Mark and 
A by side-angle-side 
computation and use to 
determine the azimuth 
FIXED to A. 

Figure 18.--Example of establishing azimuth control 
by computation using triangulation 
procedures. 
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shown in figure 18. Since this point would not normally be 
occupied, extra care must be exercised in making the observa­
tions. In this case, a check of sorts would be obtained by 
using the traverse distance A to FIXED in the computation and 
comparing the computed distance between FIXED and the 
intersection point with that obtained from the published data. 
The triangle closures should seldom exceed 5 1

'. 

In the example shown by figure 19, A is a point on a 
traverse terminating at control point FIXED (1). No azimuth 
control is available at FIXED (1), but orientation can be 
obtained at FIXED (2). FIXED (1) and FIXED (2) are not 
intervisible, of course; however, the azimuth could be carried 
between the points through one or more intermediate points. 

x 

I 
I 

Azimuth Mark [] 

Figure 19.--Example of establishing azimuth control 
by angulation from adjacent control 
stations. 

(1) Observed angles as indicated; no distances between 
FIXED (1) and FIXEO (2) are required. 

(2) Starting with the grid azimuth FIXED (2)-Azimuth 
Mark, compute the grid azimuth FIXED (1)-A using 
the observed angles. The distribution of the 
azimuth closure should be made from FIXED (2) 
through FIXED (1) to azimuth control. 

33 
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