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Chapter 2

HORI ZONTAL OBSERVATI ON (HZTL OBS) DATA

| NTRODUCTI| ON

The purpose of this chapter is to provide detailed specifications and
instructions for the coding and keying of an observation data set for a

hori zontal control job. As explained in Chapter 1, a horizontal control job
consists of two distinct data sets which nmust be submtted together. The
conmpani on data set to the horizontal observation (HZTL OBS) data set discussed
in this chapter is the data set which contains descriptions and/or recovery
notes for the control points in the horizontal control job. The descriptive
(GEOD DESC) data set is discussed in Chapter 3.

HZTL OBS DATA SET RECORDS

The data which constitute an HZTL OBS data set are organized into ten
categories, which are as foll ows:

Proj ect Data

Hori zontal Direction Data

Gl obal Positioning System Data

Hori zont al Angl e Dat a

Vertical Angle/Zenith Distance/Level Data
Di st ance Dat a

Azi mut h Dat a

Survey Equi pment Data

Control Point Data

Fi xed Control Data

Wthin these categories, the data have been grouped into one or nmore |ogica

units called "records.” A record is a string of characters containing data
coded according to a specific format. Every record in an HZTL OBS data set
consi sts of 80 characters or "colums" (standard punched card imge). Wthin

each record, the 80 colums are divided into fixed-length "character fields,"
each field reserved for a specific data item Accordingly, for every desired
data item a field of appropriate length exists into which the data itemis
entered. The set of rules by which the specific data items are converted into
strings of al phanumeric characters is known as the "format" of that record.

The types of records which nmay appear in an HZTL OBS data set are listed in
Table 2-1 on the followi ng page. Each type of record has been given a nane.
A bl ock diagram portraying the data fields and a brief description of each
data field in that record can be found in the FORMAT DI AGRAMS (p. 2-88 ff).




TABLE 2-1

HORI ZONTAL OBSERVATI ON DATA SET RECORDS
+333331333333113333133333313333133333313333133333313333133133331133))))»

[ FI RST RECORD]

*aa* - Data Set ldentification Record

*10* - Project Title Record

*11* - Project Title Continuation Record

*12* - Project Information Record

*13* - Geodetic Datum and Ellipsoid Record

*20* - Horizontal Direction Set Record

*21* - Horizontal Direction Conment Record (Optional)
*22* - Horizontal Direction Record

*25* - GPS Occupation Header Record

*26* - GPS Occupation Conment Record (optional)
*27* - GPS Occupation Measurenment Record

*28* - GPS Clock Synchronization Record

*29* - GPS Clock Synchronization Comment Record (optional)

*30* - Horizontal Angle Set Record
*31* - Horizontal Angle Comment Record (Optional)
*32* - Horizontal Angle Record

*40* - Vertical Angle Set Record

*41* - Vertical Angle Conmment Record (Optional)
*42* - Vertical Angle Record

*45* - Observed Difference of Elevation Record

*46* - Observed Difference of Elevation Comment Record (optional)
*47* - Observed Difference of Elevation Continuation Record

*50* - Taped Di stance Record

*51* - Unreduced Di stance Record

*52* - Reduced Distance Record

*53* - Unreduced Long Line Record

*54* - Reduced Long Line Record

*55* - Distance Comment Record (Optional)
*60* - Laplace / Astronom c Azinmuth Record
*61* - Geodetic Azinmuth Record

*70* - Instrument Record

*71* - GPS Antenna Record

*80* - Control Point Record

*81* - Control Point Record (UTM SPC)

*82* - Reference or Azinmuth Mark Record

*83* - Bench Mark Record [discontinued - Use *86*

*85* - Deflection Record (Optional)

*86* - Orthometric Height, Geoid Height, Ellipsoid Height

record instead]
*84* - Geoid Height Record (Optional) [discontinued-Use *86*]

Record

*90* - Fixed Control Record
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[ LAST RECORD]
*aa* - Data Set Term nation Record
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Note: The symbol "aa" denotes the two-character job code assigned
by the submitting organi zation - see Chapter 1.

Except for the first and |l ast records of the data set, the second character

field of each record (colums 7-10) contains a two-digit

numeri cal

dat a code,



preceded and foll owed by an asterisk, which specifies the format type for that
record (*10*,*11*,...,*90* - see Table 2-1). In the first and | ast records of
the data set (the Data Set ldentification Record and the Data Set Term nation
Record) the second character field (colums 7-10) contains the two-character

al phanumeric job code assigned by the submtting organization (*Al*, *A2*,....,
*ZZ* - see Chapter 1). The first character field of every record (colums 1-
6) is reserved for the respective record sequence nunmber - see Chapter 1. The
remai ni ng portion of each record (colums 11-80) contains character fields

whi ch are unique to each type of record.

STRUCTURE OF THE HZTL OBS DATA SET

The first record of an HZTL OBS data set must be the Data Set ldentification
Record. It contains the required information to identify the data set and to
correlate it with its conpani on GEOD DESC data set - job code, data type (HZTL
OBS), name of submtting organization, and date the data set was created. The
|l ast record of the data set must be the Data Set Term nation Record. It is
the only other record in the data set containing the job code that appears in
the same field (colums 7-10) on the Data Set ldentification Record.

The HZTL OBS data set is bracketed by these two delimting records. The data
in between may pertain to one or more units of field work. The field ob-
servation data for several horizontal control survey projects may be submtted
in one HZTL OBS data set under the same job code, provided that the tota

nunmber of control points does not exceed 9999 (see Chapter 1). When two or
more projects are included in one job, each project nust be grouped to forma
conmpl ete unit. Each project must begin with a *10* record, contain any number

of the other types of records in proper sequence, and term nate with one or
more *90* records.

TABLE 2-2 - HZTL OBS STRUCTURE

Data Set ldentification Record

*10* record
First Project
*90* record

*10* record
Second Project
*90* record

*10* record
Last Project
*90* record

Data Set Term nati on Record




A horizontal control survey project is defined as a unit of field work
containing a nunber of survey points (control points and periphera

points - see Chapter 1) which are connected by observations - horizonta
directions, horizontal angles, vertical angles, distance measurenments, and/or
Gl obal Positioning System (GPS) phase neasurements. When coded as a part of
an HZTL OBS data set, a project is a block of records conprising record groups
arranged in the followi ng order:

Project Data (*10*-Series) Records:

*10*,*11*,*12*,*13* records

Hori zontal Direction Data (*20*-Series) Records:

*20%,*21*,*22*,.,..,*%22* for first set of horizontal directions
*20%,*21*,*22*,...,*22* for second set of horizontal directions
*20%,*21*,*22*,...,*%22* for last set of horizontal directions

Gl obal Positioning Systenms Data (*20*-Series) Records:

*25%  *26%, *27*%, *27* for first set of GPS data

*25%  *26%, *27*%, *27* for second set of GPS data
*25%  *26%, *27*%, *27* for last set of GPS data

*28%, *29* for each clock synchronization

(These records may be in any order within the GPS data series records)

Hori zontal Angle Data (*30*-Series) Records:

*30*,*31*,*32*,...,*32* for first set of horizontal angles
*30*,*31*,*32*,...,*32* for second set of horizontal angles
*30*, *31*,*32*,...,*32* for |last set of horizontal angles

Vertical Angle/Zenith Distance/lLevel Data (*40*-Series) Records:

*40*, *41*, *42% ..., *42* for first set of vertical angles
*40*, *41*,*42*, ... ,*42* for second set of vertical angles
*40*, *41*,*42%, ..., *42* for |last set of vertical angles
*A5* X 46, *4T7* for first elevation difference
*A5* X 46, *4T7* for second el evation difference
*A5* X 46, *4T7* for last elevation difference

Di stance Data (*50*-Series) Records:

*50*, *55* for each taped distance

*51*, *55* for each unreduced |ine-of-sight distance
*52* *55* for each reduced |ine-of-sight distance
*53*, *55* for each unreduced |l ong-line distance
*54* *55* for each reduced long-line distance



Azi mnuth Data (*60*-Series) Records:

*60* for each observed astronom c/Laplace azimuth in the project
*61* for each geodetic azinmuth used in the project

Survey Equi pment Data (*70*-Series) Records:

*70* for each item of survey equi pment used in the project
*72* for each GPS antenna used in the project

Survey Point Data (*80*-Series) Records:

*80* or *81* for first control point

*82* for each peripheral RMor AZ MK at first control point
*85*, *86*, as applicable, for first control point

*80* or *81* (possibly *82*) for second control point

*82* for each peripheral RM or AZ MK at second control point
*85*, *86*, as applicable, for second control point

*80* or *81* (possibly *82*) for last control point
*82* for each peripheral RM or AZ MK at | ast control point
*85*, *86*, as applicable, for last control point

Fi xed Control Data (*90*) Records:

*90* for each control point published by the NGS

PROJECT DATA RECORDS

*10* - Project Title Record

*11* - Project Title Continuation Record
*12* - Project Information Record

*13* - Geodetic Datum and Ellipsoid Record

The project data records, identified by *10*-series data codes, are listed
above. The *10* record which contains the title of the project is always
required; a *11* record is required only if the project title exceeds the
70-character field allowed on the *10* record. Do not divide words between
the *10* and *11* records. The *12* record, which contains the date and
general location of the survey, the survey method enployed and the order
classification of the survey, is always required. The *13* record defines the
geodetic datum with respect to which geodetic positions, deflections of
vertical, geoid heights, and/or ellipsoidal distances given in this project
are specified. This record is required only if the geodetic datumis other
than the North American Datum of 1983 (NAD 83). The entries on these records
(see FORMAT DI AGRAMS) are sel f-explanatory; however, the following data itens
will be explained in greater detail

Project Title: The elements of a good horizontal control survey project
title should include (1) the order of accuracy of the survey, (2) the type of
the survey, and (3) the geographic locality of the survey. Since the first
two el ements are coded el sewhere (*12* record), only the geographic locality
of the survey needs to be spelled out in the title. The use of geographic
locality alone for the title of a horizontal control survey project has
traditionally been the practice of NGS and its predecessors.

2-5



In general, the title by which the project is known to the submtting agency
shoul d be used, supplemented to reflect geographic locality, as required. | f
the project is best described as covering an area network (triangulation or
trilateration), give the geographic locality covered by the survey (e.g., KING
COUNTY) . If the project is generally linear such as an arc of triangul ation
or trilateration, or a traverse which is not confined within one |ocality,
then give the geographic localities of its endpoints, in the order of the
progress of the survey (e.g., CHARLESTON TO CAPE ROMAIN). Unless it is a part
of the geographic locality name, omt the state or country designation if only
one state or country is involved. This information will be coded on the *12*
record. Otherwi se, use abbreviations listed in ANNEX A, Omt conmas, periods,
etc., and abbreviate in the interest of fitting the entire title on the *10*
record, if possible.

Survey Method: A one-digit code is provided on the *12* record to specify
the survey method used - triangulation (1), trilateration (2), traverse (3),
or GPS (4). For horizontal control survey projects in which nore than one
survey method is prom nent, enter the code for that survey method which best
character-izes the project as a whole.

Order and Class of Survey: A two-digit code is provided on the *12*
record to specify the order of accuracy of the survey. The first digit of
this code reflects the order and the second digit the class of the survey
in accordance with the Standards and Specifications for Geodetic Control
Net wor ks, prepared and published by the Federal Geodetic Control Commttee
(FGCC), Rockville, MD (September 1984). In addition to the five horizonta
control survey categories defined in this publication, two other survey
categories need to be considered - surveys of the Trans-Continental Traverse
(TCT) type, and surveys of |ower-than-third-order accuracy. The respective
two-digit codes are as follows:

AA - AA Order Interferometric Positioning
A0 - A Order Interferometric Positioning
BO - B Order Interferometric Positioning
00 - Trans-Continental Traverse

10 - First Order

21 - Second Order Class

22 - Second Order Class |

31 - Third Order Class

32 - Third Order Class |

40 - Lower Than Third Order

The order-and-cl ass code assigned to a horizontal control survey project
shoul d reflect the procedures and specifications by which the main-schene

net wor k was observed. It is understood that many times there are suppl ement al
control points and intersected |l andmarks to which observations of a |esser
order of accuracy are made.

When wel | -defined parts of a project fall into different order-and-class
categories, consideration should be given to dividing the project accordingly
and submtting the parts as individual projects. If this is not practical
assign an order-and-class code to the entire project which corresponds to the
hi ghest order of accuracy observed (i.e., if networks of both Ist Order and
2nd Order Class | appear in a horizontal control survey project, assign order-
and-cl ass code 10 to the project as a whole). In this case, however, specia



care must be taken to correctly identify the order and type of each horizonta
control point on the corresponding *80* or *81* record, according to which
order of accuracy main-scheme network the control point belongs - see section
entitled SURVEY POl NT DATA RECORDS and al so see ANNEX E.

DATE AND TI ME

The date the HZTL OBS data set was created must appear on the Data Set Ildenti -
fication Record, and the dates on which survey operations commenced and

term nated nust be entered on one of the project data records (*12* record).
In addition, character fields for the date and time of observation are

provi ded on all observation data records. Throughout the HZTL OBS data set,
date and time are to be coded as foll ows:

Date: The full date is coded as an eight-digit integer number consisting
of four two-digit groups denoting (fromleft to right) the | ast whole century,
nunber of full years since the last turn of century, nmonth of the year, and
day of the nonth (CCYYMVDD). When the century is omtted, the date is coded
as a six-digit integer number denoting the year, month, and day (YYMVMDD). The
century is required in the DATA SET | DENTI FI CATI ON RECORD (*aa*) and the
PROJECT | NFORMATI ON RECORD (*12*). But, in the remaining observation records
the six-digit integer nunmber (YYMVDD) is used. For exanple, 8 February 1970
woul d be coded as foll ows:

1. Ei ght-digit integer number: 19700208
2. Six-digit integer number: 700208

NOTE: The date for GPS data will be coded as a six-digit integer
nunber containing three two-digit groups denoting (left to right)
the number of full years since the last turn of the century, nonth
of the year, and the day of the month (YYMVDD).

Time: A five-character field is reserved for the time of day on each
observation data record. The time of day is coded as a four-digit integer
nunber consisting of two two-digit groups denoting (fromleft to right) the
hours and m nutes of a 24-hour clock (HHW), to be entered in the |eftnost
four colums of the field. The last colum of the five-character time field
is reserved for the appropriate one-letter time zone designation(see bel ow).
Except for GPS observations, the local zone tine is to be used; in this manner
anmbi guities are avoided concerning the date, which is always assumed to be the
"local" date (i.e., the date changes at local m dnight).

NOTE: The time for GPS data nmust be in Universal Coordinated Time
(UTC), otherwi se known as Greenwi ch Mean Time (GMT) or ZULU tinme.

Time Zone: A time zone is a geographic region in which uniformtine
differing by an integer number of hours fromthe Greenwich Mean Time (GMI) is
mai nt ai ned by | aw. In theory, a time zone extends 7-1/2 degrees in |ongitude
east and west of a "time meridian" whose longitude is a nultiple of 15 degrees
(since the Earth rotates 360 degrees in 24 hours, 15 degrees of |ongitude
di fference equals one hour of time difference). In practice, the lines which
separate adjacent time zones follow political boundaries and are therefore
rather irregular. Associated with every time zone is a "time zone
description"” - an integer number positive west of Greenwich and negative east



of Greenwich - which represents the number of hours which nust be added

(al gebraically) to the local zone time in order to obtain the corresponding
GMT. The time zone description is reduced by one hour when the standard zone
time is changed to daylight-saving time.

Instead of the numerical time zone descriptions, it is more convenient to use
the U. S. Navy one-letter codes which uniquely identify every time zone around
the worl d. In this system GMI is the "Z" (Zulu) Time Zone. Tinme zones east
of Greenwich are identified by letters A B,C, etc., through L, with the letter
J omtted. Time zones west of Greenwich are identified by letters N, O, P,
etc., through X. The letter Y is used to designate the western half of the
time zone centered on the neridian of |ongitude 180 degrees (Internationa
Date Line), and the letter Mis used to designate the eastern half of this
zone.

The wor |l dwi de use of the time zone descriptions and of the U S. Navy one-

letter designations is illustrated in ANNEX H. In the continental United
States (US), Alaska (AK), and Hawaii (HI) the time zones are as foll ows:

TABLE 2-3 - U.S. NAVY TI ME ZONE DESI GNATI ONS

5 STANDARD * DAYLI GHT = T ME *TIME ZONE * U.S. NAVY 5
5 T ME * T ME * MERI DI AN *DESCRI PT' N*DESI GNATI ON 5
5 Atlantic AST *Eastern EDT * 60w = +4 * Q (Quebec) 5
5 Eastern EST *Central CDT = 75W  * +5 * R (Romeo) 5
5 Central CST *Mountain MDT * Iow = +6 * S (Sierra) 5
5 Mountain MST *Pacific PDT * 105w = +7 * T (Tango) 5
5 Pacific PST *Yukon YDT * 120w = +8 * U (Uniforms
5 Yukon YST *AK/ HI HDT = 135w * +9 *V (Victor) 5
5 AK/ HI HST *Beri ng BDT =* 150w = +10 * W (\Whi skey) 5
Q4444444444444 4NAAALAA44A0444NAAAA4AA444NALA4444044NAA44444444448

If the time zone cannot be reliably ascertained, |eave the last columm of the
time field blank. In this case, the time coded into the first four colums of
the time field will be interpreted as the standard time in a zone determ ned
on the basis of the |ongitude of the survey point from which the respective
observation was taken.

OBSERVATI ON DATA RECORDS

In connection with classical survey operations, the term "observation" is used
to denote one of many angul ar and |inear measurements acconplished to quantify
geometric relationships among survey points. In this context, the
observations which occur in a horizontal control survey project can be
classified as (1) horizontal directions, (2) horizontal angles, (3) vertica
angl es/ zenith distances/leveling, and (4) distance measurenents. Astronom c
and geodetic azinmuths used for orientation control may also be regarded as a
type of observation. The HZTL OBS data set records which pertain to these
observations are categorized as follows:

*20*-Series Records - Horizontal Direction/ GPS Data

*30*-Series Records - Horizontal Angle Data

*40*-Series Records - Vertical Angle/Zenith Distance/lLevel Data
*50*-Series Records - Distance Data

*60*-Series Records - Azinuth Data



Al t hough the GPS data records are not observati ons as defined here, they are
used in conjunction with observational phase measurenents to derive the Data
Transfer Records (ANNEX N).

The basic element of an observation is a numerical value expressing the
measured quantity in appropriate units of measurenment. The units of
measurement used consistently for all observations in the HZTL OBS data set
are (1) sexagesi mal degrees, m nutes, seconds, and decimls of a second of arc
for angul ar observations, and (2) nmeters and decimals of a meter for distance
measur ements. In addition to the respective measured quantity, other elements
necessary to describe a horizontal control survey observation are (1) the type
of observation, (2) the identity of the survey points from which and to which
the observation is taken (standpoint and forepoint - see below), and (3) an
estimte of the accuracy of the measured quantity. At times, auxiliary
informati on such as the time of the observation and the height of the
instrument and/or target are required in order to obtain proper spacia

rel ati onshi ps.

The type of observation is specified by the data code of the record. The
survey points associated with an observation are identified by unique, job-
specific station serial nunbers (see below). A reliable, specific estimte of
the overall accuracy of a horizontal control survey observation is rarely at
hand. However, a generalized accuracy estimate can be inferred from severa
data items which are normally available - the order and class of survey, the
type of survey equi pnment used, the number of replications (independent
measurenments) taken, and the rejection Iimt enforced. Wth the exception of
the Job-Specific Instrument Nunber (see below), the observation data itens
related to the estimte of accuracy of a horizontal control survey observation
will be treated in the section entitled ACCURACY OF THE OBSERVATI ONS.

Several data itenms which appear on the observation records are treated bel ow.
Det ai | ed expl anati on of other observation data items is given elsewhere in
this chapter.

St andpoi nt _and Forepoint: In connection with a horizontal control survey
observation, the point from which the observation is taken (e.g., the point
which is occupied with a surveying instrunment) will be referred to as the
"standpoint" or "instrument station." The point to which the observation is
taken (e.g., the point to which the foresight is directed) will be referred to
as the "forepoint" or "target station."”

Station Serial Nunmber: For the purpose of identifying the standpoint and
forepoint on the observation records in a concise manner, each survey point
(control point or peripheral point) is assigned a job-specific station seria
nunber in the range 0001 to 9999. See Chapter 1 for a detail ed explanation of
the survey point nunmbering system See also the next section entitled
ASSI GNMENT OF STATI ON SERI AL _NUMBERS




Weat her Code: \here applicable, five adjacent integer fields have been
reserved on the observation records for one-digit codes. These will be
referred to collectively as the "weather code." The first of these codes is a
general problemindicator, which should be the digit "0" under normal
conditions or the digit "1" if a problem was encountered during an
observation, in which case the problem nust be explained on one or nore
comment records to immediately follow the observation record. The other four
one-digit codes are indicators of visibility, temperature, cloud cover, and
wi nd, in that order. These indicators may assume the values 0, 1, or 2 (see
Table 2-4 below). Any one of these five indicators may be left blank if the
condition it represents is either not known or not applicable.

TABLE 2-4 - WEATHER CODE

CODE* * * 0 1 2
PROBLEM No Probl em See Not
| NDI CATOR Encount er ed Comment Used
VI SIBILITY Good Fair Poor
| NDI CATOR (Over 15 M) (7 M to 15 M) (Under 7 M)
TEMPERATURE Nor mal Range Hot Col d
I NDI CATOR (32 Fto 80 F) (Over 80 F) (Bel ow 32 F)
CLOUD COVER Cl ear Partly Cl oudy Over cast
I NDI CATOR (Bel ow 20% (20% to 70% (Over 70%
W ND Cal m Moder at e* Strong**
| NDI CATOR (Under 5 MPH) (5 MPH to 15 MPH) (Over 15 MPH)
*No effect on observations. **Possi bly affecting observations

***Bl ank if the condition is not known or not applicable.

Job-Specific Instrument Nunber: The instrument used to acconplish a
hori zontal control survey observation nust be known; the type of survey
equi pment (i.e., its resolution and expected accuracy) will be used to conpute
a standard error for the observation. In order to identify the instrument on

the respective observation record in a concise manner, a unique three-digit

nunmber in the range 001 to 999 is to be assigned to each item of survey

equi pment used in the job. In cases where this may be inmpractical, a three-
digit instrument nunmber may be assigned to a class of survey equipnment (e.g.
all 100-foot uncalibrated steel tapes could be treated as one "instrunment"),
it being understood that such a class |abel nmust correctly reflect the type
resol ution, and expected accuracy of all instruments covered by it.

In a manner anal ogous to the assignment of station serial numbers, the
instrument nunbers are to be unique throughout a job, i.e., an item of

survey equi pment which appears in nore than one project in the job must be
consistently identified by the same number, while different itenms of survey
equi pment nust be identified by different numbers throughout the HZTL OBS data
set. A *70* record must be prepared for each item of survey equi pment which
has been assigned an instrument nunmber - see SURVEY EQUI PMENT DATA RECORDS.




Job Specific GPS Antenna Nunber: In a manner anal ogous to the assignment
of job specific instrument numbers, the job specific GPS antenna nunbers are
to be unique throughout a job; i.e., each GPS antenna which appears in nore
than one project in the job nust be consistently identified by the sane
nunber, while different antennas must be identified by different nunbers
t hroughout the HZTL OBS data set. A *72* record nmust be prepared for each
antenna whi ch has been assigned an antenna nunber - see SURVEY EQUI PMENT DATA
RECORDS.

Hei ght of Instrument and Hei ght of Target: Hori zontal control survey
measurenments are seldom observed literally mark-to-mark between the survey
points invol ved. Normal |y, they are measured from a surveying instrunment
mounted on a tripod, wooden stand, or survey tower erected over the standpoint
to a "target" (e.g., a survey light, retro-reflector, or remote instrunment)
mounted on a simlar structure over the forepoint.

The height of instrument (H.1.) is the vertical distance fromthe top of the
occupi ed survey mark (standpoint) to the optical center of the surveying
instrument, positive if the instrument is above the mark, and negative if it
is below the mark. This distance is also known as the "height of telescope.”
Simlarly, the height of target (H.T.) is the vertical distance fromthe top
of the survey mark (forepoint) to the point above or below the mark which is
used as the target for angular observations, or to the optical center of the
retro-reflector (or of the antenna system of the remote instrunment) in the
case of electronic distance measurenents. This distance is also known as the
"hei ght of object."

Together with the el evation (and geoid height) of the respective survey
points, the height of instrument and the height of target are desired data
items in some horizontal control survey observations and required in others.
For horizontal directions and horizontal angles, the height of instrument and
the height of target are desired for the computation of skew normal and

defl ection corrections. For vertical angles and distances, the height of
instrument and the height of target are required for the reduction of
instrument-to-target measurements to mark-to-mark val ues.

When the surveying instrument cannot be installed directly over the desired
survey point and eccentric observations which are to be reduced to center are
subm tted, the height of instrument entered on the observation record nust be
the vertical distance between the top of the survey point mark to which the
eccentric observations are to be reduced and the horizontal plane passing

t hrough the optical center of the horizontally-offset surveying instrunment.
The same considerations apply to an eccentric target, retro-reflector, or
renote instrunment.

Hei ght of GPS Antenna: The desired antenna height is the vertica
di stance fromthe top of the occupied survey mark to the L1 phase center of
the antenna used with the GPS receiver. See diagram on page 2-52a

Visibility Code: Informati on concerning intervisibility between
nmonument ed control points is of great value to the |ocal surveyor, who is not
normal |y prepared to build survey towers over the control points to be
occupi ed or sighted upon. To allow for recording this informtion, a
provi sion was nade for a one-letter visibility code on the observation records
whi ch pertains to |line-of-sight observations. This code indicates whether or
not the forepoint (i.e., a target which m ght be easily constructed over the
forepoint) can be seen from ground | evel (height of eye) at the standpoint.
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Since reference marks, azimuth marks, and the horizontal control point to
whi ch they belong are assumed to be intervisible at ground |level, the visi-
bility code is further used to indicate whether the forepoint is an RM or an
AZ MK associated with the standpoint. The respective one-letter codes are
listed bel ow. If a conflict arises in the assignment of a visibility code
the hierarchy inmplied by this list should be followed. In each case
"forepoint" is meant to describe either a natural target or a sinple target
installed at height-of-eye | evel over the forepoint, and "ground" inplies
hei ght -of -eye |l evel at the respective standpoint.

- Forepoint is not visible from ground.

- Forepoint is an RM associ ated with standpoint.
Forepoint is an AZ MK associated with standpoint.
- Forepoint is visible from ground.

AWN PR
<N@ImZ

The codes R and Z are to be used only for reference and azi muth marks which
are associated with the standpoint, that is, in connection with observations
fromthe respective horizontal control point to its own reference or azinuth
mar ks, or possibly in connection with observations taken among the reference
or azimuth marks belonging to the same control point. When the forepoint is
an RM or AZ MK which bel ongs to another control point, the codes N or V, as
applicable, should be used. The visibility code field should be l|eft blank if
the intervisibility between the respective standpoint and forepoint is not
known.

ASSI GNMENT OF STATI ON SERI AL _NUMBERS

The station serial nunber (SSN) is a four-digit number in the range of 0001 to
9999, wused to uniquely identify every survey point which appears in an HZTL

OBS data set. The survey point numbering system was explained in detail in
Chapter 1. To recapitulate, a survey point is defined as any point in a
survey project which has one or nore observations to it or fromit. In a

hori zontal control network, a survey point is either a control point or a
peri pheral point.

Control Points: A control point is a survey point whose geodetic position
is to be determ ned by the survey project, or whose position has been
determ ned in a previous survey. Exanpl es of a control point are (1) a
nmonument ed (or otherwi se permanently marked) triangulation, trilateration
traverse, or GPS station; (2) a recoverable |landmark (usually an intersection
station) such as a flagpole or church spire; or (3) an unmarked (and hence
nonrecoverabl e) survey point which must be carried as a control point for
network integrity purposes. A survey point which cannot be positioned because
of insufficient observations, whose geodetic position is not available from
ot her sources, and which does not qualify as a peripheral point (see bel ow)
must al so be treated as a control point, in that such a survey point nust be
identified by a unique, station serial number (see *82* record under RECORD
FORMATS, p. 2-41 ff).

Each control point in a horizontal control job nust be assigned a unique
four-digit station serial number. When nore than one project appears in a
job, care nust be taken to insure that (1) the same station serial number is
assigned to a control point which several of the projects may have in common,
and that (2) different control points are assigned different station seria
nunbers throughout the horizontal control job. The station serial nunmbers
assigned to control points in the OBS data set of a horizontal control job
must be the same as those used to identify the same control points in the
correspondi ng DESC dat a
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set. In particular, any survey point for which a description and/or recovery
note is to be submtted in the DESC data set nust be identified by a unique
station serial number, i.e., it nust be carried as a control point in the
correspondi ng OBS data set.

Peri pheral Points: Peri pheral points are survey points in the vicinity of
a control point which are not intended for positioning, such as reference
mar ks and azi muth marks. These points are still identified by unique, four-
digit station serial nunmbers. Unnonunment ed eccentric instrument setups and
eccentric targets/reflectors are also peripheral points if the respective
observations are reduced to center

An eccentric point, RM or AZ MK is not always treated as a peripheral point.
If the eccentric instrument setup or target/reflector placement is made over a
nmonument ed (or otherwi se permanently marked) point which can serve as a
control point (e.g., when a reference mark is occupied), in many cases it will
be desirable to treat the eccentric point as another control point. In any
case, when an eccentric point is offset more than 10 neters fromthe
respective control point, the eccentric observations should not be reduced to
center (see next section), and the eccentric point should be treated as a
control point, whether it is permanently marked or not.

A RM or an AZ MK which has not been occupied (i.e., one which has one or nore
directions, angles, and/or distances measured to it but not fromit) is a
peri pheral point. But, if it is to be positioned, treat it as another control
point. An RMor AZ MK that is occupied as a part of the survey schenme (i.e.,
as an eccentric occupation of the respective control point) should al ways be
treated as a distinct control point. An RMor AZ MK that has directions,

angl es, and/or distances measured fromit (as well as to it) for the purpose
of verifying and/or supplementing the observations which tie together the
control point and its peripheral points may remain a peripheral point even

t hough the RM or AZ MK may appear as a standpoint on an observation record in
this particular case

The observations which establish the |inkage between a peripheral point and
its respective control point must appear anmong the observation data records.
As a mnimum the followi ng observations are required

1. Eccentric Points: At |east one angul ar observation (horizonta
direction or horizontal angle) and one distance measurenent, either from
the eccentric point to the respective control point, or fromthe control
point to the eccentric point.

2. Reference Marks: At |east one angul ar observation (horizonta
direction or horizontal angle) and one distance measurenent fromthe res-
pective control point to the RMin question.

3. Azimuth Marks: At |east one angul ar observation (horizontal direction
or horizontal angle) and one distance measurement from the respective control
point to the AZ MK in question.




TREATMENT OF ECCENTRI C OBSERVATI ONS

When the surveying instrument cannot be installed directly over the desired
control point (i.e., when the control point cannot be "occupied"), observa-
tions must be made with the instrument offset a short distance fromthe
intended standpoint. Simlarly, when the target, retro-reflector, or renote
instrument cannot be installed directly over the intended forepoint,
observations are made to a target, retro-reflector, or renote instrument which
is offset a short distance fromthe respective control point. When such a
condition exists, the offset point from which and/or to which the observations
are actually taken is said to be "eccentric" with respect to the control point
in question, which is referred to as the "center."

Eccentric observations are normally "reduced to center" as a part of the field
conmput ation process. A correction is computed for each eccentric observation
fromthe distance and direction of the offset. After such a correction is
applied, the respective observation ceases to be "eccentric." For al

practical purposes it is regarded as having been taken from the intended
standpoint to the intended forepoint. As a general rule, eccentric
observations should be reduced to center by the submitting agency and included
in the HZTL OBS data set as normal (i.e., non-eccentric) observations.

When eccentric observations are submtted, care must be taken to select one of
the two possible methods of handling eccentric observations which is
applicable to the eccentric point in question, and to identify the respective
eccentric point accordingly - either as a peripheral point if Method A is
applicable, or as a control point if Method B is applicable (see preceding
section for definitions of "control point" and "peripheral point").

Met hod A: The eccentric observations are to be reduced to center.
In this case, the eccentric point is identified as a peripheral point. When
such a peripheral point is encountered as either a standpoint or forepoint on
an observation record, the respective observation will be reduced to center
and the original (eccentric) observation will not be retained. This method is
applicable only to eccentric points which are offset no nore than 10 meters
fromthe respective control point. For offsets of greater than 10 meters
Met hod B i s mandatory.

Met hod B: The eccentric point is to be treated as a control point whether
permanent |y marked or not. In this case, no reduction to center is involved
as the respective observations are not regarded as eccentric. The eccentric
standpoint or forepoint is identified by a unique, four-digit station seria
nunber just as any other control point (see preceding section). It is given a
nanme (e.g., SMTH ECC, if the name of the respective control point is SM TH)
and a *80* or *81* record containing its (approxi mate) geodetic position and
el evation nust appear anong the *80*-series records. This method should be
used for eccentric points which are permanently marked, regardless of the
of fset distance involved. Met hod B must al ways be used for eccentric points
which are offset by more than 10 neters fromthe respective control point,
whet her the eccentric point is permanently marked or not.




ACCURACY OF THE OBSERVATI ONS

For every horizontal control survey observation, an estimte of the absolute
accuracy of the neasured quantity must be available for the purpose of
assigning appropriate weight to that observation when it participates in the
adj ustment of the respective horizontal control network. The absolute accu-
racy of a measurenment is defined as the degree to which the result of that
measur ement approxi mates the true value of the nmeasured quantity. Since the
true value of a direction, angle, or distance is not known, it then follows
that the accuracy of a horizontal control survey observation can only be
estimated (1) by conparing the results of different measurenents of the same
quantity, and (2) by analyzing the m sclosures by which the measured
quantities fail to satisfy geometric conditions in the respective horizonta
control network (e.g., triangle m sclosures).

A horizontal control survey observation is rarely made as a single, isolated
measurement. Once the required surveying equipnment is set over the survey
points in question, it is a common practice to measure the same quantity
(direction, angle, or distance) several times within a short span of time,
each conpl ete nmeasurenment being carried out according to an observation scheme
whi ch has been carefully designed to elimnate instrumental errors (and

possi bly other constant and systematic errors as well). The advantage of
"replication" is that |arge blunders can be detected and elim nated, and that
the resulting group of measurenments can be treated statistical as a random
sanmpl e.

Each nmeasurement is corrected for any known constant and/or systematic error
Then the resulting corrected sanple el ements are screened for outliers
(larger-than-expected random errors which are suspected to be blunders),
usually by the application of a fixed, enpirical rejection limt, and the mean
of the remaining nmeasurenments is used as the best approxi mation of the true
val ue.

Assum ng that the blunders and/or outliers have been elim nated, and that
constant and/or systematic errors fromall known sources have been eli m nated
either by the observing procedure or by the application of conputed
corrections, other errors remain, as evidenced by a random di sagreenment
(however small) which still normally exists among "corrected"” sanple el enments.
I f anot her sanple of measurements of the same quantity is taken with the sanme
type of instrument but under different environmental conditions, the nmean

val ue of the second sanmple will normally differ fromthe first sanple. | f
many such sanples are taken, the mean val ues of the re-observed sanples wil

be found to disagree in a random manner as well.

The errors which remain after the blunders and outliers are elim nated and
after the sanple elenments are corrected for constant and systematic errors

are seen as randomerrors of two different kinds. Random errors of the first
kind are those errors which mani fest thenselves as discrepancies anmong the

el ements of a sanple. Since the presence and general magnitude of these errors
are readily apparent when the elements of the sanple are conpared, random
errors of the first kind are known as "sanple-internal"” or "internal" errors.
Random errors of the second kind are those errors which remain constant for

all measurements within a sanple but vary in a random manner for sanples which
are reobserved under different conditions. Since they introduce the same bias
into every measurenment in the sanmple, the presence and general magnitude of
these errors become apparent only when the mean val ues of several reobserved
sanmpl es are conpared, or when m sclosures of geometric conditions in the
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respective horizontal control network are anal yzed. Because of this fact,
random errors of the second kind are known as "sanpl e-external"™ or "external"
errors.

The accuracy estimte needed to determ ne the proper weight for a horizonta
control survey observation is the standard error (sigm) reflecting the

combi ned effect of the internal and external errors which affect that obser-
vation. Such an estimate of the total uncertainty associated with the
respective measured quantity is given by the vector sum (square root of the
sum of squares) of the one-sigma estimates reflecting the contributions of the
correspondi ng internal and external errors.

A direct estimate of the contribution of the respective internal errors (i.e.,
the Internal Consistency Sigma - see below) can be obtained as the standard
devi ation of the conputed sanple mean; a value based upon experience may be

gi ven when the sanple size is one. If no value is specified on the respective
observation record (i.e., the field is left blank), a one-sigm estimte can
be obtained as a function of the rejection Iimt and nunber of replications,

or froma default value based on the type of survey equi pnment used, number of
replications taken, and on the order-and-class of the survey.

A direct estimate of the contribution of the respective external errors (i.e.,
the External Consistency Sigm - see below) is rarely at hand, as horizonta
control survey observations are not normally re-acconplished by design under
di fferent environnmental conditions for the purpose of evaluating the effect of
the external errors. A value based on experience may be given; however, if no
value is specified on the respective observation record (i.e., the field is
left blank), a default value based on the survey equi pnent used, order-and-
class of the survey, and on the type of the survey points involved will be
assi gned. In connection with triangulation projects, a collective estimte of
the external error affecting horizontal directions (or horizontal angles) in
that project will be recovered fromthe set of triangle m sclosures when that
project is first adjusted by NGS

The data itenms which pertain to the accuracy estimte of the respective
hori zontal control survey observation not treated el sewhere in this chapter
are defined bel ow.

Nunber of Replications: Nunber of independent measurenments of the sane
quantity, normally carried out within a short span of time (i.e., under the
same environmental conditions) by the same personnel using the same equi pment
(i.e., sample size). In connection with horizontal control survey
observations, it is the number of times a conplete measurenment procedure
(observing schene) is executed with the objective of obtaining a group of
measurenments the mean value of which is to be used as the observed quantity
(e.g., nunmber of positions in a set of horizontal directions).

Rejection Limt: Maxi mum vari ation allowed in a group of nmeasurenents.
The individual measurements which exceed this Iimt are normally dropped from
the sanmple and hence do not enter into the computation of sanple mean. For
hori zontal directions and horizontal angles, the rejection |limt is expressed
as the maxi num devi ati on of the individual measurements fromthe respective
sampl e mean. For vertical angles and for distance measurenments, the rejection
limt is expressed as the maxi mum spread between the individual observations
included in the sanple (i.e., maximum range).




Internal Consistency Sigma: One-sigma estimate reflecting the contri-
bution of the sanple-internal randomerrors to the total uncertainty asso-
ciated with a nmeasured quantity. In connection with horizontal control survey
observations, a direct estimate of the effect of the respective interna
errors is usually available as the standard deviation of the conputed sanple
mean. See discussi on above concerning the treatment of the accuracy estimte
of an observation for which this data itemis m ssing.

Ext ernal Consistency Sigma: One-sigma estimate reflecting the contri-
bution of the sanple-external randomerrors to the total uncertainty asso-
ciated with a measured quantity. In connection with horizontal control survey
observations, a direct estimate of the effect of the respective externa
errors is not normally avail able; however, a value based on experience may be
gi ven. See discussion above concerning the treatment of the accuracy estimte
of an observation for which this data itemis m ssing.

HORI ZONTAL DI RECTI ON DATA RECORDS

*20* - Horizontal Direction Set Record
*21* - Horizontal Direction Conment Record (Optional)
*22* - Horizontal Direction Record

The horizontal direction data records, identified by *20*-series data codes,
are listed above; the block diagrams depicting the respective formats
wi |l be found under FORMAT DI AGRAMS.

Since one horizontal direction by itself is meaningless, horizontal directions
must be observed in sets of two or nore directions. The respective
observations are normally recorded in a field record book and | ater abstracted
onto a standard form which is usually referred to as the "abstract of

hori zontal directions."” As recorded on the "abstract," each direction con-
sists of a group of "pointings" observed cl ockwise fromthe "initial"
(direction to the first object sighted in the observing sequence), which is
normal |y assigned a val ue of zero. For each forepoint included in the set,
the horizontal direction value desired is the mean value of the respective
group of pointings (in sexagesi mal degrees, mnutes, seconds, and deci mals of
second), corrected for eccentricity of the instrument and/or target, if
applicable (see TREATMENT OF ECCENTRI C OBSERVATI ONS) .

Each set of horizontal directions is to be submtted as a group of records

whi ch must begin with one *20* record. In addition to containing information
whi ch pertains to the set as a whole, the *20* record also contains the data
items associated with the initial direction. Fol | owi ng the *20* record, there
may be one or more *21* comment records. These comment records are optional
except when the problemindicator flag on the *20* record (first digit of the
weat her code) is "1", in which case at | east one *21* record containing an
expl anation of the problem encountered is required

After the *21* record(s), or imediately after the *20* record if no *21*
record(s) are present, one or more *22* records must follow, one for each
addi tional direction observed in the set. Each of these *22* records nust
have the same standpoint designation and set nunber (see below) as the *20*
record of that horizontal direction set.



When two or more sets of horizontal directions are observed at the same
station, each set must be submtted as a separate, conplete group of *20*-
series records (i.e., a *20* record, one or more *21* records if applicable,
foll owed by one or nmore *22* records). All sets observed at the same station
must be assigned different set numbers and nust appear as consecutive sets in
the order of increasing set nunmbers among the *20*-series records.

Set Nunmber: The first set of observations associated with a survey
control point is normally coded as 01. Subsequent sets are coded 02, 03, etc
Deviation fromthis procedure should be explained either in the comment
records or in the transmtting letter to prevent someone unfamliar with the
original coding to think that the records were not coded or |ost. Sets
observed at peripheral eccentric points are considered to belong with the
control point and nust be numbered as if observed at the control station
Again, the set numbers of successive sets of horizontal directions observed at
the same station (including peripheral stations) need not be consecutive, but
they must be assembled in increasing order

Nunber of Objects Sighted in This Set: The nunber of forepoints to which
directions were observed in the set of horizontal directions, including the
initial equals the nunmber of objects sighted in the set. This nunmber m nus
one is equal to the nunmber of *22* records which nmust appear behind the *20*
record in that set.

Date and Time: The date of observation is required (at |east the year)
and must appear on every *20* record. The time of observation, when
available, is desired to indicate the approximte time of day; any time
associated with the set of horizontal directions (e.g., time of first
observation, nmean tinme of the set, etc.) is acceptable. Bot h date and time
become required items when one attenpts to set parameters for an adjustment
based upon date and time constraints.

GLOBAL POSI T1 ONI NG SYSTEM DATA RECORDS

*25* - GPS Occupation Header Record

*26* - GPS Occupation Conment Record (Optional)

*27* - GPS Occupation Measurenment Record

*28* - GPS Clock Synchronization Record

*29* - GPS Clock Synchronization Comment Record (Optional)

The Gl obal Positioning Systemrecords, identified by the *25* - *29* data
codes, are listed above; the block diagrans illustrating the respective
formats will be found under FORMAT DI AGRAMS.

Wher eas observations of classical survey operations are recorded in ASCI
format in this text, GPS observations containing code and phase data are
recorded by the GPS receiver in a binary format that is unreadable without a
translation (e.g., vector reduction) program The information on the *25* to
*29* records and the GPS code and phase measurements are required to derive
the information in the GPS Data Transfer Format file (G File) records: A, B,
C, Db E, F, G, H (ANNEX N).

A set of one *25* and two *27* records nust exist for each independent
occupation of a control point by a GPS receiver. The first *27* record
indicates the time when data recording was initiated, plus associated
occupation information; the second *27* indicates the time when data recording
was conpl eted, plus associated occupation information. Record the time and
date referenced to UTC (or Greenwi ch Mean Tine).
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A *28* record, used with older receivers which do not recover time fromthe
broadcast GPS signal, is required whenever GPS receivers nust be time
synchroni zed to the external time source, e.g., another receiver or a master
time source. MWhen using these "codel ess" receivers, synchronization nmust be
establ i shed between all receivers taking sinmultaneous measurenments. Two
synchroni zations, normally one before and one after collecting the GPS
observations, are required to check receiver clock drift and to verify that no
time synchronization errors ("junps") occurred during the observing period

The *28* record is not required for nmodern P-code receivers which may be
referred to as codel ess when in anti-spoofing node.

The station serial nunmber, weather code, and job-specific instrument nunber
fields are required on GPS records. These entries are fully explained in the
section, OBSERVATI ON DATA RECORDS. Other entries in the GPS records are self
expl anatory.

Job-Specific Data Media Data Ildentifier: Since the GPS observabl es (code
and phase data) can not be practically accommodated in the formats of this
text, they nmust be submtted in manufacturer specific or RINEX (Receiver
I ndependent Exchange) data file formats. Dependi ng upon the receiver type
one or more files may be generated. However, it is still necessary to
associ ate a specific set of data file(s) to a specific occupation. This is
done by the user who assigns a 10 character identifier for each station
occupation. These identifiers are unique to a specific project and reflect
informati on on the physical or digital |abels of the phase data files. The
sole function of the data nmedia identifier is to provide to NGS a one-to-one
correspondence between a control point occupation and a GPS data file. The
standard format for the data media identifier can be found in ANNEX N

HORI ZONTAL ANGLE DATA RECORDS

*30* - Horizontal Angle Set Record
*31* - Horizontal Angle Comment Record (Optional)
*32* - Horizontal Angle Record

The horizontal angle data records, identified by *30*-series data codes,
are listed above; the block diagrams illustrating the respective formats
wi |l be found under FORMAT DI AGRAMS.

Hori zontal angles (clockwi se), as opposed to horizontal directions, are
normal |y observed in connection with surveys of |ow accuracy (e.g., third
order or lower) using repeating theodolites and engineer's transits. The
characteristic feature of these instruments is the double concentric motion
about the vertical axis by means of which the horizontal circle can be set
precisely to zero when one of

the forepoints is sighted upon, and the desired horizontal angle to another
forepoint can be "repeated"; i.e., nmeasured several times in succession, each
time allowing the horizontal circle reading to be incremented by the magnitude
of the measured angle. The desired angul ar measure, expressed to a greater
preci sion than the resolution of the respective instrument, is obtained when
the total angle accumul ated on the horizontal circle is divided by the nunber
of "repetitions."

The number of repetitions nust not be confused with the number of replica-
tions, as one angle measurenment by this method, involving any nunber of
repetitions, constitutes but one determ nation of that angle (i.e.,

one replication).



Normal 'y, several such determ nations are made; the desired horizontal angle
value is the mean value of the respective group of measurements (in
sexagesi mal degrees, m nutes, seconds, and decimls of second), corrected for
eccentricity of instrument and/or target, if applicable (see TREATMENT OF
ECCENTRI C OBSERVATIONS). Two forepoints are involved with every horizonta
angl e observation; the value given must be the clockwi se angle fromthe first
(left) forepoint to the second (right) forepoint.

Since a horizontal angle is a conplete observation in itself, every horizonta
angl e may be submtted as a "set of size one," i.e., as a *30* record foll owed
by one or nore *31* comment records. These comment records are optional

except when the problemindicator on the *30* record (first digit of the

weat her code) is 1, in which case at |east one *31* record containing an

expl anation of the problem encountered is required. When nore than one angle
is measured as a part of the same observing scheme (e.g., angle observation by
Schrei ber's method), the additional angles in the same set should be submtted
as *32* records to follow after the *31* record or records, or immediately
after the *30* record if no *31* records are present. In addition to the same
st andpoi nt designation, each of these *32* records nust bear the sanme set
nunber (see below) as the *30* record of that horizontal angle set.

When two or more sets of horizontal angles are observed at the same station
each set nmust be submtted as a separate, conplete group of *30*-series
records (i.e., a *30* record, one or more *31* records if applicable, foll owed

by one or nore *32* records). All sets observed at the same station nmust be
assigned different set numbers and nmust appear as consecutive sets in the
order of increasing set numbers among the *30*-series records. If horizonta

angles are to be reduced to center, the sets observed at peripheral eccentric
points of the same control point must appear as menbers of the same sequence
together with any set or sets observed directly over the correspondi ng control
poi nt .

Set Nunber: Normal |y coded as 01, unless two or nmore sets of horizonta
angl es observed at the same standpoint (either between the same or between
di fferent forepoints), in which case these sets nust appear adjacent anong the

hori zontal angle data records. The first set in the sequence must be assigned
a two-digit set nunber, e.g., 01, and each additional consecutive set bearing
the same standpoint designation nust be assigned a higher nunmber, e.g., 02

03, etc. For this purpose, sets observed at peripheral eccentric points are
considered to belong with the respective control point and nust be grouped
accordingly. The set nunmbers of successive sets of horizontal angles observed
at the same station need not be consecutive; however, they nust be increasing

Nunber of Angles Observed in This Set: Total nunmber of horizontal angles
observed as a part of the same observing scheme. This nunber m nus one equals
the number of *32* records which nust appear behind the respective *30* record
in that set.

Date and Ti ne: Dat e of observation is required (at |east the year) and
must appear on every *30* record. Time of observation, where available, is
desired to indicate the approximate time of day; any time associated with the
hori zontal angle observation (e.g., starting time, mean time, ending tine,
etc.) is acceptable. Bot h date and time become required items when one
attenmpts to set parameters for an adjustment based upon date and time
constraints.




VERTI CAL _ANGLE/ ZENI TH DI STANCE DATA RECORDS

*40* - Vertical Angle Set Record
*41* - Vertical Angle Comment Record (Optional)
*42* - Vertical Angle Record

The vertical angle/zenith distance data records, identified by *40*-series
data codes, are listed above; the block diagranms illustrating the respective
formats will be found under FORMAT DI AGRAMS.

Vertical angles (or zenith distances) are observed in connection with
classical horizontal control survey projects for the purpose of obtaining

el evation differences between horizontal control points by trigonometric
leveling. The elevation of one or more of the survey points involved nust be
reliably known from some other source

In addition to vertical angles and di stances between survey points, the
determ nation of the elevation differences by trigonometric leveling requires
a knowl edge of the geoid height at every survey point involved and of the
defl ection of vertical in the direction of each vertical angle observed at
every standpoint. Since geoid heights and deflections of the vertical are
sel dom known, it is a connon practice to assume a zero value for these
quantities, and therefore only approximate results can normally be obtained
For this reason, vertical control should not be extended by this method

wi t hout frequent ties to existing bench marks in the project area. Aside from
the difficulties mentioned in the precedi ng paragraph, trigonometric |eveling
suffers froma |l arge uncertainty due to atmospheric refraction. This
uncertainty is brought about by the unpredictable nature of the irregular
preponderantly vertical bending of an optical ray due to the variation of the
refraction gradient along its path. This effect of atnospheric refraction is
the dom nant source of the external random error associated with vertica
angl e observations. To control the influence of this external error, the
magni t ude of which grows with the Iength of the observed |line, reciproca
vertical angles are often observed sinultaneously or nearly simultaneously
from both ends of the respective |ine.

In a manner simlar to other types of horizontal control survey observations,
a vertical angle is usually measured several times in rapid succession
following a standard observing scheme. The desired vertical angle value is
the mean value of the respective group of measurenments (in sexagesi mal
degrees, m nutes, seconds, and decimls of second) acconpanied by the
appropriate angle code (see below) which identifies the value given as an

el evation angle (E), depression angle (D), or a zenith distance (Z). Since
the magni tude of the dom nant external error affecting the vertical angle
measurement is proportional to the length of the observed |line (see above, the
respective External Consistency Sigma is expressed as seconds of arc per

kil ometer.)

A vertical angle is a conplete observation in itself; hence every vertica
angle may be submtted as a "set of size one," i.e., as a *40* record

foll owed by one or nmore *41* comment records. These comment records are
optional, except when the problemindicator on the *40* record (first digit of
the weather code) is 1, in which case at | east one *41* record containing an
expl anation of the problem encountered is required. When two or nmore vertica
angles to different forepoints are measured at a station as a part of the same
observing schenme, the additional vertical angles in the same set should be
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subm tted as *42* records to follow after the *41* record or records, or

i medi ately after the *40* record if no *41* records are present. In addition
to the same standpoint designation, each of these *42* records must bear the
same set nunmber (see below) as the *40* record of that vertical angle set.

When two or more sets of vertical angles are observed at the same station
each set nust be submtted as a separate, conplete group of *40*-series
records (i.e., a *40* record, one or nmore *41* records if applicable, foll owed

by one or nore *42* records). All sets observed at the same station nmust be
assigned different set numbers and nmust appear as consecutive sets in the
order of increasing set numbers among the *40*-series records. For this

purpose, sets observed at peripheral eccentric points of the same control
poi nt must appear as nmenbers of the same sequence together with any set or
sets observed directly over the corresponding control point.

Set Nunber : Normal |y coded as 01, unless there are two or nore sets of
vertical angles observed at the same standpoint (either to the same or to
di fferent forepoints), in which case these sets nust appear adjacent anong the

vertical angle data records. The first set in the sequence nmust be assigned a
two-digit set number, e.g., 01, and each additional consecutive set bearing
the same standpoint designation nust be assigned a higher nunmber, e.g., 02

03, etc. For this purpose, sets observed at peripheral eccentric points are
considered to belong with the respective control point and nust be grouped
accordingly. The set numbers of successive sets of vertical angles observed
at the same station need not be consecutive; however, they nust be increasing

Nunber of VAs or ZDs Observed in This Set: Nunber of forepoints to which
vertical angles (or zenith distances) were observed as a part of the sanme
observing scheme. This number m nus one equals the nunber of *42* records
whi ch must appear behind the respective *40* record in that set of vertica
angl es.

Date and Tine: Dat e of observation is required (at |east the year) and
must appear on every *40* record. The full date and the time of the vertica
angl e observation to each forepoint involved should be supplied whenever
possi bl e, so that any search based on date and time can be made for
simul taneous or nearly sinultaneous reciprocal vertical angle observations.
For this purpose, a time field appears on the *42* record as well as on the
*40* record.

Angl e Code: Vertical angles are measured with respect to the direction of
the gravity vector at the respective standpoint by theodolites or transits
equi pped with appropriate vertical circles. Dependi ng on the instrument, the
origin (zero graduation mark) of the vertical circle points either in a

direction perpendicular to that of the gravity vector, in which case the
origin of the vertical circle lies in the local astronom c horizon, or else it
points in the direction opposite to that of the gravity vector, in which case

the origin of the vertical circle indicates the local astronom c zenith.

When the zero of the vertical circle defines the astronom c horizon, the
vertical angle measured is an "elevation angle" or a "depression angle"
dependi ng on whet her the object sighted is above or below the astronom c

hori zon. When the zero of the vertical circle points in the direction of the
astronom c zenith, the vertical angle measured is a "zenith distance." The
zenith distance of an object above the astronom c horizon will be less than 90



degrees, while the zenith distance of an object below the astronom c horizon
will be greater than 90 degrees.

The angle code is a one-letter indicator of the type of the vertical angle
given. The three possible codes are as follows:

- elevation angle
depressi on angle
- zenith distance

NOm

LEVEL DATA RECORDS

*45* - Observed Difference of Elevation Records
*46* - Observed Difference of Elevation Comment Record
*47* - Observed Difference of Elevation Continuation Record

The difference of elevation data records, identified by *40*-series data
codes, are listed above; the block diagrans illustrating the respective
formats will be found under FORMAT DI AGRAMS. Di fferences of elevation are
observed in connection with classical horizontal control survey projects in
order to maintain an observed difference of elevation relationship between two
hori zontal control points for the purpose of data reduction. Bot h horizonta
control points generally do not have established vertical elevations.

However, either one of these two control points could already have an
establ i shed and published el evati on.

In a manner simlar to other types of horizontal control survey observations,
a difference of elevation is usually measured at | east twice (once in the
forward direction and once in the reverse or backward direction) as standard
observing practice. The desired difference of elevation is then the mean
value of the two respective differences of elevation. However, each |evel
running (i.e., forward and backward) can be considered as an i ndependent
observation and can be coded as a separate observed difference of elevation
data set.

Since a difference of elevation is a conplete observation in itself, each
observation is submtted as a *45* record, followed by one or nore *46*
comment records, followed by a *47* record. The comment records are optional
except when the problemindicator on the *45* record (first digit of the

weat her code) is 1, in which case at | east one *46* record containing an

expl anation of the problem encountered is required. The *47* record nust bear
the same standpoint designation as the *45* record preceding it.

When two or more sets of differences of elevation are observed at the same
station, each set must be submtted as a separate, conplete group of *40*-
series records (i.e., a *45* record, one or nmore *46* records if applicable,
foll owed by a *47* record).

Nunber of Replications: The number of replications for a single
difference of elevation observation is one. If the difference of elevation is
t he mean
value of two |level runnings of the same section (i.e., forward and backwards)
then the number of replications is coded as 2.




Date and Time: The date of observation is required (at |east the year)
and must appear on every *45* record. The full date and time for the |eveling
observation should be supplied whenever possible. The observation time coded
should be the md-time for the running of the section

DI STANCE DATA RECORDS

*50* - Taped Di stance Record

*51* - Unreduced Di stance Record

*52* - Reduced Di stance Record

*53* - Unreduced Long Line Record

*54* - Reduced Long Line Record

*55* - Distance Comment Record (Optional)

The distance data records, identified by *50*-series data codes, are listed
above; the block diagrams illustrating the respective formats will be found
under FORMAT DI AGRAMS.

Submt a *50*, *51*, *52* *53* or *54* record, followed by one or more *55*
comment records, for every distance determnation in the horizontal control
survey project. The comment records are optional, except when the problem
indicator (first digit of the weather code) is 1, in which case at |east one
*55* record containing an explanation of the problem encountered nust foll ow
the respective *50*, *51*, or *52* distance record. The weather code has been
omtted on the *53* and *54* |ong-line records. In every case, the desired
di stance value is the mean value of the respective group of replicated
measurements to which all corrections applicable to that type of distance
measur ement have been applied (in meters and decimals of meter), further
corrected for eccentric setup at either end of the measured line, if
applicable (see TREATMENT OF ECCENTRI C OBSERVATI ONS) . It nust be acconpani ed
by the appropriate distance code (see below) which identifies the distance
val ue given as to its type.

The *50* record is intended for distances neasured with either calibrated or
uncal i brated (i.e., standardized or not standardi zed) steel or invar tapes.
Included are distances consisting of any nunber of segments taped horizon-
tally, taped distances consisting of any number of segments which have al

been reduced individually to a common horizontal reference surface (other than
the sea level or the ellipsoid), and one-segment unreduced taped distances
(less than or equal to one tape |length) measured along a slope. The
limtation to only one segment in this last case is forced by the additiona
data items (the elevation difference between the respective marks and the

hei ghts of tape supports over the marks) required for each such taped distance

segment . Excluded are taped di stances which have been reduced to sea | evel
(geoid), to the ellipsoid, or to mark-to-mark, for which the *52* record
shoul d be used. In every case, the respective standardi zation, catenary, and

temperature corrections, as applicable to the method of measurenment and/or to
the equi pment used, are assunmed to have been applied

The *51* record is intended for unreduced sl ant-range distances under 100
kil ometers measured by electronic distance-measuring equi pment (DME).
Included are line-of-sight instrument-to-reflector distances measured by

el ectro-optical DME and master-to-remote di stances measured by m crowave DME
with a resolution (i.e., smallest directly readable measurement unit) of 1
centimeter or better.



Excl uded are distances measured to a precision coarser than 1 centinmeter

(because the respective Rejection Limt, Internal Consistency Sigm, and
Ext ernal Consistency Sigma should be expressed in different units), which may
be submtted as *53* records. In every case, the respective instrument and/or

reflector calibration corrections and refraction correction, as applicable to
the method of measurement and/or to the equi pment used, are assumed to have
been appli ed.

The *52* record is intended for taped distances, and for distances under 100
kil ometers measured by electronic DME with a precision of 1 centimeter or
better, which have been reduced (1) to sea level (i.e., to the geoid), (2) to
the ellipsoid (either NAD 83 or as specified on the *13* record), or (3) to
mar k-t o- mar k. For the same reason given in the precedi ng paragraph, reduced
di stances nmeasured to a coarser precision than 1 centinmeter should be

subm tted as *54* records. In every case, the distance given is assumed to be
the appropriately reduced value corresponding to the mean of the respective
sampl e of distance measurenments to which all applicable corrections have been
applied. Anong the required data itens are el evations (and of the geoid

hei ghts, if applicable) which were used in the reduction process (possibly

di fferent than those provided on the corresponding *80*-series records).

The preponderant external random errors affecting precisely taped distances or
line-of-sight distances measured by fine-resolution electronic DME arise out
of the inadequacy of the mathematical models used to correct the respective

di stance measurenents for distance-dependent systematic errors, such as the
temperature and catenary corrections in case of taped distances, or the
refraction correction in case of distances measured by precise electro-optica
or electro-magnetic DME. The magnitude of the respective external random
errors is therefore also proportional to the length of the neasured |ine. For
this reason, the External Consistency Sigma on the *50*, *51*, and *52*
records is expressed as a parts-per-mllion (ppm val ue

The *53* and *54* records are counterparts of the *51* and *52* records
intended, respectively, for unreduced and reduced | ong-line distances (100

kil ometers and | onger) measured with either fine or coarse resolution by an
indirect method. Exanpl es of such long-line distances are the antenna-to-
antenna spatial chords and the correspondi ng reduced sea-level (geoidal),

el lipsoidal, or mark-to-mark di stances derived fromline-crossing measurements
made with a | ong-range, airborne electro-mgnetic DME (e.g. HI RAN), or

obtai ned by extraterrestrial techniques (e.g., VLBI). These records may al so
be used, respectively, for unreduced and reduced sl ant-range di stances under
100 kil ometers measured directly by a coarse-resolution DME. Since the
preponderant external random errors associated with Iong-line and/or coarse-
resol ution distance nmeasurements do not normally exhibit any relationship with
the length of the respective line, the External Consistency Sigma on the *53*
and *54* records is expressed in meters.

Date and Ti ne: Dat e of observation is required (at |east the year) and
must appear on every distance observation record. Tinme of observation, where
available, is desired to indicate the approximte time of day; any time
associated with the distance observation (e.g., starting time, nmean tinme,
ending time, etc.) is acceptable.




Di stance Code: A one-letter indicator of the type of distance involved.
This indicator must appear inmediately following the distance field on the
di stance observation records. The possible distance codes are as foll ows:

1. Unr educed Di st ances:

T - distance taped horizontally

H - taped distance reduced to horizonta

S - slope distance or slant-range distance
C - spatial chord distance

2. Reduced Di st ances:

G - sea-level (geoidal) distances
E - ellipsoidal distances
X - mark-to-mark di stances

AZl MUTH DATA RECORDS

*60* - Laplace/Astronom c Azimuth Record
*61* - Geodetic Azimuth Record

The azimuth data records, identified by *60*-series data codes, are listed
above; the block diagrams illustrating the respective formats will be found
under FORMAT DI AGRAMS.

A Laplace azimuth is an astronom c azinuth determ nation (e.g., by observation
of the star Polaris) converted to a correspondi ng geodetic azinmuth by the
application of the Laplace correction. A data element necessary for the
conmput ation of the Laplace correction is the east-west (prime-vertical)
component of the deflection of vertical at the respective standpoint. If the
defl ecti on conponent is not known from other sources, an astronom c | ongitude
must al so be observed. A horizontal control point at which the prime-vertica
component of the deflection of vertical is known, and at which a determ nation
of astronom c azinmuth has been made, is called a "Laplace station."

Lapl ace azimuths are the primary means for orienting a survey project if the
orientation cannot be obtained with respect to established horizontal control
points (e.g., because of intervisibility problems). When a survey project is
extended away from existing horizontal control, Laplace stations nmust be
established at regular intervals to guard against the buildup of systematic
errors which may cause a gradual swing in the orientation of the network.

Submt a *60* record for each astronom c or Laplace azinuth used in the

proj ect. If there are two or more sets of astronom c azinmuth observations
(e.g., sets observed on different nights), submt a separate *60* record for
each set. The desired Laplace azimuth is the mean value of the respective set

of astronom c azinmuth observations to which all applicable corrections,
including the Laplace correction, have been applied (in sexagesi mal degrees,
m nut es, seconds, and decimls of second), further corrected for eccentricity
of instrument and/or target, if applicable (see TREATMENT OF ECCENTRIC
OBSERVATI ONS) .

A required data itemon the *60* record is the Prime-Vertical Component of
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Deflection (Eta), i.e., the difference between the astronom ¢ and geodetic
Il ongi tudes of the standpoint, as used in the conmputation of the expressed
Lapl ace correction. In addition to its absolute numerical value in seconds,
the direction of the prime-vertical conponent of the deflection of vertical
i.e., the Direction of Eta must be specified as "E" or "W according to

whet her the astronom c longitude falls east or west of the corresponding
geodetic longitude of the standpoint.

The results of astronom c observations in the form of an astronom c azinmuth or
a conmputed Laplace azimuth and the meridional and prime-vertical conponents of
the deflection of vertical are called for on the *60* and *85* records of the
HZTL OBS data set. In addition, the respective astronom c |atitude

Il ongi tude, and/or azimuth observations should be submtted separately in ful
detail for rigorous processing and incorporation into the astronomc data file
of the National Geodetic Survey Data Base

Geodetic azimuths are used when orientation control for a survey project is
obtained with respect to the existing horizontal control network by including
an azimuth reference object (e.g., the azimuth mark) among the forepoints to
whi ch horizontal directions or horizontal angles are observed at one or nore
exi sting horizontal control points. Such control points, occupied for the
purpose of establishing connection with the existing horizontal control

net work, must be identified as "fixed" by means of *90* Fi xed Control Records
(see FI XED CONTROL DATA RECORDS).

Submt a *61* record containing the respective geodetic azinmuth value (in
sexagesi mal degrees, m nutes, seconds, and decimals of second) for every
azimuth reference object to which a horizontal direction or horizontal angle
has been observed for the purpose of providing orientation control for the
survey project. But, do not submt a *61* record if the azinuth reference
object in question is another control point in the HZTL OBS data set, i.e., if
a *80* or *81l* record defining its geodetic position appears anong the *80*-
series records (see SURVEY POl NT DATA RECORDS). Instead, if such a control
point is used for azimuth reference, it nust be identified as "fixed" by means
of a *90* Fixed Control Record in the same manner as the respective standpoint
(see above).

Date and Time: The date of the astronom c azinmuth observation is required
(at least the year) and nust appear on the respective *60* Astronom c/Lapl ace
Azimuth Record. The time of observation is desired to indicate the
approximate time; any time associated with the astronom c azinuth observation
(e.g., starting time, mean time, ending time, etc.) is acceptable. Dat e and
time have been omtted on the *61* Geodetic Azinuth Record, since one does not
observe a geodetic azi muth. It is a conputed quantity.

Origin of Azinmuth: A one-letter code indicating the branch of the
meridian (north or south) with respect to which the azimith given on a *60*
or *61* record is specified. The azimuth of a line joining a standpoint and
a forepoint is defined as the clockwi se horizontal angle (0 to 360 degrees)
measured from either the north or the south branch of the meridian at the
standpoint to the forepoint in question. Since the azimuth may be defined
as either "fromthe north" or "fromthe south,” the origin of the azimuth

must be specified as "N' or "S", whichever applies. In the NAD 27 system of
coordi nates, astronom c and geodetic azinmuths are defined as originating from
the south. In the NAD 83 system of coordinates, astronom c and geodetic

azi muths are defined as originating fromthe north.



SURVEY EQUI PMENT DATA RECORDS

*70* - Instrument Record
*71* - GPS Antenna Record [superseded by *72* record]
*72* - GPS Antenna Record

The purpose of the *70* record is to provide descriptive information per-
taining to an item of survey equi pment which has been identified by a Job-
Specific Instrument Nunmber (see under OBSERVATI ON DATA RECORDS). Submt a
*70* record for each item of survey equi pment used in the project. I ndi vi dua
*70* records shoul d appear in order of increasing Job-Specific Instrunment
Nunbers (JSIN). More than one *70* record is required for any instrument used
for more than one type of measurenent. In other words, a theodolite used to
measure both horizontal and vertical angles would require two *70* records:
one to record the resolution of the horizontal measurements and the other to
record the resolution of the vertical measurements. The resolution and units
symbol (see below) of these two records would be different but, the JSIN and
the NGS Survey Equi pment Code woul d be identical

If a "total station" type instrument is used in a survey, three *70* records
may be required (horizontal directions, vertical angles and distance
observations) for one JSIN. If this equipnment is self-contained, the JSIN and
the NGS Survey Equi pment Code will be identical in each of the three records
as stated above. Refer to the Total Station category (800-860) in ANNEX F.

But, if nodular type equi pment (optional EDM instruments can be mounted on the
same "total station" base unit) is used, the NGS Survey Equi pment Code in the
*70* record, which reflects the resolution of the distance measurements, nust
be that of the specific EDM instrument used for the observations. (Refer to
Di st ance- Measuri ng Equi pment categories (500-799) in ANNEX F). The equi pment
code for the other two *70* records would be listed in the Total Station
category (861-899) in ANNEX F.

Most of the entries on the *70* record (see FORMAT DI AGRAMS) are self-
expl anatory; however, the following data itenms will be explained in greater
detail :

NGS Survey Equi pment Code: A three-digit nunmerical identification code is
assigned to the different categories of survey equipnment, and within each
category to specific instruments or other itenms of survey equi pment commonly
used in the United States - see ANNEX F.

Resol ution of the Instrument and Units: The size of the small est
directly-readable linear or angular measurement unit characteristic of the
respective item of survey equi pment, followed by a two-letter symbol for
the units in which it is expressed:

MT - meters HS - horizontal seconds of arc
MM - millimeters HM - horizontal m nutes of arc
FT - feet VS - vertical seconds of arc
MF - millifeet VM - vertical m nutes of arc

The character fields reserved for Resolution of the Instrument and for

Units on the *70* record may be left blank if the resolution of the surveying
instrument in question cannot be expressed in these units (e.g., if the
measurenment is obtained in ternms of arbitrary "dial" units which do not

bear a fixed relationship to the measured quantity). Leave these fields bl ank
if GPS equipnment is used




The purpose of the *71*/*72* record is to provide descriptive information
pertaining to the GPS antenna which has been identified by a Job-Specific
Ant enna Number (see under OBSERVATI ON DATA RECORDS). Submt a *71*/*72*
record for each antenna used in the project. I ndi vi dual *71* records should
appear in order of increasing Job-Specific Antenna Nunbers (JSAN).

Most of the entries on the *71* record (see FORMAT DI AGRAMS) are self-
expl anatory: however, the following data itenms will be explained in greater
detail :

NGS Ant enna Code: An al pha-numeric identification code of up to 16
characters is assigned to each different type of GPS antenna commonly used
with GPS receivers in the United States. See ANNEX M

Ant enna Phase Pattern File: This file contains phase patterns and offsets
for several different types of antennas. As this file is updated, the
patterns and/or offsets may be changed, so it is inmportant to record which
antenna file was used for the GPS processing. To date (March 1998), NGS has
had two files available for use. These files were called ant_info.001 and
ant _info.002. These “Antenna Phase Pattern” files will be nodified as new
antennas are added or as inproved patterns are devel oped. For each antenna in
the ant_info.002 file, there are patterns for L1 and L2, and the North, East,
Up offsets for the L1 and L2 phase centers.

Source Organi zation: Use the six-character symbol of the organization that
mai nt ai ns the antenna phase pattern files that were used to process the data
This field is required if the antenna phase patterns used are different from
those provided by NGS

Not e: The *71* record has been superseded by the *72* record.
ANNEX J has been superseded by ANNEX M
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SURVEY POI NT DATA RECORDS

*80* - Control Point Record

*81* - Control Point Record (UTM SPC)

*82* - Reference or Azinmuth Mark Record

*85* - Deflection Record (Optional)

*86* - Orthometric Height, Geoid Height, Ellipsoid Height
Record

The survey point data records, identified by *80*-series data codes, are
listed above; the block diagrams illustrating the respective formats will
be found under FORMAT DI AGRAMS.

Submt a group of *80*-series records for every control point which appears
in the horizontal control survey project. See ASSI GNMENT OF STATI ON SERI AL
NUMBERS for definition of "control point" and "peripheral point" and for an
expl anation of the survey point numbering system Start with the control
point identified by the numerically | owest station serial nunber and continue
with control points in the order of their increasing (not necessarily
consecutive) station serial numbers.

The group of *80*-series records pertaining to a control point will usually
consi st of either a *80* record or a *81* record followed by as many *82*
records as there are peripheral reference marks and/or azinmuth marks asso-
ciated with the horizontal control point in question. Use the *80* record if
the geodetic position of the control point (see below) is given in geographic
coordinates (latitude and | ongitude); use the *81* record if the position is
given either in the Universal Transverse Mercator (UTM coordinates or in
State Plane Coordi nates (SPC). Fol | owi ng the *80* or the *81* record, submt
one *82* record for each peripheral RM or AZ MK of that control point. Do not
submt a *82* record for an RM or AZ MK which is being treated as a control
point for which a *80* or *81* record appears el sewhere anong the survey point
data records. After the *82* records, or after the *80* or *81* record if no
*82* records are present, a *85* record may follow, followed by a *86* record.
A *85* record should be submtted if either one or both the meridional and

pri me-vertical conponents of the deflection of vertical are known. Submt a
*86* record to provide orthonmetric height values for all control points,
except for unnonunmented recoverable | andmarks positioned by intersection. The
geoid and ellipsoid height values in this record are optional, with one
exception. If the submtted orthometric height value was determ ned by GPS
observations, the associ ated geoid height value is required

Two special cases are recognized, in which a *82* record nust be submtted for
a control point instead of the usual *80* or *81* record. The first case has
to do with survey points which would normally be regarded as horizonta

control points (i.e., they do not qualify as peripheral points), which cannot
be positioned because of insufficient observations, and whose geodetic
position cannot be obtained from other sources. Such a survey point nmust be
identified just as a normal control point, however, since the respective
geodetic position is not avail able; submt a *82* record in lieu of a *80* or
*81* record, then proceed as for any other normal control point, i.e., submt
addi tional *82* records, a *85* record, and a *86* record, as applicable.

The second case has to do with survey points which are used as vertica
control points only, i.e., bench marks or other points to which and/or from
whi ch one or more vertical angles and di stances have been observed, but no
hori zontal directions or angles. Survey points of this kind must also be
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identified by four-digit station serial nunmbers (SSNs). If such a survey
point is positionable (e.g. by trilateration), then it should be treated as a
normal control point. Otherwi se, submt a *82* record for this point in lieu
of a *80* or *81* record. A *85* record may follow, if applicable, but a *86*
record is required. Additional *82* records are not allowed in this set.
Shoul d such a point have any peripheral reference or azinmuth marks, then it
should be treated as in the first special case, described in the preceding

par agr aph.

For the purpose of easy identification, any *82* records, used in |lieu of *80*
or *81* records as described in the special cases above, should be grouped

t oget her and sequenced to follow all the control points with geodetic
positions.

The entries on the *80*-series records (see FORMAT DI AGRAMS) are self-
expl anatory; however, the following data itenms will be explained in greater
detail :

Station Nane: In the United States, it has traditionally been the
preferred practice at the National Geodetic Survey (NGS) and its predecessors
to assign intelligible names as primary identifiers of horizontal control
points. Such "station names" have the inmportant advantage of being menonic -
a quality which pure nunmbers or arbitrary al phanumeric synbols do not possess.
In addition, a properly chosen station name may in itself be descriptive
and/or indicative of the general location of the horizontal control point,
which is a desirable property. For automatic data processing purposes,
however, the use of station names as primary identifiers does pose sone
difficulty, in that their length must, of necessity, be limted to a specific
nunber of characters, and that, contrary to conmmon usage of intelligible
names, exactly the same abbreviation and/or spelling of the respective station
name nmust be used whenever a reference is made to a horizontal control point
in computer-readabl e media.

The name of a monumented horizontal control point is usually concise, being
limted in length by the space which is available on a standard di sk marker
for the die-stamping of the respective station name. The usual practice is
to stanmp the name above the survey point symbol (e.g., triangle) which
appears in the center of a standard disk marker, and the year (e.g., 1935)
in which the mark was set is usually stanped bel ow the survey point symbol.

In addition to this "year mark set" which normally appears stanmped on every
nonument ed survey point, another date is associated with every horizonta

control point, i.e., with every survey point which is positioned, whether it
is a monumented control point or an unmonunmented recoverable | andmark (see
bel ow) . Referred to as the "year established,” it is the year in which

observations were first performed for the purpose of determ ning the position
of that horizontal control point; this is normally also the year in which the
original description of that control point was prepared. The "year

establi shed" and "year-mark-set"” of a monunmented horizontal control point are
often identical

Anot her type of horizontal control point is an unmonumented recoverable

Il andmark (usually an intersection station) such as a flagpole or church spire.
The name of a horizontal control point of this type nmust be sufficiently
descriptive in order to identify the respective landmark (and frequently a
specific feature of the | andmark) adequately, and for this reason it is
usual l'y I engthy.



For data processing purposes in HZTL OBS data sets, the length of a station

name (including all imbedded blanks) is limted to 30 characters, and the same
limt applies to the name or designation of a reference mark (RM) or azimuth
mark (AZ MK). Accordingly, the name of every horizontal control point to be

entered on the *80* or *81* record (as well as the name or designation of an
RM or AZ MK to be entered on the *82* record) nust be abbrevi ated and/or
edited if it exceeds 30 characters. Guidelines for survey point names and
desi gnations, including recommended abbreviations, are given in ANNEX D. Not e
that the name or designation of a bench mark (BM is limted to 25 characters
(see Volume 11, Chapter 6, pages 6-17 and 6-35, Designation and *30* record).

For some of the |l engthier names given to horizontal control points (e.g.

those of unmonumented recoverable | andmarks) contraction to 30 characters will
involve rather drastic abbreviation and editing, in which process much of the
desired intelligibility and descriptiveness may be lost. To mnimze this
effect in connection with geodetic materials which are intended for use by the
general public, up to 40 characters are allowed for the name of a horizonta
control point in the GEOD DESC data set (see Chapter 3). This 40-character
station name will be used in the automated publication of geodetic data
sheets, station descriptions, and associ ated indexes. This inplies that two
versions for every station name which exceeds 30 characters in |length can

exi st - a 30-character version used for data processing purposes, and a 40-
character version used for publication purposes. The two versions should
differ only as to the manner in which the station name is abbreviated and/or
edi ted.

The name of a horizontal control point entered on the *80* or *81* record
shoul d be taken as it appears under "Station Name" in the heading of the
respective station description and subsequent recovery notes. For nmonunment ed
hori zontal control points, this station nanme is normally identical to or
closely resenbles the name stanmped above the survey point synmbol on the
respective di sk marker. Not e that neither the "year established" nor the
"year mark set" normally appears as a part of the station name. Wiile parts
of a lengthy station name may be abbreviated or edited out in order to conform
to the 30-character limt, nothing should be added, except as necessary to
render the station name unique within the job (see bel ow).

Parent heses are not permtted to appear in a station name. Other special
characters such as periods, commas, etc. (see Chapter 1) - as well as any
unnecessary spaces (blanks) - should also be edited out whenever possible.

In the same manner as the job-specific station serial nunmber of a horizonta
control point, that is unique within a job, it is highly desirable to have a
station name that is unique within a job. If two or nmore control points in a
job are found to have identical names, they should be rendered uni que by
appending to the respective station names, in order of preference

1. The name of the county (parish, census division) in which
the station is located, followed by the symbol CO, PA, or CD as
appropriate -
Exanpl es: JONES CLALLAM CO and JONES KING CO; SM TH ORLEANS
PA and SM TH DE_SOTO PA; ROCK KENAI - COOK I NLET CD and ROCK
ANCHORAGE CD.




2. The name of a locality other than county, parish, or census
di vi sion - Exanpl e: Pl PE SAN_ANTONI O and PI PE LACKLAND AFB

The year the mark was set is considered extraneous information and is not to
be carried as a part of a control point nane. For marks whose names were not
altered when they were reset, the word RESET must be appended to the origina
designations. This also holds true for control points which have been reset
nore than once. In such cases the year given in the "year nonunented" field
of the description / recovery note will be used to distinguish the marks. See
ANNEX D for additional information and exanpl es.

Whenever the name of a horizontal control point is modified in this manner in
the HZTL OBS data set for the purpose of making it unique within the
respective job, the appended i nformation becomes part of the station name, and
care must be taken that exactly the same information is appended to the
station name in the heading of the description and of all subsequent recovery
notes which are given for that horizontal control point in the compani on GEOD
DESC data set (see Chapter 3).

When the | engthy name of a horizontal control point must be contracted to 30
characters, the abbreviation and/or editing of the station name in question
shoul d be acconplished with due regard to the followi ng: First, a 40-
character version of the same station name is required in the GEOD DESC data
set submtted concurrently with the HZTL OBS data set (see | NTRODUCTI ON).

This |l ess drastically contracted version of the station name will be used for
publication purposes. Second, the names of reference and azinuth marks are
normal |y formed by appending the symbols RM 1, RM2, ..., RM 13, etc., and AZ

MK (possibly AZ MK 2, AZ MK 3, etc.) to the station name of the control point
to which they bel ong. For this reason, the name of a horizontal control point
whi ch has peripheral reference marks and/or azinmuth mark(s) may have to be
further contracted to 24 characters (and possibly less) in order to allow for
the respective reference and azinmuth mark names to confirmto the 30-character
limt.

Name or Designation of RM or AZ MK: Ref erence marks and azinmuth marks are
usually identified by standard di sk markers which display an arrow as the
survey point symbol at their center; the markers are set in such a way that

the arrow points toward the associ ated horizontal control point. Two or nore
reference marks are normally established in the i mmediate vicinity of a
nmonunment ed horizontal control point. The purpose of the reference mark is to

act as a "pointer" to the related horizontal control point, thereby aiding in
its recovery, and to provide a means of verifying whether or not the station

monument has been di sturbed. In addition to the reference marks, an azimuth
mar k may be established at some distance to provide an azimuth reference point
which is visible fromground |evel. Less frequently, more than one azinmuth

mark is established for the same horizontal control point.

The originally established reference marks of a horizontal control point are
normal |y assi gned sequential numbers, e.g., NO 1, NO 2, etc. Any subsequently
established reference mark should be assigned the next unused nunmber in the
sequence, even though one or nore of the previously established reference

mar ks may have been destroyed. The standard practice is to stamp the name of
the horizontal control point to which a reference mark bel ongs above the arrow
whi ch appears in the center of the respective disk marker, the number of the
reference mark (i.e., NO 1, NO 2, etc.) immediately below the arrow, and the
year in which the reference mark was set farther below the arrow. The sane
procedure is followed in the case of an azimuth mark, except that a number
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is normally assigned and stanped on the respective disk marker only if more than
one azimuth mark is involved

The name or designation of a reference mark (RM or an azimuth mark (AZ M)
entered on the *82* record must not exceed 30 characters in | ength. It should
normal |y consist of the name of the horizontal control point to which the RMor AZ
MK bel ongs, with the symbol RM 1, RM 2, ..., RM 13, etc. appended for reference
marks NO 1, NO 2, ..., NO 13, etc. For azimuth marks, the symbol AZ MK is
appended if only one azimuth mark is involved, otherwi se the symbol AZ MK 2, AZ MK
3, etc. for azimuth marks NO 2, NO 3, etc. In general, nothing else should be
added to the nanme of an RM or AZ MK, except when the nunmbering system outlined in
the preceding paragraph has not been followed, with the result that two or nore
reference or azinmuth marks associated with a horizontal control point are referred
to by the same nane.

Consi dering that the total length of an RM or AZ MK name nust not exceed 30
characters, the name of the horizontal control point to which the RM 1, RM 2,

etc., and/or AZ MK synbols are appended nust be limted to 24 characters, and may
have to be further contracted if a numeral nust follow the AZ MK synbol and/or the
"year mark set" has to be added. The name of the respective horizontal control
poi nt must be taken as it appears on the corresponding *80* or *81* record (see
Station Nane), except for possible further abbreviation and/or editing which may
be required.

The same general considerations apply to a reference or azimuth mark which is
being treated as a control point (i.e., which is not regarded as a peripheral RM
or AZ MK), whose 30-character name is to be entered on the respective *80* or *81*
record. Occasionally, an existing monunmented survey point of another agency is
used for a reference mark or, more frequently, for an azinmuth mark. Such a survey
poi nt must be treated as a control point, i.e., it must be identified by an four--
digit station serial nunmber. If it can be positioned (or if its geodetic position
is available from other sources), submt a *80* or *81* record for a control point
of this kind; otherwise submt a *82* record to give its name or designation

Name or Designation of Bench Mark: A bench mark (BM is a monumented (or
ot herwi se permanently marked) vertical control point whose hei ght above mean sea
Il evel (MSL) has been determ ned by differential |eveling. Bench marks occur in a
hori zontal control survey project if (1) a horizontal control point is also a BM
in aline of differential |eveling connected to the national vertical control
network, (2) a spur level line connection exists between a horizontal control
point and a nearby BM or (3) a BMis included as a control point in the project
for the purpose of extending vertical control by trigonometric |leveling (vertica
angles). All bench marks in a project should be positioned, if possible.

The name or designation of a bench mark entered on the *80* or *82* record nust
not exceed 30 characters in length. It should be taken as it appears in the
headi ng of the bench mark description, which normally is identical to or closely
resenmbl es the name or designation stamped on the disk. If the name or designation
of a bench mark must be contracted in order to conformto the 30-character |limt
the same general considerations apply as for the abbreviation and/or editing of
the name of a horizontal control point (see Station Name above).

If a reference mark disk (RM) for one control station is subsequently used as an
azimuth mark for another control station, the name or designation of the mark
shoul d reflect the stanping on the mark (original use and not subsequent use).



Li kewise, if a bench mark disk (BM is used as a reference mark for a control
station, the name or designation of the mark should always be that of the bench
mar k.

Geodetic Position: The geodetic position of every horizontal control point
for which a *80* or *81* record is submtted nust be given to serve either as a
fixed position or as a prelimnary position in the adjustment of the respective
hori zontal control survey project. The geodetic position may be expressed either
in terms of geographic coordinates (latitude and | ongitude) on the *80* record, or
it my be expressed in one of two plane coordinate systems - the Universa
Transverse Mercator (UTM) coordi nates, or the State Plane Coordinates (SPC) - on
the *81* record.

For previously established horizontal control points which are identified as
"fixed" by means of a *90* record (see FIXED CONTROL DATA RECORDS), the geodetic
position given on the *80* or *81* record should be either the published position
if the control point in question is an existing point of the national horizonta
control network, or else a position obtained from a constrained adjustnment.

The *80* record is intended for horizontal control points whose geodetic position
is given in ternms of geographic coordinates, i.e., as Latitude and Longitude. In
addition to the nunmeric value (in sexagesi mal degrees, m nutes, seconds, and

deci mal s of a second), the Direction of Latitude nmust be specified as "N' or "S"
and the Direction of Longitude must be specified as "E" or "W, by a one-letter
code adjacent to the latitude and |longitude fields.

The *81* record is intended for horizontal control points whose geodetic position

is given in ternms of plane coordinates, i.e., as a Y-Coordinate
(northing) and an X-Coordinate (easting), followed by a four-digit coordinate
system zone designati on. If Universal Transverse Mercator (UTM coordinates are

used, the northing and easting values are expected in neters and decimals of a
meter. The zone designation nmust be the appropriate UTM Zone Number (0001-0060)
as shown in ANNEX H. If State Plane Coordinates (SPC) are used, the northing and
easting values are expected in meters and decimals of a nmeter. The zone

desi gnati on nust be the appropriate State Zone Code as given in ANNEX B.

El evation and Elevation Code: Elevation is the vertical distance above the
geoid - an equi potential surface. Along the sea coast the geoid closely follows
mean sea |level (MSL). Often referred to as "orthonmetric height," elevation is
normal |y the dom nant conponent of ellipsoidal height. Ell'i psoidal height is the
sum of elevation and geoid height. Geoid height is the name given to the vertica
separation between the geoid and the reference ellipsoid of the geodetic datum
used (NAD 83 or as specified on the *13* record). Ellipsoid heights of horizonta
control points nust be known or closely approxi mated for the purpose of reducing
di stance measurenents to the reference ellipsoid and for conputation of the skew
normal and defl ection corrections which are applied to horizontal directions
and/ or horizontal angles.

The el evation of every horizontal control point for which a *80* or *81* record is
subm tted nust be given, except for unaccessible, unmonunmented, recoverable

| andmar ks positioned by intersection. When given, the elevation of such a

Il andmar k shoul d be the ground | evel elevation (e.g., obtained froma topographic
map, if a nmore accurate value is not available), and the height of the point
actually sighted entered as the height of target on the respective observation
record. But, since no distances are involved, the elevation field of an
unaccessi ble landmark is preferred |left blank



The el evation of a survey point is determ ned most accurately by differential
leveling. Other less accurate methods of determning the elevation of a survey
point are (1) GPS observations, (2) trigonometric |leveling using reciproca
vertical angles, (3) trigonometric leveling using non-reciprocal (i.e., one-sided)
vertical angles, and (4) photogrametric nmethods. In addition, an estimte of

el evation based on the exponential decrease of atnospheric pressure with altitude
can be obtained by a barometric leveling scheme (e.g., with the aid of an

altimeter). As a last resort, if elevation from another source is not at hand
the approxi mate el evation can be obtained by interpolation between adjacent
el evation contour lines on a map. In situations where ellipsoidal heights are

known, the orthonmetric height can be conmputed by subtracting some estimte of the
geoid height fromthe ellipsoidal height. Orthometric heights derived in this
manner are coded using the "G' code. The geoid height value used in the
comput ati on nust be submtted on a *86* record.

In every case, the source and general accuracy of the elevation value given on a
*80*, *81*, or the preferred *86* record must be indicated by a one-letter
Orthometric Height (OHT) Code (See table on page 2-84 for explanations). The
possi bl e el evation codes are as foll ows:

A - The control point is a bench mark (BM in the NGSI DB.

B - BM determ ned using FGCS/ NGS procedures but not in the NGSI DB.

C - The control point is a 'posted' bench mark.

D - OHT determ ned by datum transformation

F - OHT established using fly-1leveling.

G - OHT derived from GPS-observed heights with deci meter accuracy.

H - OHT determ ned using FGCS procedures but tied to only one (1) BM

J - OHT derived from GPS-observed heights tied to meter accuracy control

K - OHT derived from GPS-observed heights, according to the 2cm 5cm
el li psoid height standards, and a high resolution national geoid
nodel .

L - OHT established using NGS | eveling RESET procedures.

M - OHT scaled from a topographic map.

P - OHT determ ned by a photogrammetric method.

R - OHT determ ned by reciprocal vertical angles.

T - OHT determ ned by leveling between control points which are not BMs.

V - OHT determ ned by non-reciprocal vertical angles.

Station Order and Type: A two-character field is reserved on the *80* and
*81* records for the order-and-type code. The purpose of this code is to
characterize the specific order of accuracy of the horizontal control point and to
i ndi cate whether the horizontal control point in question is nonumented (or
ot herwi se permanently marked), unmonunmented but recoverable (e.g., a |landmark), or
unmonument ed and non-recoverable (e.g., an auxiliary point). In addition, the
purpose of this code is to characterize the type of the survey scheme of which the
hori zontal control point is a part and/or by means of which it is positioned
(i.e., triangulation, trilateration, traverse, intersection, or resection). It
al so indicates whether the horizontal control point in question is considered to
be a mai n-scheme station or a supplemental station in the respective survey
scheme.

In every case, care must be taken to assign an order-and-type code which reflects
how t he horizontal control point was used in the project. For exanple, if a

hori zontal control point previously established as a first-order triangulation
station is occupied in the course of a second-order traverse project, then it nust
be assigned an order-and-type code which classifies it as a second-order traverse
station rather than as a first-order triangulation station. For control points
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whi ch cannot be positioned within the project because of insufficient observations
(but for which an accurate geodetic position is available from other sources, and

hence for which a *80* or *81* record is submtted), the order-and-type code is to
be | eft bl ank.

The first character (order) of the order-and-type code indicates the order of

accuracy used to survey the main-scheme network. It reflects the surveying method
used, procedures followed, and specifications enforced by the project
instructions. It is also intended to indicate whether the horizontal control

point is a nonunented (or otherwi se permanently marked) control point, an
unmonument ed recoverable | andmark, or a tenmporary point, not permanently marked
and therefore nonrecoverable, which must be treated as a control point (e.g., an
unmar ked eccentric point which is offset more than 10 neters fromthe respective
control point). The respective "order codes" are as follows:

1. Order Codes of Permanently Marked Stations:

- Order A lnterferonmetric Positioning

- Order B Interferometric Positioning

- Trans-Continental Traverse (TCT)

First-Order Survey Schene

- Second-Order (Class | and Class |Il) Survey Schene

- Third-Order (Class | and Class Il) Survey Scheme

- Lower-Than-Third-Order Survey Scheme and

Suppl ement al Unnonunment ed Recoverable Landmarks (see bel ow).

rAONROT>

2. Order Codes of Nonrecoverabl e Points:

5 - First-Order Survey Scheme

6 - Second-Order (Class | and Class |Il) Survey Schene

7 - Third-Order (Class | and Class |Il) Survey Schene

8 - Lower-Than-Third-Order Survey Schenme

In general, the order-and-type codes of all nonunmented (or otherwi se permanently
mar ked) horizontal control points should be assigned the same order code (equal to

the order code of the order-and-class code assigned to the project - see under
PROJECT DATA RECORDS), except when survey work of nore than one order-and-class
category is included in the project. In this case, special care nmust be taken to

assign the appropriate order code to every monumented control point according to
the order-and-class category of the respective section of the project; control
points which qualify for nmore than one order designation nust be assigned the
order code which corresponds to the higher order-and-class

category. But, in a Trans-Continental Traverse (TCT) type project, only the
stations of the high-precision traverse proper (i.e., stations connected by

hori zontal directions and by distances measured with electro-optical DME on two
ni ghts) should carry the order code "0"; other horizontal control points occupied
and/ or sighted upon should be treated as conparable stations in a first-order

proj ect.

As a matter of convention, the order code "4" is assigned to unmonunmented
recoverabl e | andmarks positioned as supplenmental stations, i.e., as intersections
or spur traverse stations which are incidental to the primary survey schenme,
regardl ess of the order-and-class category of the project or section of project of
which they are a part. However, if such a landmark (e.g., a flagpole or church
spire) occurs as an unoccupi ed mai n-scheme station in a triangulation network,
then it must be assigned the same order code as any other main-scheme station in



its vicinity, i.e., a main-scheme intersection station which is an unmonunment ed
recoverabl e | andmark nmust be assigned the same order code as a monumented control
poi nt .

Consi dering the discussion in the preceding two paragraphs, the allowable order
codes of the order-and-type codes assigned to horizontal control points within a
project (or within a section of a project) are as follows:

TABLE 2-5 - ALLOWABLE ORDER CODES
+333331113333331333333333333133331333333313)3)1)))»

*SURVEY SCHEME ALLOWABLE*
*ORDER- AND- CLASS CATEGORY ORDER CODES*
73)33333)3)33)333331313113313333)1313313)3I))))))1

*Interferometric Positioning A B *
*Trans- Conti nental Traverse (TCT) 0,1,4,5 *
*First-Order 1,4,5 *
*Second-Order (Class | and Class I1) 2,4,6 *
*Third-Order (Class | and Class I1) 3,4,7 *
*Lower - Than- Thi rd- Order 4,8 *

-32333333)333333333331333333133331313333133)))))

The second character (type) of the order-and-type code indicates the type of
survey used to position the horizontal control point. It is also intended to
indi cate whether the horizontal control point is a main scheme station (i.e., one
which is essential to the primary survey schenme) or a supplemental station

(i.e., one which is incidental to the primary survey schenme). The respective
"type codes" are as follows:

1. Type Codes of Main-Scheme Stations:

- Positioned Primarily by Triangulation

- Positioned Primarily by Trilateration

Positioned Primarily by Traverse

- Positioned Primarily by Interferometric Satellite Relative
Posi tioning
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2. Type Codes of Supplemental Stations:

- Positioned Primarily by Triangulation

- Positioned Primarily by Trilateration

- Positioned Primarily by Traverse

Positioned by Intersection (Note: 1 if Main-Scheme Station)
- Positioned by Resection

- Positioned Primarily by Interferometric Satellite Relative
Posi tioning

WO~ U A
.

As mentioned before, an intersection station which occurs as a main-scheme station
(essential to the primary survey scheme) in a triangulation network is assigned
the type code "1".

If it is not clear whether a horizontal control point is a main-scheme or

suppl emental station in a Ist-Order or 2nd-Order (Class | or Class Il) network, it
shoul d be treated as a mai n-schenme station. In particular, if special effort has
been made to preserve the nom nal accuracy of the



respective main-scheme network in the positioning of a station which may not
appear to be essential to the primary survey scheme (e.g., extra angul ar
observations were taken and/or a distance was measured with el ectro-optical DME),
such a supplemental station should be regarded as a mai n-scheme station and
assigned a type code accordingly.

In a third-order and | ower-than-third-order survey schemes, the distinction

bet ween mai n-scheme and suppl emental stations is uninportant, hence type codes 4,
5, and 6 are not used with order codes 3 and 4; however, type codes 7 and 8 are
still used to identify supplenmental intersection and resection stations. In
particular, the order-and-type code assigned to a recoverable | andmark which is
incidental to the survey scheme should be 47 if positioned by intersection (43 if
positioned by a spur traverse) in a survey scheme of any order and cl ass.

Consi dering the discussion above, the allowable combinations of order and type
codes that can be assigned to horizontal control points within a project (or
within a section of a project) are as foll ows:

TABLE 2-6 - ALLOWABLE TYPE CODES

+33333113333331133331333333113)33000)33)))

* ORDER ALLOWABLE *
* CODE TYPE CODES *
7333333333313333333) 1331133001

* A A *
* B A B *
* 0 , 6 *
* 1,5 1,2,3,4,5,6,7,8,AB *
* 2,6 1,2,3,4,5,6,7,8,AB *
* 3,7 1,2,3,7,8, A *
* 4,8 1,2,3,7,8, A *
-333333333333333333113333333333300)0))))))-

Whenever a horizontal control point qualifies for more than one type code (i.e.,
when a station can be considered to be positioned by two or nmore different survey
met hods), the type code which reflects the survey nmethod resulting in the
strongest position, when used al one, should be assigned. A hierarchy of order-
and-type codes is given in ANNEX E.

Geoi d Height: Geoid height is the name given to the vertical separation
bet ween the geoid and the reference ellipsoid of the geodetic datum used (NAD 83
or as specified on the *13* record). Along the sea coast the geoid, an
equi potential surface, closely follows mean sea |level (MSL). El evation is the
vertical distance above the geoid. Often referred to as "orthometric height,"
elevation is normally the dom nant conmponent of ellipsoidal height. Elli psoida
height is the sum of elevation and geoid hei ght. El I'i psoi dal height must be known

for every horizontal (and vertical) control point for the purpose of reducing
hori zontal control survey observations to the reference ellipsoid (and for the
extension of vertical control by trigonometric leveling). Since the

geoi d hei ght value associated with a horizontal (or vertical) control point is
often unknown, it is a common practice to assume it to be zero, and hence to use
the elevation as the best avail able approximation for the desired ellipsoida

hei ght .



If a reliable value of geoid height is known, a *86* record should be submtted on
whi ch the respective geoid height is given in meters and decimals of meter. Not e
that the geoid height is positive when the geoid is above the ellipsoid and that
it is negative when the geoid is below the ellipsoid. The geoid height val ue

gi ven shoul d be acconpanied by an estimate of its absolute accuracy in the form of
a standard error (Sigma).

Deflection of Vertical: The deflection of vertical is the angle formed by the
tangent to the direction of gravity (known as the "vertical") and the "normal" to
the reference ellipsoid of the geodetic datum (NAD 83 or as specified on the *13*
record). In addition to the magnitude of this angle, usually given in seconds and
deci mal s of second of arc, the direction (e.g. the geodetic azinmuth) of the
defl ection nust also be specified. Alternatively, the direction of the deflection
of vertical is inplied when the deflection is given in terms of two rectangul ar
conmponents - e.g. the north-south or meridional component and the east-west or
pri me-vertical conponent.

The deflection of vertical comes into consideration in connection with horizonta
directions, horizontal angles, and vertical angles observed with theodolites or
transits which are leveled (i.e., oriented with respect to the direction of
gravity). Accordingly, the deflection of vertical must be known at every point
from which horizontal directions, horizontal angles, or vertical angles have been
observed, so that appropriate corrections can be conmputed to convert these
observed quantities fromthe gravity-oriented "astronom c" frame of reference to
the ellipsoid-oriented geodetic system

Because the deflection of vertical at a given horizontal control point is often
unknown, it is a comon practice to assune it to be zero. Since, in the
continental United States, the maxi mum defl ection of vertical, defined with
respect to the North American 1983 datum (NAD 83), seldom exceeds 20 seconds of
arc, and is normally much less (e.g., 3 to 5 seconds), the error introduced by
this approxi mation in connection with the reduction of horizontal directions and
hori zontal angles is inmperceptible except for long, inclined lines of sight in
nmount ai nous regi ons. However, in connection with the use of vertical angles for
determ ning elevation differences, this approximtion is one of the major sources
of error which render the extension of vertical control by trigononetric |eveling
i naccur at e.

If the deflection of vertical is reliably known (e.g., as a result of astronomc
latitude and | ongitude observations), a *85* record should be submtted. The
deflection is given in terms of the respective meridional (i.e., north-south) and
prime-vertical (i.e., east-west) conmponents, each expressed in seconds and

deci mal s of second of arc.

The Meridional Conmponent (Xi) of the deflection of vertical is the difference
bet ween the astronom c and geodetic |l atitudes of the horizontal control point.
The direction of the meridional conponent, i.e., the Direction of Xi_ nmust be
specified as "N' or "S" according to whether the astronomc latitude falls north
or south of the corresponding geodetic latitude. The Prinme-Vertical Conmponent
(Eta) of the deflection of vertical is the difference between the astronom c and
geodetic |l ongitudes of the horizontal control point, multiplied by the cosine of
the approximte (astronom c or geodetic) latitude. The direction of the prinme-
vertical component, i.e., the Direction of Eta must be specified as "E" or "W
according to whether the astronomc longitude falls east or west of the corre-
spondi ng geodetic | ongitude. Both the nmeridional and prime-vertical conponents




of the deflection of vertical should be acconpani ed by an estimte of their
absol ute accuracy in the formof a standard error (Sigm).

The results of astronom c azinmuth observations and astronom c position
observations (recorded as the meridional and prime-vertical conponents of the

defl ection of vertical) are entered on the *60* and *85* records of the HZTL OBS
data set. In addition, all astronomc latitude, |ongitude, and/or azimuth
observations should be submtted separately in full detail for rigorous processing
and incorporation into the astronomc data file of the National Geodetic Survey
Dat a Base.

FI XED _CONTROL DATA RECORDS — no |longer required in the observation data set

*90* - Fixed Control Record

The purpose of the *90* record is to allow identification of horizontal control
points which are to be used as "fixed control"” in the project, i.e., those control
poi nts whose coordinates are to be held fixed in the adjustnment of the respective
hori zontal control network. Submt a *90* record for each horizontal control
point to be held fixed; a *80* or *81* record nmust appear anong the *80*-series
records (see SURVEY POI NT DATA RECORDS) for each horizontal control point
identified as "fixed" by a *90* record. And, as stated previously, the geodetic
position given on each of these *80* or *81* records should be either the
publ i shed position, if the control point in question is an existing point of the
nati onal horizontal control network, or else a position obtained froma
constrained adj ustnment.

Normal |y, at |east two horizontal control points will be designated as fixed
control in a horizontal control survey project. If only one horizontal control
point is identified, the necessary scale and orientation of the horizontal control
net wor k must be provided by sufficient *50*-series and *60*-series records (see

DI STANCE DATA RECORDS and AZ|I MUTH DATA RECORDS) .




RECORD FORMATS

For each record which may appear in an HZTL OBS data set (see Table 2-1), a block
di agram has been prepared to illustrate the respective format. These "format
di agrams” have been designed to fulfill the followi ng objectives

1. Each record is 80 characters |long

2. Each record has a fixed format, i.e., every data field has a
specific length and specific position within the record.

3. Each format diagramis a graphical image of the respective record.

4. Wthin the limts of available space, the data to be entered in
each data field are identified on the format diagrams to render
them sel f-expl anatory. See pages 2-88 thru 2-1009.

5. In addition, a brief information and instruction sheet acconpanies
each format diagram See pages 2-41 thru 2-87

Required Data - In general, only those records which represent actual field
observations collected during the survey project should be included in an HZTL OBS
data set (e.g., no *60* records should be submtted if no astronom c/Lapl ace
azi muths were determ ned in the project). Records that are optional or those
which may be om tted under certain circunstances are clearly designated on the
instruction sheet for each format diagram The required data fields on the format
di agrams have been highlighted (bold printed).

Fl oating Point Field (XXXxx) - intended for a data item which is coded as a
deci mal nunber, i.e., as a string of numeric characters (prefixed with m nus sign
if the nunmber is negative) which may contain one |eading, inbedded, or trailing
period (the deciml point), but may not contain any inbedded bl anks. If the
deci mal point is present, the character string representing the integer digits,
the decimal point, and the decimal fraction digits may be positioned anywhere
within the respective field (generally left-justified), and the unused col umns of
the data field are blank-filled. When a negative nunmber is entered, code the
m nus sign i mmediately preceding the leading digit.

When the decimal point is not coded, the “X" portion of the floating-point field
is to contain the integer part of the deciml nunmber, and the “x” portion the
correspondi ng decimal fraction part, the deci mal point being inplied between the
rightmost “X” colum and the leftmost “x” colum of the field. The coded deci mal
poi nt overrides the inplied deciml point position in every case

Integer Field - intended for a data item which is coded as a string of nunmeric
characters representing a positive or negative integer nunber, to be entered in
the respective data field right-justified. In the case of a positive integer
nunber, zero-fill any unused colums on the left. In the case of a negative
integer nunber, code the mnus sign i mediately preceding the | eftmost non-zero
digit, and blank-fill any unused colums to the left of the m nus sign




DATA SET | DENTI FI CATI ON RECORD (*aa*)

The first record in a Horizontal Observation Data set must be a Data Set
Identification Record which identifies the data class and type (HTZL OBS), the
name of the submtting organi zation, and date the data set was created. The job
code is a two-character al phanumeric code assigned to each horizontal control job
subm tted by an organization. An asterisk (*) immediately precedes and foll ows
the code and the first character of the code must be a letter. Assign the code Al
to the first job and continue in sequence to the last. (Al, A2..., A9, B1,
B2,...etc.) The job code used in this record nust be identical to the job code in
the Data Set Term nation Record, the last record in the Horizontal Observation
Data Set (HZTL OBS), and identical to the job code used in both the Data Set
Identification Record and the Data Set Term nation Record of the Geodetic Control
Poi nt Descriptive Data Set (GEOD DESC). This record is required.

*aa* FORMAT

CC 01-06 SEQUENCE NUMBER. RI GHT JUSTI FI ED. MJUST BE 000010.

CC 07-10 JOB CODE. MUST BE *aa*. THE SYMBOL "aa" DENOTES THE TWO-
CHARACTER CODE ASSI GNED BY THE SUBM TTI NG ORGANI ZATI ON.

CC 11-14 DATA CLASSI FI CATI ON. MJST BE HZTL.

CC 15-18 DATA TYPE. MJST BE OBS. LEFT JUSTI FI ED.
CC 19-24 ABBREVI ATI ON OF ORGANI ZATI ON. SEE ANNEX C. | F NOT LI STED
THERE,

PROPOSED ABBREVI ATI ON MUST BE ACCEPTED BY NGS PRI OR TO FI RST
SUBM TTAL OF DATA. SEE ANNEX K.

CC 25-66 SUBM TTI NG ORGANI ZATI ON.  FULL NAME OR ORGANI ZATI ON PERFORM NG
THE OBSERVATI ON. LEFT JUSTI FI ED.

CC 67-72 ASSI GNED G/ GPS NUMBER. (FOR NGS USE ONLY)

CC 73-80 DATE DATA SET CREATED. YEAR, MONTH, DAY (YYYYMVDD) .

For a nore detail ed explanation of the contents of the record see Chapter 1, page
1-1, JOB CODE AND POl NT _NUMBERI NG and Chapter 2, pages 2-1 thru 2-3, HZTL OBS DATA
SET RECORDS.




PROJECT TITLE RECORD (*10*)

This record identifies the project by name. The use of geographic locality al one
as the title of a horizontal control survey project has traditionally been the
practice of NGS and its predecessors. This record is required

*10* FORMAT
CC 01-06 SEQUENCE NUMBER. RI GHT JUSTI FI ED. MUST BE 000020.

CC 07-10 DATA CODE. MJST BE *10*.
CC 11-80 PROJECT TITLE. LEFT JUSTI FI ED.

PROJECT TITLE CONTI NUATI ON RECORD (*11*)

This record is required only if the project title in the *10* record exceeds the
70-character field allowed. Do not divide words between *10* and *11* records.
This record is optional

*11* FORMAT

CC 01-06 SEQUENCE NUMBER. RI GHT JUSTI FI ED. | NCREMENT BY 10 FROM THE
PREVI OUS RECORD.

CC 07-10 DATA CODE. MJUST BE *11*.

CC 11-80 PROJECT TI TLE CONTI NUED FROM *10* RECORD, |F NECESSARY. THI S
RECORD IS OPTI ONAL.

For a nore detail ed explanation of the contents of this record see pages 2-5 and
2-6, PROJECT DATA RECORDS.




PROJECT | NFORMATI ON RECORD (*12*)

This record identifies the person responsible for the survey (chief of party) by
name, provides a record of the dates on which survey operations commenced and
term nated, indicates type of survey, and order and class of survey. This record
is required.

*12* FORMAT

CC 01-06 SEQUENCE NUMBER. RI GHT JUSTI FI ED. | NCREMENT BY 10 FROM THE
PREVI OUS RECORD.

CC 07-10 DATA CODE. MJUST BE *12*.
CC 11-16 DATE FlI ELD OPERATI ONS BEGAN. YEAR, MONTH (YYYYMV) .
CC 17-22 DATE FlI ELD OPERATI ONS ENDED. YEAR, MONTH (YYYYMV) .

CC 23-25 CHI EF OF PARTY INITIALS. (FIRST C.O.P.).

CC 26-43 SURNAME AND | NI TI ALS OF CHI EF OF PARTY (FIRST C.O.P.) LEFT
JUSTI FI ED. =~ SEPARATE SURNAME AND EACH I NI TIAL W TH A BLANK.
DO NOT USE PERI ODS OR OTHER SPECI AL CHARACTERS.

CC 44- 46 CHI EF OF PARTY INITIALS. (SECOND C.O.P., I|IF ANY).

CC 47-64 SURNAME AND | NI TI ALS OF SECOND CHI EF OF PARTY, |F ANY.

CC 65-75 BLANK

CC 76 SURVEY METHOD. | DENTIFY PRI MARY SURVEY METHOD USED. SEE TABLE
BELOW

CC 77-78 PRI MARY STATE OR COUNTRY CODE. SEE ANNEX A.

CC 79-80 ORDER AND CLASS OF SURVEY. SEE TABLE BELOW

Survey Met hod Codes Order and Class of Survey Codes
1 - Triangul ation AA - AA Order Interferonmetric
Posi tioning
2 - Trilateration A0 - A Order Interferonmetric
Posi tioning
3 - Traverse BO - B Order Interferonmetric
Posi tioning
4 - Gl obal Positioning System 00 - Trans-Continental Traverse
10 - First Order

21 - Second Order Class |
22 - Second Order Class |1
31 - Third Order Class |
32 - Third Order Class |1
40 - Lower Than Third Order

For a nore detail ed explanation of the contents of this record see pages 2-5
through 2-7, PROQJECT DATA RECORDS and DATE AND TI ME.




GEODETI C DATUM AND ELLIPSOI D RECORD (*13*)

This record defines the datum and reference ellipsoid for the geodetic positions,
defl ections of the vertical, geoid heights, and/or reduced ellipsoidal distances
(Code E in *52* record) as they appear in this project. Do not enter the Inverse
Flattening (1/f) if the ellipsoid is defined by the Sem -Mjor Axis (a) and the
Sem - M nor Axis (b). Li kewi se, do not enter the Sem -Mnor Axis (b) if the
ellipsoid is defined by (a) and (1/f). This record is required unless the datum
is the North American 1983 (NAD 83).

*13* FORMAT

CC 01-06 SEQUENCE NUMBER. RI GHT JUSTI FI ED. | NCREMENT BY 10 FROM THE
PREVI OUS RECORD.

CC 07-10 DATA CODE. MJST BE *13*.

CC 11-34 DATUM NAME. DO NOT | NCLUDE THE WORD ' DATUM I N THE NAME.
ABBREVI ATE | F NECESSARY.

CC 35-50 NAME OF THE ELLI PSOI D.
CC 51-60 SEM - MAJOR AXI'S (a) I N METERS ( MVMVMVMITY) .
CC 61-70 | NVERSE FLATTENING (1/f) (XXXXXXXXXX) .
THE FLATTENING (f) = (a - b) / a.
CC 71-80 SEM - M NOR AXI'S (b) IN METERS ( MMMVMMMITY) .



HORI ZONTAL DI RECTI ON SET RECORD (*20*)

This record identifies the initial direction for each set of direction
observations. Use the Horizontal Direction Record (*22*) for all the remaining

directions observed in the same set. The instrument station (standpoint) refers
to the point from which the observation is taken (e.g., the point occupied by the
observer). The target station (forepoint) refers to the point to which the

observation is directed. Use the *21* Comment Record(s) immediately followi ng the
*20* record for any comments.

To anticipate the accuracy of an observation, the type of survey equi pment used
must be known. To identify the instrument used for each observation, assign a

uni que three-digit nunmber (Job-Specific Instrument Nunber) in the range 001 to 999
to each item of survey equi pment used in the job. Each nunber will cross
reference a NGS survey equi pment code in the *70* record. See Chapter 2, page
2-10, Job-Specific Instrument Number and page 2-28, Survey Equi pment Data Records.

*20* FORMAT

CC 01-06 SEQUENCE NUMBER. RI GHT JUSTI FI ED. MUST BE AN | NCREMENT OF 10
FROM PREVI OUS RECORD.

CC 07-10 DATA CODE. MJST BE *20*.

CC 11-14 STATI ON SERI AL NUMBER ( SSN). | NSTRUMENT STATI ON ( STANDPOI NT) .
FOR ADDI TI ONAL | NFORMATI ON SEE CHAPTER 1, PAGES 1-1 THRU 1-3,JOB
CODE AND SURVEY POI NT NUMBERI NG; CHAPTER 2, PAGES 2-8 THRU 2-9,
OBSERVATI ON DATA RECORDS; PAGES 2-12 THRU 2-13, ASSI GNMENT OF
STATI ON SERI AL NUMBERS; AND PAGE 2-14, TREATMENT OF ECCENTRI C
OBSERVATI ONS.

CC 15-16 SET NUMBER. ENTER 01 FOR THE FI RST SET OF THE DI RECTI ON
OBSERVATI ONS. USE 02, 03, ETC. FOR SUCCESSI VE SETS. SEE
CHAPTER 2, PAGE 2-18, SET NUMBER

CC 17-22 FI ELD RECORD BOOK NUMBER. VOLUME NUMBER ASSI GNED TO THE FI ELD
BOOK I N WHI CH THE DI RECTI ON OBSERVATI ONS ARE RECORDED

CC 23-24 NUMBER OF OBJECTS SIGHTED IN THI'S SET. THI' S VALUE EQUALS THE
SUM OF THE *20* RECORD AND THE *22* RECORD(S) IN THI S SET. SEE
CHAPTER 2, PAGE 2-18.

CC 25-29 WEATHER CODE. THE FI RST COLUMN OF THI'S CODE (25) IS A PROBLEM
| NDI CATOR FOLLOWED BY VI SI BILITY, TEMPERATURE, CLOUD COVER AND
W ND | NDI CATORS I N SUCCESSI ON. FOR | NFORMATI ON CONCERNI NG THE
WEATHER CODE TO BE USED | N CONNECTI ON W TH HORI ZONTAL
OBSERVATI ONS, SEE P. 2-10.

CC 30-32 I NI TI ALS OF THE OBSERVER.

CC 33-35 JOB- SPECI FI C | NSTRUMENT NUMBER (JSIN). THE UNI QUE THREE-DI G T
NUMBER I N THE RANGE 001 TO 999 ASSI GNED TO THE | NSTRUMENT USED
TO OBTAIN THI' S OBSERVATION. THI S NUMBER W LL CROSS REFERENCE
THE NGS SURVEY EQUI PMENT CODE IN THE *70* RECORD.




CC 36-39 HEI GHT OF | NSTRUMENT. ENTER THE VERTI CAL DI STANCE FROM THE TOP
OF THE OCCUPI ED SURVEY MARK (POl NT) TO THE OPTI CAL CENTER OF THE
SURVEYI NG | NSTRUMENT. | N METERS (MMmm). FOR ADDI Tl ONAL
I NFORMATI ON SEE CHAPTER 2, PAGE 2-11, HEIGHT OF | NSTRUMENT AND
HEI GHT OF TARGET.

CC 40-45 DATE OF OBSERVATI ON. YEAR, MONTH, DAY (YYMMDD). SEE CHAPTER 2,
PAGES 2-18, DATE AND TI ME.

CC 46-49 LOCAL TIME. HOURS, M NUTES (HHMM). SEE CHAPTER 2, PACE 2-7
TI ME, AND PAGE 2-18, DATE AND TI ME.

CC 50 TI ME ZONE. ENTER THE LETTER CODE FROM ANNEX H WHI CH REPRESENTS

THE TI ME ZONE OCCUPI ED. @ SEE CHAPTER 2, PAGE
2-7, TIME ZONE.

CC 51-54 STATI ON SERI AL NUMBER. TARGET STATI ON. SEE CHAPTER 1, PACGES1-1
THRU 1-3, JOB CODE AND SURVEY POI NT NUMBERI NG, CHAPTER 2, PAGES
2-8 THRU 2-9, OBSERVATI ON DATA RECORDS; PAGES 2-12 THRU 2-13,
ASSI GNMENT OF STATI ON SERI AL NUMBERS; AND PAGE 2-14, TREATMENT
OF ECCENTRI C OBSERVATI ONS

CC 55-58 HEI GHT OF TARGET. ENTER THE VERTI CAL DI STANCE FROM THE TOP OF
THE TARGET STATI ON SURVEY MARK (POl NT) TO THE TARGET
(POI NT) ABOVE THE MARK USED FOR THE DI RECTI ON OBSERVATIONS. IN
METERS(MVmmM) . SEE CHAPTER 2, PAGE 2-11, HEIGHT OF | NSTRUMENT
AND HEI GHT OF TARGET.

CC 59 VISIBILITY CODE. SEE CHAPTER 2, PAGE 2-11, VISIBILITY CODE.

CC 60-61 NUMBER OF REPLI CATI ONS. NUMBER OF POI NTI NGS OR MEASUREMENTS
USED TO DETERM NE A HORI ZONTAL DI RECTI ON. SEE CHAPTER 2,
PAGE 2-16, NUMBER OF REPLI CATI ONS AND PAGE 2-19, LAST
PARAGRAPH.

CC 62-63 REJECTION LIMT. THE MAXI MUM ALLOWED DEVI ATI ON OF A SI NGLE
OBSERVATI ON FROM THE MEAN OF ALL THE OBSERVATI ONS USED TO
DETERM NE A DI RECTION IN A SET. I N SECONDS. SEE CHAPTER 2,
PACGE 2-16, REJECTION LIMT.

CC 64-72 I'NI TI AL DI RECTI ON. MEAN OF POI NTI NGS OR MEASUREMENTS TO THE
FI RST OBJECT SI GHTED I N THE OBSERVI NG SEQUENCE, NORMALLY
ASSI GNED A VALUE ZERO DEGREES, ZERO M NUTES AND ZERO SECONDS
(DDDMVSSss) . SEE CHAPTER 2, PAGES 2-17 AND 2-18, HORI ZONTAL
DI RECTI ON DATA RECORDS.

CC 73-76 | NTERNAL CONSI STENCY. SIGMA | N SECONDS (SSss). ENTER ONLY |F
RELI ABLE ESTI MATES ARE AVAI LABLE. SEE CHAPTER 2, PACE 2-17,
| NTERNAL CONSI STENCY SI GMA.

CC 77-80 EXTERNAL CONSI STENCY. SI