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INTRODUCTION 

PURPOSE 

Loran-e propagation software was developed to predict signal characteristics at 
selected airports throughout the continental United States, Alaska and Canada as 
potential Loran-e non-precision approach sites. 

BACKGROUND 

Loran-e signals are transmitted as synchronized pulses from a master and two or 
more secondary stations in the 90-110 kHz frequency band. The receivers are 
designed to track the ground wave propagated signal. Signal propagation is 
affected by different combinations of land/sea conductivity paths and to some 
extent weather (seasons). Skywave signals and spectral interference change the 
shape of the pulse. Pulse ~hape as well as signal to noise ratio affect the 
receiver's ability to accurately determine the proper tracking point. 
A distinctive feature of Loran-e is it's combination of range and accuracy. The 
low radio frequency provides good radio propagation over land and sea, not being 
restricted by line-of-site transmission. 

Atmospheric noise, local noise, ground conductivity and distance from the transmitter 
all affect Loran-e performance. The transmitter-receiver geometry (crossing angle 
and line of position gradients) affect the ability to accurately determine user 
pos1t1on. This effect is characterized by a figure of merit called geometric 
dilution of precision (GDOP). The root-mean-square user position errors increase 
as GDOP increases. The optimum value for GDOP is one. This occurs along a 
baseline where the line o~ position crossing angles are perpendicular. 

DISCUSSION 

This simulation consists of a main program (LORAN-C) and a library file (LORLIB) 
containing eleven subroutines. The programs were written iri Digital ]:quipment 
Corporation (DEC) Fortran IV using an RT-1 1 operating system. The modular 
structure was designed to allow for easily inserting future modifications and 
improvements. In addition, data files were created to store data for eight of the 
major North American group repetition intervals (GRis) (see appendix A for a list of 
information contained in each). These files are selected through a user prompt in 
the main program. 

This software was developed as a first generation baseline model to theoretically 
predict Loran-e propagation characteristics. The simulation software will be 
improved as additional information is made available. The sources for the equations 
may be found in the references 1 through 7 and in appendix A. 

The main program logic is illustrated in the accompanying flowchart (figure 1). 
Prompted by the computer, the user enters a desired data file (file names used are 
related to the GRI). After the file is read and parameters are set, the user is 
then prompted to enter a location identifier, position coordinates (latitude and 
longitude), runway heading with respect to magnetic north, magnetic variation, and 
estimated atmospheric noise. The program calculates and outputs the following 
parameters using various subroutines: 
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Great circle distance (transmitter-to-user location) 

Initial heading (user-to-transmitter lQcation) 

Ground wave field strength (forseawater and poor soil) 

Signal-to-noise ratio 

Envelope-to-cycle difference 

Great circle distance (transmitter-to-system area monitor (SAM)) 

Double range difference (transmitter-to-user, transmitter-to-SAM) 

Gradient 

Direction of normal line of position 

Time difference 

Crossing Angle 

Radial fix errors (longest and shortest sides of error parallelogram) 

GDOP 

Crosstrack and along track errors 

The latter seven parameters pertain to master-secondary 1 and master-secondary 2 triad 
combinations. 

Data are divided into three sections and formatted for the line printer. The first 
section contains transmitter-to-user location information followed by double range 

· difference with the SAMs. Data pertaining to the triad combinations are formatted 
last. A sample data output may be found in table 1. 
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********************************************************************************~************************************************* -~ 
>> ~AlA PROCESSED ~YI FEO~RAL AVIATION ADMINISTRATION TECHNICAL CENTERr ATLANTIC CITY AIRPORT• N,J, 08405(( 
-~-- ~ -------------------------------------------------------------------------·~---· ·-------------·----- - ---·--· -

SELECTED LOCATIONI 
FAA TECHNICAL CENTERr ATLANTIC CITY AIRPORTr N,J, <RUNWAY 31) 

39 27 o.ooN 74 35 o.oow 

f~UNI~AY HEArtiNG <Wif\ESF'ECT TO MAGNETIC NORTII) IN [IEGf\EESI 309,10 
HAG~ETIC VA~I~TION ({TRUE NORTID ~ <HAO~ETIC NORTH>> JW [I£GREESI -1,10 
ESTIMATEit ATMOSPHERIC NOISE (d9 A(IOVE 1 uv/lio) I . . 56.00 

13RI I NoraHEAST 19960 

EHJSSION RA[I, NOH, 
TRANSMITTER STATION [tELAYr f'014ERr ECltr • [tiSTr HltGr 
<LAf,/LONO.> usee I<.W usee NH de!l, 

H rsrm:cA o.oo BOOr o.o 220.579 332.4 
42 42 50,f>ON 76 49 3J,96W 

W·ICARI90U 13797.20 350. o.o 529.006 31.4 
46 40 27.20N 67 55 37.71W 

X:NANTUCKET 26969.93 275. o.o 237.298 60.8 
41 15 11,93N 69 59 39,09W 

YICAROLIH~ ~EACH 42221.65 550. o.Q 360.448 207.2 
34 3 46.04N 77 54 46.761!1 

Z I MNA 57162.06 400. -0.5 597.942 276.4 
39 51 7.54N 97 29 12.14W 

[IOUBLE RANGE 
M£miTOR STATIONCSAH) [tiFFH<ENCE r 
<LAT /LOIW> (W/ HASlHO 

HI SANitYiiDOK o.oooo 
40 28 t7.04N 74 1 3o71W 

WICAPE ELIZABETH 275.9646 
43 3~ 54.82N 70 11 58,84W 

X l SANl•YIIOOK llo-4919 
40 28 17o04H 74 1 3.71W 

Y I ~> ANlt'l'IIOOK -102.3996 
40 .,a t7.04N 74 1 Jo71W 

Z I F'LI111EtROOK 323.1993 
41 22 46,,96U fl2 39 3B,53W 

G R A fJ I E N\ T 

17-[IEC-·82 
08127120 

GROUND WAVE FIELD STRENGTH & SNR 
<dB ABOVE 1 uv/~) 

SEAWATER F'OOR SOIL 
TOAr (5 noho/no) ( 1 llllhho/no) 
usee FS SNR rs SNR 

1363.6840 19. 22. 76. 20. 

3270.9246 60. 4. 49. -7. 

1466,9953 73. 17. 70. 14. 

2228.5351 69. 13. 64. e. 

3697.1000 59. 2. 46. -to. 

EC[I 
•.Jo:r~c 

1.9496 

1.1775 

1.9069 

1.5909 

0.5051 

************************************************* 
* * * UNLESS OTHERWISE NOTE£tr ALL £;ALCULATIONS * 
* * * ASSUME A SEAWATER PATH FOR PROPAGATION, t 

* * ************************************************* 

. TIME [IIFFERENCE ft/usec & de~r~es NORMAL LOP XING RADIAL ERROR 0[10P TRACKING ERROR 
TRJA[IS •Jsec HtA & Arosle Tlt9 t An!IJe dest•ees ANGLE SHora LONO CfWSS ALONG 

-----------~~~------~~~--------------~~=~~------~~~ - -~~=~~--~~~~--~~~~---~~~:--------~~~~-- --------------- - - -~~~~-- -----------------
11 wx 15704.34 27073.24 999.9 58.9 705,. , 98.4 91.9 106.6 14.7 143. 665. 9.6 14~. 20. 
H WY 15704.34 43006.50 999.9 59.9 ~;5~. I 125.2 91.9 179.f} 87,9 113. 116. 1.7 17. 111. 
H WZ 1~704.34 ~949~,47 990,9 59.9 104~· ~ ~6.0 91.9 214.4 122.5 117. 213. 3.1 93, 191. 
H . XY 2707:3.24 43086.51) 705.0 BBd 55~ ·~·5 125.2 10(>,6 179.8 73,2 79, 106. 1.5 O. 79. 
N XZ 27073.24 59495,47 705.0 88.4 1046,5 56.0 106.6 214.4 107,8 112. 150. 2.2 98, 114. 
H YZ 43006.50 59495,47 553,5 125.? t046 J5 ~6.0 179.0 ~14,4 34,6 110, 270, 3,9 108, 48. 

>>NOTEI *=ANGLE ~ETWEEN MASTER AN[l SECONDARY ~~ ~ ~ESS THAN 20 [IEOREES <HEAR BASELINE EXTENSION), 

******************************************-******,.~·*·*-:t!!.*t:UU:t:tU:UU;U:t:UU:U'tU•UUw••H••u•"'"'~·"'"'"'L ~- -·~--·· · · · · · · -- · · · . . 

~· 
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~ APPENDIX A . . 
C*i'**~':-.t:*--:'***,.':-!:-:,'(-t-;~.:*~':***~':--!:****-.':'1:-t:**•':•':-A· .. ':-.r:*·k·k**-.':***"')(*****r:...,·:*****-.':-;':***.****** 
c 
C »SOFT\iARE FOR LORAN-G NONPRECISION APPROACE TESTING« 

c --------------------------------------------------
c \lRITTEN BY: ANDREU P. LEONE, DREXEL CO-OP STUDEl~T 

C DOT/Fl\A TECHN I'CAL CENTER, ATLANTIC CITY AIRPORT, N.J. 
C ACT-100B.2 
c 
C OCTOBER, 1982 - REVISED: 16-DEC-82 

c --------------------------------------
c PURPOSE: TO EVALUATE LCFun7-C PERFORHANCE AT SELECTED 
C AIRPORTS. (RESULTs · HILL BE BASED l:-IO STLY ON GEOHETRIC 
C SOLUTIONS. IF HEASURED TIHE DELAYS(T .D.'S). ARE 
C Kn OHN AT A POSITIOH, ERRORS DUE TO ACTUAL PROPAGATION 
C ERRORS CAN ALSO BE EVALUATED.) 
c 
C SUBROUTINES: 
C GREAT- CALULATES GREAT CIRCLE DISTANCE BETHEEN SELECTED 
C SITE OR HONITORS AND LORAN-e TR.A.llSHITTERS I N NAUTICAL 
C HILES; ALSO CALCULATES I NITIAL EEADING FROH SELECTED 
C SITE OR ~'iGN ITORS TO TR.fu'1SHITTERS IN DECIJJAL DEGREES. 
C DELAY- CALCULATES TIHE DELAY(TOA) OF LORAH-C SIGHAL 
C FOR TRANSMITTER TO RECEIVER I N MICROSECONDS. 
C GRDHFS - CALCULATES THE GROUNmiAVE FIELD STRENGTH OVER 
C SEAHATER AND POOR SOIL IN DECIBELS(dB) A:SOVE 
C 1 HICROVOLT / HETER(uV /H) AND SIGNAL-TO-NOISE lU\.TIO( SNR). 
C ETCDIF- CALCULATES TEE ENVELOPE-TO-CYCLE DIFFERENCE(ECD) 
C IN MICROSECONDS. 
C TI:HD IF- CALCULATES THE TIHE DIFFERENCE BETHEEN THO STATIONS, 
C USUALLY BETHEEN THE fi1AS TER AND A SECONDARY I N HICRO-
C SECONDS. 
C GP~~D- CALCULATES THE ESTH1ATES OF POSITIONAL ERROR. GRADIENT 
C IS IN FEET/MICROSECOND . 
C DOLOP- CALCULATE HiE tWRl,lAL TO TilE LOP (LINE OF POSITION). 
C DIRECTION IS I N DECIHAL DEGREES. 
C XANGLE- CALCULATES THE CROSSING ANGLE OF A TRIAD; In DECUiAL 
C DEGREES. 
C DRDIFF- CALCULATES TEE DOUBLE RANGE DIFFERENCE BETHEEN 
C SELECTED SITE AND TPJ:..NSHITTERS , AND BETUEEN SAN's AND 
C TR.ANSHITTERS IN NAUTI CAL HILES . 
C RFERR- CALCULATES TI1E SHORTEST Aim LONGEST RADIAL FIX 
C. ERROR(2DRMS) I N FEET AND GDOP. 
C ELLIPS- CALCULATES THE ALot:G TRACK AND CROSS TRACK ERRORS 
C IN FEET. 
C TRIADS- FOPJ-l!~TS DATA PERTAINING TO TRIADS OF SECONDARY 
C TRANSNITTERS FOIUIED HITH THE HAS TER. 
c 
C DATA FILES: 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

8 FILES (LC<GRI> .DAT) CONTAINING THE !-rAJ OR NORTIIAl·lERICAN 
LOR.:\.N-C TRA.N SHITTING CIL:UNS. WCLUDED I N EACH FILE: 

GRI 
TRANSHITTER STATIOr1 1\A.HES & THE IR: 

LATITUDE & LONGITUDE 
EMISSION DELAY (IN MIC RO SECONDS ) 
HOHUTAL COD LNG DELAY (IN HICROSECONDS ) 
RADIATED Pot-TER (IN KILOVTATTS) 
NOHINAL ECD (IN HICROSECONDS) 

HONITOR STATION NAHES & THEIR: 
LATITUDE & LONGITUDE 
ECD- CONTROLLING STANDARD 
TD- CONTROLLING STANDARD 
ECD- TOLERENCE 
TD- TOLERENCE 

n_l 



c 
C REFERENCES: 
C 1. SODANO EQUATIONS (AC-90-45A(FAA ADVISORY CIRCULlill ), . 
C APPEIJDIX J). . 
C 2. UGS-72 PAHAHETERS ( '\-; ILD GOOSE ASSOCIATIOlJ). 
C 3. NATIONAL BUREAU OF STAN DARDS CIRCULAR 573 ( NBS-573); 
C "PlLL>.SE OF THE LO'ii RADIOFREQUENCY GROUND liAVE", BY JOliLER. 
C 4. "SYSTENS CONTROL TECH.NOLOGY" I \·JALT. DEAN. 
C 5. U.S. COAST GUARD;"SPECIFICATIONS OF THE TRANSHITTED 
C LORAN-G SIGNAL", CO NDTU!ST HI 6 562~4, JULY 19131. 
C 6 "LQR.L J'·J ", BY PIERC"', '1 .. E"ZI~ ' ' 1~ r·ooDr·•nn SEC~li0 "·-1, ..J"-4, • -"" 1 ~ ...... ,_ i'' Cl\. 1\ .t,, lH\.iJ r·i _ v'-llirr... ; .. 

C APPENDIX Cl. 
C 7. "GEOHETRIC DILUTION OF PRECISION(G:OOP)", BY ERIC SUANSON, 
C JOUFJ:1AL OF THE I NSTITUTE OF NAVIGATION, VOL.25, No.4 
C WINTER 1978-79. 
C 8. "LORAll-C SIGUAL STABILITY STUDY: ST. LAUREHCE SEA~·lAY ", JY 
C DANIEL SLAGLE AND ROBERT HENZEL, APPENDIX A, CG-D-39-8 2. 
C 9. ROBERT ERIKSON, U.S. DEPT. OF TRANS.; FEDEP.JiL AVIATIOJ:i 
C ADHINISTRATION TECHiHCAL CENTER, ACT-100B.2, 
C ATLANTIC CITY AIRPORT, N.J. 

c~·:*~-:****~':**-..':* ... !:****** .. k***************************** .. k*******"l:··k********** 
c *****;':"''':~':-J:"/:"/:":.':***";':"'J:**"':***'"~:***************7:**"~:***';':*·k*'.':**"'k**.k*******7:7:*** 

c 

c 

c 

PROGRAH LORANG 
Cai>iHONILOCIP ,R 
COHHOll iTRIDAT I HH , :NN , TOA, ED1, TD, GDT ,AL ,LOP , YJ:;. , HH , H , HN 
CONHON/TRDAT21RS,RL,GDOP,ATE,CTE,RNHY 
BYTE TRANS (16 , 5) , NAHE (7 2) , HON (16 , 5) , QQ (13 0 ) , HH ( 13 0) , T I HS TR ( 8 ) , 

:DATSTR(lO) 
I NTEGER IREV,Z,O,XX(5,2),YY(5,2),XXH(5,2),YYN(5,2),BB(2),CC(2) 
REAL ECD(5) ,X(5,3) ,Y(5,3) ,RP(S) ,CDN(S) ,XH(5,3) ,YN(5,3) , HKP.(S), 

: NE~D(S),ED(5),CSECD(5),CSTD(S),TECD(5),TTD(S) 
DOUBLE PRECISION TT(2,8),G(5), H(S),D(3),C(3),P(S),R(S),GM(S), 

: TOA( 5), LOP ( 5) ,Y.A ( 6) ,PH( 5) ,RN( 5) ,Hr·1 ( 5), EDl( 5), GDOP( 6), 
: RDD ( 5) , RS ( 6) , RL ( 6) , AL ( 5) , F S 1( 5) , F S 2 ( 5) , SNRl( 5) , SNR2 ( 5) , ATE ( 6) , 
: CTE ( 6) , GDT ( 5) , TD ( 5) -- - -- -

LOGICAL U,V, H(S),U1,Vl 

I REV=20 ! REVISION NUHB ER--FOR fi.EFERENCE 

DATA TT/' NORTHEAS' ,'T :9960' ,'SOUTHEAS' ,'T :7980', 

NUtvl=O 

'11EST COA' ,'ST :9940' ,'GREAT LA' ,'KES:8970', 
'CAN .E.CO' ,'AST:5930','CAN. IJ .CO' ,'AST:5990', 
'ALASI:'.A G','ULF:7960',' N. PACIF','IC :9990'1 

CALL DATE(DATSTR(l)) 
C .. \LL TINE(TH1STR( 1)) 
URITE( 5, 30) ( DATSTR( I) , I=l, 9) , ( THlSTR( I) , I=l, 8) 

30 FORNAT(/ I I I I I I I I IT30 '9Al/T30 ,8A11 /) 
GOTO 60 

40 CONTDIUE 
TYPE 50 

50 FORHAT(' DO YOU \HSH TO USE THE S.Al-1E GRI? YES=l') 
READ(S,*)JJ 
IF (JJ.EQ.l) GOTO 350 

60 DO 80 I=l,8 
~lRITE(5,70)(TT(J,I),J=l,2) 

70 F0R}~T(lX,2A8) 
30 CONTINUE 

199 TYPE 200 
200 FOP~~T(' ENTER DATA FILE SPEC.,LC<GRI>;(ex: LC9960)'1) 

r ll TT . il C:C:T/C ~1(1 -1 ' Dr.f\ '\ 



READ(l,END=20l)GRI 
KK =O 

~ IF (GRI.EQ.7960.) KIZ=7 
IF (GRI.EQ.9960.) KK=l 
IF (GRI.EQ.7980.) KK=2 
IF (GRI.EQ.9940.) KK =3 
IF (GRI.EQ.8970.) KK =4 
IF (GRI.EQ.5930.) KK=5 
IF (GRI.EQ.5990.) KK =6 
IF (GRI.EQ.9990.) KK=8 

!TO CALCULATE THE lJUiiBER OF 
!STATIONS I N SELECTED GRI 

201 IF (KK. NE .O) GOTO 202 
C.:\.LL CL OSE (1) 
GOTO 199 

202 IF (KK. EQ. 7 .OR .• KK .EQ.S) HH=3 !NUHEER OF STATIONS 
IF ( K~~ .EQ.l.OR.KK.EQ .2) EH=5 
IF ( KK .EQ.3.0R.KK.EQ.4.CR. KK .EQ.6.0R.KK.EQ.8) m-1=4 
DO 300 I=l , r-::1-1 !READS TRANS-STATIONS 

READ (l ,END=301)(TRAl'iS(J, I) ,J=1 ,16) !NANE 
READ (l, END=301) ( X( I ,K) , K=1 ,3), (Y( I , K) , K=1 ,3) !LAT/LONG 
R&-'I.D (l, EtW=301 )ED (I) ! EHISSION DELAY 
READ ( 1 , EtW=3 01) NECD (I) ! NONINAL ECD 
RE.AD(l ,END=30l)RP(I) ,CDN(I) !RAD. POUER,!,WH. COD U!G DELAY 
READ(l,END=301)HKR (I) !J:.JARKER FOR El'·:D OF STATIO.NS 
XX (I,1)=INT(ABS(X(I,1))) 
XX (I,2)=INT(ABS( X(I,2))) !TRUNCATES ASBSOLUTE LOCATION 
YY(I,1)=INT(ABS(Y(I,1))) 
'r.'Y( I, 2 )=INT(ABS(Y( I, 2))) 
IF ( NKR (I) . EQ .l.O) GOTO 301 

300 COl:ITHJUE 
3 0 1 COHTUlUE 

DO 305 I=1 , HH !READS NONITOR STATIONS 
READ(l ,END=310)( HON(J, I) ,J=1 ,16) !N..:\J-1E 
READ(l, EFiD=310) (XH( I, J) ,J=l ,3), (Yll ( I, J) ,J=! ,3) .!LAT/LONG 
READ(1,END=310)CSECD(I) !CSECD 
READ (l,END=310)CSTD(I) !CSTD 
READ (l ,END=310)TECD(I) !TOLERENCE ECD 
READ(l,END=310)TTD(I) !TOLERENCE TD 
XXll (I,1)=INT(ABS( XH(I,1))) 
X.ZN (I,2)=INT( AB S( XN (I,2))) !TRUNCATES ABSOLUTE LOCATIONS 
YYH (I,l)=INT(ABS(YH(I,l))) 
YYi-1 ( I, 2) =INT(ABS(Yl:-1( I, 2))) 

305 COilTINUE 
3!0 cm~TINUE 

CALL CLOSE (1) 
IF ( H.KR(HH) .NE.l.O) GOTO 199 
DO 3 20 I=l , to1H 

P(I)=X(I,l)+X(I,2)760+X(I,3)/3600 
R(I)=Y(I,l)+Y(I,2)/60+Y(I,3)/3600 

3 20 CONTii'lUE 
350 COl:1THWE 

DO 355 N0=1,5 
EDl(NO)=ED(NO) 

3 55 COtiTIHU E 
DO 999 Z=l, HN 

IF (Z.GT.1) GO TO 440 
3 80 DO 390 N=1,130 

QQ ( N)='*' 
\-J~-J( N) =' _, 

390 CONTINUE 

! CONVERTS TR.i\.~1 S-STAT 

!LAT/LONG TO DECHJAL 

IF (rlUN .EQ.O) GOTO 399 
V:RITE(6,395) 
FORI-I.tiT ( '1') 

! TOP OF FORti FOR EACil NEH 
!SELECTED SITE 

399 cm:THlUE A-3 



400 
WRITE(6,400)(QQ( N), N=1,130) 
FOR~,1AT( '+', 130(A1)) 
HRITE(6,4001) 

4001 FORilAT(T10' »DATA PROCESSED BY: FEDERAL AVIATION ADl:liNISTRA', 
'TION TECHNICAL CENTER , ATLANTIC CITY AIRPORT, N.J. OS40 5«') 
~'IRITE ( 6 ,4002) ( HVJ ( N) ,H=1, 106) 

4002 FOF.Jlti.T(TlO, 106Al) 
~~H.ITE(6,*)'' 
IF ( NUH .EQ.O) GOTO 402 
TYPE 401 

401 FORi'iAT(/ /' SAHE LOCATION NAHE?(Y=l)') 
READ( 5, i<) IQU 
IF (IQU.EQ.l) GOTO 4051 

402 DO 403 N=1,72 

4'"" v..) 

NANE ( N)=' ' 
CONTINUE 
TYPE 404 

404 FORilAT( /I ... ENTER NAI·iE OF LOCATIOi~ OF SELECTED SITE', 
' ( 7 2 CI-lAR . HA~.) ') 

405 
READ( 5 ,L,OS ) l·lHN , ( N.AHE ( N) , N=1, 72) 
FORl-lAT ( Q, 7 2Al) 

C I l1PUT LOCATION OF SELECTED POilH. 
C IT HILL BE ASSUHED TF.AT iJORTil AND vlEST ARE POSITIVE QUANTITIES. 
C"k-;':**"i'(*********"k*'"k*******-1:***·****"''~******-l:******"i':*""'*"~:**..,':*-;':'~:*** .. k**";,"***** 

I F ( NUM .EQ.O) GOTO 407 
4051 TYPE 406~ 
406 FORHAT(/ /' SANE LOCATION COORDI NATES? (Y=1) 'I/) 

READ(S,*)IREP 
IF (IREP.EQ.l) GOTO 4301 

407 WRITE(5,408) 
408 FORI-lAT(/ I lX, ' NORTH & liiE ST ARE POSITIVE, SOUTH & EAST ARE', 

' NEGATIVE') 
HR ITE(5,410) 

410 FOIU1A.T(/ lX, 'ENTER LATITUDE-DEG HIN SEC ' 
'(LV_. SPACE BEn1. EACH)') 
RE...:';.D (5,415) ( B( N) , N=l ,3) 

415 FORi·.iAT(FS.O ,F4.0 ,F6 .2) 
URITE{S, 420)- ----~ -- --==== - · ---

420 FORi·li\ T(/ lX, ' ENTER LONGITUDE-DEG l:-iiN SEC ' 
'(LV. SPACE BET\-J. EACH)') 
READ (5, 425)(C(:i) , Il=1 ,3) 

425 FORNAT(FS. O,F4.0,F6.2) 
IF ( B(l).LT. O) GOTO 426 !ASSIG~ S NORTH OR SOUTH TO LOCATION 
Ul='N' OF SELECTED SITE 
GOTO 427 

426 U1='S' 
427 COtlTINUE 

IF (C(l) .LT.O) GOTO 428 !ASSIGNS 1·7EST OR EAST TO LOCATION 
v 1 =' \V' 
GOTO 429 

428 Vl='E' 
429 COtJTHlUE 

DO 43 0 N=1,2 
BB(N)=INT(ABS(B( N))) 
CC( N)=INT(ABS(C( N))) 

430 COllTINUE 
IF ( NUH.EQ.O) GOTO 4312 

4301 WRITE(5,4311) 

OF SELECTED SITE 

4311 FORHAT (' SAHE RUNliAY HEAD I NG, VARIATION, & ATi-lOS. NOISE?', 
'(Y=1)') 
READ ( 5, >'<) IREP2 
IF (IREP2 .EQ.l) GOTO 4319 A-4 



~' "' 4312 \1K ITE(5,4313) 
4313 FORi-lilT(//' ENTER RU NI,iAY fiEAD I NG ('\i/RESPECT TO !:iAGNETIC ' 

' NOP .. TI-1) ') 
READ (5,4314)RH 

4314 FORl·iAT(F7 .3) 
\JR ITE (5,4315) 

4315 FORHAT(/ /' ENTER LiAGHETIC VARIATION (TRU E NORTH - H1';.GNETIC ' 
' NOF.TII )') 
READ(5,4316)VAR 

4316 FOIUIAT(F7 .3) 
RNHY=RH+VAR 
URITE( 5 ,4317) 

4317 FORLAT(/ /' ENTER EST UiATED ATHOSPI~ERIC NO ISE (dE ABOVE ' 
'1 uv/m)') 
READ(5,4318)ATNO 

431 8 FORI-iAT(F7 .3) 

C HEADER FOEJ:lAT 

C********************************************************************** 
4319 CALL DATE(DATSTR(l)) !DATE ENTERED AHD 

CALL THIE (TIHSTR(l)) !THiE READ FROH COHPUTER FOR PRINT OUT 
WRITE(6 , 432)(DATSTR(III),III=1,9) 

43 2 FORI·iAT( lX, 'S ELECTED LOCATION:', T80, 9Al) 
HRITE( 6 ,433) ( NAUE(K) ,K=l, 72), TIHS TR 

433 FORHAT(' ',72Al,T80,3Al) 
WRITE(6 , 435)(BB(NB), NB=1,2),B(3) , Ul,(CC(NB),NB=1,2),C(3),Vl 

435 FORUAT(lX,I4,I3,F6.2,Al,3X,1X,I4,I3, F6 .2,Al) 
\JRITE(6,~':)' ' 
HRITE(6,437)RH 

437 FO Rt-lAT(' RUl,H-JAY HEADING (IT/RESPECT TO l•:lAGNETIC NORTH ) I N ' 
'DEGREES : ',T66,F6.2) 
UR ITE( 6 ,438)VA..R. 

43 8 FOR1,IAT (' l,IAGNETIC VARIATION ({TRUE NORTH} {H/',Gli ETIC ' 
' NORTH}) I N DEGREES: ',T66,F6.2) 
HRITE(6,439)ATNO 

43 9 FOEU·iAT(' ESTHiATED ATHOSPHER IC NOISE (dB ABOVE 1 uv / ra ) : ', T66 , 
F6 . 2) 
HRITE(6,>':)' ' 

440 CONTINUE 

C SUBROUTINES CALLED 
c ******"1(********-1:**7,·--:..·****•k****";!:************************"':*"':k****"#':**"k**** .... '; 

CALL GREAT(Z,B,C,G(Z) , ll (Z)) !G.C. DIST. &HEAD . ;TR..A.H S-SITE 
CALL DELAY(G(Z),TOA(Z)) !TINE DELAY 
CALL GRDHFS(G(Z) ,RP(Z) ,FSl(Z) ,FS2(Z) ,StJRl(Z) ,SNR2(Z) , ATNO) 
CALL ETCDIF(G(Z) ,NECD(Z) , ECD(Z)) !ENVELOP TO CYCLE DIFFERENCE 

99 9 CONTilWE 
I'IRIT E( 6,443 )( TT(H ,KK) ,N=l, 2) 

443 FORi>iAT(lX,'GRI: ',2A8 ,T83,'GROUND ~·iAV E FIELD STRENGTH & SNR') 
UR ITE(6,445) 

445 FORl1AT(T90,'(dB ABOVE 1 uv/w.)') 
l.:RITE(G , 4L~7) 

44 7 FOPJ.lAT ( 3 2X, ' EJ:H SS IOfi', 3X, 'RAD.', 3X, ' NOH.', T87, 'SEAJJATER', 7X, 
:'POOR SOIL') 
\IRITE(6,450) 

450 FORHAT(JX, 'TRANSHITTER STATION', llX, 'DELAY ,' ,3X, 
:'POHER,' ,2X,'ECD,' ,SX,'DIST,' ,4X,' HDG,' ,4X,'TOA,' ,T8 7, 
:'(5 mho /m)' ,Tl02,'(1 ITw.ho/m)',Tll7,'ECD') 
HRITE(6,452) 

452 FORNAT(3X,'(LAT./LONG.)' ,18X,'usec' ,6X,'k\V ' ,5X, 
:'usec',6X,' NN',6X,'deg.',4X,'usec',T88,'FS',4X,'SNR',5X,'FS',4X, 
:'SNR',Tll7,'usec') 
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HRITE(6,455)(HH(NN),NN=l,l30) 
455 FORllAT( lX, 130(A1)) 

\•iRITE(6,*)' ' 
C**'"k**'*'<-l:*~':·k-.:,-k*-1: .. ':-;':*t'<-l:-.-:-.,': .. ::**··k**'~':·k**** ... :*'"~<** .. k*** .. k"'~:*;':**..,': .. "\":,'<***..,':*~~************* 

C DATA FORHAT 
C***************i:***********"~:*****.k*********-1:*-!:** .. '( .. l:*****'*':**"~:-::*o.::-::-1:*..,':-!:*** 

460 
461 

DO 470 NV=l,NH 
IF (P( NV).LT.O) GO TO 460 

GO TO 461 
U='S' 
CONTINUE 
IF (R( NV).LT.O) GO TO 462 
V='U' 
GO TO 463 

462 V='E' 
463 COllTINUE 

!ASSIGNS nORTH OR SOUTH TO 
! LOCATION OF TRANS-STAT 

!ASSIGNS WEST OR SOUTH TO 
! LOCAT!ON OF TRANS-STAT 

HRITE(6,465)(TRANS(J,NV),J=1,16),ED(NV), RP(NV), NECD( NV ), 
GO:v) ,H( NV) ,TOA( JW ) ,Fsl(NV) ,sNRl( t~v ) ,FS2(NV) ,SUR2Ct~v) ,EcD(NV) 

465 FORHAT(lX,16A1,15X,F8.2,3X,F5.0,F6.1,2X,F9.3,F7.1,2X,F9.4, 
T88,F3.0,T92,F5.0,Tl02,F3.0,T106,F5.0,Tll5,F7.4) 
llRITE ( 6 , 46 7) (XX (NV, K) , K = 1 , 2) , X (NV , 3 ) , U, ( YY ( l:·:V, K) , K = 1 , 2) , Y (NV, 3) , 
v 

46 7. FORHAT (IX, I4, I3, F6. 2 ,A1, I4, I3, F6. 2 ,A1) 
470 CONTINUE 

~miTE(6,*)' ' 
HRITE(6,*)' ' 

C*************-;':****************** .. k*'~:*-l:·k*-!:*******..,':********"'l:*-1:*******"'~:** 
C HEADER (HONITOR STATIONS) FOilllAT 
c *-.:.·.;:*-..-:**********************************7:*************•'<*************** 

HRITE(6,495) 
495 FORUAT(T40,'DOUBLE RANGE') 

HRITE(6,500) 
500 FORHAT(3X, 'HONITOR STATION( SAH)', T40 , 'DIFFERENCE,') 

HRITE(6,505) 
505 FORHAT(3X,'(LAT/LONG)' ,T40,'(TiJ/ }lASTER)') 

\·lRITE ( 6, 510) ( HH( NN) , i'IN= 1 , 55) , ( QQ ( NN) , NN= 1 , 49) 
510 - FORHAT ( lX i 5-5 (Al) , T7 5--, 49Al )--- --------- ------- - - -­

UR ITE(6, 511) (QQ(NN) ,NN=1 ,2) 
511 FOR}~T(T75,Al,Tl23,Al) 

DO 513 Z=1 , HH 
DO -512 KL=l,3 

PH(KL)=XH(Z,KL) 
RE(KL)=YH(Z,KL) 

512 CONTINUE 
C*****"~:**********-::****************--~********"'"-.':*'1:******~:*****~:*~':**-.'(***** 

CALL GREAT(Z,PH,RH,GH(Z), HH(Z)) ! G. C. DIST. ; TRANS-SAH 

513 COl:lTINUE 
C'i'~****~·:~':-;':*·#***"':**·k'"l:-1:****-..':**·-::~·'********************-.':***-1:*-."**-:(*********** 

CALL DRDIFF(HH,G,GH,RDD) !DOUBLE RANGE DIFFERENCE 
C*~~****"'~:**~':**--::****-::-::****************'"'(**-.::****-,"**"":** .. k•"'"':.,': .. k***********-1:*** 
C HONITOR DATA FORHAT 

520 
525 

DO 5 50 NV= 1 , r'il-i 
IF (XH (NV,1).LT.O) GOTO 520 
U='ll' 
GOTO 525 
U='S' 
CONTINUE 
IF (YM(NV,l).LT.O) GOTO 530 
V='Td' 
GOTO 535 A-6 

!ASSIGNS NORTH OR SOUTH TO 
!LOCATION OF MON ITOR 

!ASSIGNS HE ST OR &-\ST TO 
!LOCATION OF MONITOR 



)JU V='E' 
53 5 COilTINUE 

IF ( NV.EQ.l) GOTO 537 
IF ( NV. EQ.2) GOTO 53 8 
IF ( NV.EQ.3) GOTO 539 

536 WRITE(6,540)( MON (J, NV),J=1,16), RDD( NV) 
GOTO 542 

53 7 HRITE( 6, 541 )( HON( J, NV), J=l, 16), RDD( NV) 
GOTO 543 

53 8 WRITE(6,5411)( MON(J, NV),J=1,1 6 ), RDD( NV) 
GOTO 543 

53 9 WR ITE(6,5412)( MON(J, NV),J=1,16), RDD( NV),( QQ ( NN ), NN=l,49) 
540 FORl1.'\.T(l X,16Al,T42,F9.4 ) . 
541 FORlll\ T(lX,16Al,T42,F9.4,T75,'* UNLESS . OTHERHISE NOTED, ' 

'ALL CALCULATIONS * ') 
5411 FO RNAT(lX,16A1,T42,F9.4,T75,'>': ASSUHE . A SE..<\.HATER PATH FOR', 

' PROPAGATION. *') 
5412 FOf:liAT (lX, 16Al, T42, F9. 4, T7 5, 49Al) 
542 HR1TE ( 6 , 545) C~XH ( NV , I() , K=1, 2) , XH(NV, 3), U, ( YYii ( NV , IC) , K=l, 2), 

YH(NV ,3), V 
GOTO 549 

543 UR ITE( 6, 546 )(XXH( t;v , K ) , K=l, 2) , XH ( NV, 3), U, (YYH( NV , K ) , K=1, 2), 
YM ( NV,3),V,( QQ( NN ), NN=l,2) 

545 FORUAT(1X,14,I3,F6.2,A1,14,I3,F6 . 2,Al) 
546 FORHAT (lX, 14, I3, F6. 2 ,A1, I4, 13, F6. 2 ,A1, T7 5 , Al, T123 , A1) 
549 COnTINUE 
550 CONTINUE 

UR1TE(6,*)' ' 
\-JRITE(6,*)'' 

CALL GRAD(H, GDT ,AL ,H1·7, ';,;) 
CALL DOLOP( H ,LOP, H~'l) 

- CALL THlD1F(TOA, ED!, TD , HH ) 
C.ALL XAHGL E(LOP, XA , NH , KK, NN , NN ) 
t-l\·J=NN 

!GRADIENTS 
!NORH TO LOP(LINE OF POSITION) 
!TIME DIFFERENCE 
!CROSSWG ANGL E 

CALL RFERR ( XA , Il , Hvi , NN ,RS,RL,GDOP) !RADIAL ERRORS(SHORT & LONG) 
CALL ELLIPS( HH , NN , H, RN\vY,ATE,CTE) !TRACKI NG ERRORS(ALOllG & CROSS) 
CALL TRIADS ! TRIADS FORJ.iATTED 

C**************f':*"'i'******-1:**;''************** -1:***'"~:*-l: ...,~ "'k o': *'-': "'1:-1: -A·*-A"*** .. k**t:****'l:* 
';JR1TE(5,600) 

600 FO RE • .;.T( I I l X, 'CONTINUE? (YES=99),) 
RE,\D ( 5 , 61 0) 0 

6 10 FOEJiAT( I2) 
WRITE (6,620)(QQ( NE), NE=l,127),IREV 

620 FO Rl'iAT(lX,l27(Al),I3) 
NUH=NUH+l 
IF ( O. EQ.99) GO TO 40 
CALL DATE(DATSTR(l)) 
CALL TU1E(TU1STR(l)) 
URITE(5,630)(DATSTR(I),1=1,9),(TIMSTR(I),I=1, 8 ) 

630 FOR:-1ATC/ I I I I I I I I IT30, 9All IT30, 8All I I I I I I I I I/) 
CALL EXIT 
El\D 
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.. SUBROUTINE GREAT(TS,B,C,GCD, HDG) 
c 
c~':**'*':*'~:*************************..,''***..,''****~ .. *******··/(-;':****..,'<..,':**..;.. .. *********** 
C · SUBROUTINE GREAT CALCULATES THE GREAT CIRCLE DISTANCE 
C BETlvEEN A SELECTED SITE OR HONITOR AND A TRANSHITTER, AND ALSO 
C THE UliTIAL HEADING FROH THE SELECTED SI';['E TO THE TRANSHITTER 
C OR HONITOR. 
c 
C B= LATITUDE OF SELECTED SITE OR NONITOR STATIONS. 
C C= LOl!GITUDE OF SELECTED SITE OR HONITOR STATIONS. 
C P= LATITUDE OF TRANSEITTER STATIONS. 
C R= LONGITUDE OF TRANSHITTER STATIONS. 
C GCD= THE GREAT CIRCLE DISTANCE BETVJEEN THE SELECTED SITE 
C AND THE LORAN-G TRANSlHTTER OR HONITOR STATION SELECTED IN 
C NAUTICAL HILES. 
C EDG(Al2)= IS THE AZIHUTH (GREAT CIRCLE) FROH THE SELECTED 
C POINT TO THE LORAN-G TRANSHITTER OR riONITOR STATION LOCATION; 
C e.g. INITIAL HEADING FROH SELECTED SITE TO TRANSNITTER. 
C A21= THE AZIHUTH OF GEODESIC FROH THE TRANSHITTER 'OR HONITOR 
C STATION TO THE SELECTED SITE. 
C TS= STATION NUHBER 
c 
C THIS SUBROUTINE USES THE SODANO EQUATIONS AS DESCRIBED IN -
C AC-90-45A(APPENDIX J) \-liTH HGS-72 PARAHETERS: 
C F=3.3528E-3 
C AX=3443.917387(SEHIHAJOR &'{IS OF THE EARTH) 
c ****'''******* ... 'r*"'i:"):*~"*-;'(~~;':**""J':*****"'':"':**;':;':·k*******;'.:;':**.k*********""'********** 

INTEGER TS 
COHHON/LOC/P,R 
DOUBLE PRECISION B1 ,L1 ,B2,L2,BE1 ,BE2,LP,L,LR,PH,Q,AL,N,GP.,Sl ,SS, 

: ST, S ,X, H, LB, LA, SI ,Al2 ,A21 ,LD ,LC, V, GCD, HDG,A,HR,.:U ,PI ,AX, F, 
:B(3),C(3),P(5),R(5) . 
PI=3.14159265360000 
AX=3443.91738700000 !SEHINAJOR AXIS OF THE EARTH 
F=3 .3 528D-3 

C**"':k"'!:-.'<*****-;':*-;"***********************-1:*************~~********-l:**')'r...,-:***-l-:* 

c 
c 
c 

B1 & Ll IS THE PRESENT POSITION(LAT/LONG) OF THE SELECTED 
SITE ENTERED OR THE LORAN-G HONITOR STATION(SAH) CHOSEN; 
AND CONVERTED FROH DEG HIN SEC TO DEGREES. --- - ----- e- B2 & L2 IS THE POSITIOH(LAT/LOBG) OF THE LORAN-G TRANSHITTER 
STATION CliOSE.N CONVERTED FROH DEG ~-liN SEC TO DEGREES. c 

c-.':·')':~':******-;':********"l<**"#***"'~' ..... *-~'**'1~***...,'(**';":*-l'-!'*****-1'* ... ~*...,"****...,':****"';':******* 
B1=(B(1)+B(2)/60+B(3)/3600) 
Bl=B1*PI/180 
L1=C(1)+C(2)/60+C(3)/3600 
B2=(P(TS))*PI/180 
L2=R(TS) 

!LAT OF SITE OR Hml.(DEGREES) 
!LAT OF SITE OR hON.(RADIANS) 
!LONG OF SITE OR HON.(DEGREES) 
!LAT OF TRANSHITTER(RADIANS) 
!LONG OF TRANSHITTER(DEGREES) 

C*********"';''*******~'****"~'**-.-:**"';'<*************"';':-!:**"~'**..;:...,'(*****i\"';': .. k-1:*****··.'(*** 
C SODA!W EQUATIONS 
C >':*NOTE: DEGREES ARE CONVERTED TO RADIAnS FOR CONFUTATION 
C OF TRIG. FUNCTIONS 
c~'*****.k***~·***-1'****** .... '\*********...,''********************...,~-i:J,..·************** 

BE1=DATAN((l-F)*(DSIN(Bl)/DCOS(B1))) 
BE2=DATAN( ( 1-F)>'<(DSIN(B2) /DCOS(B2))) 
A=DSIN(BE1)*DSIN(BE2) 
LP=Ll-L2 !DIFF. IN LOHG.(DEGREES) 
IF (DABS(LP).GT.180.0) GOTO 20 
L=LP 
GOTO 40 

20 L=LP+(360*(DABS(LP))/LP) 
40 Cm/TINUE • LR=L*PI/180 !DIFF. IN LONG.(RADIANS) 

PH=(DSIN(BEl)*DSIN(EE2))+(DCOS(BElJ*DCOS(BE2)*DCOS(LR)) 
A-8 



Q=(DSIN(BE2)*DCOS(BEl)-DSIN(BEl)*DCOS(BE2)*DCOS(LR))**2 
AL=DSQRT( ( DSEI(LR)) **2*(DCOS ( l3E2)) *>'<2+Q) 
H=(AL **2-( DS IN(LR)) **2'~(DCOS (BEl)) '~*2>'<(DCOS ( EE2) '"'~2)) / AL **2 
GR=DATAN(AL/PH) 
Sl=GR+( F1<*2+F) I 2*( GR'l'•( 2-H) +AL*( 2*A-~~*PH)) 

SS=3*GR**2*(E-l) *(A+AL>~(DCOS ( GR) /DSIN( GR))) 
ST=SS+AL**2*PH*( 8'"A*(H*PH-A) +( l-2*PH**2)) 

S1=Sl+F**2/(16*AL)*(ST+AL*GR) 
S=( 1-F)''<AX*Sl !GllEAT CIRCLE DISTANCE 
Xl=GR*(F+F*"•2)-A*F'>'d<2/ ( 2*AL) 1<(AL**2+2*GR>'<*2) 
X=Xl +H*F'''*2/ 4*(AL"•PH-5''<GR+4''<GR*'''2"' (DCOS ( GR)/DSIN ( GR))) 
HR=(DSIN(L)*DCOS(BEl )>'•DCOS(BE2) /AL)>'•X+LR 
LB=DSIN(BE2)*DCOS(BEl)-DCOS(HR)*DSIN(BEl)*DCOS(BE2) 
LA=DSIN(HR)*DCOS(BE2) 
IF ((DATAN(LA/LB)*l30/PI).LT.O) GOTO 60 
SI=DATAN ( LA/LB) 1<180 /PI 
GOTO 80 

60 SI=DATAN(LA/LB)*l80/PI+130 
80 CONTINUE 

IF (L.LT.O) GOTO 100 
Al2=SI 
GOTO 120 

. 100 Al2=SI+l80 
120 CONTINUE 

LD=DSIN ( BE2) *DCOS( BEl) *DCOS(H...'\.)-DSIN( BEl) *DCOS ( BE2) 
LC=DSIN(HR)*DCOS(BEl) 
IF ((DATAN(LC/LD)*l80/PI) .LT .0) GOTO 140 
V=DATAN(LC/LD)*l80/PI 
GOTO 160 

140 V=180+DATAN(LC/LD)*180/PI 
160 COHTINUE 

IF (L.GT.O) GOTO 180 
A21=V 
GOTO 200 

180 A2{=V+l80 
200 CONTINUE 

GCD=S 
RDG=Al2 
RETURN 
END 

! INITIAL HEADI NG; SITE TO TRMJSHITTER 
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; 
SUBROUTillE DELAY(R,TOA) 

c 
C*-***"~:-.':***"''"'k*'"*':-.t:-.': ... ':-l:-;':'"1: .. ':***";,~*""'"":-;,':w:.>:******~':-.':*********.k***************.,."***-1:** 

C SUBROUTINE DELAY CALCULATES THE THIE DELAY OF THE LORAN-G 
C SIGl:1AL FOR A TRANS1HTTER TO RECEIVER TRANSHISSION. 
C THE SOURCE OF THIS EQUATION IS FIGURE 3 IN NB S-573 DOCUHENT 
C (FOR SEAl-lATER). 
C EQUATION IS A 5TH ORDER POLYNOi1IAL DEVELOPED BY TASC. 
c 
C R= RANGE IN NAUTICAL HILES 
C rl= REFRACTIVE INDEX 
C VL= VELOCITY OF LIGHT IN NN/usec 
C TOA= TIHE DELAY OF LORAN-G SIGNAL FOR TRANSHITTER TO RECEIVER 
C'"l:...,':-.t:-1:***-1:***************************-1:'*1:***************-.':-t: ... ·:~·-!:*-.':**~*-;'<*-1:**** 

REAL N 
DOUBLE PRECISION TOA,R,VL,T,A,B,C,D,E,Q,U · 
DATA N/1.000338/ 
VL=.161874977300000 
IF (R.GT.S.7.AND.R.LE.S6.9) GO TO 20 
IF (R.GT.86.9.AND.R.LT.1303.0) GO TO 40 
IF (R.LE.7.8.0R.R.GE.1303.0) GO TO 60 

20 A=0.107109D3 !FOR 8.7 <RANGE <= 86.9 
B=-0.104986D1 
C=0.415597D-1 
D=0.625429D-4 
E=0.333305D-6 
GO TO 80 

40 A=-0.9&6953D5 !FOR 86.9 <RANGE < 1303.0 
B=0.394614D3 
C=-0.594986DO 
D=0.683632D-3 
E=-0.228463D-8 
GO TO 80 

60 \,iRlTE(5,70)R 
\lRITE(6, 70)R 

70 FORI-!AT( 1X, 'TIHE 
: 1 SX , F 1 0 • 4 /) 

---'roA=G-..0000 -
GO TO 100 

80 COilTINUE 
T=6.1797777*R 

!FOR RANGE <= 8.7 OR RANGE => 1303.0; 
!ERROR: CMi'T BE CALCULATED 

DELAY CAN NOT BE CALULATED IHTH GIVEN RANGE:'/, 

TOA=N/VL*R~A/T**2+B/T+C+D*T+E*T**2 

100 COliTINUE 
RETUPJ-1 
END 
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SUBROUTINE GRDWFS(R,RP,FS1,FS2,SNR1,S~R2 ,ATNO) 

C**"'~:**~':**'~:•':*****-!:**********i':******"'~: ... ~ .. ·(*""':*"~:"~:'"i:**-::****************-: .. ·**-k-1:**** 
C SUBROUTI NE GRD'i·lFS CALCULATES THE GROUNDHAVE FIELD STRENGTH 
C OVER SEAWATER Hi dE ABOVE 1 HICROVOLT/HETER. 
C THE SOURCE OF THIS EQUATION(SEAHATER) IS FROM "SYSTEHS CONTROL 
C TECHNOLOGY"/ BY HALT DEAN. 
c 
C R= RANGE IN NAUTICAL HILES 
C RP= PEAK RADIATED POHER OF TRANSHITTER IN KILOHATTS 
C FS1= GROUIW'HAVE FIELD STRENGTH dB ABOVE l uV / HETER( SEAHATER) 
C FS2= GROUNDHAVE FIELD STRENGTH dB AB OVE 1 uV/NETER(POOR SOIL) 
C ATHO= ESTH:lATED ATHOSPHERIC NOISE 
C SNRl= SIGNAL-TO-NOISE RATIO( SEAI·lATER) 
C SliR2= SIGNAL-TO-NOISE RATIO(POOR SOIL) 
C...,':**** ... ':"~:*****'"'k**-1:*************.,':************************~':**...,-:************ 

DOUBLE PRECISION R,FS1,FS2,AO,SNR1,SNR2,A(7) 
A0=104.0+10~'(DLOG10(RP)-6.0 !-6.0 dB TO 1:·1AKE FIELD STRENGTH 
IF (R.LT.150.0) GOTO 10 !AT 3RD CYCLE, t;OT PEAK. 
IF (R.GE.150 .0 .A~W.R.LE.450 .0) GOTO 20 
IF (R.GT.450.0) GOTO 30 
\JRITE(5,5)R 

5 FORHAT(/' ERROR IN GIVEN Ri-\.NGE:'/6X,F9.4/) 
10 FS1=A0-20*DLOG10(R) !RANGE < 150 N.H. 

GOTO 40 
20 FS1=A0-20*DLOG10(R)-0.024*(R-150.0) 

GOTO 40 
! 150 <= F.At;GE <= 450 

30 FSl=A0-60-0.04*(R-450.0) !450 N.H. < RANGE 
40 CONTINUE 

A(l)=93.25469556205636 
A(Z)=-.645430294 
A(3)=.00391649001 
A(4)=-1.26649335000D-5 
A(5)=2.07557395000D-8 
A(6)=-1.65834993000D-ll 
A(7)=5.12575970000D-15 

!112.65788228; 
!A(l) TERH FOR 6TH ORDER POLYN'L 
! IN HGA DOCmiENT, POHER~400kW 

FS2=A( 7) *R•"*6+A( 6) *R"~(*5+A( 5) *R*"~<4+A( 4) ~·(R**3+A( 3) >'<R>'d(2 
FS2=FS2+A(2)*R+A(1)+(10*DLOG10(RP)) 
SNRl=FSl-ATNO 
SNR2=FS2-ATNO 
RETURN 
END 
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SUBROUTINE ETCDIF(R,NECD,ECD) 
c 
C***-.':**-1;-.':**** .. k*'~-:*************i':'"h·****•"* .. k"~:*-1:************* ... -:**"~'<*•':'"~:**-.'(*-.':-t:*'"~:* 
C SUBROUTINE ETCDIF CALCULATES THE ENVELOPE-TO-CYCLE DIFFERENCE. 
c 
C SOURCE: USCG, SPECIFICATION OF THE TRANSHITTED LOH.AN-C 
C SIGNAL, CONDTINST Hl6562.4, JULY 1981. 
c 
c 

c 
c 
c 
c 
c 

NOTE: FURTHER CHECKING IS NECESSARY TO DETERMINE IF THE 
2.5 usee CONSTANT SHIFT IS HITH RESPECT TO THE ANTENNA 
CUR.:'"!.ENT OR THE FAR FIELD HAVE FORH. 

R= R.Ai'~GE IN NAUTICAL ~HLES 
NECD= NOHINAL ECD OF TRANSNITTING STATION 
ECD= ECD OF TRANSHITTING STATION 

C*~·*** ... -:******************************************.,':"'1:·#* ... «:*************-1:** 
c 

REAL NECD 
DOUBLE PRECISION ECD,R 
ECD=2.5-(0.0025*R)+NECD 
RETURN 
mm 



SUBROUTINE DRDIFF(I,G,GM,RDD) 
c . ' 
c~:*********************~"********~.:··k***********--i'*********"l-************** 
C SUBROUTINE DRDIFF CALULATES THE DOUBLE RANGE DIFFERENCE 
C BETUEEN SELECTED SITE AND TRANSHITTER STATIONS, AND TRANSHITTER 
C STATIONS AND HONITOR STATIONS (SAH's). 
c 
C DOUBLE RANGE DIFF.= {[G(N)-G(l)]-[GH(N)-GH(l)]} 
C 'illiERE: 
C G(N)= GREAT CIRCLE DIFFERENCE FROH N th SECONDARY TO USER. 
C G(l)= GREAT CIRCLE DIFFERENCE FROH NASTER TO USER. 
C GH(I\)= GREAT CIRCLE DIFFERENCE FROH N th ,SECONDARY TO SAH. 
C Gh( 1) = GREAT CIRCLE DIFFERENCE FROH I·JASTER TO SAH. 
C RDD= DOUBLE RANGE DIFFERENCE. 
C I= NUHBER OF STATIONS. 
c 
C SOURCE: EQUATION PER TASC REPORT. 
c 
C*"'k*****"'':** ... ~**-1:**a.::a.::*~'**...,':-l:....,-: ... k*....,"*"4':*7:--::******"'~:*****..,.,...,.:·k...,>;*-!:**....,'.:*....,':"4t:************ 

DOUBLE PRECISION G(5),GM(5),RDD(5) 
DO 10 N=2,I 

RDD(N)=((G(N)-G(l))-(GM(N)-GM(1))) 
10 CONTINUE 

RDD(l )=0 .0 
RETURN 
END 
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SUBROUTHlE THiDIF ( TOA, ED, TD, HH) 
c 
C"'k**********************-1..'"**"'~:***-;':~':********i':**;'(~':***********~:;t:-::;':"'k********* 

C SUEROUTINE TIHDIF CALCULATES THE TIHE DIFFERENCE(T.D.) 
c 
c 

DETUEEN THO STATIONS. 

C TD= TIME DIFFERENCE. 
C TOA= TIHE OF ARRIVAL OF SIGNAL FRQI:.I TRANSIHTTER TO RECEIVER 
C I N MICROSECONDS. 
C ED= PUBLISHED NOHINAL ENISSIOi~ DELAY IN ~HCROSECONDS 
C Sl- FOR Nl:..STER DEPElmENT SYSTENS, Sl HILL BE TilE rLt;.STER. FOR 
C UASTER INDEPENDE:n SYSTEHS, Sl HILL BE TEE SECONDARY \<l iTH 
C TEE SNALLEST EHISSION DELAY. 
C S2- IS THE SECOND STATION REQUIRED TO FORt·f THE DESIRED LINE 
C OF POSITION. 
C EH= NUl•lB ER OF STAIONS. 

C********************************************************************* 
DOUBLE PRECISION TOA(5),ED(5),TD(5),EDSl,EDS2,TOASl,TOAS2 

DO 10 N=l,NH 
I=N+l 

C ** !TD=(TOAS2-TOASl)+(EDS2-EDSl) 
TD(I)=(TOA(I)-TOA(l))+(ED(I)-ED(l)) 

10 CONTI NUE 
RETUPJl 
END 
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SUBROUTINE GRAD(HDG,GDT ,AL, llll,H) 
c 
C*********************************.*********"'l.:******'*~:""J':~':**-.':************-A·* 
C SUBROUTINE GP~<\D CALCULATES THE ESTIHATES OF POSITIONAL ERROR 
C IN ft/usec. 
c 
c 
c 

GRADIENT K*csc(l/2*SI) 

C SI= TliE ANGLE BET~.]EEN THE DIRECTIONS FRO!-; THE POINT TO 
C THE THO LORAN-C STATIONS. 
C K= A COUSTANT NECESSARY TO CONVERT THE EXPRESSION TO THE 
C PROPER UNITS. THE COil/ STANT IS EQUAL TO 1/2 THE SIGNAL 
C PROPAGATION. IF K EQUALS 1 THE RESULT IS IN NICROSECONDS. 
C VALUES OF K (ft/usec): 
C FREE SPACE 491.62 
C SEA vJATER 491.45 
C AVERAGE GROUND 491.22 
C FROZEN GROUND 491.17 
c 
C GDT= GRADIENT 
C HDG= INITIAL HEADI NG FROM SELECTED SITE TO TR.l1.:~ SHITTER. 

C AL= ANGLE BETUEEN !:'lAIN AND SECONDARY 
C HH= NUI-IBER OF STATIONS. 
C H= POSSIBLE ERROR IN CALCULATION; INDICATOR FCR FOR.HATTING. 
c 
C SOURCE: LORAN; BY PIERCE ,l1cKENZ IE, ~·lOOmiARD; SECTION 3-4, 
C APPENDIX C1. 

C-;t.:********'*':-t:**************-1:** .... ~* .... ':****************'"1..·*********'*'' .... ":********** 
DOUBLE PRECISION HDG(5),GDT(5),AL(5),SI 
LOGICAL W( 5) 
DO 10 N=2,NH 

AL( H)=DABS(HDG(1)-HDG(N)) 
.IF (AL(N) .GT.180.0) AL(l0=360.0-AL(t\ ) 
SI=AL(N)*3.1415926536/180 
t~(N) =' ' 
IF (.ALCln .LT. 20.0) H(:N) ='*' 
GDT( N)=491.45*(1/DSIN(.5*SI)) 

10 COflTINUE 
RETURN 
END 
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SUBROUTINE DOLOP(HDG,LOP,HH) 
c 
C******-!<**-;t:********~'t**************-1:**************7<****'<...,.<*************** 
C SUBROUTINE DOLOP CALCULATES ' THE NORHAL TO THE LOP (LINE OF 
C POSITION). 
C FROH THE ABOVE 'SOURCE AN LOP IS FORI-lED AT 1/2 THE GEODESIC 
C ANGLE BETVlEEN THE TlrlO STATIONS OF INTEREST HITH THE VERTEX 
C AT TilE SELECTED POSITION. THE TECENIQUE DOES NOT INCLUDE 
C TliE EFFECTS OF DIFFERENT PROPAGATION DELAYS FOR EACH 
C TRAHSNITTER TO RECEIVER PATH. ONE WOULD EXPECT TI-lE LOP'S 
C TO SHIFT PARALLEL TO THOSE OBTAINED USING CONSTANT PROPAGATION 
C DELAYS EXCEPT IN AREAS OF LARGE GRADIENTS~ . 

C ** NO STUDY UILL BE CONDUCTED AT PRESENT TO OBTAIN ERROR BOUNDS. 
c 
C NORHAL TO LOP= DIRECTION OF LOP + OR- 90 DEGREES, SIGN IS 
C REQUIRED TO POINT VECTOR IN DIRECTION OF SECONDARY OR 
C INCREASING TINE DELAY'S. 
C * TRIG. IDENTITY: Sin(l80-a)=Sin(a), THEREFORE EITHER CLOCKvllSE 
C OR COUNTER CLOCKlllSE ANGLE EETHEEN HA.STER AND SECONDARY YIELDS 
C THE SAME RESULT. 
c 
C HDG= INITIAL HEADING FROH SELECTED SITE TO TRANSHITTER. 
C LOP= LINE OF POSITION. 
_C NN= NUZ..lBER OF STATIONS. 
c 
C SOURCE: "GEOMETRIC DILUTIONS OF PRECISION", BY ERIC SHANSON, 
C JOURNAL OF THE INSTITUTDE OF NAVIGATION, VOL.25, No.4 
C WINTER 1978-79. 
c 
C***********************************~•*******·k-i:******-!<****-1<************ 

DOUBLE. PRECISION HDG(5),LOP(5) 
DO 10 N=2,HN 

LOP(N)=HDG(l)-((HDG(l)-HDG(N))/2) 
IF (HDG(l) .LT .HDG(N)) LOP ( N) =LOP ( N) +90. 0 
IF (HDG(l).GT.HDG(N)) LOP(N)=LOP(N)-90.0 
IF (LOP(N).GT.360.0) LOP(N)=LOP(N)-360.0 

10 CONTINUE 
RETURN 
END 
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SUBROUTINE XAl~GLE(LOP ,XA, !IH,KK, lW ,HN) 
c 

C SUBROUTIJ:~E XAHGLE CALCULATES THE CROSSHJG Ai:JGLE OF THE TRIAD. 
c 
C ** ni.E EQUATION USED DOES NOT INCLUDE ANY EFFECTS DUE TO 
C DIFFERENCE IN PROPAGATION DELAY RATES FOR 8\.CR PATH. 
c 
C SOURCE: "GEOHETRIC DILUTION OF PRECISION(GDOP)," BY ERIC S'i,iANSON, 
C JOURNAL OF THE mSTITUTE OF NAVIGATION, VOL. 25, lW. 4, 
C WINTER 1978-79. 
c 
C Xi~.= CROSSING ANGLE. 
C LOP= THE l:!ORHAL TO THE LINE OF POSITION. 
C I.-ll·I= NUHBER OF STATIONS. 
C KK= STATION IDENTIFIER. 
C NN = NVl'lBER OF TRIADS. 
C EN= FORHAT SPECIFIER. 
c 

DOUDLE PRECISION LOP(S) ,Y..A(6) 
IF (KK.EQ.l.OR.KK.EQ.2) HN=1 
IF (KK.EQ.3.0R.KK.EQ.4) HN=2 
IF (KK.EQ.6.0R.KK.EQ.3) HN=3 
IF (i~lZ.EQ.S.OR.IZIZ.EQ.7) £.1l~=4 
IF ( U1~ .EQ.1) NN=6 
IF (ll!N.EQ.2.0R.HN.EQ.3) NN=3 
IF (l-iN.EQ.4) NN=1 
DO 20 I=2,4 

H=I-1 
N=I+1 
XA(H)=DABS(LOP(2)-LOP(N)) 
IF (XA(H).GT.130.0) XA(t-1)=360.0-XA(H) 
IF (H.EQ.NN.Ai'JD.IW.EQ.1) GOTO 40 
IF (i.i.EQ.(NN-1)) GOTO 20 

20 CONTINUE 
DO 30 J=4,5 

XA(J)=DABS(LOP(3)-LOP(J)) 
IF (XA(J) .GT.180.0) Xli.(J)=XA(J)-180.0 
IF (J.EQ.(NN+1)) GOTO 40 

30 CONTinUE 
~v.(6)=DAES(LOP(4)-LOP(5)) 

IF (.XA(6) .GT.180.0) XA(6)=X.A(6)-1SO.O 
40 CONTINUE 

RETURN 
END 
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' SUBROUTINE RFERR(XA,HDG,HH,NN,RES,REL,GDOP) 
c 
C*--1;*-:,'(·•k***-':****...,k*-l.:*************...,':~;'l:**•":*****•~**'"~:*·t:** .... t:-.~~-::~·:*...,':-:,':*-l:**********-::* 
C SUBROUTINE RFERR CALCULATES THE RAD IAL FIX ERROR FOR BOTH 
C THE SHORTEST AND LONGEST DISTANCE IN FEET. 
c 
C SOURCES: 
C "GEOiiETRIC DILUTION OF PRECISION(GDOP)," BY ERIC SHAN SON, 
C (EQUATION 10), JOURNAL OF THE INSTITUTE OF NAVIGATION, 
C VOL. 25, NO. 4, WINTER 1978-79. 
C "LORAN", BY PIERCE, i1cKENZIE, AND VlOODHARD; SECTION 3-4, 
C APPENDIX Cl. 
c 
C RES= RADIAL FIX ERROR (2DRHS); SHORTEST DISTANCE 
C REL= RADIAL FIX ERROR (2DRES); LONGEST DISTANCE 
C GDOP= GEOMETRIC DILUTION OF PRECISION 
C XA= CROSSING ANGLE 
C XB= ACUTE CROSSINGANGLE 
C HDG= INITIAL EEADING 
C SIG= STANDARD DEVIATION IN T.D. HEASUREi-lENT 
C S= SCALE FACTOR 
C A= ANGLE BETI-7EEN r·!ASTER AND SECONDARY 1; COi:iVERTED TO RADIANS 
C B= ANGLE BETHEEN HASTER AND SECONDARY 2;CONVERTED TO R.i\.DIAES 
C i·lH= NUHB ER OF STATIONS 
C l:1N= N1JHBER OF TRIADS 
c 
C********~·***********'k****"~:**-i'*******-.':-.':·::..,':***********#':*******•':-i:******** 

DOUBLE PRECISION XA(6),XB(6),HA(5),IIDG(5),A,B,RES(6),REL(6), 
:SUB1,SUB2,PI,SUB21,GDOP(6) 
PI=3 .1415926536 
SIG=.1 
S=491.45 
DO 5 L=1,NN 

IF (XA(L).LT.90.0) GOTO 3 
XB(L)=180.0-Y~(L) 
GOTO 4 

3 XB(L)=XA(L) . 
4 CONTINUE 

IF ( NN .EQ.3) XB(4)=XB(3) 
5 CONTINUE 

DO 10 N=2,HH 

!CROSSING ANGLE HUS T BE ACUTE 

HA(N)=DAES(HDG(l)-HDG(N)) !ANGLE BET\T HAS TER & SECONDARY 
IF (HA(H).GT.180.0) HA(N)=360.0-HA(N) 

10 COHTINUE 
DO 20 J=2,4 

I=J-1 
H=J+1 
A=t~(2)*PI/180.0 
B=HA(H)*PI/180.0 
SUB1=1 I (DSIN ( E/ 2)) >'<*2+ 1 I (DSHl (A/ 2)) >':-:'<2 
SUBl=SUBl-2*DCOS(XB(I)*PI/180.0)/(DSIN(B/2)*DSIN(A/2)) 
RES (I) =S IG*S /DS IN ( XB (I) *PI/ 180.0) >'•DSQRT ( SUBl) ! .RP ... D. ERR. (SHORT) 
SUB2=1/(DSIN( B/2))**2+1/(DSIN(A/2))**2 
SUB2=SUB2+2*DCOS(XB(I)*PI/180.0)/(DSIN(A/2)*DSIN(B/2)) 
REL (I) =SIG-kS/DSIN(XB( I) *PI/ 180.0) *DSQ !:'..T( SUB2) !RAD. ERR. ( LOtiG) 
GDOP(I)=l.O/(DSQRT(2.0)*DSIN(XB(I)*PI/180.0))~DSQRT(SUB2) 
IF (I.EQ. NH . ADD . NN.EQ .1) GOTO 40 
IF (I.EQ.( NN-1)) GOTO 25 

20 CONTINUE 
25 DO 30 I=4,5 

A=P.A(3)*PI/180.0 
B=RA (I)*PI/1 80 .0 
SUDl=l I (DS IN( B/ 2) )**2+1 I (DSIA~<N 2)) '~*2 



• 4 SUBl=SUEl-2*DCOS(XB(I)*PI/180.0)/(DSill(B/2)*DSIN(A/2)) 
RES (I) =S IG*S/DS IN ( XB (I) ~~PI/ 180 . 0) ~<:DSQRT( SUEl) ! R..t1.D. ERF . (SHORT) 
SUB2=1/(DSIN(B/2))**2+1/(DSIN(A/2))**2 
SUB2=SUB2+2*DCCS(XB(I)*PI/180.0)/(DSIN(A/2)*DSIN(B/2)) 
H.EL (I) =S IG~<:s/DS IN (XB (I) *PI/ 180 . 0 ) *DSQF.T( SUEZ) !RAD . ERR. (LONG) 
GDOP(I)=l . O/(DSQRT (2.0)*DS I N(XB(I )*PI/180 .0))*DSQRT (SUB2 ) 
IF (I. EQ .( NN+l)) GOTO 40 

30 COtlTINUE 
A=E.A(4)*PI/180.0 
B=HA( 5) ~·:prJ 180 .0 
SUDl=l/(DSIN(B/2))**2+1/(DSIN(A/2))**2 
SUEl=SUBl-2*DCOS(XB(6)*PI/180.0)/(DSIN(B/2)*DSIN(A/2)) 
RES ( 6) =S IG*S /DS I N ( XE ( 6) *PI/ 180.0) '>':J::SQRT ( SUBl) ! P-AD . ERR. (SHORT) 
SU E2=1/( DS I N(B/2))**2+1/(DSIN(A/2))**2 
SUB 2=SUB2+2*DCOS( XB (6)*PI/180 .0 ) /(DSIN(A/2)*DS I N( B/2)) 
REL ( 6 )=SIG*S/DS IN(XB( 6) *PI/ 180.0) *DSQRT( SU B2 ) !P .... '\.D . ERR. (LONG) 
GDOP (6)=1.0/(DSQRT(2.0)*DSIN(XB(6)*PI/1 80 . 0))*DSQET(SUB2) 

40 CONTINUE 
RETURN 
END 

·-·------ ··--~ 
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,, 
SUBROUTINE ELLIPS( HN,NN,H,RNUY,ATE,CTE) 

c *****"~(**************-!(***********~':******";':*********""1:*~':*"1:**7:*~':********* .. ': 
C SUBROUTINE ELLIPS CALCULATES ALONG M~D CROSS TRACK ERRORS 
C IN FEET. 
c 
C SOURCE: "LORAN-G SIGNAL STABILITY STUDY: ST. LAHRENCE SEAvlAY", 
C BY DANIEL SLAGLE AND ROBERT "HENZEL, APPENDIX A, CG-D-39-82. 
c 
C V= SPEED OF SIGNAL 
C DELTA= DELTA TH1E DIFFERENCE 
C ATE= ALONG TRACK ERROR 
C CTE= CROSS TRACK ERROR 
C********************************************************************* 

DOUBLE PRECISION H(5),A11,A12,A21,A22,AI11,AI12,AI21,AI22,D, 
:XTD1,XTD2;ATE(6),CTE(6),PI 
PI=3.141592653589793 
V=983.24 
DELTA= .1 
DO 10 J=2,4 

I=J-1 
H=J+1 
A11=DSIN(H(2)*PII180.0)-DSIN(H(1)*PII1BO.O) 
A12=DCOS(H(2)*PII180.0)-DCOS(H(1)*PII180.0) 
A21=DSIN(H(M)*PII180.0)-DSIN(H(l)*PII180.0) 
A22=DCOS(H(M)*PII180.0)-DCOS(H(l)*PII180.0) 
D=(All *A22) -(Al2*A21) 
Alll=A22ID 
AI12=-Al2ID 
AI21=-A21ID 
AI22=AlliD 
XTDl=-V*( (A Ill *DELTA)+(AI12i•DELTA)) 
XTD2=-V*( (AI21 *DELTA)+(AI22*DELTA)) 
ATE (I)=( DS IN( RNilY*PII 180.0) *XTDl) +(DCOS ( lli."l\1Y*PI I 180.0) ~·:xTD2) 
GTE( I)=( -DCOS(RNHY*PII 180.0) *XTDl) +(DSIN(RN\iY*P.II 180.0) *XTD2) 
IF (I.EQ.NN.AND.NN.EQ.l) GOTO 30 
IF (I.EQ.(NN-1)) GOTO 15 

10 COUTI NUE 
15 DO 20 I=4,5 

All=DSIN(H(3)*PII180.0)-DSIN(H(l)*PII1BO.O) 
A12=DCOS(H(3)*PII1BO.O)-DCOS(ll(l)*PII180.0) 
A2l=DSIN(H(I)*PII180.0)-DSIN(H(1)*PII180.0) 
A22=DCOS(H(I)*PII180.0)-DCOS(H(l)*PII180.0) 
D=(A1l*A22)-(A12*A21) 
Aill=A22ID 
AI12=-Al2ID 
AI21=-A21ID 
AI22=A11ID 
XTDl=-V*((Aill*DELTA)+(AI12*DELTA)) 
XTD2=-V*((AI2l*DELTA)+(AI22*DELTA)) 
ATE( I) =(DSIN(RN\,JY*PII 180.0) *XTDl) +(DCOS (RN\TY*PII 180.0) *XTD2) 
CTE (I)=( -DCOS ( RHUY'>':pr I 180.0) '>':XTD1) +(DSIN ( RN\-TY'>'•PI I 180.0) *XTD 2) 
IF (I.EQ.(NN+l)) GOTO 30 

20 COUTI NUE 
All=DSIN(H(4)*PII180.0)-DSIN(H(l)*PII180.0) 
Al2=DCOS(H(4)*PII180.0)-DCOS(H(l)*PII1BO.O) 
A2l=DSIN(H(S)*PII180.0)-DSIN(H(l)*PII180.0) 
A22=DCOS(H(S)*PII180.0)-DCOS(H(1)*PII180.0) 
D=(Al1*A22)-(Al2*A21) 
Alll=A22ID 
AI12=-A12ID 
AI21=-A21ID 
AI22=AlliD 
XTDl=-V*((Aill*DELTA)+(AI12*DE~!~o) 



.. XTD2=-V*((AI2l*DELTA)+(AI22*DELTA)) 
ATE(6)=(DSH<(RNHY*PI/180.0)*XTDl)+(DCOS(RNUY*PI/180.0)*XTD2) 
CTE(6)=(-DCOS(RNUY*PI/1.80.0)*XTDl)+(DSIN(RNUY*PI/180.0)*XTD2) 

30 CONTINUE 
DO 40 1=1,6 

ATE(I)=DABS(ATE(I)) 
CTE(I)=DABS(CTE(I)) 

40 CONTINUE 
RETUPJ·i 
END 
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" SUBROUTINE TRIADS 
c 
C********************************************************************* 
C SUBIWUTillE TRIADS FORHATS ALL DATA CONNECTED HITH THE TRIADS 
C OF TEE i:t.t..STER TRANSNITTER AND ITS SECONDARY TRANSHITTERS. 
,.., 
v 

C TOA= TH1E DELAY 
C ED= EHISSION DELAY 
C GDT= GRADIENTS 
C AL= ANGLE BETIJEEN i>1ASTER AND SECONDARY 
C LOP= LINE OF POSITION 
C TD= TH:E DIFFERENCE 
C XA= CROSSING ANGLE 
C RS= PJ..DIAL ERROR; SHORTEST DISTANCE 
C RL= RADIAL ERROR; LONGEST DISTANCE 
C HH= NUl-lEER OF STATIONS 
C NN= NUI-lBER OF TRIADS 
C UN= FORHAT OF TRIADS 
C \!= POSSil3LE ERROP. IN A CALCULATED GRA.DIENT 
c 
C*-.':**""k***~<*************-1:*********~ .. ****-1:** ... ·: .. 1<****************"'1:*****-1<***~: 

COf.l}10N /TRIDAT /HH, NN, TOA, ED, TD, GDT ,AL, LOP, Y:J.l., l·lH, H, ilN 
COi>lHON/TRDAT2/RS ,RL, GDOP ,ATE, GTE 
REAL*8 ZZ(l3) ,AA( 6) 
DOUBLE PRECISION TD(5) ,TOA(5) ,ED(5) ,GDT(S) ,LOP(5) ,X.I\(6), 

: RS(6),RL(6),AL(5),GDOP(6),ATE(6),CTE(6) 
LOGICAL H( 5) 
BYTE \·Tt-J( 130) 
DATA ZZ/ ' H HX', 'H HY' ~ 'H 

: 'r.-I l1}~' , '1:·1 \·TY' , '1~1 XY' , ' Ivl 
IF (NN.EQ.l) GOTO 2 
IF ( HN • EQ • 2) GOTO 4 
IF (MN.EQ.3) GOTO 6 
IF· ( HN • EQ • 4) GOTO 8 

2 DO 3 J=l,6 
AA(J)=ZZ(J) 

3 CONTIHUE 
GOTO 10 

4 DO 5 J=l,3 
K=J+6 
AP.(J)=ZZ(K) 

5 CONTINUE 
GOTO 10 

6 DO 7 J=l,3 
K=J+9 
AA(J)=ZZ(K) 

7 CONTINUE 
GOTO 10 

3 P.~l\ (1) =ZZ (13) 
10 COliTINUE 

HZ', ' H 
XY' ,'H 

XY' , 'l·l 
}:Z,. J 'tcf 

XZ', 'f·l 
YZ' ''H 

YZ', 
XY' I 

C************~~:*·#~'*************-:.':******i':**';':*··k****-:.':*-t'***--1'***** .. k*-::*-l:****""~': .. k 
C HEADER FORNAT 
C********************************************************************* 

WRITE(6,25) 
25 FOR~~T(T38,'G R A D I E N T') 

HR ITE(6,30) 
30 FORl·JAT(llX,'TUlE DIFFERENCE' ,T42,'ft/usec' ,T60, 

:'NORNAL LOP' ,3X,'XING' ,4X,'RADIAL ERROR' ,T97,'GDOP' ,Tl04, 
:'TRACKING ERROR') 
URITE(6,35) 

35 FORUAT(lX,'TRIADS' ,9X,'usec' ,T33,'TDA' ,' & ','Angle' ,3X,'TDE', 
:' & ','Angle' ,T6l,'degrees' ,5X,'ANGLE' ,3X,'SHORT' ,3X,'LONG', 
:Tl04,'CROSS ALONG') 

A-22 



~ .-r\..L..lL\\J ,~uJ 

.t 40 FORllAT(l2X,'TDA' ,6X,'TDE' ,T39,'(m-s)' ,9X,'(m-s)' ,2X, 

------

'L~P1' 2v 'TOP2' ~v 'd ' o~x· ,_ ' T109 'c ') : u , .llo.' L ,.J••• eg. ,o_, , teet , , .~.eet 

WRITE(6 ,45) (HH(J) ,J=1, 130) 
. 45 FOPJ•1AT(lX,l30Al) 

HRITE(6,*)' ' 
C*-h .. -;''**":r':":r':":r':*-;':*****-i:*-;':*-k*******--i:**"~:*"'#***.k******~·~**"~:'"i:*****-.':-..,~*;'-:*-t:*-1:***-;':'f';_* .. k 
C D.I': .. TA FOE.i<IAT 
C***** .. k*'f':*********""'..,''**********"i':-1:*--::**7:'*"~'";,'<***.**7:************-1:*********** 

DO 100 1=1,3 
N=I+2 
HRITE( 6, 50)&\( I), TD( 2), TD(N) ,GDT( 2), U( 2) ,AL( 2) ,GDT(N), 
H(N) ,AL(N) ,LOP(2) ,LOP(N) ,XA(I) ,RS(I) ,RL(I) ,GDOP(I) ,CTE(I), 
ATE(I) 

50 F 0 Rf.1l~ T ( 2~~ , A 5 , 2X , F 9 • 2 , F 9 • 2 , 2X , F 8 • 1 , A 1 , F 5 • 1 , F 8 • 1 , A 1 , F 5 • 1 , 
2X,F5.1,1X,F5.1,2X,F5.1,1X,F7.0,F7.0,3X,F4.1,T103,F6.0,3X, 
F6.0) 
IF (I.EQ.(NN-1)) GOTO 200 
IF (I. EQ. NN) GOTO 300 

100 CONTINUE 
200 DO 250 I=4,5 

IA=I 
IF (hN.EQ.2.0R.HN.EQ.3) IA=I-1 
'i1RITE( 6, 225 )AA(IA), TD(3), TD( I) ,GDT(3), U(3) ,AL(3) ,GDT( I), 
H(I) ,AL(I) ,LOP(3) ,LOP(I) ,XA(I) ,RS(I) ,RL(I) ,GDOP(I) ,CTE(I), 
ATE(I) 

225 FORHAT(2X,A5,2X,F9.2,F9.2,2X,F8.1,Al,F5.1,F8.1,A1,F5.1, 
2X,F5.1,1X,F5.1,2X,F5.1,1X,F7.0,F7.0,3X,F4.1,Tl03,F6.0,3X, 
F6.0) 
IF (I.EQ.(NN+1)) GOTO 300 

250 CONTINUE 
\JRITE( 6, 27 5)AA( 6), TD(4), TD( 5) ,GDT(4), H( 4) ,AL ( 4) ,GDT( 5), H( 5), 

:AL(5),LOP(4),LOP(5),XA(6),RS(6),RL(6),GDOP(6),CTE(6),ATE(6) 
275 FORHAT(2X,A5,2X,F9.2,F9.2,2X,F8.l,Al,F5.1,F8.1,Al,F5.1, 

2X,F5.1,1X,F5.1,2X,F5.1,1X,F7.0,F7.0,3X,F4.1,T103,F6.0,3X, 
F6.0) 

300 CONTINUE 
HRITE(6,*)' ' 
HRITE(6,400) 

400 FORl·IAT(' »r;OTE: *= ANGLE BETUEEN ~lASTER A.t~D SECONDARY IS LESS', 
-- :' THAN 20 DEGREES (NEAR BASELINE EXTENSION).') 

URITE(6,t<)'' 
RETURN 
END 
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APPENDIX B 
PROGRAN DATFIL 

c. 
C***"'~:**********-;':*-1'**-l:i:*-1:***** ... ':-l:**.._':·-l:**'"#':***-l:*****.._t:*"'~:*************"~:o.J:* 
C THIS PROGRAH IS THE i·1AIN PROGRAH FOR CREATING, PRINTING 
C AND/OR CHANGING A DATA FILE FOR THE t·lAIN PROGRM1 LORAN-C. 
c~':*~:*********.,'* .. ':"~:*..,':·#**-.':**"'~:-l:*~k!''*"''*-J'** .. k****************************"*r:* 

10 TYPE 20 
20 FORr-lAT(' DO YOU 'VliSH TO;'/' CREATE A FILE? Y=l'/ 

PRINT A FILE ON PRINTER? Y=2'/ 
CHANGE A FILE? Y=3' /' STOP?Y=O' /) 

ACCEPT 30,N 
30 FORHAT(I2) 

IF (N.EQ.l) GOTO 40 
IF (N.EQ.2) GOTO 50 
IF (N.EQ.3) GOTO 60 
IF (N.EQ.O) GOTO 70 
GOTO 10 

40 CALL NUFILE 
GOTO 10 

50 CALL DNPFIL 
GOTO 10 

60 CALL CHGFIL 
GOTO 10 

70 STOP 'END OF PROGRAH DATFIL' 
END 
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SUBROUTINE NUFILE 
c 
c--:~****"~'*'~'****7,. .. -;,********~':-k**-1'**********-1:***7'************,':*****~-:**** 
C SUBROUTINE NUFILE CREATES DATA FILES OF LORAN-G TRANSi:HTTER 
C I NFOnl-iATION FOR EACH TRAilSiHTTER STATION; FOR USE IN UAIN 
C PROGRAH LORANC.FOR 
c•~:-.::'1•***********"'~•****'"k*"'~'**"'*'1'* .. '•** ... "* .. :'"'**~':-..': .... ':* .... ''~':*"'' .. k""''"''*...,'<*-l'...,,'*··k*-;'<**."'~•·"**** 

BYTE MESS(l6), MON(l6) 
I NTEGER ESC 
REi\.1 LAT(3) ,LONG(3) ,X:H(3) ,YH(3) 

1 CONTINUE 
TYPE 2 

2 FOPJ:·iAT(' EnTER NEI1 FILENAHE' /) 
CALL ASSIGN (1,,-l,' l·iEH') 
TYPE 3 

3 FORtiAT(' ENTER GRI') 
READ(S,*)GRI 
\lRITE(l )GRI 
DO 5 1=1,16 
HESS(I)=' ' 

5 COJ:TTI HUE 
4 TYPE 6 

! DATA FILEKAHE 

!GRI C1:AIN 

6 FORr·:AT(' ENTER TRANS-STATION(l6 CE.AR. r'iAX) '/) 
READ(5,10)HSC,HESS !TRANS-STAT. NAHE 

10 FOR11AT(Q,16A1) 
TYPE 15 

15 FORHAT(' ENTER ED'/) 
ACCEPT . 20,ED 

20 FORNAT(F8.2) 
TYPE 25 

25 FORHAT(' ENTER ECD'/) 
ACCEPT 30,ECD 

30 FORHAT(FS.l) 
TYPE 35 

35 FOR11AT(' ENTER RP,NCD'/) 

!ENISSION DELAY 

!ECD 

ACCEPT 40, RP,CDN !RAD. POHER & NOH. CODING DELAY 
40 FOPJ·iAT(FS.O,F6.0) 

___ · __ _ ___ TYl'.E- 45.- - -

45 FOREAT(' Ea TER LAT/LONG"/) 
ACCEPT 50,(LAT(L),L=1,3),(LONG(L),L=1,3) !LAT/LONG 

50 FO lli·iAT(F6.1,F4.1,F6.2,F6.l,F4.1,F6.2) 
TYPE 55 

55 FORl·iAT(' EllTER 1 FOR END OF TRANS-STAT."· ) 
ACCEPT 60 , NKR !REFEREHCE l'lARKER 

60 FORl,lAT( 12) 
HRITE(l) (HESS(N) ,N=1 ,16) 
URITE(1)(LAT(N), N=1,3),(LONG(N), N=1,3) 
'iiRITE(l) ED 
\,lRITE ( 1) ECD 
HRITE(1)RP,CDN 
'VIR ITE(l) HKR 
TYPE 65 

65 FORHt\.T(" CONTIHUE?Y=1') 
ACCEPT 70,IYN 

70 FORr1AT(I2) 
IF (IYN.EQ.1) GOTO 4 

100 COiiTINUE 
DO 110 1=1, 16 
HON(I)=" ' 

110 CONTINUE 
TYPE 115 

115 FORi•iAT(' ENTER LORHONSTA(l6 
READ(5,120) NSC, HON 

CHAR. HAX) "/) 
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120 FOKUAT(Q,l6A1) 
TYPE 125 

125 FORHAT(' ENTER LAT/LO:NG'/) 
ACCEPT 130,(XM(K),K=1,3),(YM(K),K=1,3) 

130 FORl~T(F6.1,F4.l,F6.2,F6.1,F4.1,F6.2) 
TYPE 135 

135 FOR~~T(' ENTER CSECD'/) 
ACCEPT 140,CSECD 

140 FORHAT(F6.2) 
TYPE 145 

11.,5 FORI,JAT(' ENTER CSTD' /) 
ACCEPT 150,CSTD 

150 FORHAT(F8.2) 
TYPE 155 

155 FORl·iAT(' ENTER ECD (TOLERANCE)'/) 
ACCEPT 160,TECD 

160 FORNA.T(F5.1) 
TYPE 165 

165 FORl-lAT(' ENTER TD (TOLEP . .ANCE) '/) 
ACCEPT 170,TTD 

170 FOR1-JAT(F5.1) 
\lRITE(l) (HON(L) ,1=1 ,16) 
WR ITE(1)(XM(L),L=1,16),(YM(L),L=1,16) 
'ilRITE(l) CSECD . 
llRITE(l)CSTD 
i;.JRITE( 1 )TECD 
\iRITE( 1 )TTD 
TYPE 180 

180 FORllAT(' CONTINUE(EON STAT.)? Y=1'/) 
ACCEPT 185,IYN 

185 FORlJAT(I2) 
IF (IYN.EQ.1) GOTO 100 
CALL CLOSE(!) 
TYPE 190 

190 FORr-iAT(' CREATE AnOTHER FILE?Y=2') 
ACCEPT 195,INY 

195 FORi:lAT(I2) 
· IF (INY.EQ.2) GOTO 1 

CONTINUE 
RETURN 
END 

--
B-3 

!LAT/LONG 

!CSECD 

!CSTD 

!TECD 

!TTD 



SUBROUTINE DHPFIL 
c 
C*'"i':************* ... '<*··k********"':***....,':*****************....,':*********'"it:**-t:* 
C SUBROUTINE DNPFIL DUHPS FILES CREATED BY PROGRAH :tJUFILE 
C ON TO THE LE1E PRINTER 
C***7-**"'~r.:*************************** .. k*************"k*****"~:*******-::: 

BYTE MSC(l6),MON(l6) 
REAL X(3), Y(3) ,YJ·i(3), YH(3) ,NKR 
H=O 

1 IF (M.NE.4) GOTO 3 
HRITE(6,2) 

2 FORHAT('1') 
IF (H.EQ.4) N=O . 

3 TYPE 10 
10 FOP...'-1AT(' ENTER DATA FILE,(ex:<LC9960>)'/) 

CALL ASSIGN(1,,-1,'RDO') 
READ(1,END=200)GRI 
YlRITE(6,20)GRI 

20 FOR11AT(' GRI:',F6.0) 
DO 100 I=1,10 
READ(1,END=200)(HSC(J),J=1,16) 
READ(l,END=200)(X(J),J=1,3),(Y(K),K=l,3) 
READ(1,END=200)ED . 
READ(1,END=200)ECD 
READ(1,END=200)RP,CDN 
READ(l,END=200)HKR 
\~RITE(6 ,50) (HSC(J) ,J=1 ,16), (X(J) ,J=1 ,3), (Y(K) ,K=l ,3), 

:ED, CDN ,RP, ECD ,tlKR 
50 FOR1·1AT (lX, 16A1 , lX, F6 .1 , F 5.1 , F6. 2, 3X, F6 .1 , F 5.1 , F6. 2, 

:1X,F8.2,1X,F6.0,1X,F5.0,1X,F5.1,3X,F3.0) 
IF (HKR.EQ.l.O) GOTO 200 

100 CONTINUE 
200 CONTINUE 

l-iRITE(6,210) 
210 FORNAT(2X,'LORAN-C HONITOR STATIONS') 

DO 300 N=1,10 
READ(1,END=400)(HON(J),J=1,16) 
READ(1,END=400)(XH(J),J=1,3),(YH(J),J=1,3) 
READ(1,END=400)CSECD 
READ( 1 ,Etm=4CO)CSTD 
READ(l ,END=400)TECD 
READ(l ,END=400)TTD 
HRITE(6, 250) (NON(J) ,J=1, 16), (XH(J) ,J=1 ,3), (YH(J) ,J=1 ,3), 

:CSECD,CSTD,TECD,TTD 
250 FORr--1AT(1X,16Ar,1X,F6.0,F4.0,F6.2,1X,F6.0,F4.0,F6.2,2X,F6.2, 

:2X,F8.2,2X,F5.1,2X,F5.1) 
300 CONTINUE 
400 CALL CLOSE (1) 

HRITE(6,*)' ' 
H=H+1 
TYPE 275 

275 FORNAT(' CONTINUE? Y=9') 
READ(5,*)N 
IF (N.EQ.9) GOTO 1 
RETURN 
END 

s-4 



SUBROUTINE Cl-iGFIL 
c 
C**************-1'***************-1:*-1<***....,~**...,':**-.''*****...,':*;t:****...,':************ 
C SUBROUTINE CHGFIL ALLOHS CHANGES TO BE HADE I N ANY OF THE 
C FILES CREATED BY PROGRAH NUFILE 
c '"#':*************-1'*~'*-l:******"'l:*"'~'*********";':-;':*********..,':**""'**************** 

BYTE MSC(l6,5), MON(l6,5) 
REAL X(5,3),Y(5,3),ED(5),ECD(5), RP(5),CDN(5)~ HKR(6), 

:Xa(5,3),YH(5,3),CSECD(5),CSTD(5),TECD(5),TTD(5) 
1 TYPE 10 

10 FORllAT(' Et;TER FILE TO BE 
CALL ASSIGN(l,-l,'RDO') 
READ(l,END=200)GRI 

CH.ANGED(ex :<LC9960>)'/) 
!OPENS DATA FILE 
!OPENS GRI 

DO 100 I=l,lO 
READ(l,END=200)(HSC(J,I),J=l,l6) 

!READS TRANS-STATIONS 

READ(! ,END=200 )( X(I ,J) ,J=l ,3), (Y( I ,J) ,J=l ,3) 
READ(l,END=200)ED(I) 
READ (! ,END= ZOO) ECD( I) 
READ(l,END=200)RP(I),CDN(I) 
READ(l,END=200)HKR(I) 
WRITE(5,50)( MSC(J,I),J=l,l6),ED(I),CDN(I),RP(I),ECD(I), 

:(X(I,J),J=l,3),(Y(I,J),J=l,3) 
50 FOR!>lAT( 1X,l6Al, lX, F8 .2, lX, F6 .0, lX,FS .0, 1X,F5 .1, IX/, 

:5X,F6.1,F5.1,F6.2,3X,F6.1,F5.1,F6.2) 
IF (!'iiZR(I) .EQ.l) GOTO 200 

100 CONTINUE 
200 CONTINUE 

DO 240 N=1,10 !READS HONITOR STATIONS 
READ(l, EJ:W=250) (HON(J ,N), J=1, 16) 
READ(l ,END=250) (XN(N ,J) ,J=1 ,3), (YH(N ,J) ,J=1 ,3) 
READ(1,END=250)CSECD(N) 
RE..<\.D( 1 ,END=250)CSTD(N) , 
READ(l,END=250)TECD(N) 
READ (1,END=250)TTD(N) 
I.VRITE( 5, 225) (HON(J ,N) ,J=l, 16) ,CSECD( N) ,CSTD( N), TECD(N), 

: TTD ( N ) , ( XH ( N , J) , J = 1 , 3 ) , ( YH ( N , J ) , J = 1 , 3 ) 
225 FOP~lAT(1X,16A1,1X,F6.2,1X,F8.2,1X,FS.l,1X,FS.1,1X/, 

:SX,F6.1,FS.l,F6.2,3X,F6.l,F5.1,F6.2) 
240 CONTINUE 
250 CALL CLOSE(!) 
2 90 CONTINUE 

TYPE 300 
300 FORllAT(' CHANGE RECORD NO.?') 

READ(5,*)L 
IF (L.GT.I) GOTO 888 
TYPE 310 

! CLOSES FILE 

!STATION(LINE) TO BE 
! CHANGED 

310 FORHAT(' CiiANGE: NAHE=1,ED=2,NCD=3,RP=4,ECD=S,X=6,Y=7,ALL=8') 
READ(5,*)Hl 
IF (Hl .EQ.1) GOTO 400 !TRANS-STATION NAHE 
IF (Hl.EQ.2) GOTO 410 !EHISSION DELAY 
IF (Hl.EQ .3) GOTO 420 !NOH. CODING DELAY 
IF (Hl .EQ.4) GOTO 430 !RADIATED POUER 
IF (M1.EQ.S) GOTO 440 !ECD 
IF (Ml.EQ.6) GOTO 450 !LATITUDE 
IF (Ml.EQ.7) GOTO 460 !LONGITUDE 
IF (M1.EQ.8) GOTO 400 !ALL 
GOTO 470 

400 DO 401 J=1,16 
l·lSC(J ,L)=' ' 

401 

402 

Cat-!TINUE 
ACCEPT 402,JJJ,( MSC(J,L),J=l,16) 
FOFJ:.IAT ( Q, 16A1) 
IF (Ml.EQ.8) GOTO 410 

!NANE 
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''"' GOTO 470 
410 ACCEPT 411,ED(L) 
411 FORdAT(F8.2) 

IF (Ml.EQ.B) GOTO 420 
GOTO 470 

420 ACCEPT 42l,CDN(L) 
L~21 FOPJ,iAT (F6 . 0) 

IF (Ml.EQ.8) GOTO 430 
GOTO 470 

430 ACCEPT 43l,RP(L) 
431 FOR1IAT(F5 .0) 

IF (Kl.EQ.B) GOTO 440 
GOTO 470 

440 ACCEPT 441,ECD(L) 
441 FORl,IAT(F5.1) 

IF (M1.EQ.8) GOTO 450 
GOTO 470 

450 ACCEPT 451,(X(L,J),J=1,3) 
451 FORI,IAT(F6.1,F4.1,F6.2) 

IF (M1.EQ.8) GOTO 460 
GOTO 470 

460 ACCEPT 461,(Y(L,J),J=1,3) 
461 FORNAT(F6.1,F5.1,F6.2) 
470 CONTINUE 

TYPE 480 
480 FORI•IAT(' COHTINUE?Y=1' /) 

ACCEPT 500,NN 
500 FOP.llAT( I2) 

IF (NN.EQ.1) GOTO 290 
DO 550 K=1 ,6 
NKR(K)=O.O 

550 CONTINUE 
TYPE 600 

! E~HSSION DELAY 

!NOM. CODING DELAY 

!RADIATED POHER 

!ECD 

!LAT. (DDD., Hll .,SS.SS) 

!LONG. (DDD. ,HH., SS. SS) 

600 FOP.llAT(' ENTER NUMBER OF TRANS-STAT. '/) !ENTER {.i: OF STATIONS 
ACCEPT 610,JJ 

610 FORllAT( I2) 
l:-1RR (JJ)=1.0 

888 TYPE 615 
!END OF TRANS-STATIONS ~lARKER ASSIGNED 

615 FORHAT(' ENTER THE RECORD NO. OF LORI-!ONSTA') 
ACCEPT 616 ,KK !HONITOR STATION TO BE CHANGED 

616 FORNAT(I2) 
617 TYPE 618 
618 FORHAT(' CP.~.ANGE: NON . NANE=1,X=2,Y=3,CSECD=4,CSTD=5,TECD=6,', 

: 'TTD=7 ,ALL=8' /) 
READ (5,*) H 
IF (M.EQ.l) GOTO 620 
IF (M.EQ.2) GOTO 630 
IF (M.EQ.3) GOTO 640 
IF (M.EQ.4) GOTO 650 
IF (M.EQ.5) GOTO 660 
IF (M.EQ.6) GOTO 670 
IF (M.EQ.7) GOTO 680 
IF (M.EQ.8) GOTO 620 
GOTO 690 

620 DO 621 J=1,16 
r~10 t1 ( J , l{IC ) =' ' 

621 COtlTINUE 

625 
ACCEPT 625 ,JJJ, (HON(J ,KK) ,J~1, 16) 
FORr,lAT(Q,l6A1) 
IF (H.EQ.S) GOTO 630 
GOTO 690 
AC CEPT 635,(XN(KK,J),J=l,3) 

!HONITOR N4NE 
!LATITUDE 
!LONGITUDE 
!CSECD 
!CSTD 
!ECD(TOLERENCE) 
! TD(TOLEREt~CE) 
!ALL OF THE ABOVE 

! HONI TOR NAHE 

!LAT (DDD. , HH., SS. SS) 630 
63 5 FORI·JAT(F6 .1, F 5.1, F6. 2) B-6 



IF (M.EQ.8) GOTO 640 
GOTO 690 

640 ACCEPT 645,(YN(KK,J),J=l,3) 
645 FORHAT(F6.l,FS.l,F6.2) 

IF (M.EQ.B) GOTO 650 
GOTO 690 

650 ACCEPT 655,CSECD(KK) 
655 FOF.l·lAT(F6 .2) 

IF (M.EQ.S) GOTO 660 
GOTO 690 

660 ACCEPT 665,CSTD(KK) 
665 FORHAT(F9.2) 

IF (M.EQ . B) GOTO 670 
GOTO 690 

670 ACCEPT 675,TECD(KK) 
675 FORHAT(F5.1) 

IF (M.EQ.B) GOTO 680 
GOTO 690 

680 ACCEPT 685,TTD(KK) 
685 FORHAT(F5.1) 
690 TYPE 692 
692 FOf<.HAT(' CONTINUE?Y=l '/) 

AC CEPT 693,NY 
693 FORMAT(I2) 

IF (HY.EQ.l) GOTO 888 
TYPE 694 

694 FORHAT(' ENTER NO. OF LORHONSTA') 
ACCEPT 695,KK 

695 ~OFJ·lAT(I2) 

TYPE 697 
697 FOFJiAT(' ENTER GRI') 

:<.EAD( 5, *)GRI 
CALL ASSIGN(l,,-l,'NEH') 
HRITE(l)GRI 
DO 700 II=! ,JJ 
WRITE(l)( MSC(J,II),J=l,l6) 
HRITE(l)(X(II,J) ,J=l,3) ,(Y(II,J) ,J=l,3-) 
\VR ITE( 1) ED( II) 
\·JF.ITE ( 1) ECD (I I). 
WR ITE(l)RP(II),CDN(II) 
HRITE(l)BKR(II) 

7 00 CONTINUE 

!LONG (DDD. , HH . ,SS.SS) 

!CSECD 

!CSTD 

! ECD(TOLEREtlCE) 

!TD(TOLERENCE) 

!ENTER .1f OF LORHOHSTA 

!ASSIGN NEH FILE NAME 

!lJRITE TRANS-STATIONS 

DO 7 50 JK=l ,KK !HRITE LORHONSTA 
WRITE(l)(MON(J,JK),J=l,l6) 
HRITE(l) (XH( JK, J) ,J=l, 3), ( YH( JK, J) , J=l ,3) 
URITE(l)CSECD(JK) 
URITE(l)CSTD(JK) 
WRITE(l)TECD(JK) 
HR ITE(l)TTD(JK) 

750 CONTINUE 
CALL CLOSE (1) 
TYPE 800 

800 FORHAT(' ANOTEER FILE?Y=l' /) 
READ( 5 ,*)KJ. 
IF(KJ.EQ.l) GOTO 1 
RETURN 
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