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INTRODUCTION

SDL DATA SERVICES

This report lists the data services, computer programs and
other data available from the Seismic Data Laboratory (SDL). The
following items are described in this report:

I.
II.
III.

Iv.

Digital computer programs (abstracts).
Digitized seismic data.

U.S. Coast and Geodetic Survey epicentexrs
on punched cardszs.

Earthquake bulletin data (LRSM and VELA
observatories),

Shot Report data on punched cards from

82 U.S. nuclear explosions.

Space is available for persons who wish to study data at the SDL.
Those who wish to visit the SCL, or request data, should direct their

inquiries to:

Headquarters, USAF/AFTAC
VELA Seismological Center
Washington, D.C. 20333

Att: Project Officer, Seismic Data Lab



be DIGLIVAL CUMPUIER PROGHRAM ABSTHALTS

ALL PHUGKAMS 4w 10]1S (IST HAVE BEEN WKITTiiz [N FORTRAN, COPIES OF THE
SUURCE Velr, rhbarad | ISTINGSs ANU PhUGha® WRIIE=UPS ARE AVAJLARLE ON
REQUUEST,

Ae CURRELATIUN ab) REGRESSIUN ANMLYSIS

1.

J

4,

6.

7

8,

AviICny AUTUCUVARIANCE SUBHOUTINE

FORIKANe COMPUTES IHE AUTOCOVARIANCE OF A SERIES OF N TERMS
WlIH [, LAWY,

AUTOCOR ' AUYTU=COKRRELATION ANALYSIS

FORTRANe GIVEN A SERIES UF VALUES X(3)) X(p)seseX(N), THIS
PRUGRAW WILL COMPUTE THg PROPUCT=MOMENT CORRELATION COEFFICIENT
(AUTN=CORKELATION) BETWEEN SUCCESSIVE TERMS» WHERE THE LAG(K)
GOES FKUM yrgreeerie

CRSCnvV AUTU= AND CROSS~VARIANCE SUBROUTINE

FORIRANe GIVEN TWO SERIES X AND Y EACH OF N POINTS. COMPUTES
AUTUCOVARIANCE OF X ANU Y AND CRUSS=VARIANCE OF X TO Y AND Y
T0 X,

FRENORM FREWUENCY AND TEST OF NORMALITY

FORIRANe GYVEN DIGITIZED SEISMIC NOISE DATAs, THIS ROUTINE
INVESTIGATES TWE DISTRIBUTION. OF SEISHMIC NOISE AMPLITUDES.,

LOuUNORN MEAN ANU SAMPLE VARIANCE OF POWER SPECTRA
ESTIMATES

FORIRANs Tn COMPUTE THE SAMPLE MEAN, VARJANGE, AND CONFIDENCE
LIMITS OF PQWER SPECTRAL ESTIMATES, UNDER ASSUMPTIONS THAT LOG
OF THE POWER ]S NORMALLY DISTRIBUTED,

MANYCOM CORHELATION ANALYS]S

FORTRANe GIVEN M SETS UF pDATA, THIS PROGRAM CALCULATES THE
MEAN, COKRECTEPR SUM OF SUUARES, VARIANCE, AND STANDARD DEVIATION
FOR EACH SeET, ALSO CUMPUTES IHE REGRESSION COEFFICIENTS,
(LINFAR) CURRE| ATION CUEFFICIENTS, AND THE STANDARD ERROR OF
FSIIMAIE FUR ALL POSSIHLE COMBINATIONS OF SETS OF DATA,

PULScOK SIATISTICAL ANALYS!S

FORIRANe Tn CORRELATE A GIVEN PULSE OF A SEISMOGRAM W]TH
CUKKESPONLING TIME INTERVALS THRUUGHOUT THE SEISMOGRAM USING THE
DENOYEHR METHAD,
RELCNR RECUKS|VE CURKELATI]ON

FORTHANe Tn cOMPUTE IWHE MINIMUM VARIANCE ESTIMATE OF THE
JOINTLY COKMRELATFD SIGNAL FROM MULTI-CHANNEL RECORDNDS.

Be TIME SERIES ANALYSIS
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1.

20

de

4.

5,

6o

7.

8.

BLACKY4 CHOSS SPECTKRA, AnD POWER SPECTRA

FORTRANe  THIS PRUGHAM IS 4 REVISE AND SUPPLEMENTED VERSION
OF THE PKUGKAM TOKEY FROM UcSpe  CAPABILITIES INCLUDE FILTERING,
DECIMAT[Nu» REMOVING THEND OF DEGHEEs PLOTTING OF SEMILOG AND/OR
| IMEsR PLUIS OF POWER ANU/UR WUTOCORRELATION SPECTRA» AND SPECIAL
SMUUTHING FEATHRE,

CUHERNCY Time SEHIES ANALYSIS

FORFRANe Tn cOMPUTE ALL THE URDINARY COHERNCIES, AUTHe
SPECTKA, aND PHASE RELATIONS OF A SET OF INPUT DATA CHANNELS.

COLYTURY SPECTHAL ANALYSIS

FORTRANe THIS PRUGHAM CUMPUTES AUTO=SPECTRA» CRUSS*SPECTRA,
AUTOeCURKELATINNS, CROSS=CURKLLATIONS AND COWERENCIES USING THE
COULY®TUKEY METHOUe FUUKJER THANSFURMS OF THE DATA ARE FIRSTY
COMPUTED AND TWEN MANIFULAIED TO GIVE THE DESIKED RESULTS, THIS
PROGPAM IS INTENDED AS AN ALTERNATIVE TO PROGRAM BLACKY.

coug HYPeKR=RAPID SPECIALIZED COOLEY=TUKEY FOURIER
TRANSF QORM

FORIRANe Tn cOMPUTE FfHE FOURIER SEKIES £XPANSION OF A REAL®
OR COMPLEX"= VAIUFD DATA SERIES, OR THE DATA SERIES FROM THE
COMPI EXeVALUED FOURIER SERIES EXPANSIOQN,

CUULEK HYPER=RAPID SPECIALIZED COOLEY~TUKEY FOURIER
TRANSPE ORM

FORTRANe Tn cOMPUTE THe FOURIER SERIES EXPANSION OF Ao REAL
VALUED TIME SERIES.

COULTWO FOURIER TRANSFORM OF TWO DATA SERIES
SIMULTANEOUSLY

FORTRANe Tn cOMPUTE THEe FOURIER SERIES EXPANSION, USING COOL
(WeV,) OF 1WN NATA SERIES SIMULTANEOUSLY,

FASTFTI FAST DIKECT AND INVERSE FOURIER TRANSFORM

FORIBANe CnMPUIES IHE VDIRECT ANU INVERSE FOURIER TRANSFORM
OF A PERIVUUIC FUNCTION.

FKSPTRUM TIMe SENIES ANALYS]S

FORTHANs  Tn nOMPUTE aMU DISPLAY THE FREQUENCY=WAVE NIIMBEP
POWER SPECIRA AF SEISMIC NUISE ALONG WIIW A QeSPONSE FUNCTION
FUM THt CUNKESFORDING wkhpY,  THIS PHROGHAM IS INTENDED AS A
HEFLAGFAENT FOL CEMIATN FAKRTS UF PYUGRAM PEAKAY USING THE
O Y=thaey METHOD 10 ESTIMAIE AUTU aAND CHRUSS POWER SPEFTRAL
TEOSTIY PUNCTINNS,
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9.

10,

11.

12,

13,

14,

15

160

FOULAGh) FOUNKIER=LAGUERKE TRANSFORM

FORIRANs EYPANUS A GIVEN TIME FUNCTION IN A SERIES OF
LAGUERnE FUNCTIOMSs ANU FRUM THE LAGUERRE EXPANSION COMPITES
FOURTER AMPLITUDEs, PHASE» AND POWER SPECTRA.

FOULAGK2 DIkeCl POURIEN=LAGUERRE TRANSFORM

FORIRANs  GIVEN A TIME SERIES, THIS PROGRAM COMPUTES AND
PLUTS On & SEMI=1.0G DR LUG-LUG BAS51S, THE AMPLITUDE, POWER,
ANU PHASE SPECTRAe THE PRUGKRAM PRINTS THESE QUANTITIES ALONG
WITH THEIR LAGIHERRE FUNC!IUN EXPANSIONs AND COMPUTES THE
WEIGHTING FUMCTION IN POSITIVE OR NEGATIVE TIME MEASURED AT THE
LAGUEKRE S4MPLE PUINTS OF THE GIVEN TIME SERIESS

FOUKRAN FOUKJER ANALYSIS SUBROUTINE

FORTRANe GIVEN A TIME SERIES OF N POINTS, cOMPUTES SINE
TRuNSFORMs CNSINF TRANSFORM, MODULUS A, MODULUS NORMED, LOG Ae
PHASE (FRACTIOM OF A CIRCLE)s AND HMAXIMUM VALUE OF THE MNDULUS,

FOURTR FOUKIER ANALYSIS SUBROUTINE

FORIRAWS  CNAMPUTES IHE SINE OR COSINE, SMOOTHED OR UNSMOOTHED
TRANSFORM UF A SERIES UF M TERMS,

FOUTRSAT FUURTER TRANSFORM

FNRTRANe GIVEN A TIMe SERIES OF N POINTS, THE PROGRAM
CO4PUTES AMPLITUDE,» PHASE, FREGUENCY, AND A POWER SPECTRUM WITH
THE USE OF FOURIER THANSFOKMS,

FRAMS COMPUIATION OF SPECTRA AND PHASE FROM THE
LAPLACE TRANSFORM

FCKIRANe @IVEN THE PARAMETERS [N THE LAPLACE TRANSFORM, THIS
PRUGRAM EVALUATES THE aMPI ITUPE SPECTRA AND PHABE OF THE
TRANGF URMA L [ON,

Fip HYPER=RAPID FOURIER TRANSFORM PACKAGE

FORVRANs  TylS IS 5 PagKaAGE OF SIX SUBROUTINES FOR CALCULATING
FOMRTER THANSFNRMS AND MANIPULATING COMPLEX DATA. THEIR NAMES
ARE= FTPACRG66, DFTRND6S, TAPER63» COOL, SCALE63s AND DRUMg3.

THE PACKALE ALLOWS DETHENDING AND TAPERING ON DIRECT TRANSFORMS,
AND TAFENING DaTa ON INVERSE TRANSFORM, [N ApnITION THE PACKAGE
WILL CUMPUIE Aw AMPLITUDE=PHASE OR POLAR REPRESENTATION nf THE
FOURTER TKANSFNARM ON DIKECT TRANSFURM AND WILL ACCEPT THE DATA
IN DIFFERENT FNRMS FOR INVERSE TRANSFOQRM,

FT¢DcOOL, FT3DCOOL TVO ANp THREE DIMENSIONAL FOURIER TRANSFORM
PACKAGE

FORTRANe  Tug SUBROUTINES IN THIS PACKAGE COMPUTE TWO AND
THHEF LIMLNSIOHAL FOURIER TRANSFORHMS, THEIR NAMES ARE= FT2DCOOL,
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17.

16,

19,

20.

21,

22,

23,

FToDCOULs ©0OOL, MATRAGS, AND SCALEe. AS WITH COOL: THE DIMENSIONS
ON THE DALA MUGT Bk A FOWER OF TWQ.

GRIZEL FOURIER TRANSFORM BY GOERTZEL S METHON

FORIRaNe  Tn cOMPUTL THE FOURIER SERIES EXPANSION OF A REAL®
VALUFD EVEW FUNCTIUN, UR THE REAL=VYALUED EVEN FUNCTION OF a REAL~=
VALUFD FCUNIER SERIES EXPANSION,

MULTICUHM TIME SERIES ANALYSIS

FORIHANe TS PrUGKAM COMPUTES MULTIPLE COMERENCE FUNCTIONS
FOR SEISMIU ARRAY DATA RAPIDLY alp EFFICIENTLY, GIVEN AN
ORIGINAL SeT OF N SUHSET DATA CHANNELS, THE PROGRAM WILL COMPUTE
THEe Ne=3 MULTIPILE COHERNCE FUNCIJONS~ X(l)(N-l/No...oN-l¢1).
WHERE | £ 1,,0t=qa THIS PROGRAM WILL THEN REORDER THE N pATA
CHANNELS any NUMRER UF TIMESs EACH TIME COMPUTING ANOTHER Neg
MULTIPLE CUHERENCE FUNCTION, THE PRINT=0UT [NCLUDES A
DESCRIFTIUN OF THE NUTATION USEDe OPTIONAL PRINT=OUT INFLUDES
ALL ThE AUIO AND CRUSS SPECTR.s  §9 ADDITION A PROVISJON EX]STS
TU PLOT THE MU| TIPLE CUHERENCE FUNCTIONS, THE COOLEY»TUKEY
METHOD UF SPECTRAL ESTIMATION IS USED TU 08TalN HIGH SPEFD.

PARTLCUM lIME SERJES ANALYS]S

FORTRANe TWwIS PHUGHAM COMPUTES PARTIAL COHERENCE FUNCTIONS
FOR TAPED UATA, THE PHOGRAM ALSO CUMPUTES THE AMPLITUDE AND
PHASE Cb THE ASSNCIATEL TRANSFER FUNCTION, THE OUTPUT INCLUDES
PRINTOUTS UF TWESE FUNCTIONS AS WELL AS PLOTS OF THe COHFRENCE
FUNCTIONSe THE COOLEY=TUKEY METHOU OF SPECTRAL ESTIMATION IS
USED TU GBIAIN HIGH SPEED,

PREDICT TIME SEH]IES ANALYSIS

FORIRANe Tn cOMPUTE & PREDICTION OF THE STRAIGHT SUM oF
MULTI=CHANNEL ARPAYS, ISKAN UNITS AHEAD IN TIME WHERE IsPan 1S
THE PReDICIION SPaN, IHE PRELICTED SUM AND THE ACTUAL StM ARE

SUSTRACTELD TO YIFLD A PREDICTIUN ERROR, AND ALI. ARE PLOTTED TO
THE Same SCalLE FACTOR, ALSO, TO COMPUTE AND PLOT POWER=SPECTRA

OF THESE INACES,
PREK FIMe SERIES ANALYSIS

FORTRANe TH1IS PHOGRAM DUES PREDICTION gRROR FILTERING OF
SEISMOGRAMS,

PSV THEURETICAL POWER SPECTRAL DENSITY

FORTHANe Tn cGMPUTE THE THEORETiCAL POWER SPECTRAL DENSITY
FOK GAUSSIAN MARKOY MOUEL,

HLTMPRK ReEAL TIME PUWER SPECTRA
FORTRANs  Tn cOMPUTE THE Rgal TIME POWER SPECTRA FUNCTJONS FOR

EITHER UVENLAPPING OK NON=OVERLAPPING TIME INTERVALS FOR A
SPECIFIEL VyRATION, -
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24.

25.

26,

TUWEY, TUKEY SFECTHUM, CRQSS SPECThA AND POWER
SPEUTHA

FOrRIRA4e THIS TIME SERIES ANALYSIS PROGKAM CONTATNS THKEF
BASIC SUBHVUTIMES, IHe FInST TWOs FILTER AND WEMOVAL UF TREN[
PREPARF Y1rE NATA FOR THE SMECTHUM ANALYSIS SUBPROGRAM, TUKEY
SPECTHUM CUMPUTES FON IHE ThU SIMULTANEUUS TIME SERIFS, The CROSS
(Cu= any WUANRaTURE=) SPECTRAs AND THE TWQ POWLK SPECTHA, PHASE
ANU COHERENCE ARE CALCULATEDS

VELQLAG LAGUEKRRE EXPANSIUN, FOUKRIER ANALYSIS

FORTRANe  CnMPUIES IHE LAGUERRE EXPANSION OF SURFACE WaAVES
RECORDED At STATIONS ALONG A PROFILEe FROM THE LAGBUFRNG
EXFAMSIUM §T CnMPUTES rUURIER SPECTRA, aAND FROM THE FNURIER
SPECTRA 11 CNMOUTES PHASE VELOCITY. ATYENUATIONS AND O AS
FUNCTIUNS UF FRENUENCY HETWEEN PAIRS OF STaljonS.

YERSPTHM TIME SENIES ANALYS]IS
FORIRENe Tn cUMPUTE AND DISPLAY THE FREVUUENCY=WAVE NIIMRER

PO4ER SPECIRA NF SEISMIC NUISE ALONG WITH A RESPONSE FUNMTION FOR
THE FORRESPONDING VERTICAL aAkdAY,

Ce DIGITAL FILTEK[NG

1.

2.

3o

4,

ANLGFLIR ANALOG FILVER SUBROUTINE

FORIRANe TS SUBRUUIINE FPERFURMS LUW PaSS AMD HIGH PASS
FILTFRING UF D1GITAL DATA IN THE SAME WAY THAT AMALOG FILTERS DO
OF ANMALOG VATA,

CALC PHOGUHAMMED ARITHEMITIC, REAl

FORTRA4e  GIVEN HE CENTER FREQUENCY AND BANDWIDTH OF &
BAYD=PaSS F1LTeR, THIS SUGROUTINE COMPUTES RECURSIVE plG1Tal
FILFER CUEFPFICIEMTS,

CNeFFT FILVTER COEFEICIENTS FOR BAND PASS FILTgR

FORTHAN. GIVEN THE CENTER OF pAND PASS, HALF=-WIDTW OF gaND,
ANU ROLL=UFF [w TEKMS UF NURMALIZED FREWUENCY (FREGUENTY TIMES
THe TIrg INCREWENT), aAND THE NUMBER OF COBRFFICIENTS IN MALF OF A
SYAMETHL FILTER, CUMPUIES anpy RETURNS THE BAtiD PASS FILTER
COEFFILCIENTS,

DCUNVOL | INVERSE CONVOLUTION FILTER

FORIRANe Tn REMOVE THE RESPONSE IN A SEISMNGRAM DUF T THE
INHERENT ¢ ILTER CHARACIER[STICS OF THE SEISMOMETER, FiILTFR,
VELOECILY TrANSNRUCER, AND GALVANOMETER, THE ROUTINFE KEMOVES THE
RESPONSE UF ONe [NSTHUMENT AT A TIME USING THe FILTER
CHARACIERISTICe OF THal INSTRUMENT. SUCESSIVE PASSES THROUGW
THe POuUllIne YITH UIFFERENT FILTER CHARACTERISTICS WiLL PEMOVE
ALL THt UuUgESIwERD RESPUNSES,
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6,

70

8,

9

190,

11.

12

FASTE | L FASI BRUADEAND FILTER
FouRtupwe  Tn gROAUBANU PASS FILIER SEISMUGKAMS,
Feui GeNERATE FILTEN CORFFIENTS

Forlwave  TylS ROUTINE IS USgD Tu GENERATE COEFFICIENTS FOK
Tre nlsckuele LaGUEKHRE FILTER (FUINTFLT) SUBHOUTINE »

FILLEC DIGETAL FILTER AND DECIMATOR CUBROUT INE

FORIRANS  FILTERS AWD DECIMATES A GIVEN SERIES OF N POINTS
WIMH GIVEN FILTER COEFFICIENTS AND RETURNS THE FILTERED AND
DECIMATEL SERIES,

FILNND]S DIGITAL FILTERING

FORIRANe  Tn FILTER TIME SERIES WHICH ARE READ FROM A BINARY
INPUT Take WiITw a SET OF FILTER CUGFFICIENTS aND WRITE Twg
FILTERED DATA nN AN OUTPUT BINARY TAPE, THE FILVER COEFFICIENTS
MAY RE KEAU [N FROM CaRDS UR THEY MAY HE SYMMETRICAL BANDePASS
COCFFICIENIS DESIGNED WITH THE USE UF SUBROUTINE COEFFT (UES
Giu2). THE PRNGRAM HAD THE OPTIONS OF PRINTING THE ¢ IL TER
COEFFICIENIS,

FILPLOT FREUUENCY KESPUNSE OF DIGITAL FILTER

FORTRANe 1, TO COMPUTE, FRINT, AND PLOT THE FREQUENrY
RESPONSE OF A SYMMETRIC DIGITAL FILTER, AS SPECIFIED 8Y 1718
CUEFFICIENIS,

20 ALTERWAIIVELY, 10 COMPUTE THE FILTEW
COEFFICIENIS FROM THE LESIREC FILTER CHARACTERISTIC, GIVEN THE
NUMBER OF COFFFICIENTS, ANU THEN CARRY 0UT t12.

FILTER FILIER SUBROUTINE

FORIRANe AFPLIES GIVEN FILTER CUEFFICIENTS TO A SEHIES OF N
POINTS ANU RETHRNS THE FILYERED SERIES,

LANDMY A RECURSIVE FILIER

FORTRAN GIVEN THE COEFF ICIENTS GF A NUMERICAL FILTER AND
CONSECUTIVE SEGMENTS OF AN INPUT paTa SERI+S, THIS ROUT [ ng
GEVERATES IHg SEGMENTS OF IHE CORRESPONYING FILTERED SER1ES, THE
ENTIRE SERIES 1S FILTERED BY MEANS OF SUCCESS]VE CALLS Tn THe
SUSKNUT [Ne.o

LOPAZ LOW PASS AND HIGH PASS FILTERING WY DIGITAL
APPROXIMATIUN TU ANALDG FILTERING

FORTRine  TulS PRUGRAM PERFURMS LOW PASS ANp HIGH PaAST

FILTERING UF DpTa ON A SUBSET FORMAT TAPE, aND PRODUCES anOTHER
SUuSET TarE aNn A PLUT 1APE UF THE FILTERED DATA.
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13

140

15,

16,

MAIN INTERPOLATIUNS AND APPROXIMATIONS,
FILIER[NG

FORTRANe THIS PRUGHAM PRUDUCES RECURSIVE DIGITAL FILTER
COEFFICIENIS FNAR 1LLOA=PASS UR BAND=PASS FILTERS, AS SUCH MOST
NF ITS COFERATINN 18 1/0 aNb BOOKKEEPIMNG, WITH THE COMPUTATIONAL
ASPECTS OF TWE PRUBLEM pe]NG RELEGATED TO SURROUTINE.

IT SHUJLD 8F NOTeU (HAT THE PROGRAM VAS WRITTEN WITH LOW=PASS
ANYU RANpP=PASS INCORPORATED SUBROUTINES TO GENEKATE DIGITAL
FILTERS, NOWEVERs [T CAN BE USeb TO MODEL A GENERAL FILTER
PRUVIDED 1RE CNEFFICIENTS UF THE CONVENTIONAL PRNTOTYPE FILTERS
TRANIFER FPUNCTTON ARe GIVEN anb THE POLES OF THE PROTOTYPE ARE
OF MULTIPLICITY ONE.

MAXLIK MAXIMUM LIKELIHUOD FILTER PRDGRAM

FORTRANe  TH]S PRUGHAM COMPUTLS AND/OR APPLIES A 24 OP 39
POINT maXimym=) FKLIHUOU FILTER (REALIZABLE OR SYMMETRIC) T0
SEISMIU ARKAY PATAe PHINTED UUTPUT 1S PRODUCED AS WFLL AS A PLOT
TAPE DISPLAYING THE INPUT AND OUTPUT DATA AND USEFUL COMPUTED
INFORMATIUN, [N ADDITION, Ao SAVE TAPE 1S GENEKATED WITH alL
PERTINeNT UATA ABOUT THE OPERATIUN HRITTEN IN AN EASILY
ACUESSIRLE FORme A PRUVISION EXISTS TG RUN THF PROGRAM FROM THE
SAVE TARE PRACESSING NewWw DATA WITH BOTH KINDS NOF MAXIMUMe
LIKELIRCUY FILTERPSe IN THIS CASEs EITHER FILTHR IS EFFIMIENTLY
RE=COMPUTED FRNM INFORMATIUN WRITTEN ON THE SAVE TAPE ANDN A NEW
SAVE TAPE IS GENERAIED WITH DETAILS OF THE NFW FILTER AND ITS
OPeRATION

THE PRINYED OQUTPUT INCLUPES THE ACTUAL SUMMATION CONSTRAINT
SATISFIED oy TWE FILTER COEFFICIENTS, THIS iS FOR REALI7ABLE
FILTERS ANU FORP SYMMETRIC FILTERS,

MAK=LIRE MAX IMUM=LIKELIHOOD FILTER PACKAGE 66

FORIHaNe  TH]S IS a PacRaGe OF SUQYROUTINES fOR COMPUTING A
MAXIMUM=L LRELINOO]) FILIER POK DIGITAL DATA, RIVEN THF CORRELATION
MATRIX OF A NOJSF SaMPLE AND a SUMMAT]ION CONSTRAINT MATRIX, ONLY
THe calLING SENUENCE FUR TrHg FIRST ANp MASTER SURRNUTINE, LEVINgs
1S pDESCRIBED, <INCE ALL THE OThERS IN THE PACKAGE ARE CALLED
INTERNALLY FROM [T OR FRUM EACH OTHER, THEIR SURROUTINE NAMES
AREe= glehuv, MaINEs MAIMPY, MOVE, MAIDEN, AND SIMEQ7. THE

-RESULTING FILTER, NHEN aAPPLIED O A GROUP OF [NPUT CHANNELS OF

DATA, %ILL PROMUCE OME UK MOKRE OQUTPUTS SUCKH THAT THE TOTAL
OUTPUT PCAER 18 p MINIMUM SURJECT TO Tk CONSTHAINT SUPPLIED.
THIS FILTEN 1S SOMETIMES KEFERRED TO AS A MINIMUM VARJANCE
UNUBIaASED FILTER, LEVINSON RECURSJON IS USED TO (OMPUTE TME
FILTER. IR]S PROCEDURE TAKES ADVANTAGE OF THE SYMMETRY nF THE
MATRIGES IN ARPER TO INCREASF THE MAXIMUM NUMBFR QF INPUT
CHANNELS AND TWE ALLOWABLE FILTER LENGTH WHILE DFCREASING THE
REWUTREY CUMPUTING TImE,.

PHILTEN LINEAR MULTICHANNEL CONVOLUTION FILTER FOR
TAPED DATA

FORIRANS  an INPUT TAPE OF UNMULTIPLEXED DATA IN THE SURSET
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17.

18

19

20

21.

FORMAY 1S UOMVOALVED WIIH A MULTICHANNEL LINEAR FILTER AND WRITTEN
ONIU At COITPNIT TAPE IN THE SUBSET FURMAT.

POINTFLI DISURETE LAGUEKRRE FILTER

FORTHAVe THIS SUBRUUIINE ACCEPIS ONE DATA INFUT AT A TIME
ANU PASSES THIS DATA THROUGH A SE) OF RECUKSIVF FILTER
OPERATIONS WHINH CAN BE STATEU EITHER AS A TIMF ODPERATION OR AS

A FREQUENCY DPFRATION,
REUFIL INTERPOLATIUN AND APPR XIMATION, FILTERING

FORIRANe GIVEN AN INPUT TIME SERIES» A CENTER FRFRUENCY» A
BANDWIDTHs AND THE DATA SAMPLING RATE IN JECCNNS PER POINT, THIS
SUSRNIITINE RETHURNS THE FILTERED TIME SERIES, THE FILTER
COEFFICIENIS, AND A COMPUTED PARAMETER OF THE FILTER PODWER
FUNCTIUNe THE PROGRAM WILL ALSO FILTER DATA IN SECTIONS,

PECF ILS SINuLE PASS PHASE SHIFT RECI'RSIVE FILTER

FORIRANs Tn PERFURM UNE=PASS FHASE SHIFT RECURSIVE FILTERING
0OF SEISMIC DATA RIVEN IHE Q=VALUE» CENTER FREQUENCY, AND SAMPLING

RAIE,
RESREC PLOI RESPONSE OF RECURSIVE RAND FILTER

FARIRANs CrMPUTES AND PLOTS THE AMPLITUDF OF A RECURSIVE
PHASELRSS UIGITAL FILTEK,

TWX SPAIJAL IMTERPOLATION

FORIRANe Tn qOMPUTE A LEAST=MgaN=SQUARE=-gRROR FILTER WHICH
INIERPULLE IES OWE CHANNEL OF sN ARRAY FROM CERTAIM OTHER CHANNELS
IN THE AkRAY, APPLY THE PILTER TO CUNSTRUCT AN INTERPGCLATED
ESTTmMalg, UONSTRUCT THE ERROK TIME FUNCTION, aND DISPLAY THE
PUOWER SPECIRUM OF THE ERROH,

De DATA RETRIEVAL AND MANIPULATJON

i.

2

Je

b e

APCT Al REARRANGE SUBSET DATA

FORIRANe TWIS PRUGKAM UBTAINS ALL POSSIBLE GCOMBINATIONS, IN
SE1S OF Twu, OF SUBSET DATA CHANNELS AND FORMS AN OUTPUT TAPE
CONTALIWING A LARFL WITH EACH SET OF TWO RECORDS,
CENTRE CeENTER A RECORD SUBROUTINE

FORTRANe TWIS SUHRUUTINE CTENTERS THE RECORp ACI) OF N
POINTS INIU THE RECORD B(1) OF M POINTS AND PLAGCES ZEROES ON
BOTH SIDES.

CNTUR4 CONTOURING
FORTRANe CNTUR4 WRITES PRINTER PLOT OF THE EONTOURS OF A

TWO=pIMENSIQNAI. ARRAY, THE COUNTOURS ARE FORMED BY SHADING THE
AREA BETWEEN LEVFL 21 AND LEVEL 21 + 91, THIS DISPLAY IS
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O N . i

4,

5e

6.

7

8o

9.

e T

SUPERTWPUSED UPON EITHER A GRID WURK QR A BORpDER WITH TIcK=tMAKK S,
THe cONTOUK | EVELS MAY Bt SPECIFIEN INDIVIDUALI Y, OR BY THF
INCHREMENY OETWEEN LEVELSe IN ADUITION, PROVISION HAS BEFM MALF
TO At LUwWw IHE ORIJENTATIUN OF THE ARHAY TO BE ALTERED BY ETTHE!
EXJHANu[NG THE ROWS ANU COLUMNS OR REVERSING EITHER THF Pnw' NR
TrHE CULUMND,

CuLLATE MERGES EPICENTER LISTS

FORTRANs  TWHIS PRUGHAM TaKES TWO BINARY TAPES OR A PACKED
BINAPY TAPE AND FPRPICENTER CARUS AND SEARCHES FNR EVENTHY WHICH
ARE REPURIED On ROTHe MATUHING IS DETERMINED BY COMPANISON WITH
(1) A PHREVUETERMINED ORIGIN TIMe DIFFERENCE WHIGCH INCLNDES A
DEFTH=TIME CORPERTION AND () A PREDETERMINED DISTANCE D'F'ERENCE
WHICH INCLUDES A LATITUDE~LONGITUDE CORRECTION. LATITUDF,
LUNGTTUDEe DEPTH, MAGNITUDE, ANpD ORIGIN TIME DIFFERENCFS
(RESTpPUALS) ARE CcOMPUTEY ONLY FOR MATCHING PARTS OF EVENTS AND
ARE AVAILABLE 2S OQUTPUI.

DEPTHMAG ReTHIEVAL AND COUNT OF EPICENTERS SUMMARIZED
dY UEPTH ANU MAGNITUDE

FORTRANe THIS PRUGHAM HAS THE ABILITY TU RETRIEVF DATA FROUM
ANT aNe GF FOUR DIFFERENTLY FOKRMATIED TAPES» THE AHILITY TO SAVE
ALL cARD LMAGER RETRIEVED, ABILITY TO SPECIFY RETRIEVAL ARITER]A
RELATIVE TUe A, HECORUING STATIONS

8, DATA SQURCE CUDES
C, DISIANCE AND AZIMUTH
D, OTHeR RELATED MISCELLANEQUS FEATURES

pDeETHND REMUVAL OF MEAN ANDZOUR LINEAR TREND
FORTRANe THIS SUBRUUTINE REMOVES THE MEAN ONLY OF H(TH THE
MEAN AND LINFAR TREND UF A SERIES OF N POINTS, AHD RETURS THg
DETRENDED SERIrS,
FPLIST EFPJCENTER LISTING
FORTHANs L1ST THEe INFORMATION CONTAINED IN FRE-P'NrHED
USLGS EPICENTER rARDS FOR EARTHQUAKES SATISFYIMG
PREDFTERMINEN VvAlLUES FUR ANY DESIRED COMBINATION OF THE
FOLLOWING VARIABLES= LATITUDEe LONGITUDE, DFPTH, HAGMITHDE,
AZLMUTH, anND DISTANCE,
MEHGSETS MeRGING OF 2 SEISMOGRAMS UMDLR ONg LABEL

FORTRANe Tu1S PRUGHAM WILL TAKE ANY TWO SEI1SMO,;RAMS FROM ONg
TAPE AND AERGE THEM TOGETHER UNDER A NEW LABFI. WITH 535 CHANNEL
10eNTIFLERS,

NORMAL NURMAL]ZE SUBROUTINE

FORTRANe CNMPUTES AND RETUKNS A NORMALIZED SFRIES FRNM A
GIV_.N SERIES OF N TERMS,
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10

i1,

12,

13,

i4.

RANGF MAXIMUM RND MINJMUM VALUE SUBROUTINE

FORVRANe  FINDS AND HETURNS THE MAXIMUM AND MINIMUM VALUES OF
A SERIES OF N TERMS,

SUUASH SCALING ROUTINE

FNRTRAWe  FINRS AND RETURNS THE MAXIMUM AND MINIMUM VaALUES OF
A SERIES JF F TERMS ANU THEN SCALES THE SERIES WITH A GIVEN
MAXIMijm ABSQOLUTE VALUE.

TAPEAC EPICENTER DATA STANDARDIZATIGN

FoRTHAWe VARIOUS EPICENTER CARUS FRUM SEVERAL SOURCES ARE
WRITTEN ONTOQ TAPF IN A STAWDARD FORMAT IN BCD NR PACKED RINARY
MOUE., SEl® AND GEU REGIUN NUMWYERS MAY BE AUDED INTO THE FNORMAT,
BIVARY Ok dCn TAPES MAY BE LISTED AT END OF AN UPDATF RUN OR
MAY RE CONVERTED BACK 10 STANDARD FORTRAN BCD,

TAPMERGY TAPE MERGE

FORTRANe  Tn .MERGE IWO MAGNETIC TAPES» MADE UP OF EPICENTER
CARD IMAGES ON MAGNETIU TAPEs THE RESULTING MERGED TAPE [S IN
CHRONOLOGILCAL SENUENUE AND IN BCU MUDE WITH END=OF<FILES BETWEEN
MUNTHS AND A DNURLE=ENU=OF=FILE AT THE END OF THE YEAR.

TRAVE | CUMPUTER P=ARRIVAL TIMES

FORTRANS  CNMPUTES IHE P=ARRIVAL T[MES FHOM SEISMIC EVENTS,
REPORTED Un PP CARDS UF THE UeSe COAST AND GEODETIC SURVEY, TO
SPECIFIED STAT{ONS AND LISIS THEM TUGETHER WITH ALL THE
INFORMATIUN cONTAINED UN THE PDE CARDS,

INTERPOLATIUN AND APPROXIMAT]JUNS

1.

2

AV 0pEY CONIRULLEZD SOLUTION OF OKpINARY DIFFERENTIAL
EUUAT JONS

FORIRANe Tn PROVIDE A CONVENIENT MEANS UF SOLVING A SET OF
N SIMULTANEQUS FIRST OWDER DIFFERENTIAL EQUATIONS, THE RASIC
INTEGRATUR IS A SELF STARTING VARIANT OF THE ADAMS METHON
INCORPUHATING AUTOMATIC STEP SIZE CONTROL, USER PROVIDED
STATFMENTS ARE EYECUTEU AT SPECIFIED VALUES OF EITHER THE
INUEPENpDENT VARIABLE OR ANY CONTINUOUS FUNCTION OF THE DFPFNDENT
VARTABLESs AUTOMATIC CONTHOL UF THUNCATION NRH DISCONTINUITY
ERAOR IS PROVIPEDe THE DEPENDENT VARIABLES ARF INTERNALLY
CAHRIED IN PARTIAL pUOUBLE PRECISIUN TO CONTROL ROUND OFF gPROR.,

RES dESSEL FUNCTION
FORTRANe TuIS ROUTINE &VALUATES FOK A GIVEN X AND N, €l THER

J(4) OR 1UN) WuERE X IS A NORMALIZED FLUATING POINT NUMBFR AND
N IS A FIX=p PnIMNT INTEGER.
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3.

4,

5

7

8,

9,

10.

HF P Gp SPRERICAL 4ESSEL FUNCTION

FORIRANSe  TulS RYUTINE CALCULATES THE SPHERICAL BESSEL
FUNCTIUN OF THF FIRST RINpD aNy OF THE SECUND KIND TOGETHER WITH
THe FIRST AND SECOND DERIVATIVES FUR A GIVEN APGUMENT,

CENES ELEMENTARY FUNCTIONS

FORTRANs TWIS SUBKUUTINE WAS WHITTEN TO PROVIDE THE SINE.
CUSIMEs AnU EXPONENTIAL FUNCTIUNS PRECJSELY ACCURATE TO 14
SIGNIFICAN! DERIMAL F1URES FOR AKGUMENTS NO GREATER THAN ROUGHLY
4“5.14’.

cLagmy EIGENVALUES AND EIGENVECTORS

FORTRANe GIVEN A CUMPLEX SWUARE MATRIX» NOT NECESSARILY
HERMITIANs TN pFIND ALL EIGENVALUES AND OUNE EIGENVECTOR FNR EACH
DISTINCT ElGENVALUEs JHE HOQUTINE USES THE LA RUDDE METHAD WITH
DETERMINANG EVALUVATION aNpD THE MUELLER METHOD.,

CMPTPUR POLYNOMIALS, EVALUATION UF & SPECIAL FUNCTION
FORIRANe THIS IS A FUNCTIUN SUSROUTINE WHICH EVALUATES THE
EXPRFSSION FNR THE POWEK Al A GIVEWN FREQUENCY FOR A -BAND PASS
FILTER,
EXTREM MULTI=pIMENSIUNAL EXTREMUM SEEKER
FORTRANe COMPUTES IHE MAXIMA, MINIMA, OR SADPDLE POINTS FOR A
SINGLE FUNCTION OF UP 10 2U PAKAMETERS,
GLUUAD GAUSSIAN LEGENDHE QUADRATURF

FORTRANs TWIS ROUTINE IS DESIGWNED TU OFFER A SUBSTANTIAL
IMPROVEMENT nVeR THE USUAL USE OF SIMPSON S RULE TO APPRNXIMATE
DEFINJTE INTEGRALSs THE GAUSSIAN LEGENUKE METHOD HAS THE WIGHEST
ALUEBRAIC PRECISION FPOK A GIVEN NUMBER, N, OF EVALUATIONS OF THE
INTERRAND.,

GRSCH VECIUR ORTHUNURMAL]ZAT]JON

FORIRANs Tu[S SUsRUUT[INg ORTHOVORMALIZES THE INPUT SgT OF
VECTNRS BY MEAnNS OF THE GRAM=SCHMIDT ORTHOGONALIZATION PROCEDURE.,
WHILE DOING TKIS, IT CHECKS EaUH NEW VECTOR cOMRUTED TO SEF IF
ITS MOhM 15 LE®S THAN A SEPCIFIED WUANTITY, IF IT FINDS A NULL

VECTNR, A:iU HEMCF A LINEARLY DEPENUDENT INPUT SFT, IT RETIRNS AN

ERKOR FLAG AND TERMINATES THE CLALCULATION,

IbFUN INTERPOLATEL FUNCTION AND ITS DERIVATIVE AND
INTEGHAL

FORTRANe GIVFEN ANY SET OF ABUISSAS IN MONOTONICALLY
INCREASING ORDER WITH CORRESPONDING ORDINATES= THE [MTERPOLATED
FUNCTIONS ARE NBTAINED AT THE VESIRED ABC[SSAS~ QR THE
INVEFFOLATED DRRIVATIVES OF THe FUNCTION=~ OF THE INTEGRALS OF THE
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13,

14,

15.

16«

FUNCTIYiud= OR THF SUM UF THp InTEGAALe THE INTEGRALS 0F THE
FUACTIUNS ANN THF SUM UF THESE INTEGRALS AR AL WAYS COMPUTEL.
THE CURVE IS PARABOLIC BETWEENWN ANJACENT PAIRS OF POINTS aND THE
DENIVATIVE AND FUNCTION IS MATCHEYU ON BOTH SIDES OF EACH PNINT,

LAPINY A SUBROUYTIWE FOR FINDING THE LAPLACE INVERSH
OF A COMPLEX FUNCTION

FORIRANe  GIVEN A FUNCTION OF Tde COMPLEX VARIARLE S» aAND AM
ARKAY UF IHE INDEPENDENT VARIABLE TIME, TO GENERATE THE TIME
FUNCTION FOR EACH OF THE TIME VALUES INDICATED,

LSYPNL LEAST SWUARES FULYNOMIAL FITTING SURROUTINE

FORTRANS  GIVEN XCIDaX01)0X(2)00aaaXtM) AND FUIDsF(2)saqer
F(M), WHERE F(1) IS THt OBSERVED DEPENDENT VARIABLE AND X(1) IS
THE nBSeRVEp LEPENDENT VARIAELE ANU X(I) IS THE OBSERVED
INJEPENDEN| VARPJABLE» THE POLYNOMIAL Y 2 3(1) + R(2) #X + .,,
+8(+q)wxX*®R [F FITTED FOR ALL DEGHEES OF Ks» FROM K=y 10 ¥ ®

K(MAX) WIIH CFRTAIN OFTI10QNS

RFH PROUKAMMED ARITHMETIC, REAL

FORTRANe Tuw[S SUBKUUIINE EMPLOYS THE REGULA FALSI METWOD 10
FIND THE VALUE OF THE INDEPENDENT VARIABLE FOR A PARTICULAR VAL Ut
OF THE DEPEeNDENT VARIABLE (0K FUNCTION) .

RKaM NUMERICAL SOLUTION OF ORDINARY DIFFERENTIAL
EQUATIONS

FORTRAN. Tn cOMPYTz THE MUMERICAL SOLUTIONS OF A SYSTEM nF
No (N LEwiyg)s SIMULTANEOUS FIRST «ORpeER ORDINARY DIFFERENTIAL
EWQUATIONS WITH GIVEN (NITTAL CONDITIONS OVER o GIVEN INTERVAI
USING FARTIAL nOUBLE=PRECISION ARITHMETIC, THF METHOD OF
SCLUTIUN MAY BF FL1THER,» (4) RUNGE=KUTTAs» (2) ADAMS=MOULTNN,
WITHOUT ERKOR (HECKING» OR (3) ADAMS=MOULTON WITH ERROK CHFCK MG
THE LATTER TWO USE RUNGE=KUTTA STARTERS.

RKAMSUB NUMERICAL SOLUTION OF ORDINARY DIFFEHENTIAL
EGUATIONS

FORTRANs Tn cOMPUTE THE NUMERICAL SOLUTION OF A SYSTEM OF W,
(N oLEeg00’, SIMULTANEUUS # [RST=0RDER ORDINARY DIFFERENTIALS WITw
GIVEN INITIAL cONDITIONS, USING PARTIAL DOUBLE=~PRECISION
ARITHMETIC.

SPEENUR VECTOKS ANL SIMULTANEOUS LIUEAR EOUATIOMS

FORIRANe TN DETERMINE AN N X 1 VECTUR X WhICH MIN{MI?ES Twe
MAXIMUM AdONLUTE VALUE UF AaLL THE CUMPONENTS 1% THE VEeTnR
B = aXe HERE A 18 AN 4 X 3 VECTUR AND A IS AN M X N MATRIX N§
RANK N WHENE M LEeN * 1, AN X WHICH DUES THIS 1S CALLED A MIN=
MAX 0R ChE3YSHRV SOLUTION 10 THE OVER=DETERMINED SYSTEM aX = g,

FAGL 12




17, TRAP? TRAPEZOLDAL RYLE INTEGRATION

FONIRANS EBVALUATES THE IMNIEGRAL OF F(XIUX FOR A SUCCKSSION
OF F(X)S oY THE TRAPEZVIULAL WiiLE.

16, 720EPPRIT LUBPPRIIZ & EUULATIONS

FOHIRENe Tn CALCULATL COERFFICIENTS UF REFLFECTION AMD
REFHACTION FOR GIVEN BOUNDARY CONDITIONS USING ZOEPPRIT? &
EQUATIUNS.

Fe GENERAL SE1SMIC PRUGRAMS
1+ ARESPONS UFF=BEAMED ARKAY RESPONSE PROGRAM

FORTRiNe  THIS FRUGKAM CONPUTES AND PLOTS ThE DB LOSS Fouw
SIGNALS CUMING IN FROM aNGLES DIFFERENT FROM THE BRAMSTRL W
AZIMUTH,  ELABNRATE PRINTOUTS AND PLOTS ARE GRMERATED IN OPHER
TO MAKE THE NUTPUT SELF=EXPLANATUKY,

2 CALIR MAGNIF [LATIUN CALCULATION NSING DIGITI7+D
SINE WAVE CALIBRATIUNS

FORIRANe CNMPUTES IHE AVERAGE PeAK=T0=PeaK AMPLITUDE. THF
MAGNIFICATIONS AND NORMAL[ZIMG FACTOURS OF A DIRITIZED STME WAVE
CALIRRATION, THF Y FACTORS FOn EACH TRACE MAY BF INPUT NR THEY
MAY BE CALUULATED» GIVEN SPECIFIED INPUT PARAMFTERS,

3o CONZA CUNvVOLYTION

FORIRANS Tn ADD TWU SPIKE SEISMUGRAMS TuLE THER, CAaNVNL VE
THEM WITH A THIRD SEISNUGRAM AND CONVOLVE THE KESULTS WiTh A
WAVELET TU PRODUCE A SIMULATED SEISMOGRAM,

4, DEGOSTE GHOST REFLECTIUNS

FORTRANe Tn REMOVE GHOST REFLECTIONS wHEM a SURFACE aMD DFEP
WELL THACE AT THE SAME GAIN [S AVAILARLE.

Se DNEUSEIS VekT1CAL ARRAY PRUGEDSOR PArKAGE 11

FORIRANe Tn DEGHUSI VERTICAL ARRAY SEISHOGHAAS GIVEN AN
ECHO=TIME ANN PEFLECTIUN CUEFFICIENT FUOR RALW SEISMO5PAn, IN
ADUITIUN, A SUM TRACE UF THE DEEPWELL TRACKFDS, AND A SUM TRACE OF
THE ALIGNEV@DERHNSTED=-UEEP=WELL TKACES AWk CNMPUTED, ALSR THF
COMPNNENT WHICH IS JUINTLY gURRELATED OUW ALL Al IGNED=DFGHNSTE=
DEEP-WELL IRACES IS COMPUTED. FUKTHERMURE THIS PROGRAM ®| 0TS ALL
DEEPWELL AWD DEGHOSTENL JEEPwELL TRACES, THE PAIR OF SuUM TRACFS,
ANU THe CURRELATION TRACE,

6. DISCREIE EVALUATION UF raUTE EXPANSINON COEFFICTENTS
FORIRANe EXPANDS ELTHER A SEISMIC SIGNAL OR A SWECIFIED

FUNCTIUN IN TERMS OF A SET OF URTHONORMALIJZED FXPONENTIAL
FUNCTIUNSs FARAMETERS GIVEw BY THE USER DEFINE THE NRTHANNDRMAL
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7.

8.

9.

10

11,

12.

13,

140

FUNCTIUNSe THE SPECIRUM oF THE EXPANSIUN IS AVAILABLE AS AN
OPIION.

DISPLAY DISPLAY AND ANALYSIS OF AVOMALIES

FORIRANe Tn TAKE THE OVIPUT SROM THE ANOMALY PROGRAM AND

COMPITE [He AVERAGFEs SIANDAKD DEVIATIONs AND NUMBER OF
OCLUQKENCED OF A SELECIELD ANOMALY FUR SELECTED SUBARRAYS nR

SENSNRS, UISTANCESs ANU AZIMUIHS.
DIGTA DISIANCE, AZIMUTH, AND TRAVEL TIME

FnRThane CNMPUTES IHE UISIANCE IN DEGREES AND KILOMETEKS,
THE AZIMUTH, BACK AZIMUTH, THE TRAVEL TIME UR ARRIVAL TIMF, AND
THe ROTATIUNS PAPAMETERS FH(OM A SPECIFIED SEISMIC EVENT T0 A
GIVEM STATION,

DSHT PDUMMY SElSMUGHAM SURSET TAPE

FORIRANe CREATES A DUMMY SU3SET TAPE, KREMOVES MEAN OF EACH
CHANMEL ANU NORMALIZES ENEHGY, THEN SMOUOTHS EACH WITH A FILTER,

DESPIKt DESPIKE SE[SMULKRAMS

FORTRANe TN REMOVE SFIKES FRON SETSMOGRAMS BY SIMPLY
INSERIING A GOSINE FUNUCTION IN A SPECIFLED INTERVAL.,

ELIPT ELLIPIICETY

FNRTRANe Tn rOMPUTE THE R.rJU OF THE RADIAL AND VERTICAL
COMPONENTS OF RAYLEIGH MUTIiON AS 4 FUNLTION OF PERIOD,

GRUVEL GROUP VELOCITY $ROM PHASE VFLOCITY pISPERSION

FORTHANe THIS PROGHANM TAKES Tht PHASE VELOGITY VERSUS PERIOD
OR FREWUENLY PnINTS 4NU USES THE POLYNOMIAL AND 1TS pDgERIVATIVES
TO ORTAIN IME GROUP VELUCTIYTY A4S A FUNCTION OF PERIOD OR
FREQUENGY .

HARKR] UK RAYLELIGH WAVE DISPERSION

FORIRANe Tp CUMPUTE RAYL EIGH WAVE GROUP VELOCITY, PHASE
VELOCITY, ANn TNVERSION COEFFICIENTS AS A FUNCTION OF FREQUENCY.

HEF A UnP MEASURED NUISE ISOTRUPIC PRNCESSOR

FORIRANG  Tu]S PRUGHAM COMPUTES AND/UR APPLIES A MULTICHANNEL
ISUTRUPIC FRNCFSSOR TO SEISYIC ARRAY DATA, AN ACTUAL NOTISE MIDEL
IS USEL COuPUTrp FROM IHE SPECTRA OF A SPECIFIED DATA SAMPLE.
EIVHER a PUINT QR A LISC SIGNAL MOUEL CAN BE COMPUTED, THE
PRUGRA™ YHEN SnLVES THe MULTICHANNEL WIENER=HOPRE EVNUATION IN THg
FREQUENCY UOMAIN (0 GET THE OPTIMUM FILTER WHICH REJERTS THE
NOISE anD PASSeS THE SiGNAL, THE FILTER IS WRITTEN OM o SAVE
TAPE FUR FYTURE USEs AN OPTIUN EXISTS To FILTER A GIVEN PIECE
OF DATA ANU PLNT THE FILTERED VRACE AND THE DIRECT SUM. PERSON
PLUTS ARt ALSU GENERATED AND PLOTIED WHICH, IN CONJECTION WITH
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15,

16

17,

18,

1Y

20 ¢

THE NUIPUL PLUTS, ALLUW IHE USER TU CALCULAYE SIGNAL TO NOISF
RATTIOS,

ISUF 1L THEURETICAL ISOTROPIC PRUCESSOR

FORTRANe  TWwIS PRUGRAM COMPUTES AND/OR APPLIES A MULTICHANNEL
ISUTROPIC PROCESSOR T0O SEISMIC ARRAY DATA, AN ANNULAR RING NOISE
MOUEI. AnD ITHER A PUINT OR A DISC SIGNAL MODElL CAN BE SPECIFIED.
THe PRUGKAM THEN SOLVES THE MULTICHANNEL WIENEF=HOPF EQUATION IM
THE FREAUENCY NOMAIN TU GET THE OPTIMUM FILTER WHICH REJFCTS THE
NOLSE AND PASSES THE SIGNALe THE FILTER 1S WRITTEN ON A SAVE
TAPE FUR PUTUReg USEe AN OPTION eXISTS TO FILTER A GIVEN PIECE OF
UAIA AND PLOT THE FILTERED TRACE AND THE DIREGT SUM. PERSON
PLUTS ailk ALSO GENERATED aAND PLOTTEU WHICHs IN CONJUNGTION WITH
THE QUIPUI P1 0TS, ALLOYW THe USER TU CALCULATE SIGNAL TO MQOISE
RATINS.

LAGT I ME SIGNAL AND NOISE ADDITION

FORIRANe TulS PRUGRAM COMBINES A SIGNAL AND A NOISE ONTO THE
SAME DaTA VHANNEI AT VARYING SIGNAL-TO-NOISE RsTIUS, A TAPE NF
THE NEY COMBINATION UF DATA IS WRITTEN AND A PLOT TAPE IS
FORMED »

LOUATE DETERMINATIUN OF LATITUDE, LONGITUDE, DRPTH,
AND OKJGIN TIME OF A SEISMIC SOURCE

FORIRANe CaLGULATES, BY AN INIERAGCTIVE LEAST=SQUARES
PRUCFSS, Ing LaT1TUD..: LUNGITUDE, UEPTH, AND ORIGIN TIMg OF &
SEISMIC SUURCE, AND DE'ERMINES THE CONFIDENCE INTERVALS AND
JUINT CQNFIDENrE REGION FOF THE SOURCE COOHLINATES. COMPRESS=
I0NAL WAVE ARRIVAL TIMES FROM FIVE OR MORE STATIONS ARE IISED.

MARARAY ARRAY SIMULATIOUN

FORIRANe PRODUCES A Sgl OF QUTPUT TRACES CORRESPONDING TG
ANY SET OF ELEvWENT POSITIONS DESIRKED, A NOISE BACKGROUNN IS
SInULATED uY SELECTING TEN TRACES FROM A SET OF TWENTY SaMPLE
TRACFSs ANU ASSIGNING 10 gaCH TRACE AN ARBITRARY VELOCITY,
AZIMUTH ANU REIATIVE AMPLITUDEe A SIGNAL IS SFLECTED FROM A
SEls 118 VELNCITY AND AZIMUTH ARE CHOSEN AND A SIGNAL=TO=NNISE
RAITD S ADSIGNED,

MADVNSE MEAN anb SAMPLE VARIANCE OF SPECTRAL FSTIMATES

FORTaNe  Tn cOMPUTE THE: MEAN AND SAMPLE VARIANCE NF SPECTRAL
ESTIMATES,

MOu py=7 SURFACE wWAVE UISPERSION AND AMPLITUDE

FARTRANe  THIS PRUGHAM COMPUTES FOR ALL MODFS OF LOVE AND
RAYLE1GH WAVES OM AN ELASTIC HALFSPACE OF PLANGePARALLEL,
HUIUREMEUUS, [<OTROPIC LAYERS, THE FOLLOWING= PHASE VELOCITY,
GRUUP VELULITY, ANU SURFACE ORBIT AS FUNCTIONS OF PERJOpD OR
FREQUENCY= AMPLITUDE, THE PROLUCT OF VERTICAL. WAVE NUMBER TIMES
LAYER THIUANESS, ANy PUTENTIALS AS FUNCTIONS Or DEPTHe AVERAGE
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KIMET)t, FUTENTIALS AND TO1al ENERGEY DENSITIES, AND AVERAGE
HURT700 VAL ENEPGY PLUXe LOUMRESPONDING TO EACH LAYER= AND A
SUMMAT, Ul UF THE ENERGY WUANTITIES FROM THE FKEE SURFACE.
PRUVISION S MaADE FOR PRINIER FLOTS OF PHASE AnND GROUP VELOCITY,
PRUVISIUN 1S AI SN MADE FOR PARVIAL DECOUPLING “HERE AMPLITUDE 1S
LAHGF )N CERTAIN CHANNELS AT URPTHs RELATIVE TN THE SURFACE
AMPLITUVE .

27+, NEIWOKER EVENT PHOCESSOUR

FORTHANe GjVEN SETS UF SEISMIC STATIONS AwWD EVENTS, THIS
PRUGRAl FRUCESSES INKUKMATLION, RELATIVE TO VARIOUS SPgclfFlED
EVENT raGnNiTHDES AND A THRESHOLD PROBABILITY., THIS PROGRAM
cOMPHTLS THE NETWURK PROBABILITY anD STATION CAPABILITY OF
DElECTION UR IpENTIFICATION OF SEISMIC EVENTS. IT ALSO pOMPUTES
THE THIEESHULD HAGNITUpE FOR ALL STATIONS AND UP TO 47 FVENTS aAND
SUNSETH UF EVENTSe IN AUDITION, IT CUMPUTES THE NUMBER 0OF EVENTS
OCCURRING agNVE A GIVEN MAGNITUDE AND HOW MANY OF THOSE EVENTS
WILL gt IDENTIFIED OK G0 UNDETECTED FOR SPECIFI1ED SUBSETS OF
EVENTS aNU STATIONS.,

22+ NOSPIKE SHPIAE REMOVER
FAKITHANe Tn REMOVE SPIKES ANU CLIPS FROM SEISMUGRAMS,
230 PSuUAl PH PSEUNU VEPTH, ALPHA» AND BRETA
FARTRANe  Tn ¢OMPUTE THe PSEUDO=LAYER THICKNESSESs PSFUNO-
COMPRESSTUNAL AND =SHEAR VELOCITIES FOR A GIVEY EARTH STRUGCTURE,.
ANY LAYEK WITHIN THE STRUCTURE MAY BE DIVIDED INTU N SUUB=_AYERS,
THE CORKESPONDING ALPHAS, ©ETAS, THICKNESSES, DEPTHS, AND

NENSITIES ARE NEFINED PUR EaCH SUB=LAYER USING A LINEAR GRADIENT
ACROSS THt QRIGINIAL LAYER.

24+ REOSPAND ARRAY AZ[MUTH RESPONSE

FORIRANe Tn OMPUTE THE RESPONSE OF AN ARRAY TO WAVE NUMBERS
ALUNG ONE AZIMIITH,

25+ RESPNONSE ARRAY RESPUNSE
FOR(RANe Tn CALCULATE aND PLOT IN K=SPACE THE RESPONSE OF AN
ARKAY GF SEJSMAMETERS WITH RESPECT TO THE RESPONSE OF THE SAME
ARNAY T0 WAVES WITH INFINJTE PHASE VELOCITY (EX, NUMBER OF DB
DOWN FHOM LERD) o
26, RMSONMLY CUOMPUTATION OF RMS
FARTRANe T READ UP Tp 9 SEISMOGRAMS FROM A MAGNETIC TAPE,
IN SUBSET |APE FNRMAT, DETRENDs FILTER (OPTIONAL)» COMPUTE RMS
ON A PARTILULAR DESIRED REGION, AND THE MEAN OF THE RMS,
27+ ROTATE SE]SMUGHAM ROTATION PROGRAM

FARTRANe THIS PRUGKAM 1AKES A SUBSET OF SEISMOGRAMS WITH THE
2o R, 'V, AND PnSSIBLY I1ME UHANNELS AND MAKES ONFE UF THREE
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28,

29.

30

33,

PUSSTHLE {UTAI|OMS ON IHE PREUETENMINED SE1SMOGRAMS ON TNg SUBSET
TAFPE, THE THRFE PUSSIBLE KOTATJONS ARE=~

1. (Z) avle PUTAIJUN GIVING AN OUTPUT Z, RZg AND (2Z

2. (L=) PHIME) AX]|d> HUTATION GIVING AS OUTPUT 2T, RZT, AND TZ

Se (¢g=R PRImMEY AXIS HUTATIUN GIVING AS OUTPUT [R, RZ, AND TZR

ONTHUT WILL IhcLUbDE A Ni:W SUYSEF TAPE WITH THF Zs Ry aAND 7
CHANNLLS (UK FOUR, L+ tHe TlME CHANNEL 1S GIVEND), AND & PRINTOUT
oF SigheT INFOUM/ T TON AND PLOT SCALE FACTORS,

SUeGSE VERIJCAL AKRAY PROCESSNK PANKAGE 11. ADJUSTFD

pOarIKANe T HEMUVE GHOST WEFLECTIOM ON VERTICAL ARKAY
SEISMOLRAMD ALTGHED FOHR F1itST P=MOTTON GIVEN ONLY THE FCHO-TIMES
ANU PENLECHION COEFFICIENTY,  IN AUDITIUN SUM TicACES OF ahTH THE
ALLGHFD DEEPYEILL AND ALIGUMED=uRGHUSTED=DEEPWELI TKACHS ARF
CUMPUTEDe  aLSN THE CUMPUNENT WHICH 1S JOINTLY CORKELATE)D ON aAlLL
DEOHOS 1 ED SEISHOGRAMS IS CUMPUTEU.  FURTHEKRMORE PLUTS ARE
oglalivtp OF ALt PEEPWELL Al NDEGHOSTED UEEPWELI. THACES» THF
SUnt ot THACES THE TWO aHOVE SUM THACESs AND THE CORRELATION
THaCF,

Ste , SPECLIF LU DRIVING PROGRAM FOH FRAMLIS

potiRANe  Tult PHRUGRAIL vaS WHITIEN FOR THE SPECIFIC PHRPOSE
UF LRIV ING FRAMIS, FHAMIS EVALUATES THE AMPLITUDE AND PHASE NF A
THaNSEEt R PUNCTTION GIVEN ITHE: PARAMETERS OF THAT FUNCTION, THF
INPUT 10 Stk A%k (HE GPeKA! ING PAKAMETERS FUR FRAMIS AND THE
FARAMETERS OF TRY LAPLACGE TRANSFORMe THE OUTPUT OF SEE 1S A
LISTInt OF aMP) JTUDE (Mak OH NURMALIZED TO A RENUESTFD FREQUENCY)
ANU PH, St 4SS A FI'NCTIUW UF FREWUFNCY. CASES MAY HBE RATCHED.

SEGHFNTM SEGMENT MULTIPLEX TWO

FORIRANS LN SELSHOGRAMS aRE JROKEN UP INTO MULTIPLEXED
SEuMerts UF DECIKED LENGTH.

SIMUFEF VeERLILAL AKRAY SEISMOGRAM STMULATJON

FnrIRANe T SIvULAlE THE peePWELL TRACE OR TRACES HROM
MEASUREMENTS OF 5 SURFaE GR EAR=SURFACE SEISHOGRAM, GIVEN THE
ECRU=TIMEDS ERTWEEN THE Dipt WELL AND THE SURFACE AND GIVE!. ThHE
REELECTIUN CNEFFIVLIENT.  ThE SIIM TRACE OF THE DEEPWELL
SEISHOLKAMD aNn THE SUN TRACE UF THE SIMULATED DEEPWELL
SeISHOLRAMY aRe cUMPUTEpDe PLOTS ARE OBTAINED OF THE UREPWELL
SEIGMOLKAMS, STMULATED LeFWELL SEISMOGRAMS, THE SURFACE TRACF,
AND THE TwU abnVE SUM TRACES,

Slaan SIMULATED GHOST REFLECTIUN
FARTRANG Tr SIMULATE NURMAL DEEPWELL TRACES,
S14vakky VERIICAL AHKAY SIMULAT]ON
FOHURANG I SIMULALE AT N COMFUNENT VEKTICIL AWKAY ACCORDING

10 THE FCLLOWING CRIIEt]A-
1¢ SUKNFACE TRACE CUNTA!NS A S16NAL COMPUSEDN OF A PSEUDN
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34,

35.

36

37,

38,

P=PU| St ANU WAVELET FORMED BY SUKFACE REVEFBEHATIONS AT SOURCE.

2, EAUN DEEPWELL IRACE HAS SAME SIGNAL AS SURFACE WITH THE
AUDDITIUN UF SURFACE GHUST AT THE VERTICAL ARRAY,

3, RACH DFEPWELL SIuNAL IS SHIFTED BY THE DESIRED TIME DELAY
IJN ORDER U SIMULATE WHAT WQULD Bt RECORDED IN NATURE,

4, NOU UTHER PULSES AREF CONSIDERED,

5, WOISE 1S 90 PER CENT COHERENT BETWEEN SUCCESSIVE ARRAY
ELEMENTS.

SPECAVE SPELTRAL MATRIX AVERAGING PROGRAM

FORIHANe THIS PRUGKAM COMPUTES AND AVERAGES SPECTRAL MATRICES
FO MULTICHANNEL SEISMIC AKRAY DATA. THE OUTPUT OF THIS PROGRAM
1S A TAPE iN THE SAME FORMAT AS THE PROGRAM =HFFALUMPe SaVE TaAPE.
USING THA! TAPE AS INPUT TU THt =HEFALUMP= PROGRAM ALLOWS THE
USER TU CUMPUTE MULTICHANNEL FILTERS FHOM AN ENSEMBLE OF NOISE
SPECTRa. WIS PRUGRAM IS ALSU DESIGNED Tn ApD YO OR UPDATE AN
ENSEMELE SPECTRAL MATRIX ON TAPE FROM A PREVIOUS RUN.

SPECMAT THEURETICAL PUWER SPECTRAL DENSITY MATRIX

FORIRANe Tn CUMPUTE Ak THEORETICAL POWER SPECTRAL DENSITY
MAIRIX FUH THE GAUSSIAN MARKOV MOLELe ALL SPECTRA ARE NORMALITED
T0 THE ARSOLUTE MAXIMUM VALUE UF THE SPECTRAL SET. IN ADDITION
EACH SPECTHAL rOMPONEN! P(HSsF) OF THE MATRIX I8 SCALED RY THE
FACTAR (LUGF(1,+TF(RS,FI(q)e190,2)/1P(R%,FI(1) SO THAT AT HIGHER
FREQUENCIEYS THE SPECTHAL VALUES ARE OBSERVABLE ON THE MATRIX
PLOT, 1TYHE POWER SPECTHAL UENSITY MATRIX CONSISTS OF THE REAL
PART BELOWs ANN Tht AUIU=SFECIKA ALONG THE DIAGONAL.

SPeCMT THEURETICAL POWER SPECTRAL DENSITY, CNHERENCY
AND PHASE MATRICES

FoirANe T cOMPUTE THEORETICAL POWER SPECTRAL DENSITIES,
CUMERENCLIES, AMD PHASES FOH The GAUSSIAN MARKOV CHAIN, THWO
MATHICES ARE GENFRATED» HAVING ALL POWER SPECTFA NORMALIZED TO
The MAXIMUM VAl UF OF TKE SPECTRAL SET, COHERENCY TO A PLAUSIBLE
VALUE OF 12 aANn PHASE TU AN APPROPRIATE VALUE OF Pl. IN ADDITION
THE POWEKR SPECTRA P(KSsE) 1S SCALED ACCORDING TO THE FACTOR
(LOGF (1¢ *1P(RS,F)1*1yne)/4PL(RSsF 1) FOR OBSERVABILITY AT HIGHER
FREQUENCIEDS,

SPECSUR? FILIEK AND SUBSET PHROGRAM

FORIRANe Tn pelRenNbs FILTER (FUUR POLE BUTTERWORTH), AND
SUHSET pATA FRnM glTHEM A LJBRARY OR SUBSET TAPE AMD PLOT THIS
DalA, OPIIOUNS ARE INCLUUED TO DEMAGNIFY THE DATA, GENERATE PLOTS
OF THE RESULTS, aN) PRKUCLSS MURE THAN ONE SEISMOGRAM.

VERPROC VERIICAL ARKAY PROCESSING

FORTRANe Tn PROCESD VERTICAL ARRAY DATA IN THE FOLLOWING
MANNER=

1= UETHEND, TAPER, ANU CORKECT FOR INSTRUMENT GAIN,

2=CUMPUIE K1S NOISEs SIGNAL PEAX TO PEAK EXGCURSION, anp SIN
RATIO PYK ALL vA ELEMENTS,
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39.

40

d= FORM THE DEGHOSTING UPERATOR wlJy! OF W FOR EACH VA TRACE
WiTH/WITHUUT BRENNER WEIGHING.
4= COMPUTE THE FOURLER SER[ES EXAPANSION GT(J) OF LAMNDA OF EACH

G(J) OF Wy
95« CUNVULVE GT(J) OF LAMDA WITH ITS CORRESPONDING DEEPUFLI
TRACF TUO PRODUCE A DEGHOSTED CONVOLUTION RECORDa

XMNG SPECTRAL MATRIX ESTIMATES

FORTRANe THIS 18 A PACMAGE OF THREE FORTRAN 63 SUBROUTINES
FOR cOMPUTING AN ESTIMATE OF THE SPECTRAL MATRIX FOR N CHANNELS
OF TAPED WATA. THE NAMES OF THE THREE ROUTIMES IN THE PACKAGE
ARe= XMNGs cOnLFKs AND SMUOTHe IN ADDITION TO THESF, THREE MORE
SUBROUTINES ARE ASSUMEU To Bt ON THi: SYSTEM TAPEs THEY ARE= COOL.
DISCe3» AND ERASF,

YFACTY Y FACTON

FARTHANe Tn COMPUTE Y CALIBRATION FACTORS FBR DIGITI?ED
SEISMOUKWAMY,
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ITI. Digitized Seismic Data

The SDL library of digital data includes short and long period
seismograms from over 100 U.S. nuclear explosions and 1000 earth-
quakes recorded at various LRSM sites and the VELA observatories.

A complete list of digitized data is available upon request, but
users are encouraged to visit the SDL to ascertain that the data
is applicable to their project.

Digitized data can be punched on cards or written on tape in

a 7 track IBM compatible format.

ITI. USC&GS Epicenters

Information contained in the USC&GS PDE cards has been punched
on cards and written on magnetic tape. A copy of the tape containing
epicenter information from 1960 to date is available upon request.
FORTRAN programs to retrieve data from the tapes include:

DEPTHMAG - retrieves epicenter data which meet various
criteria such as location, depth, magnitude

distance, azimuth, geographic region, and
recording stations.

ARRIVAL - arrival times of 23 seismic phases at any
given station for any set of epicenters.

TRAVEL T - computes arrival time, distance, and azimuth
for a given station.




IV. &Zarthquake Bulletin Data

Earthquake bulletin data from the LRSM teams (February 1962
to date) and the VELA observatories (February 1963 to date) has
been stored on magnetic tape. The data includes the PDE cards plus
all phase information for those stations which recorded the earth-
quake. Recorded phase arrivals not associated with an epicenter

are also on .the tape.
V. Shot Report Data

Shot report data from 82 U.S. nuclear explosions have been
punched on cards. These reports contain phase arrivals recorded at
the LRSM stations and VELA observatories. The information recorded
includes:

- Shot Name

- Location

- Magnitude

- Origin Time

- Recording Station
- Phase

- Arrival Time

- Amplitude

- Period



