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ABSTRACT

FORTRAN computerprograms taconvert gravityreadings to absolutealues of observed gravityith
minimum data entnyand ample prompting are documented and releasdtth this report. Inasmuch as
gravity meter drift is linked for up to one calendar year of field data, thdifiesof the data input fil@nly
hasthe gravity metename,the Y2K-compatible 4-digiyear, thecorrection to Greenwich Meamhime
(Coordinated Universal Time), and a cdde the distance to which field terragorrections are estimated.

Only the 2-digit month and day are entered before each day of Bath line of datdas ab-digit station
name,local time, gravity meter readingglevation, elevation units, aptional accuracy code, the estimated
terrain correction, and an optional map code. Geographic locations and base station values are searched |
and extractedrom other files. Calibration tables ohigital format areinteractively createanly for the

needed span gravity readings. Decisions fauccessivehassigning absolutgravity valuesor gravity

stations with more than one observation are based on printed summaries of least-square values computed
previous iterations and are confirmed snbsequengravity meterdrift plots. Field estimates ajravity

terrain corrections utilize lists and graphs or entry of distances, heights, and algpédainto a program

based on models for thin vertical slabs.

INTRODUCTION

Starting with a simple gravity reduction methodl®70 (Plouff, 1972) and @odular system 1980
(Plouff, 1982), a comprehensive systemFORTRAN computerprograms taconvert field gravityreadings
to values of tide- and drift-corrected obsergeavity hasbeen developedinput field data filesconsist of
readings for ongravity meterduring as much as orealendar year.Outputdataand print files include
values of observed gravity, lists of tided drift corrections, standadgviationsfor repeated observations,
and plots ofgravity meterdrift. The system isstill in a state of development to minimize the apparent
complexity of eightsteps (fig.1), to print gravity tide correction tablebefore fieldwork, to improve
accuracy to the microg#dvel, toutilize elevationdrom Global Positioning Systems, to correct horizontal
and vertical datum shifts, &ccept data collected in edshgitudes and soutlatitudes, to accept different
data formats including spreadsheets, and to utilize window environments.

The main criteria for design of the reduction system are to link gravity meter drift for a caleagao
minimize the amount of data and program entry, to accept elevations in either métetstorinteractively
input instrument calibration factors orfigr the needed range giravity readings, to identify data input
errors, to provide detailed information and a summarthabtheuseriteratively canassign bestalues of
observed gravity at "stations" (sites or locations) with multiple "readings” (observations), to explain the role
of the program at each step, and to suggest the next step in the process. Dates of readings and closest b
station in time are retained as elements of the final output for each reading. Retaining daltbsearaded
map locations before including geographic coordinatéssiscumbersome than unnecessarily embedding
these quantities into station names. The origimalfield data file isnot changedinlessdatafields are
incomplete orerrorsare detected. Vulnerability to typographieators (written commun.D.L. Healey,
1980; written commun., Dolores Wilson, 1980; and Plouff, 1990, p. 7-8) in foth@tsequire daily input
of base statiorvalues is minimized by utilizing a separate fileth previously determined values of
observed gravity, which is expanded throughout redugtiosesses. lfaterreadings yield moraccurate
values of observegravity, inspection of earlier print summariesiggestsentry points to reprocess
concurrently and subsequently determined values of observed gravity.

The user typeshe sameshortdataset namér eachprogram step ofhe reduction system, and files
consequently are read or created with that root name followed by a decimal point and a 3-digit suffix for the
role of the file in that processing step.fil of unique station names and associated numbers of readings
is output from the first step of the process. Data entry errors and ranges of dajes/iynckadings are
printed. After correcting errors found in step one, files are searched to obtain geographic cofodinates
diminishing list of unique station names during di®p. Unlesspreviouslyavailable the usercan create
an easily proofread gravity meter calibration table neededver therange of field readings in step three.
Tide corrections and conversions frognavity meterreadings toequivalent-milligal observations are
determined in stefour. Values of observed gravignd other parametessich as defininghe time of a
suddendatum shift (“tare"), which may becaused by change of instrument temperature or helicopter
vibration, for example, are edited or interactivahput for the recursively repeatestepfive. Values of



FIELDTC

(interactive input)

- -NAM
STEP 1 .FLD —| FIELDG > MAP

.FLD —»|GMTCHNG — .FLD*

.FLD —#|FIELDMAP > PNT—> MAP*

STEP 2 sk —PEXTRACTG—> .FCT
' .REF—.FCT
STEP 3 CALIBG > CAL
(interactive input)
.FLD
STEP 4 .FCT —» MERGEG > TID
.CAL
B —-[BETBASEG|— &7
STEP 5 TID  PSETBASEG—"¢\\/ & TID
. .DFT
STEP 6 .TID —»| DRIFTG > OBS
STEP 7 .DFT —»DRIFTPLT > PST

STEP 8 .OBS— .SRT —*EXTRAOBS— .PLF

Figure 1.--Organization of gravity reduction method. Program names are in shaded boxes. All
programs have an output print file with a.PNT suffix after the program name. Program input and
output file names have root name of data set followed by a decimal point and the indicated 3-digit
suffix. *, user- selected file name; **, name of afile with geographic coordinates.
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observed gravity determined for reoccupied gravity statwedisted indetail, and theiraverage values are
summarized in the recursively repeastelp six. Outpufiles from stepsix are a file that is input to a
program that creates a gravity meter drift plot in step seven and a file that is ingurbgraanthat retains
only the latest or best value of observed gravity in step eight. Examples of usalgadmanats foreach
step are included in following sections of this repdralidation of computealgorithms and highlights of
computersessions fotheoretical exampleand reduction oflata primarily collectediuring a shorffield
session in 1993 (Plouff, 1996) are included in appendixes.

Copies of programs described in this report can be down-loaded from Web Site
http://geopubs.wr.usgs.gov/open-file/of00-140/
at the U.S. Geological Survey. Comments and suggestions about program performance are welcome.
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files. Robert L. Morin suggested improvements to the text and supplied a test data set for Alaska.

FIELD DATA FORMAT

Copies of field sheets (fig. 2) to be regularly mailed or faxed to the office includes information needed
to recover station locations (odometer readings, naspesand descriptions)gravity readingselevations,
and closeirgravity terraincorrections in case field magpse lost. The computer prograrfidform.f to
create the fieldheet can be modified or the print fleDFORM.PS can be edited to include the project
name and the gravity meter name, for example. The following sample of field daatifiteiffix .FLD)
illustrates the simplicity of data format and optional comments (from Plouff, 1996):

G8B 1993 7 CHAMMER

6-21 [ including the year as 06-21-93 is optional ]
WNBAS 0912 346591 13100MN22002WD7NW City Hall sidewalk; 13' SE of K18 Reset
WINNA 0943 344968 4298 WDS8NE Winne airport phone booth. ACIC 0474-1

WNBAS 1012 346599 Later check, uncertain reading?

WINNA 1038 344965

WN 6R1551 3533.98 12579MN22001VB1NE 1ft S of BM STR. Near station V8604?

WNBAS 1809 346594

999999999999999999999999999999999999

6-22

WNBAS 0746 346600

WN 6 0842 353412

WN 11R0902 352782 1257 MG55001VBI1NE Rd CL, about max curve of abandoned rd to NE
WNBAS 1911 346592

9999999999999999999999999999999999999

The gravity meter name on line on&gs. The previous version of this reductisystem did notead
the year but arbitrarily assigned years after 1999 if the 2-digit years in lines 2 avetel®ssthan40. A
4-digit calendar year typed only iime one,however,saves typing a Iphen and a 2-digit yedor every
day, treats theyear-2000 problem in a straightforwangy, and is carried forwardith the gravity meter
namethroughoutthe reductionprocess to bavailable atthe stage of plottinggravity meterdrift. The
number 7 in line one is the correction in hours to be added to local Pacific Daylight Time in @biirto
Greenwich Mean Time (Coordinated Universal Time). Terrain correcivens estimated to distance of
175 ft (53 m) in the field, which includes zone "C" of the Hammer (1939) system.

The month and day are enteredfias keystrokes in lines 2 and 10 bef@achday of readings. For
example, " 6-21" refers to June 21, 1993. In a previous program, eight keystsskeeededor " 6-21-
93," which could have been replaced by a more universally acegiesssion;19930621"(followed by
hoursand minutes)with same number dfeystrokeqwritten commun.C.W. Roberts,1997). Tests for
the twominus signs odiagonalslashes irthe date weraised in apreliminary version of the computer
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START: PROJECT DATE (1-9) DATA SHEET
ren GRAVITY METER/CALIB LAST NEW STATION
roTaL TIME ZONE OPERATOR RECORDER
15 6 7-10 11-18 19-24 25 T.C. RING 32-36
0D |STATION &| TIME | READING [DETEMP ELEVATION = MIACC. 2628 STATION DESCRIPTION MAP

LINE WITH ALL NINES AFTER LAST READING OF DAY

D. PLOUFF 4-99 FORM

Figure 2.--Field data sheet. Reduced from full size of page.
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program to flag the start of reew day beforedelimiter lineswith nineswere introduced to eliminate the
need to re-program a re-read function for different computers.

The 5-digit "station name" (data point identifier) in colundn$ can consist of a one- otwo-letter

prefix and numbers increasing to 999, éxample. Inasmuch dke dateand suggestethap designation

are carried forward in th@rocess andhe five digits later areexpanded to eight digits, the year or
abbreviation of a map name are not needed at this stage. If many new prefassgned and numbers

are restarted ofteduring afield season, the original field data anarder tolocate after the data are
absorbed into larger sets. The lettey; in column 6 on lines 7 and 13 indicatest preliminary printout

of a computed absoluiglue ofobserved gravity is wantddr a gravity readingpossibly near a station

from a previous gravity survey. Detailed printéat gravity stationswith only one observation otherwise

is suppressed duringreliminary evaluation untilall values of observed gravity areestablished for
reoccupied gravity stations. The local time in hours and minutes is in columns 7-8 and 9-10, respectively.

The timeand effort ofdata entry are minimized hysing aformat without decimapoints for gravity
readings, elevations, and gravity terrain corrections. Elevations, accuracy codes, terrain corrections, and me
designationsare not re-typedor later readings athe same gravitgtation. Space is provided éxpress
gravity readings tdhe equivalent omicrogals. Column 18or the microgal digit was left blank in the
above example tdenote readings recorded in unitsOod1 mGal. Unlessfield data collectiormethods
include additional readingsith othergravity meters ofrequent re-occupations, readingsould only be
carried to the equivalent of 0.01 milligal (mGal) to minimize data recording errors. Elevatjmessed to
0.1 unit are entered in units of meters (followedMY)'In column 25 orfeet (followed by a blankpace),
depending on thenits expressed othe map or othesource ofelevations. An auxiliary computer
program might be needed to transfer elevations downloaded from Global Positioning Systems or surveying
instruments tdhe field data file. Space is provided on the data sheet soithat2:0.2 originally was
written to retain the inforation that the reading was made at a loca@li@ghmlower than the benchmark
elevation of 1310.2 m, but the elevation on line 3 was enteradmsg''in the digital file. Other datéorms
may include a column for "height to reference," which is ambiguous.

The three digits in column26-28 are optionalcodes for adescription, elevation accuracy, and
horizontal location accuracy, respectivédppendix 1). The fourth digit of the accuracy code is the
accuracy of observed gravity, which is available after step 8 has been compleiedur&acorrecspacing,
leading zeroes may be typéat the value ofthe field terrain correctiofTC) expressed in units of 0.01
mGal in columns 29-31. Complete TCs carried to a standard distaté6.@fkm probablyvill not have
an accuracy better than 0.1 mGal. Therefore, typing a negligible value of 0.01 for the field TC rather than a
true 0.00 can beused as #lag to indicate that the field T@asbeen estimated. Survey notespecially
should be recorded for terrain corrections greater than 0.05 mGal.

The optional map name in columns 32-36 can be obtained from a system adopted by D.A. Ponce (ora
commun.,1992) and others fasrganizing 7.5-minute maps studyareas of 1 by 2 degreesThe first
digit in the 5-digit map name is a symbol for the 1° by 2° quadrangle, in which the gravity station is located.
The seconddigit reflects the northward sequeneeB-C-D , of 15-minute quadrangles in a 1° by 2°
guadrangle, and the number in column 34 reflects the westward seq2e31¢6-6-7-8 LettersNE, Nw, SE,
or Sw in columns 35-36 refer tthe location of a 7.5-minute quadranglihin a 15-minute quadrangle.
The map namw/D7NW in line 3 is the 7.5-minute quadrangle with a southeast corrat 49°52' 30" N.,
lon 117° 37" 30" W. in the Winnemuccax('), Nevada 1° by 2guadrangle. The map designation of the
U.S. Geological Survey igi117-H8 for that 7.5-minute quadrangle, based on a northward sequence of
A-B-C-D-E-F-G-H and awestward sequence o0f1-2-3-4-5-6-7-8 relative to the southeast corner of a 1°
quadrangle. Therefore, a more universal 4-digit designationg” based on a 10-degree system can
replace WD7NW" based on a 1- by 2-degree system for arranging and identifying field maps.

Field data recorders should rwsitate to writeaumerouscomments about thiecation, gravity meter
behavior,and topographyfor example, orfield sheetseven ifthe comments are not entered intdigital
file. Geographic coordinates acquired by a Gldbasitioning System should be recorde@dometer
readings should be recorded fesich gravitystation location tespeed future re-occupations, to insure
againstloss of field maps,and torecalculate locations if the odometer calibration is determined to be
erroneous. Odometer readings and notes about road conditicim&docked gates, difficultrossings,
and unmapped roads also should be written on field maps. Abbreviations for compass directions
(N, S, E, W), road (rd), highway (hwy), centerlineL(), Vee, TeeRiver [R), crossing Xing), and,benchmark
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(B™m), for example, savepace on dataheets. Ambiguous commerstsch as 8t spot elevation” are not
useful without specific descriptions such ascrg" or "hillcrest." Théfirst field sheet of a fieldession
shouldinclude commentsuch asconfirmation thatevel bubbles and thermost&mperaturehave been
checked.For recording numbers, the numbeur shouldinclude a horizontal line that distinctbrosses
the vertical line(unlike a9), thetop parts offives shouldhavesquare corners (unlike &, and diagonal
slashesare not needed.Observers should call ogravity readingsand recorders shoultepeat the
numbers with different enunciated groupings.

STEPS OF REDUCTION PROCESS
Step 1—Test field data and output lists of data points and maps

Programfieldg.f (appendix 2) prints aetailed summary of the contents of the inp#LD file,
including the number of days, the rangegodvity readingsnumber ofgravity stationsand number of
maps,and liststhe names of thgravity stations andnaps, including th@umber of occurrences efch.
Typographical and other errors, including an unexpected ranggawsity readings and wrondgime
chronology, are printed so thatrorscan be corrected and progrdimldg.f can bererun before further
processing continues. hlddition to the printout, the prograbutputs aNAM file of station names and
number of occurrences, for example,

WNBAS 29
WINNA 3
WN 11
WN 6 9

and aMAP file of map names and number of occurrences, for example,

Maps listed in file bim938.FLD
MB8NW 5

VBINE 33

MB8SW 24

Alternatively, progranfieldmap.f reads fileFLD to prepare a list of maps to Hagitized or toshow data
coverage, for example.

Programfieldg.f allowsonly one GreenwiciTime correction. In case field data are colleatieding
both Daylight Savings and Standard Times, and the gravity meter drift correction is to be pnsgleoutd
interruption, thereadings of one othe two datasetscan be converted to the other Greenwiche
correction by executing progragmtchng.f, and thetwo datasetscan be merged before executing
programfieldg.f.

Step 2—Obtain geographic coordinates

Programextractg.f searches files to find geographic coordindtgsstationswith the same 5-digit
name as listed in thalAM file (appendix 3). Thefirst file to besearched is &le with a suffix .LOC,
which includes most othe newdata. The format of the.ocC file is either the 5-digit statiomame
followed by manually digitized geographic coordinates in compressed form, for example,

WINNA 405423 1174822
WN 1412388 1174945
WN 6412458 118 117

or digitizer output with three columns before the 5-digit station name, for example,

WN 1412388 1174945
WN 6412458 118 117

Latitudes and longitudes without algebraic signs are expressed in integer degrees (40 and 41; 117 and 11
and minutes to 0.0Without decimalpoints. Progranextractg.f prints and outputs (in aFT file in the

same format as thelAM file) a list of stations nofound. Forexample, two o263 stationswvere not

found in a simulation (appendix 3) of the first run for data collected in 1993 by Plouff (1996):



WNA11l 2

P163 4

A .FCT file also was created by prograxtractg.f, which includes stations
WINNA4054231174822 0 32 0

WN 14123881174945 0 11 0

WN 64124581180117 0 92 0

The column with numbers 3, 1, and 9 refers to the number of observations carried forweatd froam
file.

Station P163 was found in a file of previously established stations with the final processing format of
P163 405500 1182281 416307984851G533 -1088 71284 2 7S-15409 13WINNA

The first.NAM file wasdiscarded ore-named, theLFT file was re-named to become thecond NAM
file, and progranextractg.f was executed to acquire statere3. StationwNA1llremained in aLFT file.
Executions of prograrextractg.f to acquire other locations afteroC input create.REF files rather than
.FCT files. The.REF files are appended to thecT file in preparatiorfor step 4. Inasmuch asation
WNA11is another reading near stat\wn 11, a text editor was used to duplicate the coordinate@aof1 to
createwNA11in the final.FCT file neededor step 4. If only dew stationsremain in the.LFT file, a
program to prompt for manually-derived (Plouff, 1998) geographic coordinates might be useful.

Step 3—Prepare gravity meter calibration table

Programcalibg.f creates a calibration table fpyompting theuser forvaluesexpressed in units of
milligals perdial reading unit to include the rangereftdings printed by prografreldg.f (appendix 4).
Inasmuch ashe outputCAL file is easy to prepare and proofreatthout programmer assistance, the
alternatives of attempting to embed many calibration tablesomgocomputer prograrhas proved to be
vulnerable toprogrammer error (Plouff1990, p.8). Programming toaccept calibration tables as
"PARAMETER' arrays also isnore complicated. AnothecAL file easily can be created or an initiie
can be expanded intaxt editor if a larger range @ravity metemreadings is needefdr anothergravity
survey.

Calibration values are obtained from tables provided by the manufacturer of the gravity meter. Program
calibg.f first requests a constant factor—baseceopirical observation@Barnes anddthers,1969)—to
be multiplied by the manufacturer's values. Next, the "counter reading" interval, refach tothe interval
between values in thmanufacturer'sable,for example,100 dial units, isrequested. The lowest counter
reading needed then is requested. The following interactive promptjngstshe milligal-equivalent of
the first and successive counter readings, for example, to creasecaL calibration file.

TYPE value in milligals after counter-reading prompt.
Dial 3200 milligal-equivalent (zero to STOP): 3343.072

The milligal-equivalent of eachounter reading can bexpressed in units of microgals. Inasmuch as
counter readings maynly be expressed ihe manufacturer imnits of 0.01milligal, the intervalfactors
may be used to convert manufacturer's counter readings to units of microgals.

The first three lines of fil&sB.CAL created to reduce data collected in 1993 (Plouff, 1996) are:

G8B INTERVAL= 100 CIRC ERR=0 FACTOR= 1.000612
3200 3343.072 1.045900
3300 3447.662 1.045960

Thefirst line indicates the gravity meter narf@so inline one of the FLD file), the counteiinterval for

linear interpolation, the lack of a "circularror”" correction,and the constant multiplier to be applied.
Editing can change the constant multiplier if the file is to be used after another constant is determined. The
circular error correction, whichrequires typingfive constants and a subsequelditional line in the
calibration table, was developed by R.C. Jachens (written commun., 1981) to fooresgtumedarmonic
deviations within dial revolutions afomegravity metergappendixes 4 and 5)Lines of the calibration

table essentially reproduce the manufacturer's table by listing the counter reading, milligal-equivalent to that
reading, and the linear interpolation factor to multiply readings in the following interval.
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Step 4—Convert readings to milligals and correct for effect of tide

Program mergeg.f merges dates, times,readings, elevations, accuracy codes, and field terrain
corrections in therFLD file with the geographic coordinates in thecT file and then calculatesde-
corrected milligal-equivalernteadings by applyindle .CAL to create aTID file (fig. 1 and appendix 5).
The program confirms which calibration factors were applied by printing, for example,

Table of readings ranging from 3200 to 3600 units.
MANUFACTURER'S REVISION
COUNTER MGAL FACTOR MGAL FACTOR
3200 3343.072 1.045901 3345.118 1.046541
3300 3447.662 1.045959 3449.772 1.046600

Lines from aTID file, with time and date as supplementary notes in italics, are, for example,

G8B 1993

WNBAS4058351174402 42979 62193 9127  023623385N22 2C [AT 9:12, 6-21-93]
WINNA4054231174822 42980 62193 9437 023606421 0 [AT 9:43, 6-21-93]
WN 6412458118 117 41270 6219315517  023694775N22 1C [AT 15:51, 6-21-93]
WN 6412458118 117 41270 62293 8427  023694741N22 1C [AT 8:42, 6-22-93]
WNBAS4058351174402 42979 622931912 7  023623401N22 2C [AT 19:11, 6-22-93]

After the first line with the gravity meter naraed theyear,lines include the stationame,geographic
coordinates (degrees, minutes0t01 minute), elevation(to 0.1 foot) ,date (month-day-year), locéime
(hours, minutes), Greenwichime correction (), a flag ("2") for re-occupations, tide-corrected milligal-
equivalent readings (3623.385 to microgals for the first reading), optional accuracynzaie énd field
terrain correction (to 0.01 milligal) with codec{). The gap after the Greenwidlime correction followed
by a zero previously included \alue of observed gravity copied bgrogramextractg.f from existing
processeddata. Components othe tide-corrected milligal-equivalemeadings are printed infile
MERGEG.PNT.

Step 5—Utilize known or determined values of observed gravity

A key feature of thigravity reduction system is toreateand recursively modify &le with assumed
absolutevalues of observed gravignd other optiongither by creating aBAS file in an editor or by
executing progransetbaseg.flappendix 6). Inasmuch ageading was observed at a nbase station
WNBAS before a reading wasade at a previouskystablished base statioviNNA, and prograndriftg.f
calculates values of observed gravity by linear interpolation between previously determined values of
observedgravity, atemporaryvalue of 979,800.000 mGalor observed gravity atstation WNBAS was
inserted into theBAS file and consequently into aID file during the first execution by program
setbaseg.f The first.BAS file consisted of one line:

WNBAS 3 79800.000 BASE

The status flag "3" indicates that statiWNBAS is to be treated as a base station, to which other stations can
be tied. The value 00800.000(979,800.000 mGal) was substituted by progsathaseg.for thevalue of
observed gravity at all occurrences of statiaxBAS in a shortTID file thatconsisted othe first day of
readings at the two base stations. As is the foaggrograms and formats in theystem, a leadint®" is
assumed for observed gravity to maximize computational accurBeggramdriftg.f next calculated the
best value in the least-squares sense for the observed gravity ofvgtatianrelative towNBAS so that the

next execution of prograsetbaseg.fcould substitute the consequently determinaitie for WNBAS as

well asfor WINNA into the completeTID dataset. Avalue of1.0 for observed gravity indicates that the
existing value of observed gravity is to be retained, but the status flag is to be changed.

Other flags in addition to3" for a basestation are: §" or "1" for a gravity stationwith only one
observation; 2" a stationwith re-occupations or a station identified in tife.D file as stationwith a
calculated value of observed gravity to be printed;d reoccupied station without output values; a time
with aninstantaneous change grfavity readings (a "tare");6," a duplicatebase station observation to
obtain output; and7," a reading to be deleted. Inasmuch as flags 1 and 2 occur as fllefsuin the first
.TID file, their stations are not ithe .BAS file unless changesre neededFlags 5, 6, and 7 ithe.BAS
file require a following line with a date and time to be typed in an editor. For example,



TONOJ 5

06-20-80 1535 TARE
BELC 6

05-12-83 1644 BASE

After substituting values of observed gravity for the two base statiars, &ile is created by program
setbaseg,ffor example,

G8B 1993

WNBAS4058351174402 42979 62193 912 7798275133623385N22 2C
WINNA4054231174822 42980 62193 943 7798104833606421 0

WN 64124581180117 41270 6219315517  023694775N22 1C

WN 64124581180117 41270 622938427  023694741N22 1C
WNBAS4058351174402 42979 622931911 7798275133623401N22 2C

Programsetbaseg.treates aGiv file, which is a duplicate of theput.TID file with newflags and
values of observed gravity inserted at all occurrences of stations identifiedenglige. The.GIV file is
renamed (at command level or in a window) to be the.mexfile needed as input to progratriftg.f .

Step 6—Calculate gravity meter drift and values of observed gravity

Programdriftg.f is executed in two modes. The first mode is to prafiies of gravity metedrift and
observed gravity only for reoccupied stations or stations flagged for printed outputAnhéle. When
the last values of observed gravity astablished foall reoccupied stationsith recursiveexecution of
programssetbaseg.tind prograndriftg.f , the second mode outputdile with values ofobservedgravity
for all readingsexcept abase stations in addition to a printdat all readings. ADFT file of values
needed for plotting gravity meter drift in prograniftplt.f is created in both modes.

A detailed list in file DRIFTG.PNT includes the inputine number, stationname, geographic
coordinates, elevation, time, date, reading, base station reference, gravity meter drift, gogeityety" to
flag an assumed gravity value, "P" to flag output for.6igs, and thdine number of the previous reading
at reoccupied stations. For example,

LINE NAME LATIT LONGIT ELEV TIME DATE READING BASE GRAVITY LAST

DEG-MIN DEG-MIN (FEET) H-M M-D (MGAL) STA DRIFT (MGAL) LINE

2 WNBAS 4058.35 11744.02 4297.9 912 621 3623.385 WNBAS 0.000 79827.51* 2

3 WINNA 4054.23 11748.22 4298.0 943 621 3606.421 WINNA 0.066 79810.48* 3

4 WNBAS 4058.35 11744.02 4297.9 1012 621 3623.517 WNBAS 0.132 79827.51* 2

13 WN 44122.66 118 1.844171.9 15 4 621 3688.248 WNBAS 0.051 79892.32 P

14 WN 54121.67 118 2.28 4166.7 1535 621 3689.416 WNBAS 0.050 79893.49 P

15WN 64124.58 118 1.17 4127.0 1551 621 3694.775 WNBAS 0.050 79898.85*P 15

The above detailelist is viewed tofocus on doubtfulaluesand may be retained as documentation but
seldom would need to be printed. The summary aftedétaled list, whichshowscalculated average
values of observed gravity is useful to print as documentation.

Programdriftg.f was executed once to establistiadue for the localbase station occupied 993
(Plouff, 1996) andfive additional executions—generally in the combined sequence of most-to-least
observations at reoccupied stations and chronologically outer-to-inner ties of reoccupied stations—to
obtain values of observed gravity for all gravity readings (appendix 6). With closer scrutieydsftailed
printout from prograndriftg.f, lessexecutions of the combination pfogramssetbaseg.fand driftg.f
may have been needed, but more user time would have been requireadddn changes gfravity meter
readings ("tares"), which exceed the expected variation of re-occupatemes)oticed in the gravityneter
drift curves for the 1993 data. The method of corredtortares would be to insert a flag at dhebious
reading and assume mpavity meterdrift occurred since the last reoccupation barse statiorwith a
previously determined value of observed gravity.

The printed summary at the end of timst execution ofdriftg.f for an abbreviated file listed an
average of linearly interpolated value of observed gravity for base statinA:



PAST SEQ NAME LAST TIMES GRAVITY  STD
NAMES LINE READ (MGAL) DEV
1WNBAS 8 5979800.00 base
2WINNA 7 3979782.97 0.02

Therefore, thevalue ofobserved gravity at locdlase stationwNBAS is 17.03+0.02mGal higher than at
regional base statiowINNA . Inasmuch ashe acceptedvalue of observed gravity astation WINNA is
979,810.48 mGal, the value of observed gravity thus deterrfonewwly established base statis?NBAS

is 979,827.51 mGal. After inserting the updated values of observed gravity at the two base stations into the
.TID file for all the 1993 data by using prograetbaseg.fthe first six lines othe printed summary from
programdriftg.f for the 1993 data set were:

PAST SEQ NAME LAST TIMES GRAVITY STD
NAMES LINE READ (MGAL) DEV
1 WNBAS 317 29979827.51 base
2WINNA 8 3979810.48 base
3WN 2 62 3979888.25 0.03
4WN 6 294 8979898.85 0.02

Accepted values of observed gravity for statians 2, WN 6, and other stationsereentered into the
.BAS and.TID files by executing programsetbaseg.f Programdriftg.f subsequenthaveraged linearly
interpolated values of observed gravity reoccupied stations. the standarddeviation isnot acceptable,
the detailedprintout must be examined tdinainate typographicalerrors or misreadings.The standard
deviation and number of re-occupations aseful to identify a statiowith re-occupations as a new base
station or to assign an accuracy code for the value of observed gravity.

Each execution of progradriftg.f creates aDFT file with calculated values of gravity meinift for
base and other stations reoccupied in 1993 as input to plot prddfgtf , for example,

1-Apr-98 16:00:43 {The date later is expressed as "1998:0401"}
blm938

G8B 1993

7 62193 912

7 621 912WNBASWNBAS+ 0.000
621 943WINNAWINNA+ 0.066

6 21 1012WNBASWNBAS+ 0.132
6 21 1244WNBASWNBAS+ 0.048
621 14 2WN 2WNBAS. 0.053

6 21 1551WN 6WNBAS. 0.050

6 21 1642WN 2WNBAS. 0.030

6 21 18 9WNBASWNBAS+ 0.061

The first line of output filoim938.DFT hasthe dateandtime of execution of prograndriftg.f. The
second line has the root name of the data set, to which suffixes are appended. Tihe tfasdhe gravity
meter name and the year of the gravity survey. The féogthasthe Greenwichlime correction and the
dateandtime of thefirst reading. The remaining lines include the Greenwitime correction, the date
(without the year) and time of the reading for which\thleie ofobserved gravithasbeen determined, the
stationname,the name of théase station tavhich the station is referred, a plot symbahd avalue of
gravity meter drift in milligals relative to the first reading of the data set. The final line ab#efile has
the Greenwich Time correction and the date (without the yealime of thelast reading of the datset.
Plot symbols are+" for a base station, a square for a reoccuptation,and 'x" for atare orfor thefirst
or last station of a survey without a value of observed gravity.

NENENENENENEN]

After the last values of observed gravity have been entered intB Alsefile and subsequently into the
.TID file by programsetbaseg.fthesecond mode of progradriftg.f is selected to output @BS file
with values of observed gravity for all readings except for unselected base stations, for example,

WN 1412388 1174945 421927987771N22 61993 1 C WNBAS
WN 2412445 1175781 412277988825N22 61993 1 C WNBAS
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The output.0oBS file includes statiomames,geographic coordinates (degrees and minutedlp
elevationg(to 0.1foot), values of observed graviffto 0.01milligal without the leading), thefirst three
digits of accuracy codesjonths and years difie readings, close-in terrain corrections {61 milligal),
ring codes of the terrain corrections, and base stations to which stations are referendsase Btegtion to
which a reading at a station is referencedssigned by programiriftg.f to be the closediase station in
time read either before or after the reading of the station.

Step 7—Plot gravity meter drift

Plots ofgravity meterdrift created byprogramdriftplt.f (fig. 3; appendix 7)are useful to highlight
reading errors or errors of values of the assumed observed gravity, show the general error level for
re-occupations, and document the qualityg@vity observationgor a report. Foexample,Plouff (1964,
fig. 2) plottedthe difference of gravity metadrift betweentwo gravity meters read at the same isolated
locationfor five months to display error caused by a malfunctiomelgy in onegravity meterfor two
months, and to shothat although the driffor onegravity meter wasbout0.4 mGal/day, thdong term
difference of drift was linear. Plouff (1982, figs. 4 and 5) plotted gravity meter drift to identify tares and to
document the accuracy of field data acquired by the U.S. Geological Survey and other groups.

Drift plot files with suffixes.PST created byprogramdriftplt.f are in the format of the commonly
used PostScript language (Adobe Systems Incorporated, 1990). Therefore, the plot files can be printed o
a laser printer or viewed on a monitor. Erroneous points on a drift plot can be identifieoFn fle by
interpolating theime and amplitude of their occurrence. Lagggps intime and shifts inamplitudes are
interactively accommodated programdriftplt.f by splitting drift plots intotwo user-selected aajent
panes. Thability to "click" on a pointdisplayed on the monitor gbat the statiomame, time, date, and
amplitude of the point appears as an annotation would be useful to implement in the future.

Step 8—Delete redundant data

The .0BS outputfile from programdriftg.f includes aline for each gravityreading except base
stations. After the values of obsengmavity for each reoccupied statidravebeen entered into th8AS
file and the final execution gdfrogramssetbaseg.fanddriftg.f havebeenmade,only the last reading or
the readingwith the closesttie to abase statiorshould beretainedfor computation of gravity anomalies.
Obtaining a file with only one line per station was accomplished by first sortingsigeso that lineswith
consecutive readings for each station are adjacent rather than mowghtiutthe file. TheUNIX (trade
name of American Telephone and Telegraph Co.) system "sort" command

sort +0.0 -0.8 +0.48 -0.52 +0.46 -0.4BImM938.0BS -0bImM938.SRT

rearranged lines in fileim938.0BS into a sequence of lines arranged in the descermdey of station
name, year, and month, respectively, to creatdlit3s.SRTthat starts with lines

P163 405500 1182281 416307984850G53 62893 1 C WNBAS
P163 405500 1182281 416307984850G53 62893 1 C WNBAS
P163 405500 1182281 416307984850G53 63093 1 C WNBAS
AUX53 411469 1175988 550527980310G75 62393 2 C WNBAS
AUX53 411469 1175988 550527980310G75 62593 2 C WNBAS
WN 1412388 1174945 421927987771N22 62193 1 C WNBAS
WN 2412445 1175781 412277988825N22 62193 1 C WNBAS
WN 2412445 1175781 412277988825N22 62193 1 C WNBAS

(appendix 8). For thissimple dateset,execution of progranextraobs.f which did not neednteractive
decisions for assignment of alternative base stations, printedt&a0BS.PNT file with lines

3 stations named P163 Dates range from 61993 to 61993. Bases are:
WNBAS ( 3)

2 stations named AUX53 Dates range from 61993 to 61993. Bases are:
WNBAS ( 2)

3 stations named WN 2 Dates range from 61993 to 61993. Bases are:
WNBAS ( 3)

and a user-named output filen938.plf that starts with lines
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Figure 3.--Drift plots. Top plot, drift after values for base stations were determined for 1993 data.
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P163 405500 1182281 416307984850G53 061993 1 0C 0 OWNBAS
AUX53 411469 1175988 550527980310G75 061993 2 0C 0 OWNBAS
WN 1412388 1174945 421927987771N22 061993 1 0OC O OWNBAS
WN 2412445 1175781 412277988825N22 061993 1 0OC O OWNBAS

If rearrangement is acceptable, a combinatiosaofing andexecution of progranextraobs.f can identify
and delete superfluous data points from a file in the same format with more than one year of data.

ADDITIONAL COMMENTS ABOUT THE REDUCTION PROCESS

Computer programs described in this report should nanéged into one program becalesech
program may identifyerrors to becorrected or may request additional information before the next
processing step is begun. Inasmuch as the gradtyction system easily creates reproducible results, no
files except those with suffixesLD, .BAS, .CAL , and.OBS and a record of processing steeed to be
retained. For example Plouff (1996, table land Part B) published those filegceptfor the .0BS file,
which was replaced by rrew file withterrain corrections angravity anomalies. If thealue ofobserved
gravity assumed for a base station is changed, a pregtdog.f provides an option to increment thaue
of observed gravityor gravity stations referred tthat base station. Ifalues of observed gravity are
determinedwith an inaccurate gravity metand some othe gravitystationsare re-occupieavith a more
accurate gravity meter, best fits between repeated readings can yield a revised gravitgnstetet for the
lessaccurate gravity meter. Therefore, improved values of observed gravity can be ofuridath
collected with the less accurate gravity meter. For example, Plouff (1972, p. 7) utilized 72 re-occupations to
re-compute values of observed gravity for 231 gravity stations.

Programdriftg.f would need to be modified iorder toimprove accuracy by utilizing parabolitift,
for example (written commun., R.C. Jachens @id/. Roberts, 1992), rather than the preserdsumed
linear instrument drift. Gravity meter drift is not directly linked across the time interval betweelYédesv
Eveand NewYearsDay, but tests utilizing output from progranmsergeg.f and driftg.f confirmedthat
there are no discontinuities of tide-corrected instrument drift in that interval.

GRAVITY TERRAIN CORRECTIONS

Unless reflectorless laser range finding equipment and software (Lyman and 138&)gre utilized,
notes about topography should be recorded in the field sgrthaty terraincorrections (TCs), thgravity
effect of departures of topography from an assumed flat surface, can be determined. InaSischras
determined to farther distances by overlaying topographic maps with "templates" or by utilizing digital map
elevations (Plouff, 1977; Cogbill, 1990), fieldCs commonly are determined to distance$8f3 m (175
ft) from the gravity station location to include the C ring of the Hammer (1939) TC system or 68 m (223 ft)
to include the B ring of the Hayford TC system (Hayford and Bowie, 1912, p. 18; Swick, 1942). If a point
with a known elevation is located at site where the local terrain effect lsgh and a description of
topography iscomplicated, the gravitgtation preferablyshould belocatednearby where the effect of
topography igninimized, and theelevation isadjusted to the station location bveling. TCs for the
special case of gravity readings taken on a post are computed by progpatri (appendix 9).

TCs firstwere calculated at thd.S. Geological Survey by recordirglevationestimates on standard
forms, subtracting the statiatevation,looking up the TCfor each compartment in tablder exanple,
from Hammer (1939) or Swick (1942, p. 68), and summing the values. TCsmpartments designed to
match local topography can be calculated in the field a programmable calculator (oral commu@.\W.
Roberts, 1985). Spielman and Ponce (1984 compute TCs directly from table erdiggtsliformat. The
computations are based on the assumghanhthetopographywithin a compartment is horizontal. These
TCs commonly are too large becauspography near a station tends to sltépeard the station—with
elevationscloser tothat of the station neart thedoser edges of compartments—rather thaming a
stonehengelike form. Iwew of knowledge of the effect of the inversgquare ofdistance, experienced
estimators subjectivelyecordedelevationscloser tothat of the station than eithewerage elevations or
elevations near the centroid of compartméatal commun.Kenneth Holden1975). This errocan be
minimized by using smaller compartmensizes or by utilizing formulas for slopingompartments
(Campbell, 1980).
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Close to agravity station, theground surfacenore likely slopes throughhe gravitystation as a first
approximation rather than forming a flat-topped stonehengelike horizontal slope throughout a TC
compartment. Therefore, Hammer (1939) derived a formutaltolate the two-dimensional gravity effect
of a sloping surface (two-dimensional wedge bounded by a circular ring), pdmsies througtine gravity
station. The formula wasiplemented bySandberg's (1958ablesfor Hammer andHayford ringswith
TCs determined aslope intervals of one degree to aaximum slope of 30 degrees . Entries for
Sandberg's (1958nbles either are angles slibpe (measured ithe field) or differences o€levation
between thestation and the interpolated contalevationtangent to the outer edge of a semicircualaga
centered at a gravity station. Campbell (1980) extended Han(1@89) slopeformula to determine TCs
bounded by individual cylindrical compartments rather than semicircular rings.

S.L. Robbins and H.W. Oliver (writtecommun.,1970) computedTCs for displaced slopes, iwhich
the ground surface isiorizontal to a measured distance frongravity stationand, thence, aassumed
planar ground surface slopes upward or downward at a measured angle of slope. Their page-size plot fc
TCs ofdisplacedslopesstill is useful toestimate fieldTCs for mostgravity stations. Inasmuch as the
unpublished computer algorithosed by Robbins an@liver wasnot found, prograndspslope.fwas
written to compute and plot curves for the TCs of displaced slopes (figs. 4 and 5). Families ofluauwes
for example, thafCs to adistance of 68 m ar8.005 mGal if slopes on both sides ofstation are 3
degrees or if thground isflat to 9 ft (3 m)and thence thelope on one side of gravity station is 5
degrees (fig. 4).The algorithm to reproduce the logarithmic plotRdbbins andOliver is based on a
summation of 44 olessvertical rectangulaprisms (Plouff,1976), which ardounded by aertical half-
cylinder with a user-selected radius of 68 m (223 ft) or less. The exact TC for an inclinetth@ipasses
through the station location also is computed by progtapslope.f(figs. 4 and 5). Computation of the
exact TC is based on evaluation of a complete elliptical integral of the first kind (Bulirsch, 1965, p. 86).

Programfieldtc.f computes TCs fomore compleXorms oftwo-dimensional topography (appendix
9). TheTCsare computed as the gravity effect of 87less vertical rectangularprismsthat start at a
distance of 0.3 ft (0.09 m) fromhe gravitystation. TCscommonly are calculated within semicircleih
outer radii of 175 ft (53.3 m) for Hammer's (1939) C ring or 223 ft (68 m) for Hayf(8d'£k, 1942) B
ring. Interactiveprogram inputconsists ofthree components measured fronswccession of points
starting at thegravity station: 1) angle dflope in degreegiewed at orparallel toground level; 2) tape-
measured or usually paced distance alongslityge infeet; and 3) height difference in feetOne of the
three entries always is zero to signify that the component was not measured or is a redundant component
Field notes to describe nearly two-dimensional topography divetlld bewritten in the direction of
maximum slope, then in theppositedirection, and finally in other directions if needed ¢stimate the
maximum effect normal to the steepskipe or for definingthree-dimensional topography. Program
entries can be made to obtain TCs for simple cases of slopksptaicedslopes. For 8-degree slope in
one direction from atation, the entry to thprogram is theriplet of numbers 3 0 d' (regardless of
upward or downward direction of slope), which yields a TC of 0.003 mGal to a distance of B8-ra. 5-
degree slope displaced at a distance of 9 ft, the entries @ followed by "s 0 " whichyields a TC
of 0.005 mGal to a distance of 68 m. Field notes for a station may be "flat to 10' NW9@bdfen 6'; flat
to 15'; up 90° for 6'; flat 8'; up 15°." Thwrresponding triplets of teractiveentries to progranfieldtc.f
are '010Q" "-90 0 -6" "0 15Q" "90 0 §" "0 8 " and "5 0 Q" which yields a TC 0D0.034mGal to a
distance of 68-nfor the semicircular area to the northwest of the station. Thdof@e contribution
associated with each triplet is printed in fIELDTC.PNT . Using either 44 or 87 prisnyselded a TC of
0.118 mGal for an interrupted 20° slopeo(5 9" "20 0 ¢') compared to an exact solution of 0.1hGal
("20 0 0").

Barrows and Fett (1991) described a TC mettoodield or map applicationvith athree-dimensional
model that consists of a series of sloping "wedges" bounded irnviplarby radial lines. Thease of the
wedges is a horizontal plane at #levation of the gravity statioand theupper surface otach wedge is
conical (Olivier and Simard, 1981). Wedges join along the upper surfaces at changes witlslbpights
and distances measured alomgdgebisectors inthe field or obtainedrom maps. Lyman and others
(1997) described a method to rapidly "shoot" a reflectorless laser range fjulirgg key points such as
slope changesnaxima,andminima. The input data are automatically recordeut] TCs, for example, to
50 m can be computed in the field bging apparently proprietary software partly based on algorithms
referenced by Cogbill (1990).
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PROGRAMMING CONSIDERATIONS

The computemprograms discussed in this repare written in theFORTRAN-77 language and are
compiled and executed in @NIX (trade name of American Telephoaead TelegraphCo.) system.
FORTRAN-77 is a scientific programminganguage, which is commonly referencddr example, in
algorithms published by the Association for Computing Machinery (ACM) Transactions on Mathematical
Software. TheFORTRAN language also isised formany otherUSGS geophysical applicationgfor
example,Cordell and others, 199Blakely, 1995). The genericlevel of FORTRAN coding and self-
documentation by extensive prompting simplifies adaptatigoragrams discussed in this reportother
platforms and conversion of thedes to other languages. Computer files plots and formswere
prepared in the commonly used and available PostScript language (Bgsteendncorporated,1990) so
that the software would not be dependent on the availability of specialized plot equipment and software.

Current dates and times recordiging the reductionprocesswere derivedrom VAX/vMS (Digital
Equipment Corporatiorgate andtime functions. The vMs formatfor a date,for example.expressed as
"14-Apr-98" later was replaced by standard sequence of year-month-day expressed as "1998:0414,"
which was derived from a Sun Microsystems, Inc., Sotkie_and_timefunction. The colon was added
for readability. A subroutinedatetim.f, which callsand converts arguments frothe Solaris Y2K-
compatibledate_and_timefunction, replaced calls to thvvs date andtime functions.

The following features reflect the programming appraasdd indeveloping the computgrrograms
discussed in this report. Stand@®ORTRAN-77 functionscalled by theprogramsinclude theINQUIRE
command, whictsearches a directory to find if a requeditdis present ombsentand an option of the
READ andwRITE commands to re-format variables. A "mdmmand inREAD statements protects against
carriage returns embedded in lines before all possible variables are read. A carriageNeRkey) in
response to prompting is“ges.” Filesgenerally are nobverwrittenduring program executioaxcept
with user permission in response to promptindyccuracy of computations are maximizéaroughout
processes butilizing a formatwith integer degrees separated from minutes. Althdidgh corrections
expressed in microgals require orttyee significant figures, tideorrections arecalculated indouble
precision because of the need to express time in minutes since the beginning of the year 190@le$Print"
generally are only viewed on a computer screen. Printviiigsline lengths greater than the common 80-
column page width require rotation on a printed page to be retained as a "hard copy" for quality control.

Programs in this report perform essential tasksviach they are designetiut comprehensive testing
has not been done for a full range of input data.
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APPENDIX 1
ACCURACY CODES

A 4-digit code was defined bgroup consensus in Menlo Pafalif., in the 1960's todescribe the
accuracy of individual gravity stations. Slight modifications were made by data coll@stbrompilers to
tailor theusage tahe requirements of specific dagats. The first digit serves to describe tHecation,
usually referred to a point of known elevation.

Code

B On level-line bench mark or other permanent mark incorporated into USGS vertical control system,
including National Geodetic Survey bench marks.

N Near or possibly on level-line bench mark of USGS system.

\% On vertical-angle bench mark.

H Near or possibly on vertical-angle bench mark.

D Near assumed location of any of the above marks that was destroyed or not found.

P Near surveyed elevation not printed on topographic map.

X Near well-defined marks such as wells, windmills, microwave towers, or section corners.

F Near location with or without a mark, at which a surveyed elevation is shown on a published map.

G Near location (on a manuscript or published map) at which a spot elevation is determined by
photogrammetry; near doubtful F-location. Printed in brown or with letter "T" appended.

T Elevation based on photogrammetry done by USGS; or spot elevation not printed on published map.

K Spot elevation based on photogrammetry determined by other organizations.

w Edge of lake, canal, or reservoir; interpolated elevation or elevation given for water or dam at unknown
height relative to present level.

A Elevation determined by using altimetry with unknown accuracy.

C Elevation determined by topographic contour interpolation.

Q Elevation determined by topographic contour interpolation along drainages.

2 Along regularly spaced profile of stations; elevation source is unknown.

3 Near road or section line; elevation source is unknown.

U Not near road or other landmark; elevation source is unknown.

(blank space) Code not assigned .

The seconddigit serves to estimate the effect elevationerror andthe consequent effect on the
accuracy of theralue of gravityanomalies. Thaeecond column ithe elevatioraccuracy in meters. The
third column is the consequent error in calculating gravity anomalies, in milligals, assuming 0.02 mGal/m.

Code

1 0.05 0.01 Onotied to level-line bench mark by surveying.

2 0.15 0.03 Elevation difference hand-leveled to nearby bench mark; elevation recorded to nearest foot.

3 0.3 0.06 Nearbench mark.

4 0.6 0.12 Ononear vertical-angle bench mark; flat area near level-line bench mark that was not found.
5 15 0.3  Near surveyed elevation on topographic map; elevation from map with 10-ft contour interval
6 3.0 0.6  Photogrammetric elevation or contour interpolation on map with 20-ft contour interval.

7 6.0 1.2 Uncertain location of photogrammetric spot elevation.

8 15.0 3.0  Contouinterpolation along road or stream on map with 80-ft contour interval; doubtful

combination of elevation and horizontal location.
9 30.0 6.0 Location and elevation doubtful but no other data points nearby.
(blank space) Code not assigned.

The third digit serves to estimate the effect of locationr andthe consequent effect on thecuracy
of the value of gravity anomalies. The second column is the location accuracy in meters. The third column
is the consequent error @alculating gravity anomalies, in milligalassuminghat all thelocationerror is
along the north component of direction.

1 13 0.01 Near vertial-angle bench mark; established by Global Positioning System..

2 25 0.02 Near peranent mark on map such as bench mark, section corner, or well.

3 65 0.05 Road intersection or stream fork.

4 130 0.1 Broad road curve or gentle hill crest.

5 250 0.2 Location depends on odometer for interval greater than 1 mi, or other estimate.
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6 650 0.5 Location consistent with elevation but located 0.5 mi from a definitive landmark.

7 1,300 1.0 No likely landmark within 1 mile.

8 2,500 2.0 Original location changed by 1 to 2 mi, to agree with location of the given elevation.
9 5,000 5.0 Doubtful location but no other data points nearby.

(blank space) Code not assigned.

The fourth digit, theaccuracy of thevalue ofobservedgravity, isnot availableuntil the field data are
processed.The accuracestimate, in milligals, indicated in theecondcolumn, usually isrelative to the
closest available regional gravity base station.

Code

1 0.01 Base station established with LaCoste and Romberg or equivalent gravity meter.

2 0.02 Station established with multiple ties of high precision.

3 0.05 Repeated readings with LaCoste and Romberg gravity meter.

4 0.1 One reading with LaCoste and Romberg gravity meter.

5 0.2 Single tide-corrected reading with Worden gravity meter with good drift characteristics.
6 0.5 Value is average of two observations that are 1.0 mGal apart; uncertain datum shift.
7 1.0 Single reading of Worden gravity meter with doubtful drift characteristics.

8 20 Value is average of two observations that are 4 mGal apart.

9 5.0 Doubtful value but no other data available.

(blank épace) Code not assigned.

APPENDIX 2
ASSEMBLING MAPS , TESTING DATA, AND LISTING DATA POINTS

The following computesession for prograrfieldg.f simulated a test of filelm938.FLD for gravity
data collected il993 (Plouff, 1996) andreated filesbim938.NAM and bim938.MAP. In practice,
previous executions dieldg.f may have indicated typographiearors to becorrected. Typedesponses
are in bold print. Note that the root name for files must have eight or less characters. Additional comments
not in the original session are bracketed in italidfier datetim.f was appended to progrdeldg.f and
other programs, the date in the format "18-Mar-98" was replaced by "1998:0318 ."

fieldg [ COMMAND TO EXECUTE PROGRAM
FIELDG, Plouff, 3-98. 18-Mar-98 16:42:56 Program to test field readings and
to create files of unique station names and maps (west longitudes).

A data file consists of a lead line with gravity meter name (1-4),

year (5-9), positive Greenwich correction (10-11), terrain correction

ring (13), and method (14-20). Days of field data follow. A day consists of

a line with the date (month-day-year, 1-8), reading lines, and a line with

all nines as a delimiter. The reading format is: station name (1-5), a code

letter, time (hours-minutes, 7-10), microgal reading (11-18), elevation

(19-24), elevation units, accuracy code (26-28), field terrain correction

(29-31), and optional map name (32-36).

TYPE the root name associated with your files (8-digit max): bim938

Field data are in a file called biIm938.FLD

Station names are output in a file called bim938.NAM (EXTRACTG input)

Map names are output in a file called biIm938.MAP

Print output is in a file called: FIELDG.PNT

Gravity meter: G8B ; Year: 1993; Greenwich correction (+): 7 hours.

Outer ring for field TC estimate is HAMMER -C

Next, sort and print file bim938.MAP that lists maps to be digitized.

Then run program EXTRACTG to find locations and existing observed gravity
values for file: bim938.NAM  You need to provide a calibration file named
G8B.CAL when you run program MERGEG. Run program CALIBG if you need to
create that file.

7- 2-93 is last day read. Last line is number 341

Readings range from 3397.570 at station WN115 to 3547.440 at station WN249

Total days= 12 Total unique stations= 263

Total input lines= 341  Total stations repeated from another survey= 18

Total maps named= 38
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[PRINT OF FILEFIELDG.PNT]
FIELDG, Plouff, 3-98. 18-Mar-98 16:42:56 Program to test field readings and
to create files of unique station names and maps (west longitudes).
Field data are in a file called bIm938.FLD
Station names are output in a file called biIm938.NAM (EXTRACTG input)
Map names are output in a file called blIm938.MAP
Gravity meter: G8B; Year: 1993; Greenwich correction (+): 7 hours.
Outer ring for field TC estimate is HAMMER -C
Next, sort and print file bim938.MAP that lists maps to be digitized.
Then run program EXTRACTG to find locations and existing observed gravity
values for file: bim938.NAM  You need to provide a calibration file named
G8B.CAL when you run program MERGEG. Run program CALIBG if you need to
create that file.
7- 2-93 is last day read. Last line is number 341
Readings range from 3397.570 at station WN115 to 3547.440 at station WN249
Station list:
NUMBER NAME NUMBER NAME NUMBER NAME NUMBER NAME NUMBER NAME NUMBER NAME
29WNBAS 3WINNA 1WN1 3WN2 1WN3 1WNA4
IWN5 O9WN 6 1WN7 2WN8 1WNY9 1WNI1O
2WN11 1WN12 2WN13 1WN14 1WN15 1WNI16
1WN17 1WN18 1WN19 2WN20 1WN21 1WN22
[OTHER LINE$
4 P163 1WN154 1WN155 1WN156 1WN157 1 WN158
2WN243 1WN244 1WN245 1WN246 1WN247 1 WN248
2WN249 1WN250 1WN251 1WN252 1WN253 1WN254
1WN255 1WN256 1WN257 1WN258 2 OROV
Map list: ["'NUMBER" BELOW REFERS TO NUMBER OF STATIONS ON THE MAP
NUMBER NAME NUMBER NAME NUMBER NAME NUMBER NAME NUMBER NAME NUMBER NAME
1WD7NW 2WDSNE 1MB8S8NE 5MB8NW 33VBINE 13 VBISE
5VBINW 4VB2NE 3VB2SE 3VB1ISW 24 VAINW 15VAINE
24 MB8SW 12 MABNW 3 MB8SE 7 WD8NW 10LDINW 13 VALSW
5VAISE 15VA2SE 3LD2NE 3 MA8SW 3LDINE 3LD2NW
14 VA2NE 14VCISE 1MC8SW 1VA2NW 1 MA7TNW 2 MA7SW
2 MASSE 6 MASNE 1VCisw 1 VCINE 5 VC2NE 1VC2SE
3VC2SW 1 MCS8SE
Total days= 12 Total unique stations= 263
Total input lines= 341 Total stations repeated from another survey= 18
Total maps named= 38

sort bim938.MAP -0 bim938.SRT [COMMAND TO SORT FILE

[PRINT OF FILEbIm938.SRT WITH LINES COMBINED]
Maps listed in file bim938.FLD
LDINE 3 LDINW 10 LD2NE 3 LD2NW 3 MA7NW 1 MA7SW 2 MASNE 6 MA8SNW 12
MABSE 2 MA8SW 3 MBBNE 1 MB8NW 5 MB8SE 3 MB8SW 24 MC8SE 1 MC8SW 1
VAINE 15 VAINW 24 VAL1SE 5 VA1SW 13 VA2NE 14 VA2NW 1 VA2SE 15 VBINE 33
VBINW 5 VBI1SE 13 VB1SW 3 VB2NE 4 VB2SE 3 VCINE 1 VCISE 14 VC1ISW 1
VC2NE 5 VC2SE 1 VC2SW 3 WD7NW 1 WDSNE 2 WD8NW 7

The abovdist can beused to extract maps frothe field files so that locations can be digitized and
manual gravity terrairtorrections can be made. If there &es than four stations on amap, hand
digitization of geographic coordinates with templates (Plouff, 1998) is faster than machine digitization.
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APPENDIX 3
OBTAINING GEOGRAPHIC COORDINATES TO MERGE WITH FIELD DATA

The following computer session for prograxiractg.f simulated step 2 (fig. 1) for finding geographic
coordinates forthe 263 stationslisted in file bim938.NAM from programfieldg.f. In the original
execution of thistep, locationsvere found in files obtained from hand anshachine digitization. The
digitization files, however, were no longer needed after merging was accomplished. Therefore, a previously
processed output file for the gravity survey (Plouff, 1996) was temporarily rertamesgis.LOC required
to simulate a first execution of prograxtractg.f. The last five digits of an 8-digit statioXrame in the file
to be searched form the 5- digit station name carried throughout programs described in this report until the
output of step 8. Typed responses inbold print. Additional comments not in the originséssion are
bracketed in italics.

extractg [ COMMAND TO EXECUTE PROGRAM
EXTRACTG (Plouff, 8-94). Program to extract locations to be merged with

field data. Files with newly digitized data (.LOC) or old files are searched

for data points with matching unique 5-digit station names (.NAM)

generated by the FIELDG program.

TYPE the root name associated with your files (8-digit max): bim938
Field readings are in bim938.FLD ; Station names are in bim938.NAM
Is this a first run to extract data for bim938.FLD ? ['y" NOT NEEDED

Do you want to obtain digitized locations from file bim938.LOC now?
One digitizer format is: 3 blank spaces, 5-digit name, 7 spaces for latitude,
and 8 for longitude.
Is this your format?
Total of 263 unique station names in bim938.NAM
261 station names were matched.

2 stations now in bIm938.LFT still need to be found.
The next successful run of EXTRACTG will create a file bim938.REF , to be
appended to file bim938.FCT
Replace file bim938.NAM with bIm938.LFT , and re-run EXTRACTG.
The print file from this program is: EXTRACTG.PNT

[PRINT OF FILEbIm938.LFT--LIST OF STATIONS NOT FOUND
WNA11 2
P163 4

[PRINT OF FILEEXTRACTG.PNT]

EXTRACTG (Plouff, 8-94) 16-Jul-98 16:23:21 {Date later "1998:0716}
Field readings are in bim938.FLD ; Station names are in bim938.NAM
You are creating file blm938.FCT for the first output file.
You specified a digitizer format with the station name in the last 5 of
8-digit names in file bim938.LOC
Total of 263 unique station names in bim938.NAM
261 station names were matched.

2 stations now in bIm938.LFT still need to be found.
The next successful run of EXTRACTG will create a file bim938.REF , to be
appended to file blm938.FCT
Replace file bim938.NAM with bIm938.LFT , and re-run EXTRACTG.
List of missing stations in file bim938.LFT :
WNA1l P163

[PRINT OF FIRST LINES OF OUTPUT FILUEmM938.FCT]
P1634055001182281 0 42 0
WN 664057241180755 0 11
WN 674058691180836 0 11
WN 684059131180752 0 11
WN 694059561180833 0 11

[oNeoloNe)
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Each line of outpufile bim938.FCT has ab-digit stationname,latitudeand longitude in degrees and
minutes, a position foelevation(zeroes), the number oéadings (fronfile bim938.NAM), a flag 2" for
reoccupied locations or station thvatl need later printedutput or a 1," a previouslyused position for
observedgravity, and a position for #gerrain correction (zeroes)Only the two datgpoints listed infile
bim938.LFT, which hasthe same format as filelm938.NAM, still need to bdound. StationP163 as
indicated on the field sheet, is a reoccupation of a previously estaldishaty station. Before re-running
program extractg.f to find stationpP163 the name of filebim938.LFT needs to be changed to
bIm938.NAM so that filebim938.LFT will have the same role as fileim938.NAM had as input to
programextractg.f. If desired, first filebim938.NAM can be saved.

mv  bIm938.NAM bIim938.NAM1 [ SAVES THE FIRSTNAM FILE BY RE-NAMING
mv  bIm938.LFT bIim938.NAM [ RE-NAMES THELFT FILE TO.NAM]

The "plouff* format for station P163 found in an existing file is:
P163 405500 1182281 416307984851G533 -1088 71284 2 7S-15409 13WINNA
Only key lines from the following computer session are printed.

extractg [ COMMAND TGEXECUTE PROGRANI

A print file EXTRACTG.PNT already exists.

Do you want to stop to save it by renaming it? n
TYPE the root name associated with your files (8-digit max): bIm938
Field readings are in bim938.FLD ; Station names are in bim938.NAM

Is this a first run to extract data for bim938.FLD ? n

TYPE the name of your file that provides station locations: (<66 cols):
/gp/plouff/blmwinne/lovelock/plouflov.isn
Two data formats provide locations only, and one also supplies elevations
and hand terrain corrections. Their formats are:
1. Location appended to 5-digit station name.
2. Plouff format with station name in columns 4-8.
3. Same plouff format with elevation, handTC, and ring code carried forward.
TYPE number 1, 2, or 3: 2
Total of 2 unique station names in bim938.NAM

1 station names were matched.

1 stations now in bim938.LFT still need to be found.
Append file bim938.REF to file bim938.FCT , to update bim938.FCT
Replace file bim938.NAM with bIm938.LFT , and re-run EXTRACTG.

[PRINT OF OUTPUT FILE bIm938.REH
P1634055001182281 0 42 0

Step 4 of the reduction process requires a file wittca suffix (fig. 1). Therefore, later output files
with .REF suffixes must be appended to theT file. This can be accomplished with text editing or with
system level commands to append or concatenate files, for example,

cat blm938.FCT bIm938.REF > tempfile [CONCATENATE.FCT AND .REF FILES
rm bIm938.FCT [DELETE FIRST.FCT NAME]
mv tempfile bIm938.FCT [RENAME MERGED FILES TQFCT FOR STEP }#

StationwNA11 still was notfound. Inasmuch athe reading at statiowNAlliwas an attempted
reoccupation of statiowN 11 in a flat area with amnexpectedly higlyravity gradientstationwNA11was
inserted intofile bIm938.FCT by copying stationwN 11 in a text editorand assigning flags "2" for
reoocupied locations. The geographic range of the data can be obtained at the end of this reduction step |
executing progrargeog5.f with file bim938.FCT as input.
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APPENDIX 4
CREATING A GRAVITY METER CALIBRATION FILE

The following computer session for prograalibg.f created a calibration table neededthe gravity
data collected in 1993 (Plouff, 1996). The required rangganfity meterreadingswas printed as output
from thefieldg.f program ("Readings range from 3397.570 at station WN115 to 3547.440 at
station WN249" ). In the followingexample, aeading range beyondhat wasneeded was input, and
values were converted to an accuracy) . ®01mGal byusingthe manufacturermterval factors. Typed
responses are in bold print. Additional comments not in the original session are bracketed in italics.

calibg [ COMMAND TO EXECUTE PROGRAM
CALIBG, Plouff, 3-98. Create a gravity meter calibration file from

manufacturer's table.

TYPE a 1- to 4-digit name for the gravity meter (left-adjusted): G8B
Your calibration file will be named: G8B.CAL

IF TYPING ERRORS FOR NUMBERS OCCUR, QUESTIONS WILL BE REPEATED.

An experimentally determined constant may be multiplied times the instrument

calibration factors (in milligals per dial unit) provided by the manufacturer.

TYPE constant correction factor (about 1.): 1.000612
The counter reading interval is 100 dial units for LaCoste-Romberg G-meters

and 10 or 50 for D-meters. An interval of zero signifies gravity meters

where a single constant applies.

TYPE counter reading interval (integer) (O for single-constant meters): 100
Do you have constants to apply a circular error correction? N
You will be prompted with counter readings. You only need to type enough table

entries to cover the range indicated by the printout from program FIELDG.

The table is constructed in 2 ways. One way is to type milligal-equivalents

(preferably to microgals) of enough counter readings to cover the range.

The second way is to type the interval factors, starting at counter 000.

Do you want the preferred first way? Y

TYPE lowest counter reading needed (integer): 3300
TYPE value in milligals after counter-reading prompt.

Dial 3300 milligal-equivalent (zero to STOP): 3447.662
Dial 3400 milligal-equivalent (zero to STOP): 3552.258
Dial 3500 milligal-equivalent (zero to STOP): 3656.859
Dial 3600 milligal-equivalent (zero to STOP): 3761.464
Dial 3700 milligal-equivalent (zero to STOP): 3866.071
Dial 3800 milligal-equivalent (zero to STOP): 0

Proofread file: G8B.CAL before running MERGEG.
[PRINT OF OUTPUT FILEG8B.CAL]
G8B INTERVAL= 100 CIRC ERR=0 FACTOR= 1.000612
3300 3447.662 1.045960
3400 3552.258 1.046010
3500 3656.859 1.046050
3600 3761.464 1.046070 { FORMAT REPRODUCES MANUFACTURER'S TABLES

R.C. Jachengwritten commun.,1981) developed a method to correct approximately harmonic
deviations within the period of one dial revolution for gravity meters. Initially, the circular corregtifor,
a dial readingr, is ¢,=r-R, whereR is a reading datum. The corrected readings calculated recursively
by the sequence

a=———, C=¢_,—Ssna-Ccosa, and r,=c+R

with F,=70.9412 F,=35.4706 F;=23.6471 andF,=17.7353for the kind of gravity metersstudied. Subscripts
refer to the number of the harmonk, the sine §), and cosine®) terms for the harmonics are determined
by comparinggravity meterreadings aintervals of about units (100 units is ondial revolution)with
readings of othegravity meters. Inpractice, as indicated in thellowing example, conibutions to the
circular error from terms after the first two harmonic terms is negligible.
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calibg [ COMMAND TO EXECUTE PROGRAM
CALIBG, Plouff, 3-98. Create a gravity meter calibration file from

manufacturer's table.

TYPE a 1- to 4-digit name for the gravity meter (left-adjusted): 17G
Your calibration file will be named: 17G.CAL

IF TYPING ERRORS FOR NUMBERS OCCUR, QUESTIONS WILL BE REPEATED.

An experimentally determined constant may be multiplied times the instrument

calibration factors (in milligals per dial unit) provided by the manufacturer.

TYPE constant correction factor (about 1.): 1.00252
The counter reading interval is 100 dial units for LaCoste-Romberg G-meters

and 10 or 50 for D-meters. An interval of zero signifies gravity meters

where a single constant applies.

TYPE counter reading interval (integer) (O for single-constant meters): 100
Do you have constants to apply a circular error correction? y

TYPE zero reading datum: 3093.918
Sine term of first harmonic: 0.01287
Cosine term of first harmonic: 0.03091
Sine term of second harmonic: -0.00298
Cosine term of second harmonic: 0.01279

You will be prompted with counter readings. You only need to type enough table
entries to cover the range indicated by the printout from program FIELDG.

The table is constructed in 2 ways. One way is to type milligal-equivalents
(preferably to microgals) of enough counter readings to cover the range.

The second way is to type the interval factors, starting at counter 000.

Do you want the preferred first way? y

TYPE lowest counter reading needed (integer): 2700
TYPE value in milligals after counter-reading prompt.

Dial 2700 milligal-equivalent (zero to STOP): 2819.379
Dial 2800 milligal-equivalent (zero to STOP): 2923.887
Dial 2900 milligal-equivalent (zero to STOP): 3028.405
Dial 3000 milligal-equivalent (zero to STOP): 3132.935
Dial 3100 milligal-equivalent (zero to STOP): 0

Proofread file: 17G.CAL before running MERGEG.

[PRINT OF OUTPUT FILE17G.CAL]
17G INTERVAL= 100 CIRC ERR=1 FACTOR= 1.002520
RO=3093.918 S1=0.012870 C1= 0.030910 S2=-0.002980 C2=0.012790
2700 2819.379 1.045080
2800 2923.887 1.045180
2900 3028.405 1.045300

APPENDIX 5
CONVERTING READINGS TO MILLIGALS AND CORRECTING FOR TIDE EFFECT

Program mergeg.f merges dates, times,readings, elevations, accuracy codes, and field terrain
corrections in therLD file with the geographic coordinates and the flaagmultiple readings inthe .FCT
file and then calculates tide-correctadligal-equivalentreadings by applyindgjle .CAL to create aTID
file (step 4 in fig. 1). Fictitious data sets, includingonstant readings to spamdnight, December 31,
1999, first were created so thabnversion of readings to milligals arw@lculation of tide corrections
printed in output prinfile MERGEG.PNT could be verified. Conversions of readings toilligals easily
were verified for fictitious dataets bymanual interpolation of gravity meter calibration tabilgsroduced
by file .CcAL and multiplication by a constant.

Broucke and others (1972, tables 1 and 4) listed separate components for the vertical acceleration due
the attractions of thenoon andthe sun. Two calculationswere madefor a time of 22h 25m37.128s
Coordinated Universalime onNovemberll, 1970 at89° 49.693' lon W. Ongoint was located at 60°
56.4" and another at 15° 56.4' lat N. After the effects of the moon and thvesadded and the effect of
a rigid Earth was multiplied by amssumecelastic constant of 1.16, Eartide corrections obtained by
Broucke and others (19723)ere -89.7 and -96.9microgals, respectively, which wastated as an
improvement to equivalent values of -89.2 and -96.6 microgals obtained from Longman's (1959) formulas.
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Fictitious files first were created, in which grawgadingswere constant foffield dataand the instrument
calibration was a constant 1.0 mGal/dial unitsing alocal time of16h 25m37.128sand a correction to
Greenwich Mean Time (Coordinated Universal Time) of 6 hawaisies of-89 and-96, respectivelywere
obtained by progranmergeg.f which uses analgorithm originally derivedfrom Longman's (1959)
formulas (oral commun., David F. Barnes, 1998).

Earth tidecorrections computed by programergeg.f also were comparedwith values interpolated
from tables andyraphs published bthe European Association of Exploratié@eophysicistsS(EAEG)
(Goguel, 1954; Service Hydrographigue de la Marine and Compagnie Généf@aioprysique 1969)
until 1972. Tide corrections (in units of 0.61Gal) in the followingtable werecompared betweevalues
from programmergeg.fand interpolatedaluesfrom EAEG tables(from Service Hydrographique de la
Marine and Compagnie Générale de Géophysique, 1969, p. 1, 2, and 50) for the loé&id&6at' in the
above example from Broucke and others (1972).

24-hour time 0200 0600 1000 1400 1800 2000 2200
mergeg.f value +1.9 -6.9 +10.6 -1.2 -6.2 +6.7 +18.4
EAEG value +1 12 -8 +11 1o1w2 -6 +7 +18

Tide corrections require the time interval between the date of a gravity obsearatioroonDecember
31, 1899 in order tautilize Longman's (1959ulgorithm. Themergeg.f program takes into account
that—unlike the yeal900—the yeak000 is aleap year. Naoattempthasbeen made to determine if
computer algorithms are available, which nsapersede Longman's (1958gorithm. Carter W. Roberts
(written commun., 1998) suggested that tderections plotted at clogene intervals on the datnd at a
location of an eclipse in the year 20131, example shouldindicate an Earth tide maximum at a predicted
time and placealong the path of the eclipgég. 3, bottom plot)and, thereforetends toverify that tide
corrections after the year 2000 are correctly calculated by progexgeg.f

The following computersession for progranmergeg.f reproduces step 4 (fig. 1) diie gravity
reductionprocessneeded to prepare fileBim938.TID as input to the followingsteps of determing
absolute values of observed gravity for gravity data collectd®93 (Plouff, 1996).Typedresponses are
in bold print. Additional comments not in the original session are bracketed in italics.

mergeg [ COMMAND TO EXECUTE PROGRAM
MERGEG, Plouff, 3-98. Merges file of locations (.FCT) with file of gravity

readings (.FLD) and converts tide-corrected readings to milligals.
A print file MERGE.PNT already exists in your directory.

Do you want to STOP to save (rename) it? n
TYPE the root name associated with your files (8-digit max): bim938
Gravity meter: G8B ; Year: 1993; Greenwich correction: 7 hours.
Outer ring for field TC estimate is HAMMER C

Readings for a total of 12 days. If no errors, next run SETBASEG program,

which creates or needs file bim938.BAS .

Print file MERGEG.PNT requires a landscape page orientation for 93-columns.

[MODIFIED PRINT OF BEGINNING OF FILMERGEG.PNT]

24-Mar-98 09:22:31 MERGEG, Plouff, 3-98. Merges locations in file bim938.FCT

with readings in file bim938.FLD for output in file bim938.TID

Gravity meter: G8B ; Year: 1993; Greenwich correction: 7 hours.

Outer ring for field TC estimate is HAMMER C

Calibration table (interval= 100 units) for gravity meter G8B

and values using a multiplication factor of 1.000612
Table of readings ranging from 3200 to 3600 units.

MANUFACTURER'S REVISION
COUNTER MGAL FACTOR MGAL FACTOR
3200 3343.072 1.045901 3345.118 1.046541

3600 3761.464 0.000000 3763.766 0.000000
[PRINT OF END OF FILEMERGEG.PNT, WITH SHORTENED DATA LINES
338 314 WN258 4135.56 11823.89 4132.0 1638 3532.980 0.000 -0.006 3693.611 G64 0.01C
339 315 OROV 4134.17 11747.06 4337.0 1851 3509.310 0.000 -0.083 3668.759  0.00
340 316 WNBAS 4058.35 11744.02 4297.9 1942 3465.900 0.000 -0.091 3623.315 N22 0.02C
Readings for a total of 12 days. If no errors, next run SETBASEG program,
which creates or needs file bim938.BAS .
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[BEGINNING OF OUTPUT FILEbIm938.TID|
G8B 1993
WNBAS4058351174402 42979 62193 9127  023623385N22 2C
WINNA4054231174822 42980 62193 9437 023606421 0
WNBAS4058351174402 42979 6219310127  023623517N22 2C
WINNA4054231174822 42980 621931038 7 023606437 0

[END OF OUTPUT FILEbIMm938.TID]

WN2564137331182281 43040 7 2931647  013697899G64 1C
WN2574136331182444 41540 7 29316217  013697163G63 1C
WN2584135561182389 41320 7 2931638 7  013693611G64 1C
OROV4134171174706 43370 7 29318517 023668759 0
WNBAS4058351174402 42979 7 2931942 7  023623316N22 2C

The first line of output file bim938.TID retains thegravity meter nameand the year ofdata
observationdor later processing stepsLines in thebody ofthe file include (without decimgboints for
units): 5-digit statiomname; latitude indegrees and minutes to hundredths; longitude in degrees and
minutes to hundredths (without negative sigi@yvation t00.1 ft; date abbreviated asonth-day-year; 24-
hour time in hoursand minutes; Greenwich correction hiours; an existingyalue of observedgravity
expressed to 0.01 mGal without the leading 9—usually zero at this stage; code "2" for reoccupied locations
or code"1" for stationswith only one observation; tide-correctgcavity reading, converted tonits of
microgals; 3-digit accuracy code; positifor previously established observed-gravity accuracy cueld;
terrain correction to 0.01 mGal; and ring cddefield terrain correction. Although the reductiprocess
yields observed gravity expresseddt01 mGal, readingsare carried forward imnits of microgalg0.001
mGal) to minimize rounding errors.

APPENDIX 6
CONVERTING TIDE-CORRECTED READINGS TO OBSERVED GRAVITY

Converting tide-corrected, milligal-equivalergadings in.TID files obtained in step 4 (fig. 1) to
absolutevalues of observed gravity imBS files requires a repetition of inserting previously established
values of observed gravity in step 5, determining the best linear drift-corrected values of observed gravity in
step 6, and inspecting drift plots in step 7 (appendix 7). After the value of obgeavitg wasestablished
at the principal base station, the following program executions ("rumsgused to correct foinstrument
drift and to establish values of obsengrdvity at the remainingtationscollected in1993 (Plouff, 1996).
Runs of programsetbaseg.fanddriftg.f wereapplied in a sequence fifst determiningvaluesfor the
most occupied stations, statiotisat had the leasstandarddeviations, orstations closest irtime to
previously established stationsAfter final valueswere determinedprogram extraobs.f was used to
remove redundant observations (appendix 8). Typed responses in the fobessignsare inbold print.
Additional comments not in the originséssionare bracketed in italics. To minimize redundancy, print
format is shortened and sessions are abbreviated after the first run.

RUN 1
setbaseg [ COMMAND TO EXECUTE PROGRAM
SETBASEG, D. Plouff, 3-98. Direct editing of .TID files is impractical.
This program provides station option code and absolute OG's to DRIFTG program.

TYPE the root name of your files (8-digit max): bIm938
Input file bim938.BAS that provides initial OG's is not in your directory.
Do you want to create it interactively? y

Writing interactively into file bim938.BAS

First, base stations will be entered. Next, repeat stations. Last, tares
(instantaneous reading shift at place with known OG). Some cases are not
covered by this list (safer to insert by editing biIm938.BAS ): station
converted back to code 1 (need to assure in FIELDG printout that it is the
only reading at that station); code 6 to create a fictitious base reading

for file output in DRIFTG (need to pick a date and time); and code 7 to
delete a reading.

TYPING ERRORS WILL CAUSE A QUESTION TO BE REPEATED.
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Do you have a base station to be identified now? y

TYPE the base station name (5 digits): WINNA
Typing 1.0 next indicates that this station is to be upgraded from a repeat

station, which already has an OG.

TYPE a value for OG (mGal with decimal point, without leading 9): 79810.48
Do you have more base stations to update? Y
TYPE the base station name (5 digits): WNBAS

Typing 1.0 next indicates that this station is to be upgraded from a repeat
station, which already has an OG.
TYPE a value for OG (mGal with decimal point, without leading 9): 79827.51
Do you have more base stations to update?
Do you have a repeat station to be identified now?
Do you have a tare to identify now at a station with a known OG?
Do you want to print option code definitions in your print file?
Tide-corrected (but not drift-corrected) input file is bim938.TID
Print file is: SETBASEG.PNT
Temporary output file, bim938.GIV , is to be renamed bim938.TID
2 OG's and option codes are in file biIm938.BAS
Gravity meter: G8B ; year of field data: 1993
List of stations updated and number of occurrences. WINNA 3 WNBAS 29
Next, inspect print file SETBASEG.PNT
Rename blm938.GIV to blm938.TID and run DRIFTG program to find values of
observed gravity.

zZ2Z2Z22

[OUTPUT FILE blm938.BAS]
WINNA 3 79810.480 BASE
WNBAS 3 79827.510 BASE

mv bim938.TID bIm938.TID1 [ RENAME ORIGINAL FILE TO SAVE RECORD]
mv blm938.GIV bIm938.TID [ UPDATE . TID FILE FOR INPUT TO NEXT STEP ]

driftg [ COMMAND TO EXECUTE PROGRAM
DRIFTG (Plouff, 7-98)
To convert tide-corrected gravity readings in microgals to absolute OG.
TYPE the root name associated with your files (8-digit max): bIm938
Do you want to evaluate preliminary drift without station output? y
DRIFTG (Plouff, 7-98). Your input file is bim938.TID
Run program DRIFTPLT, to get a drift plot from file bim938.DFT
Gravity meter: G8B ; year of field data: 1993
Run program DRIFTPLT, to get a drift plot from file bim938.DFT
If further refinement is needed, next, prepare a new file bim938.BAS
and again run SETBASEG program.
Print file (112 columns, landscape) is DRIFTG.PNT

[ PRINT FILE DRIFTG.PNT]
DRIFTG (Plouff, 7-98). Your input file is bim938.TID
[ SELECTED LINES OF SUMMARY AT END OF FILE DRIFTG.PNT ]
List of base and repeat stations for 317 readings.
PAST SEQ NAME LAST TIMES GRAVITY STD
NAMES LINE READ (MGAL) DEV
1 WNBAS 317 29979827.51 base
2WINNA 8 3979810.48 base
3WN 2 62 3979888.25 0.03 [ ACCEPT THIS VALUE]
4WN 6 294 8979898.85 0.02 [ ACCEPT THIS VALUE]
5WN 8 126 2979898.88 0.03
9WN 32 248 3979850.34 0.01
12 AUX53 146 2979803.09 0.01
16 WN 60 291 2979886.23 0.02
19WN 85 176 3979847.09 0.02 [ ACCEPT THIS VALUE]
23 WN131 169 2979872.12 0.01
25 P163 232 3979848.49 0.00 [ AVERAGE WITH PREVIOUS .51]

Before continuing, a drift plot was inspected to check for possible errors (fig. 3, top plot; appendix 7).
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RUN 2

setbaseg [ COMMAND TO EXECUTE PROGRAM

TYPE the root name of your files (8-digit max): bIm938
Input file bim938.BAS that provides initial OG's is in your directory.

Do you want to append new options interactively? y

2 lines in file to be appended biIm938.BAS
Writing interactively into file bim38.BAS

[ SUBSTITUTED THE FOLLOWING VALUES FOUND IN RUN 1 FOR REPEAT STATIONS]:
[ P163 , 7984850 ; WN 2, 79888.25 ; WN 6, 79898.85 ; WN 85, 79847.09 ]

Do you have more repeat stations to update? N
Do you have a tare to identify now at a station with a known OG? N
Do you want to print option code definitions in your print file? N

Temporary output file, bim938.GIV , is to be renamed bim938.TID
6 OG's and option codes are in file biIm938.BAS

List of stations updated and number of occurrences.

WINNA 3 WNBAS 29 P163 3 WN 2 3 WN 6 8 WNS85 3

Rename blm938.GIV to bim938.TID and run DRIFTG program.

[ FILE blm938.BAS , WITH LINES PAIRED ]
WINNA 3 79810.480 BASE WNBAS 3 79827.510 BASE
P163 2 79848.500 REPEAT WN 2 2 79888.250

[ LAST LINES OF FILE DRIFTG.PNT]
PAST SEQ NAME LAST TIMES GRAVITY  STD

NAMES LINE READ (MGAL) DEV
SWN 8 126 2979898.90 0.02 [ ACCEPT THIS VALUE]
7WN13 29 2979883.28 0.01
9 WN 32 248 3979850.35 0.01 [ ACCEPT THIS VALUE]

11WN42 67 2979883.68 0.02
ISWN57 279 2979880.12 0.03

16 WN 60 291 2979886.23 0.02 [ ACCEPT THIS VALUE]
1I8WN 71 98 2979849.18 0.02
23 WN131 169 2979872.13 0.01 [ ACCEPT THIS VALUE]
RUN 3
setbaseg [ COMMAND TO EXECUTE PROGRAM

[ SUBSTITUTED THE FOLLOWING VALUES FOUND IN RUN 2 FOR REPEAT STATIONS]:
[ WN 8 , 79898.90 ; WN 32, 79850.35 ; WN 60, 79886.23 ; WN131, 79872.13 ]

List of stations updated and number of occurrences.
WINNA 3 WNBAS 29 P163 3 WN 2 3 WN 6 8 WNB85 3 WN 8 2
WN32 3 WN60 2 WN131 2

mv bim938.TID bim938.TID3 [ RENAME FILE TO SAVE RECORD

mv  blm938.GIV bIm938.TID [ UPDATE . TID FILE FOR INPUT TO NEXT STEP ]
mv SETBASEG.PNT SETBASEG.PNT3 [ RENAME FILE TO SAVE RECORD

driftg

[ EXCERPTS FROM FILE DRIFTG.PNT]
PAST SEQ NAME LAST TIMES GRAVITY  STD

NAMES LINE READ (MGAL) DEV

6 WN11 24 1979892.26 [ AVERAGE WITH WNA1l
7WN13 29 2979883.28 0.01 [ ACCEPT THIS VALUE]
11WN42 67 2979883.68 0.01 [ ACCEPT THIS VALUE]
12 AUX53 146 2979803.10 0.02 [ ACCEPT THIS VALUE]
15WN57 279 2979880.12 0.01 [ .13 FITS DETAIL BETTER ]
1I8WN 71 98 2979849.18 0.02 [ ACCEPT THIS VALUE]
21 WNA11 127 1979892.28 [ APPROXIMATE REOCCUPATION WN 11
30 OROV 316 1979872.96 [ WAS 873.05 FROM ANOTHER BASH

mv bIm938.DFT blm938.DFT3 [ RENAME PLOT INPUT TO SAVE RECORD

mv DRIFTG.PNT DRIFTG.PNT3 [ RENAME FILE TO SAVE RECORD
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RUN 4—FINAL VALUES WITH OUTPUT OF VALUES FOR OBSERVED GRAVITY
setbaseg [ COMMAND TO EXECUTE PROGRAM

[ SUBSTITUTED THE FOLLOWING REPEAT STATIONS AND VALUES: WN 11, 79892.27
WN11A , 79892.27 ; WN 13, 79883.28 ; WN 42, 79883.68 ; WN 57 , 79880.13 ;

WN 71 , 79849.18 ; WN249, 79913.13 ; AUX53, 79803.10 ; OROV, 79872.98 ]
[ FILE blm938.BAS FINAL VALUES, PRINTED HERE AS PAIRED LINES ]
WINNA 3 79810.480 BASE WNBAS 3 79827.510 BASE
P163 2 79848.500 REPEAT WN 22 79888.250 REPEAT
WN 6 2 79898.850 REPEAT WN 85 2 79847.090 REPEAT
WN 82 79898.900 REPEAT WN 32 2 79850.350 REPEAT
WN 60 2 79886.230 REPEAT WN131 2 79872.130 REPEAT
WN 11 2 79892.270 REPEAT WN11A 2 79892.270 REPEAT
WN 13 2 79883.280 REPEAT WN 42 2 79883.680 REPEAT
WN 57 2 79880.130 REPEAT WN 71 2 79849.180 REPEAT
WN249 2 79913.130 REPEAT AUX53 2 79803.100 REPEAT
OROV 2 79872.980 REPEAT
mv bim938.TID bIm938.TID4 [ RENAME ORIGINAL FILE TO SAVE RECORD]
mv blm938.GIV bim938.TID [ UPDATE .TID FILE FOR NEXT STEP ]
driftg [ COMMAND TO EXECUTE PROGRAM
TYPE the root name associated with your files (8-digit max): bIim938
Do you want to evaluate preliminary drift without station output? n

Your station output file is bim938.0BS

[ EXCERPTS FROMDRIFTG.PNT PRINT FILE; DATE LATER IS "1998:0722"]

DRIFTG (Plouff, 7-98). Your input file is bim938.TID

Run program DRIFTPLT, to get a drift plot from file bim938.DFT

Your station output file is bim938.0BS
Asterisk on the following list refers to an assumed gravity value.
Base stations are indicated by blanks in the second NAME-column.

Trailing letter P indicates that .OBS file has that output data point.
22-Jul-98 14:53:25 Gravity meter: G8B ; year of field data: 1993.
LINE NAME LATITUDE LONGITUDE ELEVATION TIME DATE READING BASE ALL GRAVITY LASTTC
DEG MIN DEG MIN (FEET) H-M GMT (MGAL) STA DRIFT (MGAL) LINE

8WINNA 4054.23 117 48.22 4298.0 1227 7 6-21-93 3606.416 WINNA 0.061 979810.48* 5

9 WNBAS 40 58.35 117 44.02 4297.9 1244 7 6-21-93 3623.433 WNBAS 0.048 979827.51* 7

10WN 14123.8811749.45 4219.2 1342 7 6-21-93 3673.637 WNBAS 0.052 979877.71 P

11 WN 241244511757.81 4122.7 142 7 6-21-93 3684.178 WNBAS 0.053 979888.25*P 11C

[ OMITTED THE COLUMN WITH REPEATED STATION NAME

314 WN257 41 36.33 118 24.44 4154.0 1621 7 7-2-93 3697.163 WNBAS -0.105 979901.39 P

315 WN258 41 35.56 118 23.89 4132.0 1638 7 7-2-93 3693.611 WNBAS -0.104 979897.84 P

316 OROV 41 34.17 117 47.06 4337.0 1851 7 7-2-93 3668.759 WNBAS -0.096 979872.98* P 316

317 WNBAS 4058.35 117 44.02 4297.9 1942 7 7-2-93 3623.316 WNBAS -0.069 979827.51* 293
22-Jul-98 14:53:25 List of base and repeat stations for 317 readings.

[ BEGINNING AND END OF OUTPUT FILE blm938.0BS]

[ NAME LAT-D/M LON-D/M EL-FT OG-MGAL ACC  DATE HTC R BASE ]

WN 1412388 1174945 421927987771N22 61993 1 C WNBAS

WN 2 412445 1175781 412277988825N22 61993 1 C WNBAS

WN 3412375 1180150 418047989360N22 61993 1 C WNBAS

WN256 413733 1182281 430407990213G64 71993 1 C WNBAS

WN257 413633 1182444 415407990139G63 71993 1 C WNBAS

WN258 413556 1182389 413207989784G64 71993 1 C WNBAS

OROV 413417 1174706 433707987298 71993 O WNBAS

Lines infile bim938.0BS include (without decimgboints for units): Jlank digits as prefixes to the
following 5-digit station name; latitude idegrees and minutes to hundredths; longitude in degrees and
minutes to hundredth@vithout negativesign); elevation t00.1 ft; observed gravity t®.01 mGal without
the leading 9; a 3-digit accuracy code; datpressed as month and 4-diggtar; field terrain correction to
0.01 mGal; outer ring code for field terrain correction; and base station to which station is referenced.
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APPENDIX 7
PLOTTING INSTRUMENT DRIFT

Programdriftg.f outputs dile to beused forcreating an instrument drift plot-or example, the file
used to create the final drift plot (fig. Biddle plot)for data collected ir1993 (Plouff, 1996) follows. If
datetime.fis appended to prograahiftg.f , the compilation date "1-Apr-98" is replaced by "19980401" in
figure 3. The following explanatory comments not in the original file are bracketed in italics.

[ BEGINNING AND END OF driftg.f OUTPUT FILE blm938.DFT]

2-Apr-98 08:14:39 [ DATE LATER IS "1998:0402"]

bim938 [ ROOT NAME OF DATA SET |

G8B 1993 [ GRAVITY METER YEAR OF DATA COLLECTION
7 62193 912 [ BEGINNING FLAG A REPEAT OF FIRST TIME |
7 621 912WNBASWNBAS+ 0.000 [ GMT CORRECTION; MONTH-DAY: STATION; BASE;

7 621 943WINNAWINNA+ 0.066 PLOT SYMBOL; DRIFT IN MILLIGALS FROM FIRST |

7 621 1012WNBASWNBAS+ 0.132

7 621 1038WINNAWINNA+ 0.082

7 2 1320WN249WNBAS. -0.116
7 2 1851 OROVWNBAS. -0.096

7 2 1942WNBASWNBAS+ -0.069
7 21942 [ ENDING FLAG A REPEAT OF FINAL TIME ]

The following computersession for prograndriftplt.f created a plot filebim938.PST in the
PostScript language (Adobe Systems Incorporated, 1990)ifgnrhfile bim938.DFT. Typedresponses
are inbold print. Explanatory comments notthre originalsessionare bracketed in italics. A carriage

return ENTER key) signifies a response of€s’ (or “y” or “Y”).

ENIENENEN

driftplt [ COMMAND TO EXECUTE PROGRAM
Plouff, 3-98.

Program to plot drift of observed gravity output from program DRIFTG.

TYPE the root name associated with your files (8-digit max): bIm938

72 drift values range from -0.134to 0.132 mGal.
Your data extend for 12 days between JUNE 21 and JULY 2
The largest inter-day drift change is 0.05 between JUNE 22 and JUNE 23 (gap 23)
You may delete either the largest time or drift gap on your plot.
TYPE the gap number (integer) with zero for none: 0
TYPE the time scale in days/inch: 2
Plot width is 7.0 inches. OKAY?
You may select drift plot boundaries to exclude extreme values.
Your all inclusive boundaries are -0.2to 0.2 mGal. Acceptable?
TYPE the drift scale in mGal/inch: 0.35
Plot height is 2.1 inches. OKAY?
A total of 72 points were plotted.
Rename the plot file if it is to be saved or other specs are wanted.
Your print file is DRIFTPLT.PNT
Your plot file is bim938.PST . Edit BoundingBox?

[ BEGINNING OF driftplt.f OUTPUT FILE blm938.PST]
%!PS-Adobe [ COMMAND LINE REQUIRED FOR POSTSCRIPT PLOTS
%%BoundingBox 30 30 800 800 [ FOR 8.5 BY 11 INCH PAPER; OPTIONAL? ]

/M {moveto} def /S {show} def
/LCSM {lineto currentpoint stroke M} def
72 72 scale 90 rotate 0.25 -8.2 translate [ CHANGE TO ROTATE AND TRANSLATE PLOT
0.004 setlinewidth
0.8500 0.1600 M
0.8900 0.2000 LCSM
0.8500 0.2000 M

Programdriftplt.f splits a plot intatwo adjacenpartswith asmall gap inresponse to promptinipat
prints gap numbers for greatest number of missing days or the largest inter-day drift value change.
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APPENDIX 8
DELETING REDUNDANT DATA

Unless flags are set or the data points are defined as base stations, piriftgamoutputs ondine in
the.oBs file for every gravityreading (Seeexample atend of appendix 6). Inasmuch #e value of
observed gravity at this stage is the sdonell readings at given stationputput linesthat correspond to
readings beforghe last station occupatiofgr example, aresuperfluous. File .0BS first needs to be
rearranged by sorting ithe sequence of statiorame, yearand month, respectively, so tharogram
extraobs.f can deletesuperfluous lines. The following command in th&AX/VMS operating system
(Digital Equipment Corporation), for example, can rearrange lines iogisdile in this way.

SORT OBS:==SORT/KEY=(POS:1,SIZ:8)/KEY=(POS:49,SIZ:4)/KEY=(POS:47,SIZ:2)

In the UNIX (trade name of American Telephoaed TelegraptCo.) system, the following command
converted filebim938.0BSfor data collected in 1993 (Plouff, 1996) into rearrangefit®38.SRT.

sort +0.0 -0.8 +0.48 -0.52 +0.46 -0.48 bIlm938.0BS -0 bIm938.SRT

( BEGINNING AND END OF FILE blm938.SRT]

P163 405500 1182281 416307984850G53 61993 1 C WNBAS

P163 405500 1182281 416307984850G53 61993 1 C WNBAS

P163 405500 1182281 416307984850G53 61993 1 C WNBAS
AUX53 411469 1175988 550527980310G75 61993 2 C WNBAS
AUX53 411469 1175988 550527980310G75 61993 2 C WNBAS
WN 1412388 1174945 421927987771N22 61993 1 C WNBAS
WN 2 412445 1175781 412277988825N22 61993 1 C WNBAS
WN257 413633 1182444 415407990139G63 71993 1 C WNBAS
WN258 413556 1182389 413207989784G64 71993 1 C WNBAS
WNA11 412468 1180426 412407989228G55 61993 1 C WNBAS

The following computer session for prograxtraobs.f converted thesorted outpufile bim938.0BS
from programdriftg.f to an arbitrarily named output filelm938.plf, without superfluous stationsTyped

responses are in bold print. Explanatory comments not in the original session are bracketed in italics.

date later is expressed a$98:0510"

extraobs [ COMMAND TO EXECUTE PROGRAM
EXTRAOBS, Plouff, 5-98. 10-May-98 15:28:26 Interactive program to delete

repeated station names in an extended plouff file. The file first must be
sorted by station name, year, and month, respectively:

sort +0.0 -0.8 +0.48 -0.52 +0.46 -0.48 file.OBS -o file.srt
Dates (col. 47-52) and base names (76-80) are included. Therefore, the
station with the latest date will be selected. The name of the most

commonly used base is user selected. Other variables must be identical.
TYPE the name of your plouff file (<66 cols):

TYPE the name of a plouff output file (<66 cols):
A total of 284 input lines were read and 261 output lines were written.

bIm938.SRT
bIm938.plf

[ FILE EXTRAOBS.PNT]
EXTRAOBS, Plouff, 5-98. 10-May-98 15:28:26 Interactive program to delete
repeated station names in an extended plouff file. The file first must be
sorted by station name, year, and month, respectively:

sort +0.0 -0.8 +0.48 -0.52 +0.46 -0.48 file.OBS -o file.srt

Dates (col. 47-52) and base names (76-80) are included. Therefore, the
station with the latest date will be selected. The name of the most
commonly used base is user selected. Other variables must be identical.
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[ FILE EXTRAOBS.PNTCONTINUED, WITH ABBREVIATED LINES ]

Input file: bim938.SRT Output file: bIm938.plf

3 stations named P163 Dates range from 61993 to 61993. Bases are: WNBAS ( 3)

2 stations named AUX53 Dates range from 61993 to 61993. Bases are: WNBAS ( 2)
3 stations named WN 2 Dates range from 61993 to 61993. Bases are: WNBAS ( 3)
8 stations named WN 6 Dates range from 61993 to 71993. Bases are: WNBAS ( 8)

[ NOT PRINTED HERE: WN 8; WN 13; WN 32; WN 42; WN57; WN 60, WN 71 ]

3 stations named WN 85 Dates range from 62493 to 62693. Bases are WNBAS ( 3)
2 stations named WN131 Dates range from 62693 to 62693. Bases are: WNBAS ( 2)
A total of 284 input lines were read and 261 output lines were written.

Recalling that base station names are automatically assigned by pdoijigunbased on closeness in
time between readings of the station and the base station, the user would have been offered a choice of lin

to delete if a station was tied to more than one base station.
[ BEGINNING AND END OF FILE blm938.plf ]

OROV 413417 1174706 433707987298 071993 0 O O OWNBAS
P163 405500 1182281 416307984850G53 061993 1 0C 0 OWNBAS
AUX53 411469 1175988 550527980310G75 061993 2 0C 0 OWNBAS
WN 1412388 1174945 421927987771N22 061993 1 O0C 0 OWNBAS
WN 2412445 1175781 412277988825N22 061993 1 O0C O OWNBAS

WN257 413633 1182444 415407990139G63 071993 1 0C 0O OWNBAS
WN258 413556 1182389 413207989784G64 071993 1 0C 0 OWNBAS
WNA11 412468 1180426 412407989228G55 061993 1 O0C O OWNBAS

Programextraobs.falso can be used to delete superfluous data if data from differentayearserged
into one file. Thestep of sortinghowever, will rearrange the combined file into a ne&quence in
descending order of station names. If a new sequence is not wanted, @aigstute.f(Plouff, 1998,

p. 43)can extracstationswith the same 8-digit namé&om data filesfor further examination before the
files are merged, for example, to compare values of observed gravity,.

APPENDIX 9
ESTIMATING GRAVITY TERRAIN CORRECTIONS

Terrain correction for a post

The closest part of the TC is the effect of the pgstnwhich abaseplateand agravity metersits.
Programtcpost.f creates @&ostScriptplot (AdobeSystemdncorporated1990) ofthe TC of a concrete
post (fig. 6). The following computesessioncreated a plotor the TC of apost if the center ofnass of
the gravity meter is 0.4 ft (0.12 mbave thebase ofthe gravity mete(fig. 6). Successiveesponses of
andO.4 rather thary or a carriage return was to test input of a variable height.

tcpost [ COMMAND TO EXECUTE PROGRAM
TCPOST, Plouff. 5-98. Terrain corrections for gravity readings on posts with

square and cylindrical cross sections. Assume standard rock density is

2.67 g/cm”3, and density of the post is 2.0 g/cm”3

Is the height of gravity meter mass above bottom of baseplate 0.4 ft? n
TYPE the height of mass in feet (less than 10): 0.4
Print PostScript file TCPOST.PST for plots of terrain corrections.
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Figure 6.--Gravity terrain correction for reading on a concrete post. Numbersinside drawings are the
height of the post in feet; interval, 0.2 ft. Terrain corrections are in addition to the constant effect
between the gravity meter mass and the bottom of the base plate. Right edge of drawings indicates
terrain correction for an infinitely extended concrete slab with adensity of 2.0 g/cm”3.
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Terrain corrections for two-dimensional profiles

Most terrain corrections (TCs) can be estimated in the field by utilizing sets of curves baseddsi a
of a displaced slopéigs. 4 and 5). Prograrfieldtc.f computes a TC fotwo-dimensional topography

more complicated than a displaced slope. The following computer session computes a two-dimensional TC

for field notes: "flatfor 10 ft NW; vertically downward (intocanal,for example)for 6 ft; flat for 15 ft;

vertically upward for 6 ft; flat for 8 ft; and 15 degrees upward (beyond ring limit)." Negative signs only are

entered in cases such as this, in which the direction of slope reverses along the profile.

fieldtc [ COMMAND TO EXECUTE PROGRAM
FIELDTC, 9-99 Plouff, estimate inner terrain corrections from field notes,

assuming two-dimensional topography. Notes usually are carried to distances

of 175 ft (Hammer C) or 223 ft (Hayford B) from the gravity station.

TYPE the radial distance (not greater than 223) in feet: 223
A record of your results will be stored in a file named FIELDTC.PNT.

You will be asked to type a station name and then triplets of values (A, DS, and

DH). At least one of the three is zero, (redundant or unmeasured).

A is the angle of slope in degrees. DS is the slope distance in feet. DH is

the height difference in feet. Positive values are upward, as viewed from the

station, and negative downward. DH=DS=0 for the last triplet in a direction.

TYPE station name/direction (carriage return to stop): test NW

TYPE the angle of slope (degrees) A: 0 [ FLAT]

TYPE the slope distance (feet) DS: 10 [ PACE 10 FEET]

TYPE the height difference (feet) DH: 0 [ REDUNDANT

TYPE the angle of slope (degrees) A: -90 [ VERTICALLY DOWN

TYPE the slope distance (feet) DS: 0 [ REDUNDANT

TYPE the height difference (feet) DH: -6 [ TAPE 6 FEET DOWN

TYPE the angle of slope (degrees) A: 0 [ FLAT]

TYPE the slope distance (feet) DS: 15 [ PACE 15 FEET]

TYPE the height difference (feet) DH: 0 [ REDUNDANT

TYPE the angle of slope (degrees) A: 90 [ VERTICALLY UP]

TYPE the slope distance (feet) DS: 0 [ REDUNDANT

TYPE the height difference (feet) DH: 6 [ALREADY TAPED]

TYPE the angle of slope (degrees) A: 0 [ FLAT]

TYPE the slope distance (feet) DS: 8 [ PACE 8 FEET]

TYPE the height difference (feet) DH: 0 [ REDUNDANT

TYPE the angle of slope (degrees) A: 15 [ MEASURED ANGLE UPWARD

TYPE the slope distance (feet) DS: 0 [ CLOSURE PAIR

TYPE the height difference (feet) DH: 0 [ CLOSURE PAIR
Total 2D TC=0.034 mGal

TYPE station name/direction (carriage return to stop): [ NO MORE MEASUREMENTS

[ File FIELDTC.PNT, abbreviated ]

Terrain corrections from fieldnotes: angles; distances; height differences.
Maximum distance=223.0 feet
Station/direction: test NW
Angle= 0.0; SLOPE DIST=  10.0; HT DIFF= 0.0

TC=0.000 mGal; x= 0.0to 10.0; ht= 0.0to 0.0 ft;indices: 1 1
Angle=-90.0; SLOPE DIST=  0.0; HT DIFF=  -6.0

TC=0.000 mGal; x=10.0to 10.0; ht= 0.0to -6.0 ft; indices: 1 1
Angle= 0.0; SLOPE DIST= 15.0; HT DIFF= 0.0

TC=0.011 mGal; x=10.0to 25.0; ht= -6.0to -6.0 ft; indices: 125
Angle= 90.0; SLOPE DIST= 0.0; HT DIFF= 6.0

TC=0.000 mGal; x=25.0to 25.0; ht= -6.0to 0.0 ft; indices: 25 25
Angle= 0.0; SLOPE DIST=  8.0; HT DIFF= 0.0

TC=0.000 mGal; x=25.0to 33.0; ht= 0.0to 0.0 ft; indices: 25 25
Angle= 15.0; SLOPE DIST=  0.0; HT DIFF= 0.0

TC=0.024 mGal; x= 33.0to 223.0; ht= 0.0to 50.1 ft; indices: 25 87

Total 2D TC= 0.034 mGal

File FIELDTC.PNT lists the inputdata,resulting TC components, indicés program de-bugging, and
total TC for each set of measurements.
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