




FORTRAN   IV   Program,    KANS,   for   the   Conversion   of   General

Land   Office  Locations   to   Latitude  and   Longitude   Coordinates

By

Charles   0.   Morgan
Jesse   M.   MCNellis

Speci.al    Di.stribution   Publication   42

Prepared   as   part  of   the   cooperative   program   I.n   Kansas   conducted
by   the   Uni.ted   States   Geological   Survey,   the   State  Geologi.Gal
Survey   of   Kansas,   and   the   Divi.sion   of  Water   Resources   of   the
Kansas   State   Board  of  Agriculture.

State  Geological   Survey
The   University   of   Kansas,   Lawrence.   Kans'as

1969



CONTENTS

Abstract-----------------------------.-------

Introduction----------------------------------

Program  explanation     ------------------------------

Concluding   remarks   -------------------------------

Appendixes

I.      Listing   of   FORTRAN   IV   statements   in   KANS   program   -------------

11.      Program   control    cards

Ill.     Program  abstract  -----------------------------

ILLUSTRATIONS

F,`gure

1.     Map  of  Kansas   shawl.ng   range-correction   lines   ---------------

2.      Flow   chart   for   FORTRAN   IV   RANS   program   ------------------

3.      Di.agram   of  typical   area   showing   the   information   needed   to

calculate   latitude  and   longi.tude  coordinates   from   township

and   range   locations

4.      Diagram   illustrati.ng   latitude  and   longi.tude

corrections   used   in   KANS   program   ---------------------

5.      Diagram  of  typical   area   showing   the   procedure   for  calculating

the   latitude  and   longi.tude   of  a   townshi.p  and   range   locati.on     -------

TABLES

Tabl e

1.     Programoutput  ------------------------------

Page

1

1

2

10





23V
03'

EXPLANATloN

Raiioe-correction   line

Norlhca8I   coinor 2

Figure   1.--Map  of   Kansas   showing   range-correction   lines.

A   total   of  4741atitude   and  474   longitude  measurements   are   requi.red   for   thi.s   conversion

program  to  cover  the  entire  State  of  Kansas.      In  addition,  481   factors   along   the  seven  east-

west  range-correction   lines   and  481   factors   along   the   north-south   lines   are   i^equired.     Seven

more  correction  factors   are  needed   in  each  direction   to  bound  the  474  areas   outlined  by   the

latitude   and   longitude  measurements.

PROGRAM    EXPLANATION

Explanation   of   the   FORTRAN   IV   KANS   program   i.s   facilitated   by   referring   to   the   py`ogram

flow  chart,   the   program   listing,   and   the  program   control   cards   that  are   found   in   figure   2

and   appendixes   I   and   11,   respecti.vely.

Conversi.on   of  township  and   range   locations   to   latitude   and   longitude   coordinates

requires   the   following:

(1)     The  area  or  areas   be   bounded   on   the   north   and   south   by   a   set  of   range-

correction   11.nes;   or   cards   numbered   KAN   1690,   KAN    1710,   and   KAN   1720   be

modi.fied   to   give   the   new  north-south   length   of   the   area  or  areas,   in   town-



Fi.gure   2.--Flow   chart   for   FORTRAN   IV   KANS   program.



ships.      For  example,   the  areas   in   the   Kansas   program   consist  of   seven   strips

(fi.g.1)   running   east   to  west  that  are   five   townships   wide   between   range-

correction   lines,   but   the  areas   in   the  North   Dakota   version  of   the   program

consist  of  36   east-west  strips   that  are  a   single   township  wi.de.

(2)     The  northeast  corner  of  the  area  or  areas   be  at  the   intersection  of  a

range-correction   (township)   li.ne   and   a   range   line   (fig.   3).

(3)     The   township   and   range   location   and   the   correspondi.ng   lati.tude   and   longitude

coordinates   of  the  northeast  corner  of  the  area  or  ay`eas   be  determi.ned.

For   Kansas   there   are   seven   range-correction   lines   (fig.1);   therefore,   seven

northeast  corners   are  utilized.     North   Dakota   uses   the  northeast  corner  of

each   range  line,   or  a   total   of  36  corners.

(4)      The   longitude   between   adjacent   y`ange   lines   from   east   to   west   along   the   upper

range-correcti.on   line   for   Kansas   or   the   range   li.ne   for  North   Dakota   (fig.   3)   be

measured   in   seconds.

(5)     The   latitude   between   upper  and   lower  range   or   range-cory`ection   lines   from

north   to   south   (fig.   3)   be  measured   in   seconds.      These  measurements   ay`e   cor-

rect   for   Kansas   if   cards   KAN   1690,   KAN   1710.   and   KAN   1720,   which   specify   greater

than   one   township,   are   not  modified.

(6)     Two  sets   of  correction  factors   that  adjust  the  depay`tures   from  paralleli.sin

in   Kansas   between   the  General   Land   Office   gy`id   system   and   the   latitude-

longitude   cooy`dinate   system   (fig.   4).

(a)     Latitude   correction   factors   --at  each   township   and   range   line

intersection   along   the  seven   range-correction   lines   (481   inter-

sections),   the  difference   in   seconds   of  latitude  between   each

intersection   and   the   northeast  corney`  of   the   area   being   consi.dered

is  recorded.

(b)     Longitude   correction   factors   --the   north-south   range   lines

connecti.ng   range-correction   li.nes  may   Vary   to   the  east  or  west

at   the   south   end   of   each   set   of   five   townships.      Thl.s   variatl.on   in

seconds   is   recorded   for  each   range   line  within   the   seven   areas

(4811ines).





Figure   4.--Latitude   and   longi.tude   correcti.ons   used   i.n   KANS   program.

areas   vary  from  67   to  68  ranges   in   east-west  length   and   from  4   to   5   townships   in   north-

south  width.     The   latitude  and   longitude  degrees   and  minutes   of   the  corners   are  considered

to   be   the   primary   starting   pol.nt  for  calculati.ng   coordinates  within   the  desi.gnated   areas.

The   lati.tude   and   longitude   seconds   of   the   primary   point  are   1.ncluded   in   the   calculations

for  determining   the   coordinates   of  the  datum   locati.on.      From   the  primary   poi.nt,   the

measured   seconds   of  latitude   are   subtracted   and   the  measured   seconds   of   longitude   are
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east  corner  of  townshi.p;  ±|,   1ocati.on   to  center  of  section;  ±±i.   location   to  designated
q uarter .





CONCLUDING    REMARKS

Accuracy  of   the  conversions   depends   upon   several   factors   not  controllable  within   the

program:      (1)   the  accuracy  of   the  maps   from  which   the   latitude  and   longitude  parameters   are

measured  whi.ch,   in   turn,   depends   upon   the   scale   of   the  map.   the   preciseness   of   the  map

survey,   and   the  expansion   or   shri.nkage   of  the  map   paper;      (2)   the  accuracy  of   the  measure-

ments   of   the   latitude  and   longitude   parameters   and   the   correction   factors;   and   (3)   the

regularl.ty  of   the  General   Land  Office  divisions.

If  the   base  maps   and   the  measurements   of   the   latitude   and   longi.tude   parameters   are

accurate   and   the  General   Land  Office  di.visions   are   regular,   coordinates   will   be  calculated

within  one   second   latitude  and   longitude  of   the  center  of   the   smallest  divisi.on.     A

second   of   latitude   is   approximately   loo   feet  and  a   second   of   longi.tude   is   approximately

80   feet   in   Kansas.

The   program  was   checked   by   calculating   the   latitude   and   longitude  of   the  474   northeast

corners   measured  along   the  upper  edges   of   the   seven   strl.ps   or  areas   and  adjusted  on   the

basi.s   of  correcti.on   factors   until   agreement   between  measured   and   calculated   points   was

reached.      Also,   the   lower   edge   of   each   strip   or   ay`ea   was   checked  with   the   upper  eclge   of

the   strip   below.      The   two   preceding   checks   allowed   a   comparison   of   the   nonparallelism   of

township   and   range   lines   with   latitude   and   longitude   lines.

General   Land   Office   locations   of   2,819   data   points   from   various   counties   i.n   Kansas   were

converted   to   latitude  and   longitude   coordinates   I.n   1.92  minutes   on   the   central   processor

at   a   total   job   cost  of  $21.58.      Usable   I.nformation   is   computer  accessable   from   several   tens

of   thousands   of  Geney`al   Land   Office   locations   in   Kansas.      The   speed   and   accuracy   of   the

conversion   program  obviously   permits   the   tagging   of   these   locati.ons  wl.th   latitude  and

longitude  coordinates   at  nominal   expense.
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EACH    BTSEC,     TOTAL    481     ENTRIES.     25    CARDS.     FORMAT(20F4.0).

-10NCITUOE     CORRECTloN     FACTORS,      IN     ARRAY     IILT.     EACH     IILT

IS     THE     []IFFERENCE     BETWEEN     B0NG     ANT)     THE     Cc}RRESpoNolNr,
DISTANCF     IN     SECONDS     ALONG     THE     BOTTOM     0F     EActl     TIER.     ONE
FOR     E^C+1     B0NC,     TOTAL    481     ENTRIES.19     CARDS.      FORMAT(2014).

-TOWNSHIP-RANGE     AND     LATITUDE-LONGITUDE    0F     THE    NORTHEAST

CORNEQ     0F     EACH     TIER.      IN     ARRAYS      ITTP,      IRG,      IWE,     LTD,     LTM,

LTS,     LND,     LNM,     LNS.     SEVEN    0F     EAct+.     SEVEN     CARDS.

FORWATtl3,      lx,13,     Al,     2(13,      212,       LX)).

-ITTP    =     TOWNstllp
-lRG    =     RANGE
-IWE     =     RANGE     DIRECTION

-LTD    =    DECREES     0F     LATITUDE
-LTN     =     MINUTES     0F     LATITUDE:
-LTS    =     SECONDS     0F     IATITUOE
-     LND     =     DEGREES     0F     LONGITUDE
-     lNM    =     MINUTES     0F     LONGITUDE
-LNS    =     SECONDS     0F    LONGITUDE

KAN    600
KAN     610
KAN    620
KAN    630
KAN     640
KAN    650
KAN    660
KAN     670
KAN    680
KAN    690
KAN     TOO

KAN     710
KAN    720
KAN     730
KAN    740
KAN     750
KAN     760
KAN     770
KAN     780
KAN    790
KAN    800
KAN    810

_______________ -... __.___ -------------------------------------------- KAN   82 0
PLACE     CARD     WITH     Z     PUNCHED     IN     Flf`ST     COLUMN     AFTER     DATA     T0     TERMINATE     RAN     830

OPERATION    0F    PROGRAM.                                                                                                                                                                         KAN    840
_______________________-._._____-_ ---------------------------------- KAN   850
_____________...________ -------------------------------------------- KAr\1  860
THE     PROGRAM     IS     SUCCESSFUL      IN     KANSAS.     MINOR     CHANGES     HAVE     BEEN
MArtE     IN     THE     PROGRAM    To     MAKE      IT     USEFUL     AND     SuCCESSFUL

IN     NORTH     DAKOTA,      COLORADC),      ANt)     NEBRASKA.

THERE      IS     A    CORRECTloN    LINE     EVERY     5     TOWNSHIPS      IN    KANSAS,      THIS
MAY    BE     DIFFERENT     IN     0THEB     STATES.     THERE     ARE     7     TIERS     BOUNDED

BY     THESE     CORRECTION     LINES.     THE     TOWNstilp-RANGE     AND    CORRESPONDING
LATI1.UDE-LONCITUDE     0F    THE     NORTHEAST     CORNER    0F     EActl     TIER
Must    BE     KNriwN.     THE    DlsTANCE     IN    SECoNDs    oF    EACH    TowNSHlp      iN     THE

RANGE     0IRECTI0N     MUST     BE     KNOWN,     AT     THE     TOP     AND     BOTTOM     DF

EACH     TIE-R.      THE     DISTANCE     IN    SECONDS     0F     EACH     TIER      IN     THE     TOWNSHIP
DIRECTION     MUST     BE     KNOWN.     THIS     PERMITS     STATE-WIDE     USAGE     0F     THE
PROGRAM.

KAN    870
KAN     880
KAN    890
KAN    goo
KAN     910

KAN     921)
KAN    930
KAN     940
KAN    950
KAN    960
KAN     970
KAN    980
KAN     981

____________ ...... ___ ------------------------------------------------- KAN  990
_________ __________.-____ ------------------------------------------ KA N I O OO

READ     IN    DEC0r)E     ARRAv,     NA.

READ     (5,I)      (NA(I),I=l,48)
FORMAT     (48All

KANIO|O
KANI020
KAN1030
KAN1040
KANL050

KAN1060
KAN1070
KANIO80
KANlo90
KAN1100

____________________________ -------------------------------------- KA N I Ilo

DIVID     =    NUMBER    0F     TOWNSHIPS     IN    THE     LATITUDE     (NORTH-SOUTH)
r]IRECTION     BETWEEN     RANGE    CoRRECTION     LINES

NT    =    NUMBER     0F     LATITUDE     AND     LONGITUDE     0lsTANCES     T0     BE    READ
IPX    =     NUMBER     WHERE     THE     LATITUDE     AND    LONGITUDE     DISTANCES    BEGIN

KAN1120

KAN1130
KAN1140
KAN1150

KAN1160

IN     THE     B0NG     AND     BTSEC     ARRAYS     ALONG     EACH    0F     THE    RANGE      STRIPS     KAN1170
KA N 1180





C------------------------------------------------------------------KAN1790
c                                                                                                                                                                                                                                                  KANl800

DO     71=1.7                                                                                                                                                                                                                         KAN1810
7                    READ      (5,8)      ITTP(Il,IRC(I)ilwE(I)iLTD(I)®LTMtl)ilTS(I)iLNDII},LNM(IKANlt)20

I),LNS(I)                                                                                                                                                                                                                                  KAN1830
8                   FnRMAT     (i3,ix,13,Ai,2tl3,212,I.x))                                                                                                                             KANi84o

DO    91=1,7                                                                                                                                                                                                                KAN1850
DO    9    J=l,37                                                                                                                                                                                                KAN1860

9                    IF      (IWE(I).EQ.NA(J))      IWE(I)=J                                                                                                                                                 KAN1870

C                                                                                                                                                                                                                                                              KANl880
C          ------------------------------------------------------------------ K 4 N I 8 9 ()
C                                                                                                                                                                                                                                                      KANl900
c                    READ    DATA    cARn    HAvlNr,    TowNSHlp    AND    RANGE    To     BE    CoNVERTEo    To                           KANioio
C                    LATITUDE     AND     loNGITUDE.                                                                                                                                                                       KAN1920
C                                                                                                                                                                                                                                                                          KAN1930
C------------------------------------------------------------------KANL940
C

10                NLNE=O
WRITE       (6,11

11                 FORMAT     llHl

WRITE      (6,12)

12                FORMAT     (LX,79(1H-}./)
WRITE       16tl.3)

13                FOQM^T      (80H

14

15

lNBITUDE     SEQ.
WRITE      {6.12)

LC  (  I  )  =1  BLK
IC  ( 2 )  =1  BIK
LC(3)=IBIK

COUNTY
AC.         NUMBER     ,/)

KAN1950
KAN1960
KAN1970
KAN|980
KANl990
KAN2000
KAN2010

lAN0    OFFICE    LOC.        LATITUDE    DIR.         LOKAN2020
KAN20JO
KAN2040
KAN2050
KAN2060
KAN2070
KAN2080

________________________________----------------------------------KAN2090
KAN2100

READ     DATA     SET--THIS     AREA     0F     PROGRAM    MUST     BE    CtlANGE0     T0     HANDLE     DATAKAN2llo
puNcriED     IN    C)THER     FORMATs.                                                                                                                                                               KAN2i2o

KAN2130
________________________________--_______--------------------------KAN2140

KAN2150

READ     (5,15)      (LT(I),I=lt7)iLll,L12tll3®114t(LC(I)tl=l,3)                                         KAN2160
FORMAT     (llAli3A6)                                                                                                                                                                                              KAN2170

IF      (LT(ll.EQ.NA(36}}     G0    TO    57                                                                                                                                            KAN2180
KAN2|90

_____________________________-_-----------------------------------KAN2200
KAN22|O

CHECK     INPUT     DATA     FOR     PROPER     FORMAT     (KANSAS     SYSTEM    0F    NUMBERING                 KAN2220
hATER     WELLS)      IF     DATA     IS     NOT      IN     PROPER     FORMAT,     WRITE    MESSAGE     AND             KAN2230

CONTINUE     T0    NEXT    DATA    SET.                                                                                                                                                          KAN2240
KAN2250

__________________________________--------------------------------KAN2260
KAN2270

00    L61=1,7
D016    J=|,48
IF      ILT([).EQ.NA(Jl)      LF(()=J

16                IF      (LFII).EQ.37)     LF(I)=1
IF     (iF(2).c;T.io.rit`.LF(41.GT.io.oR.LF(7).GT.io)     Go    To    2o
LTP= (  (  lF  (  1.  ) -I  )  *LO  ) +LF  (  21 -I
LRG= (  ( LF ( 3 ) -I  ) *lo ) +LF  (4 ) -1
LWF=LT{5)

NWE=|F  I 5  )
LSC= (  ( LF  (6 )  -I  ) *lo  ) +LF  ( 7 ) -I
IF      (LTP.LE.35.AND.ITP.GE.I)     C0    T017

14

KAN2280
KAN2290
KAN2300
KAN23l0
KAN2320
KAN2330
KAN2340
KAN2350

KAN2360
KAN2370
KAN2380





I  MT=|TM  (  I  X'
I  TP=I  TTP (  I  x)
T| =T(  1 T ' I  T| I
T2=TI  LT I I Tl+I  I
CALL     ADJUST     (T1,T2tLSC,LIL,112,L13,L14,TILTF)
I=IY

K A N 2 C) g o

KAN3000

KAN3010
KAN3020
KAN3030
KAN3040
KAY3050

___________________________________________-____------------------KAN3060
KANJ070

cALcuLATE     LATITur]E     DlsTANCE     IN    sEcONDs     FROM    THE    NORTHEAST    CORNER         KAN3080
0F     THE     RANGE     COLUMN     T0    THE     NORTHEAST    CORNER    0F     TllE     TOWNSHIP     T0     BE     KAN3090
DETERMINED.                                                                                                                                                                                                                          KAN3100

K A N 3 L  I.  0

___________________________---_ -_ --------------------------------- KA N 312 0
KAN3130

BATY=BAT  (  I  )

[F      tlx.EQ.6.AND.NWE.EQ.33l     t3ATY=BAT{I-68)
27               lF     (ITP.EQ.LTP)     G0    TO    28

AST=AST-BATY
A SR =A SR+ T I L TF
[TP=I  TP+I
Gn    TO    27

C
C

C
C
C

C

C

C

C

28

31

32

KAN3140
KAN3150
KAN3160
KAN3170
KAN3180

KAN3|90
KAN3200
KAN32|0

___________--_____---~ -------------------------------------------- K^ N 322 0
KAN3230

SUBDIVIDE     LATITUDE     AND     loNGITUOE    TOWNSHIP     LENGTIJS      INTO     SECTloN                 KAN3240
lENGTHS     AND    CALCULATE    THE     DISTANCE      IN     SECONDS     T0     THE    CENTER     0F     THEKAN3250

SECTI  0N.                                                                                                                                                                                                                  KAN3260
K^N3270

__________________________----_-__--------------------------------KAN3280
KAN3290

IF     (LSC.IT.I)     G0    TO    43                                                                                                                                                             KAN3300
IF     (lx.EO.6.AND.NWE.EQ.33l     G0    TO    29                                                                                                                 KAN3310
AAT=t}AT(I  l/6.                                                                                                                                                                                                 KAN3320
G0    TO    30                                                                                                                                                                                                               KAN3330
AAT=8AT(I-68)/6.                                                                                                                                                                            KAN3340
AATl=lBATII)*5.)-(BAT(I-68)*5.)+AAT                                                                                                                  KAN3350
IF     (I.LE.2.OR.(I.GE.68.AND.I.LT.70).OR.(I.GE.135.AND.I.LT.137).OR.KAN3360

I  I I .GE.203 . AND .  I  . LT. 205 )  . OR.  (  I .GE.  339.  AND.  I .LT . 34 I  )  .OR . (  I .GE . 407.ANKAN3370
2D.I.LT.409}.OR.(I.GE.271.AND.I.LT.273))     G0    TO     31                                                                KAN3380

IF      (B0NC I  I  1.GE.  (B0NG  I  I-1  ) +6.  ) .OR. SONG(  I  )  .LE. (  SONG(   I-I  )-6.  ) .AND.B0NKAN3390
lGII).GE.(B0NG(I-2)+6.).OR.B0NG(I).LE.(B0NG(I-2)-6.))     G0     TO     32                  KAN3400

G0    TO    34                                                                                                                                                                                                             KAN34lo
IF      (B0NG  (I  }  .GE.   (SONG  (  I+I  }  +6.  )  .OR.  B0NG{   I  )  .LE.  (  B0NG(   I+I  )-6.  )  .AND  .B0NKAN3420

lG(I).C;E.(B0NGll+2}+6.).OB.B0NG(I).IE.IB0NGI   I+2)-6.))     G0     TO    33                  KAN3430
KAN3440

CoNG= ( B0Nr, (  I  ) -(  (BONG (  I-i  ) +BONr,(  I-2 )  )/ 2.  )  ) +(  (  BONG(   I-I  I +BONG (  I-2  )  ) /  iKAN345o
12.  )                                                                                                                                                                                                                           KAN3460

AONC=tB0NG(I  )-CONG)/5.                                                                                                                                                                KAN3470
KAN3480

KAN3500
KAN35lo
KAN3520
KAN3530
KAN3540
KAN3550

KAN3560
KAN3570
KAN3580

GO    TO    34

G0    TO    35
33              EE)NG=lB0NGII}-HB0NG(I+I)+B0NGll+2))/2.))+uB0NG(I+I)+B0NGtl+2))/lKAN3490

12.)
AONG=  I B0NC  (  11 -GONG I  / 5 .
G0    TO    35

34              AONG=B0NG(I)/6.
35               lF     (IX.EQ.6.AND.NWE.EQ.33)     G0    TO    37
36               IF     ILSC.IE.6)     AST=AST-(AAT/2.)

G0    TO    39
37              IF     ILSC.LF.6.AND.LTP.EQ.26)     G0    TO    38

A ST=A ST-(  AAT1 -AAT )

16



G0    TO    36
A ST]A ST-( A^Tl /2 .  )
AAT=AATl

lF     (LSC.GT.6.AND.LSC.LT.13)     AST=AST-ll.5*AAT)
IF      ILSC.GT.12.AND.LSC.LT.19)     AST=AST-(2.5*AATt
IF     (LSC.GT.18.AND.LSC.LT.25l     AST=AST-(3.5*AAT)
lF     (LSC.CT.24.AND.LSC.LT.3l)     AST=AST-(4.5*AAT)
IF     IISC.CT.30)     AST=AST-15.5*AAT}

G0     TO    41
40

42

KAN3590
KAN3600
KAN36|O
KAN3620
KAN3630
KAN3640
KAN3650
KAN3660

lF     (lsc.EQ.I.OR.LSC.EQ.12.OR.ISC.EQ.13.OR.LSC.EQ.24.OR.ISC.EQ.25.OKAN3670
lR.LSC.EQ.36)     ASR=ASR+(AONC/2.)                                                                                                                                  KAN3680

IF     {LSC.EO.2.OR.LSC.EQ.Il.OR.LSC.EG.14.OR.LSC.EO.23.OR.LSC.EQ.26.OKAN3690
lR.LSC.EQ.35)     ASR=ASR+(I.5*AONC)                                                                                                                              KAN3700

IF     (LSC-EQ.3.OR.LSC.EQ.10.Oft.LSC.EO.15.OR.LSC.EQ.22.OR.LSC.EO.27.OKAN37lo
lR.LSC.EQ.34)     ASR=ASR+(2.5*AONG}                                                                                                                               KAN3720

IF     (lsc.EQ.4.OR.LSC.EQ.9.OR.LSC.EQ.16.OR.LSC.EQ.21.OR.LSC.EQ.28.ORKAN3730
I.LSC.EQ.33)      ASR=ASR+(3.5*AONG)                                                                                                                                    KAN3740
IF     (LSC.EQ.5.OR.LSC.EQ.8.OR.LSC.EQ.17.OR.LSC.EO.20.OR.LSC.EO.29.ORKAN3750

I.LSC.EO.32)     ASR=ASR+(4.5*AONG)                                                                                                                                   KAN3760
IF     (CONS.EQ.0.)     C0    TO    40                                                                                                                                                     KAN3770
IF     (lsc.EO.6.OR.LSC.EO.7.OR.LSC.EQ.18.CIR.ISC.EQ.19.OR.LSC.EQ.30.ORKAN3780

I.ISC.EO.3l)     ASR=ASR+15.*AONG)+(GONG/2.)                                                                                                   KAN3790
IF     (lsc.Eu.6.OR.ISC.EQ.7.OR.LSC.EQ.18.OR.LSC.EQ.19.OR.LSC.EQ.30.ORKAN3800

I.LSC.EQ.3l)     AONG=CONG                                                                                                                                                                        KAN3810

KAN3820
IF     tLsc.EQ.6.OR.Lsc.EQ.7.OR.isc.EQ.18.OR.Lsc.EQ.i9.OR.Lsc.EQ.30.ORKAN3a56

I.LSC.EO.3l)      ASR=ASR+(5.5*AONC)                                                                                                                                     KAN3840

KAN3850------------------------------------------------------------------KAN3860

CALCULATE     LATITUDE     AND     LONGITUDE     DISTANCES     IN     SECoNDS     TO     THE                        K£X38:8

SPECIFIED     QUARTER     LOCATloN     IN    THE     SECTION.                                                                                            KAN3890

KAN3900--_--____-_____-__--_--__-----------------------------------------KAN39|0

I  ZZ= ( LSC-I  )  /6
ASR=^  SR+  ( F LOAT (  I  Zzl  *  (T  I  LTF/6 .  )  )  +(  T  I  LT F/  12.  )
DO    421=1,37
IF      (Lll.EO.NA(())      11=1
IF      (112.EQ.NA(I))      12=1
IF      (L13.EQ.N4lI))     L3=I
IF      (114.FO.NA(I))      L4=I
IF     (Ll.EQ.11.OR.Ll.EQ.12)
IF     (Ll.EQ.13.OR.Ll.EQ.14)
lF      112.EQ.11.OR.L2.EO.12)
IF     (L2.EO.13.OR.L2.EC.14)
lF     IL3.EQ.11.OR.L3.EQ.12l
IF     (L3.EQ.13.OR.L3.EQ.14)
lF     (L4.EO.Il.OR.L4.EQ.12)
IF     (L4.EQ.13.OR.14.EQ.14)
IF     (I.1.EQ.11.OR.Ll.EQ.14}
IF     (Ll.EQ.12.OR.Ll.EQ.13)
IF     (L2.Ecl.Il.OR.L2.EQ.14)
lF     (L2.EQ.12.OR.L2.EQ.13)
IF     (L3.EQ.11.OR.L3.EQ.14)

IF     tL).EQ.12.OR.L3.EO.13)
IF     (14.EQ.Il.OR.L4.EO.14)
IF     (14.EQ.12.OR.L4.EQ.13}
IF     (Ll.EQ.11.OR.L1.EQ.12)

AS R= AS R-(  T IL T F/ 24 .  )
ASR=ASR+(  TILTF/24.  )
ASR=ASR-(  T[LTF/48.  )
ASR=ASR+I  T  ILTF/48.  )
ASR= ASR-(  T  ILTF/96.  )
AS R= AS R+(  T I LTF/ 96 .  }
AS R= AS.R-(  T  ILT F/ 192.  )
ASR=ASR+(  T  ILTF/  192.  )
AS R= AS R-(  AONG/ 4 .
AS R= AS R + (  AONG/ 4 .
AS R= AS R-(  AONG/ 8 .  )
AS R= AS R + (  AONG/ 8 .  )
AS R=ASR-(  AONG/  I.6.  )

AS f{= ASR +(  AONG/  16.  )

AS R= AS R-(  AONG/ 32.
AS R= ASR+I  AONG/  32.
AST=AST+(  AAT/4.  )

lF     Ill.EQ.13.OR.LL.EQ.14l     AST=AST-(AAT/4.)
IF     (L2.EQ.11.OR.L2.EQ.12l     AST=AST+(AAT/8.)

KAN3920
KAN3930
KAN3940
KAN3950
KAN3960
KAN3970
KAN3980
KAN3990
KAN4000
KAN4010
KAN4020
KAN4030
KAN4040
KAN4050
KAN4060
KAN4070
KAN4080
KAN4090
KAN4100
KAN41|O
KAN4120

KAN4130
KAN4140
KAN4150
KAN4160
KAN4170
KAN4|80
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lF     {L2.EQ.13.OR.L2.EQ.14)     AST=AST-(OAT/8.)
IF      (13.EQ.11.OR.L3.EQ.12)     AST=ASTt(AAT/16.)
IF      (13.EQ.13.OR.L3.EQ.14}     AST=AST-lAAT/16.)
IF     (L4.EQ.11.OR.L4.EQ.12}     AST=AST+(AAT/32.)
IF     (L4.EQ.13.OR.L4.EO.14)     AST=AST-(AAT/32.)
G0    TO    44

C

C
C

C

C
C
C

43

C
C
C

C
C
C

C
C
44

45

KAN4190
KAN4200
KAN42lo
KAN4220
KAN4230
KAN4240
KAN4250-------------------------------~-.---------------------------------KAN4260
KA N42 70

IF     SECTION    NOT    GIVEN,     CALCULATE    T0     TOWNSHIP     CENTER.                                                            KAN4280

KAN4290__---___--__-_____--______-----_--_-_-----------------------------KAN4300
KAN4310

AST=AST-(BAT(I)/2.)                                                                                                                                                                             KAN4320
ASR=ASR+lB0NGII)/2.)+lTILTF/2.)                                                                                                                                KAN43-30

KAN4340------------------------------------------------------------------KAN4350
KAN4360

ROUND     THE     SECONDS     0F     LATITUDE     AND    LCNGITUDE     AND     CONVERT     T0      INTEGERKAN4370
NUMBERS.                                                                                                                                                                                                                             KAN4380

KAN4390---___-_-------__-----_---_-_-_-____---I---------------------------KAN4400
KAN4410

IF      IAST.GE.0.)     G0    TO    45
K ST=A ST*  1 -loo.  )
KKST=AST*  (-I.  )
C0    TO   46
K ST=A S T*100.
KKST=AST
KL S T=K S T-( KK S T* loo )
IF     IKLST.GE.50)     AST=AST+I.O
G0    TO    47

46              KIST=KST-(KKST*100)
IF     (KLST.CF.50)     AST=AST-I.0

47               lsT=AST
K SR=A SR* loo .
KKSR=ASR
KL SR =K SR-( KKSR*100 )
IF      (KLSR.GE.50)     ASR=ASR+I.0
I  SB =^ SR

KAN4420
KAN4430
KAN4440
KAN4450
KAN4460
KAN4470
KAN4480
KAN4490
KAN4500
KAN4510
KAN4520
KAN4530
KAN4b40
KAN4550
KAN4560
KAN4570
KAN4580

C                                                                                                                                                                                                                                                             KAN4590
C-------------------------------------------------------------------KAN4600
C                                                                                                                                                                                                                                                         KAN46lo
C                    CONVERT     THE     LOCATION     IN    SECONDS     TC     0ECREEst     MINUTES,     AND     SECONDS         KAN4620
C                   0F    IATITUDE    AND    loNCITUDE.                                                                                                                                               KAN4630
C                                                                                                                                                                                                                                                             KAN4640
C------------------------------------------------------------------KAN4650
C                                                                                                                                                                                                                                                        KAN4660
48              IF     (IST.GE.60)     G0    TO   49

C0    TO    50
49              IST=I  ST-60

50

51

18

I  MT='  MT+ I
r,0    TO   48
IF     (IST.GE.0)     G0    TO    51
I  ST=I  ST+60
I  MT=l  MT-I
G0    TO    50
IF      (IMT.GE.0)     C0    TO    52
|MT=IMT+60
11) T= (  D T-I

KAN4670
KAN4680
KAN4690
KAN4700
KAN4710
KAN4720
KAN4730
KAN4740
KAN4750

KAN4760
KAN4770
KAN4780





CADJUSTO0                 Sut3ROUTINE     ADJUST
SUBROUTINE    ADJUST     (TltT2tlsiL1,L2tL3tl4iTF)

ADJ         I.0

ADJ       20
A[)J        30

___________-.______ ------------------------------------------------ ADJ    40
ADJ       50

suBROuTINE    AojusT--usEr]    TO    DETERMINE    CORRECTION     FACTORs,     TO    THE            ADj        60
4"     OUARTER,     FOR     AATr)IF     (iATITUDE     AcjusTMENT}     AND     lilt     ILONGITUDE    ADj         7o
ADJUSTMENTl.         AATDIF     AND     IILT     ARE     READ-IN     AS     CORRECTIONS    AT                            ADJ         80
TOWNSHIP    CORNERS     ALONG    RANGE     CORRECTION    LINES.         THIS     SUBROUTINE             ADJ         90

SUBl)IVIDES    THESE     VALUES     AND     DETERMINES     CORRECTIONS     AT     THE     LOCATIUNADJ     loo
0F     THE     WELL.                                                                                                                                                                                                      ADJ     Ilo

ADJ     120
_______________________ ---. ____-_ ----------------------------------- ADJ   130

DIMENSION     N(4)
COMMON     NA(48)

T3=T2-TI
IF      (T3.EQ.O.)     G0    TO    9
D01     I=L,37
(F      (Ll.EQ.NA(I)I      N(1)=I

IF      (L2.EQ.NA(I)}     N(2)=I
(F      113.EQ.NA(T))      N(3)=I
tF     (14.EO.NA(Il)     N(4l=I
SK=LS
IF     tsK.LT.I.)     G0    TO    9
00    21=1,3
lF     (SK.GE.1..AND.SK.LE.6.)     G0    TO    3
SK=SK-6,
IF     {SK.GE.I..AND.SK.LE.6.}     G0    TO    4
SK=SK-6,
G0    TO    9
S|= '6,-I SK-I.  ) ) /6 .
S2=|.-SI
G0     TO    5
S|=SK/6,
S2=|.-SI
SC TL = Tl * S I+ T2 * S2
DV=l~
DO    71=1,4
IF     INtl).GF.11.AND.N(I).LE.14)     G0    TO    6
C0    TO    8
DV=DV*2.
IF     (N(I).EQ.11.OR.Nut.EQ.14)     G0    TO    7
SC  TL=SCTL+  (  T3 /  (6.  *DV )  }
CONTI  NUE
IF     IN(I).GE.Il.AND.N(l}.LE.14)     SCTL=SCTL+lT3/112.*Dvll
TF = SC  T L
G0    Toto
TF = T I
RE  TURN

END

ADJ    140
ADJ     150
ADJ     160
ADJ     170
ADJ     180
ADJ     190
ADJ     ZOO

ADJ    210
ADJ    220
ADJ    230
ADJ    24
ADJ

ADJ
ADJ
ADJ
ADJ
ADJ
ADJ
ADJ    32
ADJ     330
ADJ    340
ADJ    350
ADJ     360
ADJ    370
ADJ    380
ADJ     390
ADJ    400
ADJ    410
ADJ    420
ADJ    430
ADJ    44U
ADJ    450
ADJ    460
ADJ    470
ADJ    480
ADJ    490
ADJ    500
ADJ    510-
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3911564
387    1569
386    1558
388    1555
393    1568
390    1560
395    1564

390    1566
390    1569
395    I.566
390    1556
393     1561
391.     1561
389    `566

AATDIF      ARRAY

lILT    ARRAY

C      0      a      0      0   -1-10   -1       8       1-11   -513   -2      3      2   -4      5   -2      4      8-15      3      6   -2   -61
-2      5       a       I   -I       2   -I       I.    -I       I       6      5      4   -4       10   -2       3       3       311       8       51712      7   2

9       8111011111211       91114    221010       8    -8       0    26    201312       4       210   -7    26    3
32      31   -I    -?       6       I       I-15-231211       1       2    20       3   -2       5   -6   -4       3       4      4      9   261.3   4
171412    12       9       5       7    -5    -6    13    12    10     I.3        2    16       3       7    11        2        I    13    10    14    12    11    12    5

8      7      9141611      0-14   -I      0      2   -6   -6   -5   -5   -4   -4   -I   -2      7      810      2      4   -8   -2   6
S      5      I   -I   -2   -3      0   -3   -3   -5   -2   -1       I      4       1    10    17    15    16   23   27   24   24   23   21    24   7

28    26   27   22    28    13    1413    15    17    22    22    21    22    21     18    23    27    26    25    23    18    14       0-2611     8
-9   -7   2413   -1   -3   -7   -I   -21   -4      6      51010   -4   -3   -7   -3      2      0   -I      10      0   9

0  -2   -I   -I   -4-12      3      0   -3   -3-18   -4   -2   -5-10-11   -6   -9-10-10  -7-10-13-15-14-L310
-6-11   -7-11   -5   -7   -4   -I      5      I   -9-15-13-12     0   -4   -3   -2   23   36   35   3140   -4   -4   -all
-7      218      5      8112   -12   -2   -3      2      0      6   -3-I.2-16   -6-10-13-14-27-18   -3      2      312
-21   -6   -7   -2      3      6      8      3      3116      7      3      2      2   -1   -4      01   -2   -3   -5   -7-1013
-2   -5   -3   -7      5      0   -6   -6   -4   -I   -8-12-18-19   -512   -2      0      8      911    1413-14-13-1214

-12   -8   -9-11-14   -6   -4      0-12   -6   -9   -5      3      7      2      5      I   -5   -5   -6   -7   -8   -7-11   -7   -315
-15   -6   -8      4      813      2      0      4      6   -I   -12   -2   -4   -5   -14      4      7      5119   -9-1616

-1      4     2      2      0      1   -1      I   -3   -2   -3   -3   -4   -3-12   -7-11-12   -9   -8   -9   -5-10-18-11   -917
-6-10   -3-11   -6   -6   -7   -8-11-10   -5   -3   -4   -2      0-10-17-20-20-21      0      5      3   -7      5      Ilo

0      I.   -4   -5   -5   -2   -I      0      0   -4   -3      I      0                                                                                                          19
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Appendix   Ill.--Program   abstract

KANSAS  GEOLOGICAL  SURVEY  COMPUTER  PROGRAM
THE  UNIVERSITY  OF  KANSAS,   LAWRENCE

PROGRAM ABSTRACT

Title  (lf  subroutine  state  in  title):

FORTRAN   IV   Progran,   KANS.   for   the   Conversion   of  General   Land   Office   Locations   to

Lati.tude   and   Lon itude   Coordinates

Date:                         1965

Author,  organization:     Charles   0.   Mor an   and   Jesse   M.   MCNelli.s

U.S.   Geoloqical    Survey.   Water   Resources   Division

Direct  inquiries  to:           Charles   0.   Morqan   or   Jesse   M.   MCNellis

Name:                                                                                                                                Address:     U.S.a.S..    WRD

Box   768.   Lawrence.   K

Purpose/description:       To   convert  General   Land  Office   locations   to   latitude  and

coordi nates .

Mathematical  method:   See ram   listin

Restrictions,   range:         Boundaries   of   Kansas

Computer  manufacturer :

Programming  language:

Memory  required:

GE.     IBM

FORTRAN    IV

Model:     GE   635,    IBM   7040,    IBM   360

16                 K         Approximate  running  time:

Special  peripheral  equipment  required: None

Remarks  (special  compilers  or operating  systems,  required  word  lengths,   number  of successful  runs,  other  rna-
chine  ve;sions,  addit'ional  infor-motion-useful  for  operation  or  modification  of program)

Version   available   for   North   Dakota.
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