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- POLICY OF THE NATIONAL OCEAN SERVICE REGARDING THE

INCORPORATION OF GEODETIC DATA OF OTHER ORGANIZATIONS
INTO THE NATIONAL GEODETIC SURVEY DATA BASE

The National Ocean Service (NOS), Coast and Geodetic Survey, National Geodetic
‘Survey (NGS), has determined that the value to the National Spatial Reference
System (NSRS) of geodetic observations obtained by other Federal, state, and
local organizations compensates for the costs incurred by the Federal Government
to provide quality assurance, archiving, and distribution functions for surveys
contributing to the public good. Agencies submitting data must adhere to the
following requirements. The final decision whether to accept data will be the
responsibility of the Chief, NGS. ‘

FORMAT

ACCURACY

The survey data must be submitted in the automated formats
specified in the Federal Geographic Data Committee (FGDC), Federal
Ceodetic Control Subcommittee (FGCS), publication Input Formats
and Specific of the National Geodetic Survey Data
(September 1994), which describes the formats and procedures of
submitting data for adjustment and assimilation into the NGS data
base. Separate volumes of this publication refer to horizontal
control data (volume I), vertical control data (volume II), and
gravity control data (volume III). Guidelines for submitting
three-dimensional Global Positioning System (GPS) relative
positioning data are contained in Annex L of volume I.

Standards of accuracy are given in Standards and Specifications
for Geodetic Control Networks (1984) and Geometric Geodetic

Accurxac tandards and ecifications for U GPS Relative
Positioning Techniques (May 1988).

The survey data must be properly formatted as set forth by FGCS
and meet the minimum accuracy requirements of:

First-order horizontal accuracy standards for GPS or
conventional horizontal surveys.

Second-order, class II vertical accuracy standards for
conventional geodetic leveling.

Third-order gravity accuracy standards for gravity surveys.
In addition, these data standards and accuracies must be verified,

using currently available NGS software, by the provider prior te
submitting the survey project to NGS.
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MONUMENTATION

FIELD RECORDS

PROJECT REPORT

REVIEW

Please note: Effective September 1, 1995, survey project data
must meet the above minimum accuracy standards to be accepted for
inclusion in the NGS data base. Surveys that are of lower order
than given above will be accepted only in exceptional cases
-approved by the Chief, NGS.

Monumentation must be uniquely identified and conform to minimum
prescribed standards. Guidelines for control monuments are given
in NOAA Manual NOS NGS 1 (1978), Coast and Geodetic Survey Special
Publication 247 (1950), and in Geometric Geodetic Accuracy

Standards and Specifications for Using GPS Relative Positioning
Techniques, appendix H (May 1988). Monument descriptions must be

submitted in the automated format specified in Input Formats and

Specifications of the National Geodetic Survey Data Base
(September 1994). |

Original field records (or acceptable copies) are requested with
data submission. NGS will retain these records in the National
Archives and Records Administration. This is necessary in the
event that questions arise concerning the surveys upon which the
adjusted data are based. Where digital records are required,
e.g., GPS projects, such records will be submitted to NGS in a
format specified by NGS at the time of submission. If field
records are not submitted with the data, NGS reserves the right to
inspect these records upon request. If field records are not
submitted on request, NGS reserves the right to not accept and/or
not publish the data, and if published, a disclaimer may be
attached to the published data.

A project report, including sketches, is required for geodetic
control projects. It should be submitted with the data and adhere
to the form outlined in annexes K and L (GPS) of Input Formats and

Specifications of the National Geodetic Survey Data Base
(September 1994).

Reconnaissance reports describing proposed connections to the
NSRS, along with the planned instrumentation and field procedures,
must be submitted prior to beginning a project. This will enable
NGS to comment on the proposed connections, using information
available in the NGS data base concerning the accuracy and
condition of these points, and to assure conformance with minimum
accuracy standards and criteria. The project review could save
the submitting agency the expense of placing data in computer-
readable form that will fail accuracy or monumentation criteria.
NGS work schedules and computer requirements can also be developed
from this information. Upon receipt of the reconnaissance
reports, NGS will respond within 10 working days.



RETURNED
SUBMISSIONS

SUBMITTED
PROJECTS

COST

PUBLICATIONS

With verbal concurrence of the submitting organization, a limited
number of errors in the submitted data will be corrected by NGS.
Beyond a reasonable limit of about 1 percent, the entire project

will be returned to the sender.

Projects must be submitted such that the unit of field work will
compute independently of other projects. They must be connected
to points already in the NGS data base. All data pertaining to a
project (observations, descriptions, adjustments, reports, etc.)
must be simultaneously received by NGS. Due to a limited
capability to review, analyze, and edit survey data before they
are loaded into the NGS data base, data contributed for inclusion
into the data base should be processed and adjusted by the
provider, using currently available NGS software, prior to
submittal to NGS.

There is no cost to submitters for NGS quality review, archiving,
and distribution functions for survey data submitted according to
the requirements discussed above. When NGS is requested to
provide on-site instruction with respect to data formatting and/or
data processing, the requesting organization will be charged for
travel and per diem costs.

All the publications referenced in this statement are available
from the National Geodetic Information Branch, N/CGl74, NOAA, 1315
East-West Highway, Silver Spring, MD 20910-3282.

Tglephone (301) 713-3242 Fax (301) 713-4172



PREFACE

"Input Formats and Specifications of the National Geodetic Survey (NGS) Data
Base, " commonly called the "Blue Book," is a user’s guide for preparing and
submitting geodetic data for incorporation into NGS’ data base. Survey data
that are entered into NGS’ data base become part of the National Spatial
Reference System (NSRS), formerly the National Geodetic Reference System. The
guide comprises three volumes. Volume I covers classical horizontal geodetic
and Global Positioning System (GPS) data, volume II covers vertical geodetic
data, and volume III covers gravity data. Begimning with this edition, the
three formerly separate volumes are distributed as a set, since a great deal
of information is common to each volume. Because some of the chapters and
annexes are identical in all three volumes, the original numbering design has
been retained.

The formats and specifications are consistent with the aims of the Executive
Office of the President, Office of Management and Budget’s (OMB) Circular
'A-16, as revised in 1990. A major goal of the circular, which is titled
"Coordination of Surveying, Mapping, and Related Spatial Data Activities,”" is
to develop a national spatial data infrastructure with the involvement of
‘Federal, state, and local governments, and the private sector. This
multilevel national information resource, united by standards and criteria
established by the Federal Geodetic Control Subcommittee (FGCS) of the Federal
Geographic Data Committee (FGDC), will enable the sharing and efficient
transfer of geospatial data between producers and users.

Survey data that are submitted to NGS for incorpdratian into NSRS should be
properly formatted and supply minimum accuracies of:

First-order horizontal accuracy standards for GPS and conventional
-horizontal surveys; :

Second-order, class 1I vertical accuracy standards for conventional
leveling;

Third-order gravity standards for gravity surveys.

Effective September 1, 1995, survey project data must meet the above minimum
accuracy standards to be accepted for inclusion into the NGS data base.
Surveys that are of lower order than given above will be accepted only in
exceptional cases approved by the Chief, NGS.

In addition, these data standards and accuracies should be verified and the
survey data contributed for inclusion into the NGS data base should be
processed and adjusted by the provider, using currently available NGS
software, before submitting the survey project to NGS. '

At this time, NGS provides review, archiving, and distribution functions free
of charge for survey data submitted in the proper format. These surveys must
contain connections to NSRS in accordance with FGCS Standards and
Specifications and they must contribute to the public good.



The production of the Blue Book entailed significant contributions from a
number of NGS employees. Notable among these are D. Sherrill Snellgrove for
his revision of Volume I, originally prepared by then-Commander Ludvik
Pfeifer, NOAA (Ret.); Nancy L. Morrison and Commander Pfeifer, for their
contributions to preparing Volume II; and then-Lieutenant Warren T. Dewhurst,
NOAA, for his preparation of Volume III.

This publication and most of the documents referenced herein may be obtained
from: '

NOAA, National Geodetic Survey, N/NGS12

1315 EBast-West Highway, Station 9202

Silver Spring, MD 20910-3282

Telephone: (301) 713-3242; Fax: (301) 713-4172

Monday through Friday, 7:00 a.m. - 4:30 p.m. Bastern Time.
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CONTENTS - VOLUME III

Chapter 7 - GRAVITY DESCRIPTIVE (GRAV DESC) DATA - see Vol I, Chapter 3

Chapter 9 - GRAVITY CONTROL (GRAV) DATA

Chapter

Chapter

ANNEX
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ANNEX
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c
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10 - GRAVITY OBSERVATION (GRAV OBS) DATA

11 - ADJUSTED GRAVITY CONTROL (GRAV ADJU) DATA

- NGS STATE AND COUNTRY CODES - see Vol I

- CONTRIBUTORS OF GEODETIC CONTROL DATA - see Vol I

- GUIDELINES FOR GEODETIC CONTROL POINT DESIGNATIONS - see Vol I

- NGS SURVEY EQUIPMENT CODES - see Vol I

- STANDARD TIME ZONES - see Vol I

- SUMMARY OF CODES IN GEODETIC SURVEY POINT DESCRIPTIONS - See Vol I
- SUMMARY OF.CODES USED IN BM DESC - superseded by Vol I, Annex I

- PROJECT REPORT INSTRUCTIONS - see Vol I

- GRAVITY CONTROL FORMULAS

Note: Volume I (Chapters 1-3, Annexes A-I,K,L,N) contains input formats and
specifications for horizontal control data, Volume II (Chapters 5-6, for Annexes
A,C,D,E,F,H,I,K see Volume I) contains input formats and specifications for vertical
control data. Chapter 3, Geodetic Control Descriptive (GEOD DESC) Data of Volume I
-contains the input formats and specifications which are used for Gravity Descriptive
" (GRAV DESC) Data in this volume.
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CHAPTER 9
GRAVITY CONTROL (GRAV) DATA
INTRODUCTION

For coding and processing purposes, the data associated with geodetic gravity
control (GRAV data) have been divided into three groups. The three gravity
control data groups are (1) the field observations of gravity data between .
survey points, i.e., counter dial readings (OBS data), (2) descriptive data
including original and recovery descriptions (DESC data), and (3) adjusted
gravity values (ADJU data). Detailed instructions and formats for the coding
and keying of the OBS, DESC, and ADJU gravity control data sets are contained
in Chapters 10, 7, and 11, respectively. The formats and specifications for
the keying of GRAV DESC data are identical to those used for VERT DESC data.

Although all three data types are normally generated in connection with each
gravity control survey project, OBS, DESC, and ADJU data must be submitted to
the National Geodetic Survey as separate data sets. There are two modes in
which gravity control data may be submitted to the National Geodetic Survey.
In order of preference, they are:

. MODE 1 - Field Observations and Descriptive data .
(GRAV OBS and GRAV DESC data)

MODE 2 - Adjusted Gravity Data (GRAV ADJU data)

- . The foregoing implies that every gravity control survey project (or several

projects submitted as one "job" -~ see below) will be received at the National
Geodetic Survey as one of two distinct data sets: either OBS and DESC data

sets under mode 1, or ADJU data under mode 2. The data sets of each gravity
control job must be submitted at the same time. There are distinct benefits

to be realized when gravity control data intended for insertion in the gravity
data base are submitted in the mode 1 configuration. Because the field observa-
tions which connect the survey points are given, mode 1 data can be rigorously
~examined and edited if necessary. This process insures that the values of the
new survey points will be consistent with the existing gravity control in that
area. ' .

By contrast, mode 2 data consist of isolated points whose final adjusted gravity
values are submitted. Because the connecting observations are not available,
these adjusted values cannot be fully verified. ’

Mode 2 data are not entered into the National Geodetic Survey gravity data
base. This type of data is entered into the NGS gravity working file. The
format for ADJU data must conform with the specifications in Chapter 11.

The distinction between the gravity data base and the working file is thus

made. The gravity data base contains values for control points whose accuracy
and descriptions are verifiable by NGS. The working file contains values for
survey points which are not fully verifiable by NGS and/or for which descriptions
do not exist within the NGS.
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JOB CODE AND SURVEY POINT NUMBERING

The basic unit or grouping of data to be submitted is given the name job’.

A gravity control job may consist of data for a maximum of 9999 OBS data

stations or an unlimited number of ADJU stations. A job may consist of a

single survey (i{.e., one unit of field work), or a number of survevs may be
included in one job. It is suceested that gengraphic nroximity be the
determining factor in selecting gravity contrnl survevs for inclusion in anv one
job. A gravitv “control voint" (base satation) is defined ar 2 survey point which
is monumented (or otherwise permanently marked), described and whose (adjusted)
gravitv value is known. A gravitv control point may be a Natinnal Gendetic Survev
vertical control “bench mark” (BM) but usuallv is not. A “survev ooint”, in turn,
is defined as any point wvhich has one or more gravity differences measured tn it
or from it. A survey point may or may not have an sccompanving descriontion.

A "loob” is the basic component of anv gravity control survey. A loop consists
of a sequence of gravitv observations which beeins on a eravity control onint
and ends on a gravitv control ooint. There are three common tynes of lonp

sequences:

1. ladder Sequence
2. Modified Ladder Seauence
- 3. Line Sequence

The ladder sequence loop begins and ends at the same control voint. The survev
points are observed twice during the loop. The return nortion is run oonosite
to the forward run. This loop seanence is often used for scale factor
determinations or hieh accuracy network densification.

The modified ladder sequence loop also beegins and ends at the same contrnl
boint.‘ However, not all the survev noints are observed twice duringe the lono.

The liné sequence loop begins at a contrnl voint and ends at a different control
point. The survev pnints are often onlv observed once.

Figure 9-]1 jllustrates each of the loop sequences,



A.

B.

‘C.

 KIY:

6 5 4
Ladder Sequence Loop (A-1-2-3-2-1-A for lines, A-B-C-B-A for Base Station Ties)
1 2 3

Reobserve at least 1 intermediate station.

Modified Ladder Sequence Loop (A-1-2-3-1-A)

1 2 3

S N 7

| R
] ® @ ®

Lline Sequence Loop (A-1-2-3-2-B)

Control point (base station where the gravity value is
known or is tied directly to a known base station)

Survey points on which gravity values are to be established.

L
O
&~

Observing sequence and direction.

Figure 9-1 Examples of Loop Sequences



A two-character alphanumeric code must be assigned to each gravity control job
submitted by an agency in accordance with this publication. This job code, the
data set type, the name of the submitting agency, and the data set creation date
will serve to uniquely identify every data set received by NGS. The first
character of the two-character job code must always be a letter; the second

. character may be either a letter or a number (1 through 9). Begin the assigning
of job codes with Al and end with 2Z, i.e., Al, A2, ..., Bl, ..., 21, ..., ...,
29, AA, AB, ..., ZZ. This allows a total of 910 uniquely identified job codes
to be submitted by any one agency. Should this sequence be exhausted, start
assigning job codes again from the beginning: Al, A2, etc.

Each survey point that is observed and each control point used in a gravity
control job must be assigned an unique four-digit serial number (mot necessarily
consecutive) in the range 0001 through 9999. If known, the point must also be
identified by its Archive Cross Reference Number (ACRN). If the number of survey
points exceeds 9999, the gravity control data in question must be divided and
submitted as two or more jobs. If possible, gravity surveys should not be
subdivided. The same survey point serial number (SPSN) must be consistently used
vhenever reference is made to the same point in either the OBS, DESC, or ADJU
data sets of a gravity control job. All control points for wvhich recovery
descriptions are written in this current survey, but which are not observed in
this current survey, will be assigned the SPSN code 0000.

MEDIA FOR SUBMITTING DATA

At present, the only computer readable media acceptable to the National Geodetic
Survey on a routine basis is standard 9-track magnetic tape. Magnetic tape is
‘the preferred medium for both small and large volumes of data: agencies submittis
large volumes of data should use this medium exclusively. Printed data may be
accepted by NGS only for very small, isolated jobs on a case-by-case basis.

The following information must be given for each data set submitted as printed
data:

‘1. Name and address of the submitting agency.
2. Description of the contents of the printed sheets by data type.

3. Name and telephone number of person to be contacted in case of
difficulty with the data.

This information should be given in a letter of transmittal, s copy of which
should be packed with the data in question.

When the data are submitted as files of formatted records on magnetic tape,
the following information is expected to be given for each reel of tape:

1. Name and address of the submitting agency.
2. Reel number or identification symbol assigned by submitting agency.

3. Number of files and a description of each file and data type.
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4. Computer system on which the tape was created (e.e., IBM 360/XXX,
CDC 6600, etec.).

5. Internal label information (non-labeled).

6. Number of tracks (9) and paritv (even or ndd).
7. Recording densitv (800, 1600, or 6250 BPI).

8. Record length (80) and slock size.

9. Character representation code (ASCII).

10. Name and telenhone number of person to be contacted in case of
difficultv with the data.

In addition to being given in the respective letter of transmittal, this
information should be entered on one or more "stick-on’ labels affixed to the
magnetic tape reel. .

A letter of transmittal in which the data are described and itemized should
alvavs be vrepared for each data shinment. One copv shonld be enclosed with

the data shipment, one sent bv mail to the National Geodetic Survey, and another
copy should be retained bv the sender. See ANNEX K for the current mailing
instructions. In everv case, the submitting agency should retain a back-up of
all data included in a shinment until the svecific data have been sucessfullv
read bv the National Gendetic Survev.

CODING, KEYING, AND DATA VERIFICATION

All data submitted to the Natinnal Gendetic Survev must be cnded and keved in
strict conformitv with the formats and spvecifications contained in this
publication, In addition, the keving of all data must be verified. Detajled
formats and specifications for the cnding and keving of gravitv control jobs
are contained in Chanter 10 (GRAV OBS data), Chapter 7 (VERT DESC data), and
in Chanter 11 (GRAV ADJU data). The formats were designed to allow the kevine
. and verification of the data to be accomplished on standard equioment. The
80-character record (card image format) has been adopted for all anplications.

In keving the data entries, care must be taken to ensure that alphabetic characters
(letters) are alwavs keved usine the alphabetic kevs on the kevine device, and that
numeric characters (numbers) are always keved using numeric kevs. In particular,
the miskeying of the following characters must be avnided:

0 - number “zero" -- O - letter "Of

1 - number "one* -- 1 - letter "L

2 - number “two' == Z -~ Letter "Z'

SPECIAL CHARACTERS

In addition to alphabetic characters (letters A through Z) and numeric characters
(numbers 0 through 9), the followine svmecial characters are allowed:
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(#) asterisk (+) olus sien :
() blank (=) minus sien or hynhen

(,) comma (=) equal sign

(.) veriod or (/) slash or solidus
decimal voint (() left parenthesis

($) dollar sign ()) right parenthesis

NOTE: A restriction on characters is imposed for the designatinns of survev
points (see ANNEX D),

SEQUENTIAL RECORD NUMBERING

The first six characters of every record are reserved for a recnrd seauence
number. The purpose of the seacuential numbering of recnrds i« to insure that
the oroper sequence of individual recnrds in a data set can be verified and,
if necessarv, restored. The record sequence numbers must form one continuine
sequence throughnut each data set, startine with the first record (the Data
Set Identification Record) and ending with the last record (the Data Set
Ternination Recnrd).

Start by assigning sequence nmmber 000010 to the first record in the data set

{the Data Set ldentification Record) and increment bv 10 on each successive

record. This numberine svstem allows w to nine records to be inserted between
anv two originally number records withnut the necessitv of renumbering anv

records in the data set. Even vhen a large block of omitted records mist be
inserted, only a few nf the existine records will have tn be renumbered. However,
to allow for the detection of missing records, all insertinns and/or deletinns
vhich cause deviation from the basic 000010, 000020, 000030, ete., “increment-bv-
ten’ record sequence must be accounted for in the resvective letter of transmittal.

~ Discounting anv sfter-the-fact insertions, the above-described segquential

numbering svstem will permit a8 maximum of 99,999 uniquely numbered records in
anv one data set. Should there ever be a need for a greater number of recnrds
in a data set, retain onlv the last six digits of the higher sequence mmbers,
i.e., ... 999980, 999990, 000010, etc.
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Chapter 10
GRAVITY OBSERVATION (GRAV OBS) DATA

INTRODUCTION

This chapter orovides detailed specifications and instructions for the coding
and keving of the observational data set of a gravity survey job. As explained
in Chapter 9, a gravity survey job may consist of two distinct data sets which
must be submitted together. The companion data set to the gravity observation
(CGRAV OBS) data set treated in this chanter is the data set containing original
descriptions and recovery descriptions for the gravity stations that are in

the gravity survey job., This description (GRAV DESC) data set is detailed in
Chapter 7. The format for the GRAV DESC data set is identical to the VERT DESC
format. However, it should be noted that the Data Set Identification Record
accompanving the GRAV DESC data set should reflect the GRAV and not VERT data

class.

‘The GRAV OBS format is a data transmittal format and not intended as a data
acquisition format. NGS specific techniques and instructions for the
acquisition of pravity field data can be found in the National Geodetic
Survev Operations Manual, Chanter 2.6. These instructions apoly only to NGS
field pvarties although other agencies mav elect to use them.

GRAV OBS DATA SET RECORDS

D#ta that constitute a GRAV OBS data set are organized into five categories:
1. Survev Identification Data
2. Survev Equioment Data
3. Observation Data
4, Looo Termination Data
5. Station Information Data

Within these categories, the respective data have been grnuned into 'records”.

A record is a string of characters containine data codes in a svecific format.
Everv record in a GRAV OBS data set cnnsists of 80 characters or “columns™,
Within each record, the 80 columns are divided into fixed-leneth fields, each
field being the space reserved for a spvecific data item. Accordinglv, for everv
desired data item, there exists a field of approoriate length into which the
data items are entered as strings of -alvhanumeric characters. The set of rules
according to which specific data items are converted into strines of alrhanumeric
characters to be entered in the fields of a record is known as the *'format”, of

that record..

The tvroes of records which mav appear in a GRAV OBS survey job are listed in
Table 10-1. Each tyne of record has been given a name, and a block diagram
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TABLE 10-1
GRAVITY OBSERVATION DATA SET RECORDS

FIRST RECORD -
®AA* - Data Set Identification Record

SURVEY IDENTIFICATION DATA

*]0% - Survey Informatinn Record

*]1* - Survey Title Record

*12% - Survev Title Continnation Record (Obtinnal)
*13% - Survey Title Continuation Record (Optional)

%14% - Survev Title Cnntinuatinn Record (Obtinnal)
*15% - Corment Record (Optional)

§URVEY EQUIPMENT DATA
*20* - Instrument Information Record
*21* - Instriment Calibration Header Record
*22*% - Instrument Caiibration Information Record
*23% - Instrument Scale Factor Header Record
#*24% -~ Instrument Scale Factor Record
*25% ~ Comment Record (Optional)

OBSERVATION DATA

%30*% - Land Observatinn Record
*32% -~ Marine Observation Record
*35% -~ Comment Recnrd (Optinmnal)

. LOOP TERMINATION DATA
*40% -~ Looop Terminatinn Record
*45% « Comment Record. (Optional)

; STATION INFORMATION DATA
*50*% - Station Information Record
- *55% -~ Comment Record (Ootinnal)

LAST RECORD
*AA%* - Data Set Termination Recnrd

Note: The svmbnl *AA* denotes the two-character job code assigned bv
the submitting agency - see Chapnter 9.

illustrating the resnective format has been prevared to serve as a mndel for
that record - see FORMAT DIAGRAMS. An example OBS data set also apnears in
figure 10-1. Excent for the first and last records of the data set, the
second character field of each record (columns 7-10) contains a two-dieit
numerical data code, oreceded and followed bv an asterisk, which snecifies
the tvpe of that record (*10%, *11% ,,. - gee Table 10-1). The first and
last records of the data set (the Data Set Identificatinn Record and the Data
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Set Termination Record) display in this field the two-character alphanumeric job
code assigned by the submitting agency (%*Al*, %A2%, ..., *ZZ% - see Chapter 9).
The first character field of every record (columns 1-6) is reserved for the
respective record sequence number - see Chapter 9. The remaining portion of each
record (columns 11-80) contains character fields that are specific for each
individual record type.

STRUCTURE OF THE GRAV OBS DATA SET

The first record of a GRAV OBS data set must be the Data Set Identification
Record which contains the required information to identify the data set and
to correlate it with its companion GRAV DESC data set - job code, data type
(GRAV OBS), name of submitting agency, and the date the data set was created.
The last record of the data set must be the Data Set Termination Record. It
is the only record in the data set on which the respective job code appears
in the same field (columns 7-10) as on the Data Set Identification Record.

The GRAV OBS data set records which are bracketed by these two delimiter
records may pertain to one or more units of field work; i.e., field
observation data for several gravity surveys may be submitted in one GRAV OBS
data set under the same job code, provided that the total number of survey
points in the job does not exceed 9,999 (see Chapter 9). Each loop must be
terminated by a *40% record. A *10* record following a *50* series record
(or a *40* series record for a marine gravity survey) signifies the beginning
of a @mew gravity survey within this data set. . .

A gravity survey is a unit of field work consisting of a number of survey
points which are connected by gravity observations. When coded as part of a
GRAV OBS data set, a gravity survey is a block of records comprising record
-groups arranged in the following order:

1. - Survev ldentification Data (*10"-Series) Records:
*10% Record
*11%* Record (*12%, *13*, and *14* records optional)
*15% Comment Records (optional, any number allowed)

‘2. Survey Equipment Dat$ (**20*-Series) Records:

*20* Instrument Information Records

*21* Instrument Calibration Header Records

*22% Instrument Calibration Information Records
*23% Instrument Scale Factor Header Records

*24% Instrument Scale Factor Records

*25% Comment Records (optional, any number allowed)

3. Observation Data (*30%-Series) Records:

*30* Land Observation Record giving all information relative to a specific
land observation at a station within a loop of a survey

*32* Marine Observation Record givibng information observed during a marine
gravity survey

*35% Comment Records (optional, any number allowed)
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4. Loop Termination Record:

*40% Records
*45% Comment Records (optional, any number allowed)

5. Station Information Record:

- #50% Records giving station information related to a specific SPSN. This
includes station position, elevation and designation.

*55% Comment Record (optional, any number allowed)

SURVEY IDENTIFICATION DATA RECORDS

*10% Survey Information Record

*11* Survey Title Record (Optional)

*12* Survey Title Continuation Record (Optiomal)

*]13* Survey Title Continuation Record (Optional)
© *14* Survey Title Continuation Record (Optiomal)

*15% Comment Record (Optional)

The survey identification data records, bearing the (*10*-series data codes) are
listed above; the block diagrams illustrating the respective formats will be
found under FORHAT DIAGRAMS.

The *10% record contains essential survey identification data and is always
required. The *11* record is optional; however, it is highly desirable that
a8 survey title (reflecting the geographic location of the survey - see below)
be given. The survey title should be concise so as to fit on the *11* record
(up to 70 characters); however, one, two, or three continuation records (the
*12%, *13%, and *14% records) may be included if the title is lengthy or if a
main title followed by subtitle(s) is called for. Following the *11% record
(or else the last title continuation record), there may be included as many
*15* records as appropriate to give comments pertinent to the survey (e.g.,
significant problems encountered, deviations from standard procedures, etc.),
if any.

The entries on these records (see FORMAT DIAGRAMS) are for the most part self-
explanatory; however, the following data items will be explained in greater
detail:

Order and Class of Survey: A two-digit code is provided on the *10* record to
specify the intended 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 Networks,
prepared by the Federal Geodetic Control Committee (FGCC), and published by
the National Oceanic and Atmospheric Administration (NOAA), U.S. Department

of Commerce, Rockville, Md. In addition to the four gravity control survey
categories defined in this publication, two other survey categories need to
be considered - old gravity control surveys of first order for which no class
is specified, and surveys of lower-than-third-order accuracy The respective
two-digit codes are as follows:
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Two Digit Accuracy Codes

10- First-Order (Class Unspecified)
11- First-Order, Class 1

12- First-Order, Class II

20- Second-Order

30- Third-Order

40- Lower-Than-Third-Order

The accuracy code assigned to a gravity survey should reflect the procedures
and specifications by which that entire survey has been observed. When
well-defined segments of a survey fall into different order-and-class
categories, the survey must be divided accordingly and the respective parts
submitted as separate surveys.

State or Country Code: Provision is made on the *10* record to indicate ‘the
political unit(s) and/or geographic area(s) in which the gravity survey is
located using the two-letter state or country codes given in ANNEX A. Up to
three such codes may be entered, in the order of progress along the lime in
question. In the United States or in Canada, enter the appropriate code for
- the respective state, commonwealth, province, or territory. Elsewhere enter
the appropriate code for the respective country, island group, or geographic
area - see ANNEX A.

Survey Title: The use of geographic location alone as the title of a gravity
survey has traditionally been the practice of the NGS and its predecessors.
In general, the title by which the gravity survey is known to the submitting
agency should be given, supplemented to reflect geographic location, as
required. Omit punctuation marks (periods, commas, etc.) and parentheses
whenever their omission can be tolerated, and use ANNEX A state and country
codes whenever reference to a state or country is necessary. Furthermore,
edit and abbreviate the title in the interest of fitting the entire title on
the *11* Survey Title Record, if at all possible. However, up to three
additional records (the *12%, *13*, and *14* Survey Title Continuation
Records) may follow the *11% Survey Title Record if the title must be lengthy
or when a main title followed by one or more subtitles is desired.

The geographic location of the survey should be descriptive of the route
followed, i.e., the starting locality, any prominent '"via" points, and the
ending locality should be specified in the order of progress of the survey
(Example: ALBANY GA VIA MORVEN TO CALLAHAN FL). If the survey is a member of
a special project or of an area network to which a specific name or title has
been assigned, such a name or title should be carried as a main title on the
*11* record and the title of the survey proper should follow as a subtitle on
one or more of the continuation records. Example:

*11% Record: NAVD REGION I- NEW ENGLAND
%12% Record: BOSTON MA TO BANGOR ME

DATE AND TIME

The date of the GRAV OBS data set creation must appear on the Data Set
Identification Record, and the dates on which survey operations commenced and
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terminated are to be entered on the *10% Survey Infnrmation Recnrd. In
"addition, character fields are reserved for the date and/or time on several
other records of the GRAV OBS data set. Thronrhout the GRAV OBS data set,
date and time are to be coded as follows:

Date: The full date is coded as an eight-dipit intemer mmber consisting of

four two-digit groups dennting (from left to right) the last whole century,
number of full vears since the turn of centurv, month nf the vear, and dav nf

the month (CCYYMMDD). For the 20th century, the “centurv” columns mav be omitted,
and the data coded as a six-digit intecer number dennting the vear, month, and
dav (YYMMDD). If the dav is not known (e.g., in connection with nld data
extracted from archives for which the date is nnt fullv moecified), leave the

last two columns of the field blank: if the month is nnt known, leave the last
four columns of the field blank. For example, Februarv 8, 1970, wnuld be cnded
as follows:

1. Full date is known: 19700208 or
700208

2. Day of the month is not known: 197002 or
7002

3. Month of the vear is not known: 1970 or
70

However, the comnlete date and time are requested for everv *30* geries reconrd
vhere apolicable.

Time: The time of dav is coded as a four-digit intezer nimber consistine nf
two-dieit grouos dennting (from left tn rieht) the hours and minntes

(HIMM) nf a 24~hour clock excent on the *32% recnrd where it is ended as a
six-dieit integer consistine of hours, minutes and seconds. In everv case, the
Greenwich Mean time is tn be used. In this manner, ambienities are avnided
concerning the date, which is alwavs assimed tn be the "Greenwich" time and date.

Tﬁe wrldwide use of the time zone descrintions and the U.S. Navv nne-letter
desipnations are illustrated in ANNEX H, This annex shnuld be used to ascertain
the correct conversions from “local’ date and time tn Greenwich date and time.

SURVEY EQUIPMENT DATA RECORDS

*#20% Instriment Information Record

®21* Instriment Calibration Header Reconrd

*22% Instrwment Calibration Informatinn Reecnrd
*23% Instrument Scale Factor Header Recnrd
®24% Instrument Scale Factor Record

%25% Comment Record (ontional)

The survev equioment data reconrds, identified bv *20%-geries data cndes, are listed
above; the block diagrams illnstrating the resvective formats are eiven in the
FORMAT DIAGRAMS. The survev eaquioment data records contain identificatinn and
calibration data pertaining to the gravity meters nsed to carrv out the observa-
tions. See STRUCTURE OF THE GRAV OBS DATA_ SET for the nrooer sequence in whirch
the *20*-geries records must appear in the block of recnrds which constitutes a
survev in a GRAV 0BS data set.
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The *20* Instriment Infnrmatinn Recnrd contains the data required to completelv
identify a gravity meter. :

The "21* Instriment Calibration Header Record contains all of the informatien
necessary to completely identifv a calibration of a gravity meter. It is
extremelv important that a *21* record immediatelv orecede the *22% records

which it identifies.

The *22% Instrument Calihratinn Information Reenrd cnntains the actual data used
to calibrate the meter. This recor’ contains a seauence nf ordered vairs, counter
reading/value in mpals., The first *22% recnrd for a oarticular calibratinn must
start with the lowest counter reading as the first entrv and oroceed sequentiallv
until the entire calibration has been recorded. As manv %*22*% records as are
necessary to comnletelv record a calibration mav be used. In other words, there
is no limit tn how detailed or gross the calibration interval mav be. The
standard Table 1 interval (see fie. 10-2) for La Coste & Rombere G meters is

100 counter dial wnits. There is no requirements to maintain this interval or
even to have the interval remain constant. It shonld be noted that, denendine
uoon the instruments used as well as the intended nrder and class of survev,

" the ®*21* and *22% records mav not be necessarv,

The *23% Instrument Scale Factnr Header Record contains all the informatinn
necessarv tn comnletelv identifv a scale factor determination and correlate
that determination with a gravitv meter. A *23*% record must oreceed a *24%
record and identifv the information siven in the *24* record.

The *24% Instrument Scale Factor Record defines a scale factnr for a gravitv
meter and is related tn the nreceeding *23% record.

The *25% Comment Record mav be submitted anvwhere within the *20* geries recnrds
to dennte chaneges from normal procedures or anv information which might imnact
the qualitv of the data.

NGS Gravitv Instriment (Meter) File: The nurnose of the #*20* series records is
to provide innnut to a permanent computer file in which an historic record is
maintained for each eravitv meter ever used in a GRAV OBS data set submitted tn
the National Geodetic Survev, A recnrd is established in this file, for an
instrument, the first time it is encountered in the orncessine of a GRAV OBS data
set. Thereafter, this file is undated when new information is submitted.

NGS Survev Ennioment Code: A three-dieit numeric identificatinon code is assiened
to each categorv of survey eauipment, and within each caterorv to snecific

instruments or other commonlv nsed items. In narticular, eravitv instruments are
assiegned 001-029 survev eauipment cndes (see ANNEX F). )

Instrument Serial Number: Assiened bv the manufacturer, the serial number is

the ultimate identifier of a specific instrument. Serial nimbers are nnrmallv
nimeric: however, alphabetic characters are often used as nrefixes, suffixes,

etc. For this reasnn, a serial nmimber must be treated as alnhanimeric information
to be entered in the respective character field left-justified and blank-filled

on the right.
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The instrument serial number will be used together with the respective survey
equipment code (see above) to create appropriate entries in the NGS Gravity
Instrument File, to maintain these entries up to date, and to access this file
for the retrieval of the respective calibration data in the course of routine
processing of GRAV OBS data sets. It is therefore of utmost importance that
the respective serial number be faithfully reproduced and that identical serial
number representation be used consistently whenever reference is made to that
specific instrument in any GRAV OBS data set. .

OBSERVATION DATA RECORDS

*30% Land Observation Record (Running Record)
*32% Marine Observation Record
*35% Comment Record

' The observation data records, identified by *30*-series data codes, are listed
above. The block diagrams illustrating the respective formats are given in the
FORMAT DIAGRAMS. The purpose of the *30*-series records is to provide the means
to record the observations carried out during a loop. Recall that in relative
gravimetry a loop is a unit of field work consisting of a number of survey points
conpected by observations. A gravity loop usually begins and ends at control
points (Base Stations) where gravity is either known or will be determined in
this survey. A survey consists of one or more gravity loops. The observational
sequence within a loop is referred to as a "running".

Submit a *30* record for every land observation carried out during the survey,
regardless of its field acceptance or rejection status, but indicate on the

- record if the observation has been rejected. The *30* records must be submitted
in the order that the survey points were observed. Table 10-2 shows a possible
Land Gravity Observation Data Set. ' '

Submit a *32* record for every marine observation carried out during a survey,
regardless of its field acceptance or rejection status, but indicate on the
record if the observation has been rejected. The *32* records pust be submitted
in the order in which the gravity observations were observed (i.e. in the
direction of the trackline). If more than one observation is carried out at the
same time (i.e. by more than 1 meter) they may be submitted in any comsistant
order. *30% and *32* records must not be mixed in the same survey. In the case
of base ties to harbor stations or alongside observations, the *30* record must be
used. The *32* record is to be employed only for data taken at sea and for which
the assignment of Survey Point Serial Numbers (SPSN) and Archive Cross Referrence
Numbers (ACRN) would not be appropriate. It is of course possible to have several
surveys submitted at the same time, including both land and marine observations.
Table 10-3 shows a possible data set structure which includes both land and.

marine observations.

Submit *35% record for any pertinent comments during a survey. Comments
pertaining to severe weather conditions and equipment malfunction are
considered appropriate. ' : :
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TABLE 10-2
STRUCTURE OF A LAND GRAV OBS DATA SET
Data Set Identificatinn Record

*]0* - Series Records
*20% -~ Series Records

*30% -~ Series Records first

*40* -~ Series Records 1nno

*%*30% ~ Series Records second First Survev
*40% - Series Reconrds A 1lnop :

*30% - Series Reconrds last

*40% - Series Records loop in

*50% - Series Records first survey

*]0*% - Series Recnrds
. *20x ~ Series Records

*30% - Series Recnrds first

*40% - Series Records loop

*30% -~ Series Records second _ Secnnd Survev

*40* - Series Records looo (also last survey
in this examnle)

*30*% -~ Serjes Records last

*40% - Series Records lonp 1in

®50% -~ Series Records survey

Data Set Terminatinn Record

Survev Point Serial Number: For the nurnose of identifvine the survev oeints

of each survev in a cnncise and unique manner (e.2., on the resnective %*30%
records), each noint that is observed is assiened a survey-snecific serial mmber
in the ranee of 0001 to 9999. See Chanter 9 for a detailed explanation of the

survev point numberine system.

Heieht of Instument (HI): For a land survev, the HI is defined to be the distance
from the station mark to the instrument. For LaCoste & Romberg Model D and G
gravitv meters, this distance is measured tn the bottnm of the meter case,.
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TABLE 10-3
STRUCTURE OF A COMBINED LAND & MARINE GRAV OBS DATA SET

Data Set Identification Record

*10%* Series Records

*20% Series Records Land Observations (i.e. Base tie
*30% and *35% Records to shipboard gravity meter)

*40* Series Records .

*50% Series Records

*10* Series Records

*20%* Series Records Marine Observations -
*32% apd *35% Records (gravity observations
*40% Series Records taken along trackline)

*10%* Series Records
*20% Series Records

*30% and #*35 Records Land Observations
*40* Series Records (i.e. Base tie to shipboard

#*50* Series Records gravity meter)

Data set termination Record

For a marine survey requiring the use of *32% records, the HI is defined to be

the distance (vertically) above or below sea level to where the gravity meter is
mounted. For La Coste & Romberg models meters, this distance is measured to the
bottom of the stablized platform "bucket" which houses the gravity meter sensor.

The manufacturer will determine the appropriate place to measure to in the
case of other instruments. This location should be noted with a *35% record,

and in all cases remain unchanged during a survey.

A negative sign (;) indicates that the bottom of the meter is located below
the survey point (land observation) or sea level (marine observation).

Wind Code: A one-character numeric code, the purpose of which is to denote
the approximate wind conditions prevailing during the course of the running.

The three wind codes are:

0 - Wind speed less than 10 kilometers per hour
1 - Wind speed from 10 to 25 kilometers per hour
2 - Wind speed greater than 25 kilometers per hour

Sun Code: A one-character numeric code, the purpose of which is to denote the
approximate conditions of illumination prevailing during the course of an
observation. The three sun codes are:

0 - More than 75% cloud cover

1 - Between 25 and 75% cloud cover
2 - Less than 25% cloud cover )
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Ignneratnre of Air: The aif temverature is recorded in first order gravimetrv.
This temperature is recorded in tenths of Celcius deerees. 14.3 degrees C would
be recorded as 143. :

Atmospheric Pressure: The atmospheric pressure is recorded 1n‘firqt nrder
gravimetry. This pressure is recorded in millibars. Pressures measured in
other units should be converted to millibars. 1 mbar is anoroximatelv equal
to .75006 mm Hg. .

Reading Qualitv Indicator: A qualitative anpraisal of the readineg should be
included with each *30* record. This apnraisal or indicator should be the
field person's best estimate of the reading aualitv. The followine should
be nsed as general guide in decidine the mnst aopronriate indicator:

Readine Variabilitv

Indicator Snbjective
Criteria

Steadv (normal)
Slight variation
Moderate variation
Excessive variatinn
Tare suspected

W W N~

-

LOOP TERMINATION RECORDS

*40%* Loop terminatinn Record
®45% Comment Record

The Loon Terminatinn Record (*40%) is the recnrd reauired tn identifv the
comnletion of a eravitv loon. It serves no other ournose. There are no nther
fields besides the sequence nimber and data cnde fields.

A *45% comment record should be submitted for anv pertinent comments ahout a
lono.

STATION INFORMATION RECORDS

*50% Station Informatinn Recnrd
*55% Comment Record

The *50% Statinn Informatinn Record correlates a snecific Survev Pnint Serial
Number (SPSN) used within the survev tn a station desienation ar name bv which
the station or survev noint is commonlv referred as well as with the statinn
position and elevatinn,

A *50* recnrd must be submitted in the statinn informatinn data sectinn for each
SPSN used in the observatinn data section nf a survev. In addition, the *50%
recnrd allows the inclusinn nof an Archival Cnrss Reference Number (ACRN) if
known.
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A *55% comment record should be submitted for any pertinent comments about a
station. Additional information about the station name or location is considered
appropriate.

Archival Cross Reference Number: The Archival Cross Reference Number (ACRN) is
8 unique alpbanumeric identifying code assigned to each vertical and gravity
control point used in the NGS. The ACRN is not generally made available, as a
matter of practice, to the public. Thus, the use of ACRNs are expected to be
specific only to NGS.

Designation: A control point or bench mark is normally identified by a numeric
or alphanumeric symbol which is stamped on the disk marker (or is otherwise
inscribed on the bench mark mopument) to which is appended the abbreviation or
acronym (see Annex C) of the agency whose name is precast in the monument - if
other than the National Geodetic Survey, National Ocean Service, or Coast and
Geodetic Survey (see Origin). For marks not having a precast agency name, append
the acronym or abbreviation of the agency which set the mark (see Setting-by-
Agency). 1If the agency cannot be determined, do pot append an agency acronym or
abbreviation. Less frequently, a bench mark is assigned a concise, intelligible
pame (e.g., when a horizontal control point also becomes a bench mark); the
appropriate acronym or abbreviation should be appended to these also. A maximum of
25 characters (including all imbedded blanks) is allowed.

In every case, the survey point designation entered on the *50* record must be
identical to the (primary) designation used to identify the same gravity control
point in the companion GRAV DESC data set of the gravity control job - refer to
Chapter 7. Use the same general guidelines for the designations of any survey
points which lack descriptive data (e.g., undescribed temporary survey points
which may have to be carried in the GRAV OBS data set but which do pot appear in
the conpanion GRAV DESC data set, i.e. Drift Stationm).

' FORMAT DIAGRAMS

For each record which appears in a GRAV OBS data set (see Table 10-1), a
block diagram has been prepared to illustrate the respective format. These
"format diagrams" have been designed to fulfill the following objectives:

1. Each record is 80 characters long (standard punched card image).

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 disgram is a graphic image of the respective record.

4. Within the limits of available space, information and instructions
concerning the data item to be entered in each data field are provided
on the format diagrams to render them self-explanatory.

5. When appropriste, sample entities are shown in the data entry line of
each format diagram.: ’

6. Each data field is characterized as to its type by a string of lower-case
characters which appear immediately below the data entry line.
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Date Field Types:

1. Alpha Field (aa...a) - intended for a data item which is coded as a string
of alphabetic, numeric, and special characters, with or without imbedded blanks,
to be entered into the respective data field left-justified and blank-filled on
the right. See Chapter 9 for a list of special characters which are allowed.

2. Blank Field (bb...b) - to be blank-filled. Data fields which are designated
as blank fields must be left blank, i.e., no date items may be entered in these
fields. .

3. Floating-Point Field (ff...fdd...d) - intended for a data item which is coded
as a decimal number, i.e., as a string of numeric characters (prefixed with a minus
sign if the number is negative) which may not contain any imbedded blanks. If the
decimal 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 columns of
the data field are blank-filled.

When the decimal point is not coded, the "f" portion of the floating-point field
is to contain the integer part of the decimal number, and the "d" portion the
corresponding decimal fraction part, the decimal point being implied between the
rightmost "f" column and the leftmost "d" column of the field.

Accordingly, a string of numeric characters representing m integer digits followed
by n decimal fraction digits with the decimal point absent must be positioned in
-the floating-point field in such a manner that its integer part falls into the

m rightmost "f" columns, and its decimal fraction part into the n leftmost "d"
columns, with any unused "d" columns filled with zeros and any unused "f" columns
either filled with blanks or zeros. When a negative number is entered, code the
minus sign immediately preceding the leading digit.

4. Integer Field (ii...i).- intended for a data item which is coded as a string
of numeric characters representing a positive or negative integer number, to be
entered into the respective data field right-justified. In the case of a positive
integer number, blank-fill any unused columbs on the left. In the case of a
negative integer number, code the minus sign immediately preceding the leftmost
non-zero digit, and blank-fill any unused columns to the left of the minus sign.

S. Specific Character Field (ss..s) - intended to contain a specific alphabetic,
numeric, special character, or a specific group of characters. Every "s" column
of a specific character field must contain the character shown in that position
in the data line of the respective format diagram.

Required Data: In general, only those records which are applicable to the
data at hand should be included in a GRAV OBS data set. The character fields
intended for data items which are essential have been shaded on the format
diagrams; if applicable to the data being coded, these character fields must
be in accordance with the instructions given on the respective format
diagrams or in the text of this chapter. Records which are optional or those
which may be omitted under certain circumstances are clearly designated in
the headings, footnotes, or bodies of the corresponding format diagrams.
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000000000111111111122222222223333333333444444444455555555556666666666777777777178
12345678901234567890123456789012345678901234567890123456789012345678901234567890

000010*AZ*GRAVOBS NGS NATIONAL GEODETIC SURVEY
000020=10*P02645 1984031919840320 12AZ
000030*]1 1*ARIZONA LAND SUBSIDENCE PROJECT
000040*15*GPS & LEVELING ALSO RUN ALONG SAME LINES
000050%20*014G081 LACOSTE G-METER NGS

000060=21*G0 81 LACOSTE AUSTIN TEXAS 1
000070%25*0ONLY SUFFICIENT TABLE I VALUES FOR THIS SURVEY SUBMITTED
000080*22=2500000257235026000002675370270000027784002800000288143029000002984470
000090*22+3000000308752031000003190590320000032936703300000339677034000003499890

19840906
LMJINGS '

000100%23=G0 81 78 LACOSTE '
000110*24*1.000259

000120%20*015D043 LACOSTE D-METER NGS
000130%*23%D043 81 LACOSTE

000140%24*]1,2424

000150=30% 802 06081 18403191515  292531002LMJ10423802
000160*30% 802 0D043 8403191530 10005502LMJ10423802
000170%30* 001 206081 18403191559  293614002LMJ16423602
000180*30*% 001 20D043 8403191610 109044021LMJ16423602
000190%30* 002 206081 18403191623  294185002LMJ16523402
000200=30* * 002 20D043 8403191625 11380302LMJ16523402
000210%30* 003 70G081 18403191640  294705002LMJ17623402
000220%30* 003 70D043 8403191650 11798002LMJ17623402
000230*35*THIS WAS A BAD READING. OBSERVATION BEING REPEATED
000240%30* 003 70D043 8403191650 117990021LMJ17623402
000250%30* 802 06081 18403200057  292523002LMJ25525202
000260%30~ 802 0D043 8403200105 10003602LMJ25525202
000270%40* ,

000280*45=FIRST HALF OF LADDER SEQUENCE FINISHED

000290*30= 802 0G0 81 18403201549  292531002LMJ19524802
000300=30% 802 0D043 8403201601 10007902LMJ19524802
000310%30* 002 206081 18403202124  294165002LMJ30725502
000320%30* 002 20D043 8403202132 11366502LMJ30725502
000330*30* 003 65G081 18403202155 294685002LMJ33025802
000340%30= 003 65D043 8403202203 11796002LMJ33025802
000350%30* 001 20G081 18403202211 293583502LMJ31525802
000360%30* 001 20D043 8403202220 '10886102LMJ31525802
000370%30* 802 0G0 81 18403202247  292509002LMJ31126002
000380%30= 802 0D043 8403202253 09991302L.MJ31126002
000390*40*

000400%50* BO2AN 51 . CZ1510 3246360C 11136000C 4637431

000410%55%AN 51 IS THE BASE STATION FOR THIS SURVEY
000420%*50* 001X 278 CZ1034 3247480C 11137360C 4576811

000430%50= 002AL 49 USE CZ1031 3248240C 11138060C 4532661
000440%50* 003Q 363 CZ1032 3249180C 11138060C 4565581
000450%AZ*

00000000011111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

FIGURE 10-]1 -~ Example &#f OBS Date Set
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TABLE

I

Millipal Values for LaCoste & Romberg, Inc. Model G Gravity Meter #130

Counter Value in
Leading* Milligals
000 000
100 104.98
- 200 209.95
300 314.91
400 419.86
500 524.80
600 629.73
700 734.64
800 839.55
900 944 .46
1000 1049.36
1100 1154.,26
1200 1259.17
1300 1364.07
1400 1468.97
1500 1573.88
1600 1678.79
. 1700 1783.70
1800 1888.62
1900 1993.55
2000 2098.49
2100 2203.44
2200 2308.39
2300 2413.36
2400 2518.33
2500 2623.30
2600 2728.28
2700 2833.26
2800 2938.25
2900 3043.24
3000 3148.25
3100 3253.26
3200 3358.27
3300 3463.29
3400 3568.32
3500 3673.34
NOTE:

FIGURE 10-2 - Example of LaCoste &.Romberg Internal Values

Factor for

Interval

1.04980
1.04970
1.04960
1.04950
1.04935
1.04925
1.04915
1.04910
1.04905
1.04905
1.04903
1.04%900
1.04905
1.04905
1.04905
1.04510
1.04915
1.04920
1.04925
1.04940
1.04950
1.04955
1.04965
1.04970
1.04975
1.04975
1.04980
1.04985
1.04995
1.05005
1.05010
1.05015
1.05020
1.05025
1.05025
1.05025

10-15

Counter
Readine*

3600
3700
3800
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
5000
5100
5200
5300
5400
5500
5600
5700
5800
5900
6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
7000

Value in
Milligals

3778.37
3883.39
3988.43
4093.46
4198.50
4303.55
4408.60
4513.67
4618.74
4723.82
4828.91
4934.00
5039.09
5144.17
5249.26
5354.34
5459.42
5564.,50
5669.58
5774.66
5879.72
5984,77
6089.81
6194.84
6299.85
6404 .84
6509.83
6614.79
6719.73
6824.65
6929.53
7034.39
7139.21
7243.99
7348.74

Factor for
Interval

1.05025
1.05040
1.05030
1.05040
1.05045
1.05055
1.05065
1.05075
1.05080
1.05085
1.05090

- 1.05090

1.05085
1.05085
1.05075
1.05080
1.05085
1.05080
1.05075
1.05060
1.05050
1.05040
1.05025
1.05010
1.05000
1.04985
1.04965
1.04940
1.04915
1.04885
1.04855
1.04820
1.04785
1.04750

Right hand wheel on counter indicates aoproximatelv 0.1 milligal.
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y included 'n the job

y Surve

Oroer anpo Class of Survey
Orger 18t 2ng{3rg] Lower
Cless) = | 1 |11 |*s]|*=]| =+
Coce 10711 |12]20{30| 40O

* (Class unspecified
** NO class subcivision

Agency which mage the observations. For agencies
or firms 1isteg in ANNZIX C, enter the respective

six-character appreciation. For others enter the
ful) or apbreviatec name (up to 20 characters) -

see ANNEX C for examples.

Initials of Chief of Pariy - i.e., person responsible
for the survey, l1eave Dlank if unknown.

A code {is provided to indicate whether

St2te or Country Code - See ANNEX A. Enter the cooe(s)
for the state (or country) in which the 1ine begins
(anc i1nto which it extencs).

78
7890123E5678901234567890123456789J

4445555 55(55566666666667777777[717

Droer~ anc Class 0f Scrvey - See ta2ble above.

.

R
12345

eading record of each Gravit

e Gravity Surveys.

3333333344444
23456789

Date Fielc Dbservations Terminzated .

Century, year, montr, Oay (CCYYMNDD).

I1f cay is unknown, leave last two columns Dlank.

If montn is unknown, leave last four columns bdlank.

|

This must be the 1}

Da2te Fielc Doe-2tions Commenced

Century, year, monin, gcay. (CCYYMNDD).

If pay is unknowrn, leave 125t two columns Dlank.

If monin is unknown, leave las: four columns dlank.

Resorvey CODE = See TOOT G €

consists of one or mor

Agency - specific pointer to Line/Part
its owr archives - usually {Octional)

666677777777778
8901234567890123456{789
leave blank otherwise.

55666666

3

5

RWJIUSGS
5

11CA
444555
7890123

%

iiiiiiibbbbbbiiaaaéaapaakaaaaéaaaaaaaaaééaaébbb
1234

333333344444
345678

R19820124{19820413

n

given as an "accessior number"
(o~ othe~ cai2i0G. N0 Symdo:) Accession Number
which jgentifies the block of -
c2t2. possibly supplementec by
2 furtner "line" or "part"
gesignation. :

Informat ion Record.

“a GRAV DS job

001{111111111222P)22222233
890[123456789012[315678901

4

Data Cooe - precedef 2nc follower by a2sterisk.
{70~ - Survey Informa:ion Record)

that

g

123456

e

the survey is originat or not - see footnote.

*10* Surve
- nO
000000

Seouence Number
Incremert by 10 on successive records to allow for
insertiors. i

10-17
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Resurvey Code: Enter R If resurveyed over previously established control toop
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ect of which

e or Sspechia pro.
. *14* records for continuation and/or subtities, 1f any.

*14* Survey Title Continuation Records (Optional

L] '3.

Survey Title - use *12°, *13*, *14* Survey Title
Tontinuation Record(s) as requireo if the title
exceeos 70 characters or 1f subtitles are necessary
(e.g. the title of an area network followed by

title of the line).

The title of a survey line shoulc be descriptive of
the route followez, 1.e., it should ingicate the
starting and ending locations ang prominent "via®
points, 1f any (Exampie: ALBANY GA VIA MORVEN TO
CALLAHAN FL).

Do not divide worgs (or other character proups)
between the *11¢, *12* =13+ #314¢ Syurvey Title ang
Survey Title Continuation Records. Omit punctuation
marks (periods, commas. etc.) and parentheses
whenever possible. Use ANNEX A state and country
cooes whenever reference to a State or country 1s
necessary.

Abbreviate and/or edit a Survey title in the
interest of fitting the entire title on the *11¢
Survey Title Recorg, if possibdle.

890]1123456789012345678901234567890123456789012345678901234567890123456789

Data Coge
11, *12*, *13*, *18% Syrvey Title Recorcs

Ooooogpooaplllll1112222222222333333333344444444¢45555555555666666666677777777778

*11* Survey Title Record and *12°¢

12345

Seguence Number
ncrement Dy on successive records to allow for
insertions.
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000000j0001
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11

hnnnnn* 11 *REOBSERVATIONS OF GRAVITY STATIONS FOﬁ EARTHQUAKE STUDIES, CA
hnnnnnf*124WISTER SOUTH TO COLEXICO, DIXIELAND EAST VIA EL CENTRO TO HOLTVILLE
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ggal value
eCimal point implied after column 77.

Cgumer Dial Units :
cimal point Impliec after column 70.

(see text),
witl normally be extracted

bration nrocedures‘.‘ this
123456{7890123456789

0031431004000000419860]
dif £€fAddif £ £ fAdHf [ { ddd

444445555555555666666666677777777778
#6789012]34567890123456{7890123456789

osle

333333344444
12345678P901234

Counter Dia) Units
Decimal point imglied after column 2B.

or ta Lo

22223
67890

Mgal vaiue - Corresponaing Mga! value for the
preceding counter Dia) Unit. Decimal point

implieo after column 21,

™~
™~
~
~
™~
[
§£5315
4115
‘ .
WL
‘ -
§ Elo 2l Value
2 2012 Eec*m"i_pomt imp)iec after column 63. -
Ea~|w
s_.Ud 4
[
§° ) Counter Dia) Units
ELcuiln Decimal point impiiea aftes column 56.
Sou : .
140
-®>}
<ba
- e al value .
v.zlw ggc!mt‘ point implied after column 49.
egS5|w
- AR
$o5i3
c2ale
gg’ -« go;mte!' Dial Units
% : ecimal point implied after column 42.
" . .
™ e A
@
-
‘.:
oot -
E ™ Mcal value .
- becTmat 5o . 1 3s
2e19 eciral point impliec a‘ier column 35.
. o~ :
™
[2¢]
™
o~
o~
o~
o~
™~
o~
o~
~
~N
(]

12222
901234

Counter Dial Units - The o-served vzlues from the
gravity meter Guring the calipration: The first entry
on the first *22* record must be the ‘owest counter
dial unit encountered oduring calidration (see text

234567

J _chapte- 10). Decimal point imolieg 2%ter columy 14,

Data Code .
132+ - Instrument Calibration Information Record)

instrument. when requir

akllllll

00
89

Seguence Number
ncrement Dy on successive records to allow for
insertions.

222¢ instrument Calibration information Record. Submit as many of these records,
123456{7690 234567P901234/5678901234567890123456789012[345678

informat ion represents the conversign from some observable (Dlal

from the Table | provided by the manufacturer
0000000001111111

&

iiiiiifsiislfffaddE £EEAAE £ £ fdAdlf £ £ fddf £ £ EdAI £ fdadle £ £ £ad
2345

nnnnnnl*22*0000000p000000p100000p109980p20000 209950030000

00000
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789012034567890123456789

Highest value in counter dial units for which this
scale factor is appropriate.

y instrument used during the
f 1.000 should be submitted

Lowest value 1n counter ¢ia) units for which this-
scale factor is appropriate.

- Submit this record for ever
e scalting, then a scale factor o

Agency which determinec or performeg the scaie factor
_getermination.

For agencies or firms listed in ANNEX C, enter the
respective six-character zbbreviation. For others,
enter the full or abpreviated name (up to 20 char-
2Cters) - see ANNEX C for examples.

Date Determined - year, month, ocay (YYMMDD).
it o2y 1s unknown, leave 12st two columns Dlank.
If month 1s unknown, leave last four columns blank.

Instrument Serial Number - alphanumeric, left-justified.

890]1234567890[123456[78901234567890123456{7890123

It the observations do not requir

Dat2 Cooce
{=23° - Instrument Scale Factor Header Record)

2B0011111111112222222E2233333333334444444 445555E5E555666k66665677777i7777q
5 o

*23* Instrument Scale Factor Header Record.

survey.
00000
12345

Seouence Number
increment by 10 on successive records to allow for

insertions.

10-23

bbbbbbbbbbbbbbbbbh

700000

0000000

ddddddadadadaaaaaaaaa

iiii

i
22222]222333333333344444441444555 555666/6666666777777777178
123456{78901234567890123456{7890123 78901 45678901234567894

[661018BLACOSTE | = - .

ali

spaaaaaaaa

ii

0000000001{1111111112
123456{7890[1234567890

iiiii

hnnnnn*23*G130 .
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The end

The use of scale factors ang interval
result however shoulC De the conversion of observations
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*50°_Station Designation Record. Submit this record once for each SPSN used during a gravity survey.

.

5555666666666677777777778
67890123115678901234567890

Accuracy Cooes for

bbbbbb

34 700K

i

iiii

iii

Elevation
Accuracy Range
a_Coge €€ _DOX (Meters)
v " -
LOW Coge High M
Elevation - (MM) Most accurate ex- - 1 .01
Tsting elevation known at time of .01 J 1
survey, expressed in millimeters. ] K 10
(=) in column 65 ingicates below 10 L 25
sea Jevel catum. Rignht justified. gg : 50
[ONo 1 UGE COGe - see Dox .

Accuracy Codes for

Longitude - (+DDDMMSSs) -

Longitude expressed as aegrges. Latituge, Longitude

minutes, seconds anc tenths O

seconcs. (-) indicates East. Dec- :Sguxﬁy R;gge

ima) implied after column 62. : :
tow | Coge - Hign |

- 1.

#&qu € LOOE - S6e DOX I~ a w0+ H
Q 10" c 1
neoee| Latitude - (+DDWMMSSs) - Latituoe \ ,
0 —~ | expressed as * Oegrees, minutes, 1| D 5
2 Q| seconas anc tenths of seconds. 5 E o
<« o | (-) inoicates Soutn. Decimal 10 F 20
<~ | implied after column 52. 20 G -
S'Ee- o)

< <« | Archiva) Cross Re‘erence Number (ACRN) - -
::‘3 NGS specific, complete i known, otherwise leave blank.
< -

DRO732{ 3239452 11153000

3

Designation - must not exceeC 25 characters.

Thic is the primary designation which will be associated

haaaaaaaaaaaaaaaaaaaaaaaajpaaaaalf fEEfEEGRIEEEEEEE

™o L
™~ "
™0 o
™
™Mo o
™ -

™~ 0N ;
™~ | with the gravity control point for publication purposes. |™.
gggg In every c2se, the oesignation must be edited in conform-g;

~N ool ity with Guicelines for Survey Point Names ang Designa- |
o~ | tions (ANNEX D). ]
o0
oD : ] £

N = | The gesignation entered in this field must be identical |

~ o | (characte- for character) with the gesignation given for o
o~ | the same point in the corresponding GRAV DESC data set. ]
N O ™

- OO 0

~ ©

=t T~ -4

- O g
[Ty :

— <h . €Y [vout
g Survey Point Seria! Number (SPSN) - see chapter 9. =t ot
- MuS: De Sa2me as SPSN usec in AV DESC ocata set. U ot
Lt = =10
—N=) ® |V
om Data Coge 1 em
_82 (*50~ - Station Designation Record) ‘ﬂ:a'-
[=3¥=] : % =]
owm Sequence Number o foomt
g:; Yncrement Dy 10 on successive records to allow for £=: :
= inse~tions. . el
[ X ] } =4 KT

0000000001j1111[111112222222222333333333314444444444555 5555666 666677777777778
123456{7890[1234/56789012345678901234567890012345678901234567890123 6789012i3p567890|
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This must be the last record of . every data set Submitted.

Data Set Termination Record.
0000000001[11111111122

333333344444444445555555555666666666677777?7777%

22222222333

Data Set Structure: a GRAV 0OBS Data
Set consists of one or more gravity
surveys. A gravity survey consists
one Or more gravity Joops.

Data Set lgentification Record
*10* - series records

«20* - series records

*30* - series records ;3?3?;
*40* - series records

S0 - _series records
*10* - series recoros
“20* - series recoros
*30* - series recorgs
40 - series records
“50* - series records

SECOND
SURVEY

10~ - series recoras
“20* - series records
*30* - series recoras
*40~ - series recorgs
*50* - series recoros

LAST
SURVEY

Data Set Termina2tion Record

bbbbbbbbbbbbbbbbbbbbbbbbb
5555555555666666666677777777778
0123456789012345678901234567890

Jot Coge - prececec and followed by asterisk.

saaspbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

001/111111111222222222233333333334444444444

1234567890ﬂ234567890123456789012345678901234567890123456789012345678901234567890

Sequence Number
Tncrement Dy 10 on successive records to allow for

insertions.

nANNNN*CA Y

000000
123456F890L23456789012345678901234567890123456789
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Chapter 11
ADJUSTED GRAVITY CONTROL (GRAV ADJU) DATA

INTRODUCTION

This chapter provides detailed specifications and instructions for the coding:
and keying of adjusted gravity control (GRAV ADJU) data. As explained in
Chapter 9, GRAV ADJU data can only be accepted for inclusion into the NGS
gravity working file. Since the connecting observations are not available
these adjusted values cannot be fully verified and are not appropriate for
entry into the NGS gravity data base. GRAV DESC data are not required to
accompany GRAV ADJU data, since GRAV ADJU data will not be entered into the
NGS gravity data base.

The NGS gravity data base contains values for control points which have been

fully verified by NGS and for which NGS has the appropriate descriptions. The
gravity working file contains values for survey points that cannot be verified
and/or for which NGS does not have the descriptions. The NGS gravity working

" file is pone-the-less an extremely useful file, one on which most geoid modelling
and evaluation depend. The NGS gravity data base, however, contains all
information about stations and observations and is much more informative when
temporal or localized studies are conducted. The rather limited definition of a
data base by NGS should not be construed by a potent1al user that the working f11e
is a substandard file.

The format for the submittal of GRAV ADJU data is significantly different from
the formats for the submittal of GRAV OBS and GRAV DESC data. The general

format of GRAV ADJU data is the same as that specified by the Department of
Defense (DOD) Gravity Services Branch (Gravity Station Data Card Format). A copy
of the DoD Gravity Coding Sheet is included in Figure 11-1 at the end of the
chapter for reference purposes only. Figure 11-2 should be used when submitting
data to NGS, since it reflects the actual format used at NGS.

NGS employs a subset of the strict DoD format. The following is a discussion of
those elements of the DoD format which NGS employs. Some of the elements of the
strict DoD format are not appropriate for general users and depend on agency
policy.

A block diagram illustrating the respective format has been prepared to serve
as a model for the Adjusted Gravity Station Data Record. A record is a string
of characters containing data coded into a specific format. Every record in a
GRAV ADJU data set consists of 80 characters called columns (standard punch card
format) Within each record the 80 columns are divided into fixed length

"character fields", each field being the space reserved for a specific data
item. Accordingly, for every desired data item, there exists a field of
appropriate length in which the data items are converted into strings of
alpbanumeric characters. The set of rules by which specific data items are
converted into strings of alphanumeric characters to be entered in the fields
of a record is known as the "format" of that record.



~ ADJUSTED GRAVITY STATION DATA RECORD

The Adjusted Gravity Station Data Record is the only record type allowable for
submission of ADJU data for inclusion into the gravity working file. The entries
on this record are for the most part self-explanatory. Those which are either
Department of Defense specific or require elaboration will be explained in greater
detail. -

SECURITY CLASSIFICATION
This code identifies proprietary or sensitive data. The following codes
should be used:

U or blank = Unclassified material
F = Material classified FOR OFFICIAL USE ONLY

The following codes should be used where DoD classified dataare involved:

Material classified CONFIDENTIAL
Material classified SECRET

c
S

As a general policy, NGS will only accept classified data on a case by case basis.

SECURITY CONTROL .

The security control code identifies the appropriateness of data dissemination
to the public. The general submission of data to NGS requires that this data
field be either left blank or the code 4 used. The remaining codes are DoD
specific and should not be used by other agencies.  The following are the codes:

0 or Blank = No Security Control
"1 = (DoD specific) Limited Disseminatiom, to full-time
employees of Department of Defense, Central Intelligence
Agency, and Department of Energy

(DoD specific) Not releasable to foreign nationals
(DoD specific) Limited dissemination, not releasable
to foreign nationals
Special release from originating agency required for
dissemination to any third party

(DoD specific) Modified Handling authorized (includes
Foreign "restricted,” NATO, CENTO, SEATO, etc.)

w &» wN
] nu

GEOGRAPHIC UNITS

The geographic units code defines the units of the geographic coordinates of
the gravity station in degrees and decimal minutes or degrees, minutes and
seconds or decimal degrees. The following codes should be used:

0 or blank = degrees and minutes to .01 minute

1 = degrees, minutes and seconds (The preferred NGS
Geographic Units)

2 = degrees to .0001 degree

TYPE of ELEVATION
The type of elevation code indicates where the adjusted value is located. The

following codes should be used:

11-2



land

subsurface

ocean surface

ocean submerged

ocean bottom

lake surface (above sea level)

lake bottom (above sea level)

lake bottom (below sea level)

‘lake surface (above sea level)

- with lake bottom below sea level

lake surface (below sea level)

lake bottom (surface below sea level)
ice cap (bottom below sea level)

ice cap (bottom above sea level)
helicopter gravity survey over either land
or ocean,

O 00 ~NOWE WK -
LINE IO B B BN BN N B |

mMUOw >
L I B B |

ELEVATION UNITS
The elevation unit code defines the units of elevation in meters, feet, or fathoms.

" The following codes should be used:

0 or blank = meters (the oreferred units of me#su:e for NGS)
1 = feet
2 = fathoms

-

ELEVATION .

The elevation is the height of a gravity station above the geoid (aporoximately
sea level), except when the TYPE OF ELEVATION (column 21) is coded as 3, &4, or

5. When the TYPE OF ELEVATION is coded as 3, 4, or 5 the elevation will be the

depth of the ocean.

SUPPLEMENTAL ELEVATION

The supplement elevation will be the denth of instrument, lake, nr ice, pvositive
downward from the surface. The SUPPLEMENTAL ELEVATION should be used only if the
TYPE of ELEVATION (column 21) is coded as a 2, 4, 6 through 9, or A through E
(see ANNEX 0). 1In helicopter gravity surveys, the supplemental elevation is the
flying height of the helicopter above sea level.

ADJUSTED GRAVITY

Adjusted eravity is the value of gravity, based on IGSN=-71 or the U.S. Absolute
Gravity Datum, at a specific location. DoD refers to this field as *“Observed
gravity” on the DoD Gravity Coding sheet (Figure 11-1). The value to be coded
in this field is the adjusted gravity value ninus 976000.0 milligals.

FREE-AIR ANOMALY

. A gravity anomaly is the difference between an adjusted eravity value vwhich has
.been reduced to an equipotential surface known as the peoid and the corresponding
normal gravity value on an ellipsoid. The ellinsoid is chosen so as to be a best
fit to the geoid. A free-air anomaly is the difference between an adjusted
gravity value which has been reduced to sea level (in an apnroximation of the
geoid surface) and the corresvonding normal gravity value on the reference
ellipsoid. The correction for the sea level height of the gravity station
(+0.3086 milligals/meter) is called the free-air correction. Because the actual

11-3



vertical gravity gradient at the gravity station is usuallv not known, the normal
ellipsoidal gravitv gradient is used for the free-air correction.

Afa™ (Ry * £3) = v

vhere Aga= free-air anormaly
Ry = adjusted gravity value .
f, = free-air correction, wvhich is +0.3086 milligals/meter
y = gravity on the elliosoid

The gravitv formula of the Geodetic Reference System of 1967 is used for the
calculation of gravity on the elliosoid.

Y = 978031.85 (1 + 0.00527 8895 sin?y + 0.00002 3462 sin’'¢)millicals.
vhere ¢ 1s the geodetic latitude of the gravity station.

The computation of free-air anomalies with various tyves of observatinns is
given in the Anomaly Computation Chart (ANNEX 0).

BOUGUER ANOMALY

The Boupuer snomaly is derived from the free-air anomaly by subtracting the
gravitational attraction of sn infinite plate mass between the gravity station
and sea level. With an assumed crustal densitv of 2.67 e/em, the Bousuer correc-
tion is 0.1119 millicals/meter of station elevation (mean sea level height). A
simple Bouguer anomaly assumes that the mass between the gravity station and the’
geoid is an infinite flat plate with no density varistions. It is calculated by:

Ap -(ﬂa*fa-S)-Y

vhere - Ap = Simple Bouguer Anomaly
Ra * adjusted gravity
fa = free-air correction
S = Bouguer plate correction, which is 0.1119 milligals/meter

times the elevation for an assumed crustal density of

2.67 g/em
Y = pravity on the ellipsoid

The computation of Simple Bouguer Anomalies with various tvoes of observations
are given in the Anomaly Comuutation Chart (ANNEX 0).

Because the mass between the gravity station and the sea level is not flat,
the plate correction can be supplemented by a terrain correction. This
correction is alwavs positive and accounte for the actual tovograohv
surrounding the gravity station. An anomaly derived this way is known as
either a terrain corrected Bouguer Anomalv or a complete Bousuer Anomalv and

is calculated by:
Ag = (r +f -S+T)- Y

vhere A " complete Bouguer Anomaly
“ T = Terrain Correction
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An Isostatic Anomaly is obtained when corrections for the density variations
in the crust and upper mantle are added to the Bouguer Anomaly. If the
Bouguer Anomaly included a terrain correction, the derived Isostatic Anomaly
is a Terrain Corrected Isostatic Anomaly. These anomalies are calculated by:
-(za fa-S5+1+4T)-Y

= Terrain corrected Isostatic Anomaly

Ay
A
wvhere A. = Isostatic Anomaly
A
I = Isostatic Correction

JISOSTATIC ANOMALY OR TERRAIN CORRECTION CODE:
The purpose of this field is to indicate which type of anomaly is in the

Bouguer Anomaly field. The following codes should be used:

0 = Bouguer Anonmaly.

1 = Terrain corrected Bouguer Anomaly.

2 = Isostatic anomalv,

3 = Terrain corrected Isostatic Anonaly.

SOURCE CODE
The source code is DoD specific and is assigned by DoD. Other submitting
agencies should leave this field blank.

BASE REFERENCE STATION CODE

The base reference station code is used to identify the base station location
used to determine the adjusted value of the gravity. This field is DoD snecific
and should be left blank by agencies outside of DoD. Agencies familiar with

- DoD policy may choose to use this field. Its use, however, is explicitly

- optional,

BASE REFERENCE SITE

The base reference site identifies the occunied voint at the base station
location. This field is DoD svecific and should be emploved only by DoD or
agencies familiar with DoD policy.

GRAVITY STATION NUMBER

A gravity station number is assigned to each station within one source ecode.
The gravity station number basically serves the same purvose as the SPSN for a
GRAV OBS data set. 1Its use is agency spvecific and optinnal for the purpose

of transmitting data to NGS.

FILE MAINTENANCE
This code is inactive and should be left blank.

ESTIMATION STANDARD DEVIATION FREE-AIR ANOMALY AND BOUGUER ANOMALY

This value is an estimation of the standard deviation of the Bouguer Anomalvy.
Standard Deviation (Error) connotes that there is a 68% probability that the
free-air or Bouguer anomalies will fall between the indicated + or - values:
e.g., if the free-air anomaly is 10 milligal with a 22 milligal error or
standard deviation, then there is 68% probability that the value lies between
8 and 12 mgals.
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FORMAT DIAGRAM

For the Adjusted Gravity Station Data record (see Table 11-2), a block
diagram has been vrepared to illustrate the format. This ‘format diagram’
has been designed to fulfill the following objectives:

1. Each record is 80 characters lonz (standard vunched card image).

2. Each record has fixed format, {.e., every data field has & snecific
length and snecific vosition within the record.

3. Each format diagram is a traphic-imane'of the resnective record.

'. &, Within the limits of available space, information and instructions
concerning the data item to be entered in each data field are
provided on the fornat diagrams to render them self-exnlanatory.

5. When aporopriate, sanple entities are shown in the data entrv
line of each format diagram.

6. Each data field is characterized as to its tyve by a strine of
lower-case characters vhich appear irmediatelv below the data
entry line. ‘

DATA FIELD TYPES ) .
pha Fie sa...a) - intended for a data item vhich is coded as a string

of alohabetic, numeric, and snecial characters, with or without imbedded blanks,
to be entered into the resvective data field left-justified and blank-filled on
the right. See Chapter 9 for s list of special characters vhich are allowed.

2. Blank Field (bb...b) = to be blank-filled. Data fields vhich are desienated
as blank fields must be left blank, i.e., no data itens may be entered in these
fields. '

3. Floatinp=Point Field (ff...fdd...d) - intended for a data item that is
coded as a decimal number, i.e., as a strine of numeric characters (vrefixed
with a minus sign if the number is negative) which may not contain anv
inbedded blanks. If the decimal point is present, the character string
representing the integer digits, the decimal point, and the decimal fraction
digits may be pnsitioned anywhere within the resnective field (erenerallv
left=-justified), and the unused columns of the data field are blank-filled.

When the decimal voint is nov coded, the “f*" vortion of the floating=nnint
field is to contain the integer vart of the decimal number, and the @
portion the correspondine decimal fractinn part, the decimal pnint beine
implied between the rightmost “f” column and the leftmost “d” column of the

field.

Accordinely, a string of numeric characters representing m integer digits
followed by n decimal fraction digits with the decimal voint sbsent must be
positioned in the floating-voint field in such a manner that its integer ovart
falls into the.m rightmost “f columns, and its decimal fraction vart into
the n leftmost "d" columns, with any unused “d" columns filled with zerns and
any unused “f" columns filled with blanks. When a nerative number is entered,
code the minus sign immediately orecedine the leading dieit.
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4. Integer Field (ii...i) - intended for a data item which is coded as a strine

of numeric characters reoresentine a positive or nepative integer number, to be
entered into the respective data field right-justified. In the case of a vositive
integer number, blank-fill any unused columns on the left. In the case of negative
integer number, code the minus sign immediately oreceding the leftmost non-zero
digit, and blank-fill any unused colurms to the left of the minus sign.

Required Data: In general, only those records which are applicable to the data

at hand should be included in a GRAV ADJU data set. The character fields intended
for data items vhich are essential have been shaded on the format diagram: if
apvlicable to the data being coded, these character fields must be in accordance
with the instructions given on the resvective format diagrams or in the text of
this chapter.
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ANNEX O

GRAVITY CONTROL FORMULAS
DEPARTMENT OF DEFENSE GRAVITY LIBRARY

Formulas Used in Computing Free-Air and Bouguer Anomalies

1. Symbology
Symbol Definition ; Units

g Free-Air Anomaly ' milligals

-4 Bouguer Anomaly milligals

¢ Latitude of Observation degrees, minutes
Y Theoretical Gravity milligals

g Observed ﬁravity | | milligals

h Elevation (Col 23-29) of meters

surface of land, ice or water;
depth of ocear, (positive
downward) elevation types

3, 4, and 5. + = above SL;

- = below SL.

d Supplemental Elevation meters
(Col 31-35) = Depth of Ocean,

lake, ice or instrument
(positive downward)

2. Theoretical Gravity Computation

Using the International Gravity Formula 1967

Y =C (1+C, sin® ¢ + C, sin" ¢)

where: C1 = 978031.85 mgals
C2 = 0.005278895
.C. = 0.000 023462

3
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3. Anomaly Computations

b = Bouguer Correction Factor
s 2 ‘"Kd' 00M191p

p = Density Used in Computations

‘Substance ‘ p b= 2T ¥p
Fresh Water 1.0 0.04191
Salt Water 1.027  0.04304
Ice‘ 0.917 ' 0.03843
Land 2.67 | 0-1116
Land-Fresh Water 1.67 0.0695%9
Land-Salt Water 1.643 | (.06 886
Land and Ice 1.753 0.07347
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