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MODIFIED    PIPER    DIAGRAMS    BY    THE    DIGITAL    COMPUTER

by

Jesse   M.   MCNellisJJ'   and   Charles   0.   Morganl/

ABSTRACT
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and  aquifer   identification   numbers.

INTRODUCTION

A   trilinear  diagram  was   developed   by   Piper   (1953)   as   an   aid  for  classifying  water  types

and   comparing   the   chemical   relationships   of  water  from   different  sources.      Piper's   diagram

consists   of   two   triangular-shaped  gr`ids.   one   for  plotting   the   cations   and  one   for  the   anions,

and  a   dianond-shaped  grid   for   a   comparative   plot  of  both   cations   and   anions.     The  diamond-

shaped  grid   of   the   origi.nal   Piper  diagran   is   not  as   simply   reproduced   by   a  digital   computer

as   is   a   square-grid  modi.fication   used   by   Dingman   and   Ferguson   (1956).

The   Piper  diagram   is   especially   useful   for   studying   changes   in   chemical   quality   of  water

as   the   water   travels   through   an   aquifer   (Back,1961;   Morgan   and   Winney`,1962).      A  mixture   of

two   types   of  water.   such   as   brackish   and   fresh,  will   plot  on   the  diagram   between   known

analyses   of  the  two   types.

The  mainline   program   for   the   Piper  diagram  was   programmed   and   tested  by   the   authors   at

The   University   of   Kansas   Computation   Center,   Richard   G.   Hetherington.   Director.   as   a   part

of  the   cooperative  progran   between   the   U.S.   Geological   Survey  and   the   State  Geological   Survey

of   Kansas.

Subroutines    (PLOTS.   PLOT4,   RANGE,   ORDER3)    that   plot   the   data   were   programmed   for   the

IBM   1620   in   Fortran   11   by   Donald   I.   Good   (1964).      Revisions   for   use   of   these   plotting   sub-

routines   on   the   IBM   7040   wey`e  made   by   Good   and   Owen   T.   Spitz,   and   subsequently   by   the   authors

i/   Water   Resources   Division.   U.S.   Geological    Survey



for   use   on   the  GE   635.

DESCRIPTION    OF   MAINLINE    PROGRAM

The  mainli.ne   PIPER   program   instructs   the   conputer  to   read,   sort,   and   calculate  milli-

equivalents   per   liter   (me/1)   and   percentages   of  related   cations   and   anions   of   quality-of-

water  data.

The  description   of  the   program   1.s   facilitated   by   the   listing   of   the   FORTRAN   IV   state-

ments   and   the   corresponding   comment   cards   (app.I)   and   the   flow   chart   (fig.1).      Control

cards   (app.11),   which   are   read   before   the  quality-of-water  data.   include   the   following:

1.      AQUNT   --An   array   of  geologic   unit   names.   fomal    and   I.nformaT.   used   in   Kansas,   that

reciuires   150   cards.      These   names   are   arranged   in   a   (4(3A6,   2X))   fomat.

2.      HINC,   VINC   --Control   data   for   the   output   scale   of   the   Piper   diagram.      These   data

are   arranged   in   a   (2F10.0)   format.

3.     TITLE,   IPLOT   --Data   identification   and   diagrans   to   plot   these   data   are   arranged   in

a   (6A6,   4X,loll)   format.

4.      Followl.ng   a   data   group   i.s   a   card   with   Z   punched   in   column   one   in   Al    format.      Thi.s

Z   card   causes   the   program   to   conpute   and   plot   Piper  diagrams   for  a  group.

Cards   numbered   PIP1980   through   PIP2060   occupy   the   position   in   the   program  where   the

quality-of-water  data  are   read.     Data  with   a  different  format  from  that  used   in   Kansas  would

require   changing   the   above   cards.     The   version   of   the   program   listed   uses   data   that  are

arranged   as   descri.bed   in   appendix   11   of   the   report   by  Morgan   and  MCNelli.s    (1969).      The   un-

listed   version   uses   U.S.   Geologi.Gal    Survey   data   cards,   ABCQRS,   descri.bed   dy   Lang   and   Leonard

( 1967 )  .

After  a  set  of  quality-of-water  data   is   read,   the  type  of  analysis   is   checked.     An

analysis   of  water   that,   at   a  mi.nimum,   has   had   Ca,   Mg,   Na,   HC03,   S04,   and   Cl    detemi.ned   is

called   conplete,   and   an   analysis   lacking   any  of   these   ions   is   called   partial.      If   the

analysis   is   partial,   the  progran  goes   to   the  next  data  set;   if  complete,   the  data  are  stored

in   arrays   until   all   the  group   is   read.     When   a  Z   card   is   encountered.   indicati.ng   the  end   of

a  data  group,   the   progran   plots   the  dl.agram   for   the  group.     A   new  data  group   requires   con-

trol   card   3   at   the  begi.nning   and   a   Z   card   at   the   end   of   the  group.
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Figure   1.--Flow   chay`t   for   FORTRAN    IV   PIPER   program.



For  a   data  set   that   is   a   complete  analysi.s,   the   program   instructs   the   computer   to   do

the   followi.ng:

1.      Convert   the   chemical   constituents   from  milligrams   per   liter   (mg/l)   to  mi.lliequi.va-

Tents.per   liter.

2.      Check   for   a   cation   and   anion   balance  wi.thin   2,   3,   or   5   percent.      If   the   ions   do   not

balance,   a   message   ''DOES   NOT   BAL"   and   data   identifying   the   analysi.s   are   written.

3.     Detemine   the   percentages   of   related   cations   and   anions.     These   two   percentages   are

the   "X"   and   "Y"   coordi.nates   representing   the   analysis   on   the   plot.

4.      Assign   an   i.dentification   number   to   each   analysis   that   balances.     This   number   is

printed  on   the   Piper   plot  with   the   plotted   point.

5.      Write   information   identl.tying   each   complete   analysis,   l.ncludi.ng   the   ones   that  did

not   balance.

When   all   the  data   sets   for  a   data  group   have   been   read   and   processed,   the   data   are   plot-

ted   on   a   lo-inch   by   10-1.nch   grid   (fig.    2)   using   subT`outines   prograrmed   by   Donald   I.   Good

(1964).      The   data   on   the   plot   are   arranged  with   cations   Ca+Mg   and   Na+K   plotted   i.n   the   hori-

zontal    .`X"   direction   and   the   anions   HC03+C03   and   Cl+S04+N03   plotted   in   the   vertical    "Y"

di recti on .

The   scale  of  the   cations   Ca+Mg   ranges   from  0   (on   the   left   side   of   the   plot)   to   100   per-

cent   (on   the   right),   whi.le   Na+K   ranges   from   0   (on   the   ri.ght)   to   100   percent   (on   the   left).

The   scale  of  anions   Cl+S04+N03   ranges   from   0   (at   the   bottom)   to   loo   percent   (at   the   top),

and   HC03+C03   increases   fran   0   (at   the   top)   to   100   percent   (at   the   botton).

CONCLUDING    REMARKS

The   Piper  di.agran   (fi.g.   2)   and   the   1.dentification   list  of   analyses   (table   1)   are   the

conputer  output  of  quali.ty-of-water  data   fran   Rush   County,   Kansas   (app.11).

Accuraey  of   the   plot.   whi.ch   is   dependent  upon   the   printer,   is   0.5   of   1   percent   in   the

hori.zontal   direction   and  0.8  of   1   percent   in   the   vertical   direction.      Central   processor   time

on   the   GE   635   was   0.25  minute   for   conputation   of  milli.equivalents   per   li.ter,   checki.ng   cation

and   ani.on   balance,   and   plotting   the   data   points   from   the   71   analyses   on   the   seven   diagrams.

The   total   job   cost  was   $3.00.
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Figure   2.--Piper  diagram  of   Rush   County   quality-of-water  data   as   calculated   and   pT`inted   by
the   digital   computer.



Table   1.--Identification   li.st   of  analyses   plotted   on   Piper   di.agram,   figure   2.

QUsll     COUNTY,     KANSAS

LlsT    OF     COMPLETE    cHEMlcAi     ANAiyses    OF     w^TER     AND     THEIR     ioENTiFicATION    NUMBERs

uHeEQ         WELL     NUMBER

16     low     32CCB
16     17W      L6DC0
16     17W     22AA^

16     low        6DAC
16     low         6DAC2
16    law    loco
16     lew    2TCD0
16      19W      17BAB

16    20W        5880
16     20W     210DC
17     16W     20AAA

17     law     24CCC
',     I,w     20DC0
17     18W     20D^A

17      LOW     28AAD

L7      LOW      33A[D

17     low     33DBC
17     low     34f)BD
17     19W     27DOC

17     20W         5BCB
17     20W         7CA0

17     20W     29CDD
17     20w     36ABB
18      16W      148CC

L8     law     L6f`882
18      1611      l8ACB

18      16W      l9BBA

18      16W      23AAA

18     16w     23ADD
18      L6W     28CD[
1817W     llcDA

18      17W      14COC

18      17W      14CDC

18      17W      l8CCC

18      17W      2ZDA0

18      17W     Z20AD
18     17W     27ABA

18      17W      20BCC

18      17w     30ABB
`8      17W     34BCA
18     low        9^AB
L8      18W      25BCB

18      low     26DOA

18     low     ?7CCB

10     lew     28AAC
La      low     28AAc

18      lew     ZBAAC
ia    low    3ooDc
i8     low     3ir)DA
i8     i8w     34a8B
|fl      law      36DCA
1819W      2lcDB

18     lew     22CBB
18      low     2TAAA

18     20W     14C[P

ia     2ow     i5ccFi
18     20W      l9ACC
IS     20W     l9CCB

18      20W     20ACC

`0     20w     20DCA
i8     2Ow     2OricA
18     2CW      36ABB

19      16W      23DDF`

|917W      27ADD

19     low          3^CA
19     law     27CCB
19     low     24CC8
19     20H         4BqB
`9     2CW     1700C
19     20W     ?6BAA

GEOLOGIC     UNITIS}

DAKOTA     FM

0AXOTA     FM
DAKOTA     FH

D^XOTA     FH

DAl<OTA     FM

O^I(OTA     FM
DAKOTA     FM

D^l{OTA     FM

i>LEisTOcENe    sea
O^KOTA     FH

E0lIAN-FLUV    DEP               CARIIIE    SH
DAKOTA     FM

DAKOTA     FH

DAKOTA     FM

DAKOTA    f M
DAKOTA     FH
DAK01.A     FH

DAKOTA     FM

nAKOTA     FM

PLEISTOCENE     SEB

I)AKOTA     FM

DAKOTA      FM

PLEISTOCENE     SEft
PLEISToCENE     SER
PIEISTOCENE    SER
PIEISTOCENE     SEA
PLEISToCENE     SEA
PLEISTOCENE      SER

0Al(OTA     Ftl
pLeisTOcENE    SER
PLEISTOCENE     SER

PLEISTOCENE     SER

DAKOTA     FM

PIEISTOCENE     SER
PIEISTOCENE     SER
PLEISTOCENE     SEQ

PLEISTOCENE     SER

PLEISTOCENE     SEQ

DAKOTA     FM
r)AKOTA     FM

PLEISTOCENE     SER

DAKnTA     FM
PLEISTOCENE     SEQ

PIEISTOCENE     SER
PLEISTOCENE     Sea
PIEISTOCENE     SEB
PLEISTOCENE     S€Q
DAKOTA      FM

PLEISTOCENE     SER

PLEISTOCENE     SER
PLEISTOCENE     SER

PLEISTOCENE     SER

PLEISTOCENE      SER

Pl[ISTOCENE     SER
PLEISTOCENF     SER

PLEISTflcENE     SER

PLEISTOCENE     SER

PLEISTOCENE     SEB

PLEISTOCENE     SER

EOL  I  AN-FLUV

FIUVIAL     0EP
FLUVIAL      DEP

FIUVIAL      DEP
FLUVIAL      DEP

FLUVIAL     0EP
FIUV'A|     OEP

FluvIAL     DEP
FIUVIAL     0EP
FLUVIAL     0EP

FLUVIAL      DEP

FIUVIAL     0EP
FILIVIAI     Dip
FIUVIAL     0EP
FLUVIAL     DEP

CA-MG           HC03               C^                  MG                  CL               sot
8.28       22.48          3.69         4.39       59.54       17.93
6.79       21.40          2.56          4.22       59.16       19.43
6.04       19.01          2.73          3.32       63.94       17.03
6.4o       i4.33          I.9a         4.42       7o.34       i5.3i

42.89          I.03       33.20         9.69      89.39         9.57
5.58       15.57          2.87          2.70       69.01        15.41
5.89       io.72          3.02         2.a8       63.45       i7.80
9.87       37.85          2.36          7.51       39.87       22.17
5.45       .2.41           I.88          3.58       46.3Z       21.17

2.73       42.04          2.12          0.61       .7.22       10.65
86.50       72.65       T4.65       11.85       10.66       10..L

a.9i       i7.44         2.96         5.96      65.62       i6.B9
4.03        19.81           2.19           I.84       6Z.52        17.63
6.90         6.60          3.06          3.84       8].58          9.81
5.16        Zl.74           3.00           2.17       S7.12       21.13
5.17        21.OL            2.29          2.87       57.68       21.29

10.64       23.27           7.09           3.54       56.10       2U.61
26.80       21.64        15.31        11.49       49.65       28.70
io.66       3o.To          5.25          5.42       37.2a       3i.96

DEP75.53        50.19       55.58        19.95        17.79       32.27
27.06       24.67        12.24       14.82        37.29       37.97

4.00        30.OZ           3.C6           I.83       46.71        23.23
84.03       30.76       73.98       10.05       59.70          7.7j
86.Sl       79.95       74.86       11.94          8.70       10.14
73.67       70.91        63.25        10.42           8.34       20.67
72.83        57.21        61.22        11.62        12.36       29.93
84.10        71.84        72.96        `1.13        16.85        ll.OJ
84.41        7Z.81         72.63        11.58        13.8.        12.91
79.97       64.68       63.04       10.94        11.85       2Z.58
12.40       67.99           3.34          9.07          9.73       22.17
fl5.17        63.16        72.31        12.85        30.89           5.1o
75.60       67.23       63.68       12.00          8.32       23.80
Tl.54      68.4]       69.99         T.55         1.]8      Z3.60

8.60       25.49          4.82          3.78       60.72        13.70
86.09        80.27        74.73        11.36           5.34        14.25
85.01        77.78        75.21            9.80           6.51         15.63
87.26        77.05        75.49        11.77           7.08        13.C)4
81.80       66.67       70.70       ll.to          8.49      2q.22
74.53       63.10       63.50       10.95       14.41       ?I.89
14.87       59.01            7.95           6.92        17.75        22.Z8

5.24       22.32           }.16          2.08       56.13       21.5]
FLUVIAL    DEP                72.IT        64.18        6Z.8}           9.3413.58        21.57

25.43       60.93       16.21           9.21        26.79       12.24
FLUVIAL     DEP                 65.70        53.17        55.0610.6314.69        31.81
FIUVIAL    0EP                82.19        74.26       69.5712.6210.4815.20
FIUVIAL     DEP                 8S.39        77.6175.231).17           7.5514.77
FLUVIAL     OEP                08.86        77.76        76.6712.19           7.2514.9)
FLUVIAL     DEP                82.74       69.96        7q.24           8.Sl        11.4414.70

6.5i       53.i8          4.5i          2.Oi       2a.5i        i8.i8
FLuvlaL    DEP                73.77        5o.99       64.75           9.o2        i2.c)9       34.6¢
EOLIAN-FIUV     DFP91.97         73.5181.46         LO.5L             7.4012.8o
FLUVIAL     DEP                 84.43        67.6173.2711.16            8.1123.43
FLUVIAL     OEP                 87.76        65.65        73.19        L4.57           6.50       27.76
FLl'VIA|     OEP
FLUVIAL     DEP

FluvIAL     DEP
FLllvIAL     0EP

FIUVIAI     DEP
FLuviAi     I;ep
FIUVIAL     DEP

DAKOTA     FM

PLEISTOCENE     SEA                  DAKOTA     FM

DAKOTA     FM

E0lIAN-FIUV    DEP                DAKOTA    FM
0AKOTA     FM
r)AKOTA      FM

DAKOTA     FM

DAKOTA     FM

DAKOTA     F.

89.L5        71.09        77.28        `1.87
88.55       67.10       75.55       12.99
84.7J        73.23        71.32        13.4o
77.61        65.02        63.50        14.11
78.65       )T.90       64.80       13.84
90.67       74.68       81.86          8.82
q3.6C)       T6.20      T9-02      \4.6T

5.08       29.28          3.16          I.92

8.25       18.26
0.45       72.3.
5.01        20.8,
9.0\       Z5.Oq
8.01        53.45
4.29        20.11
4.79        17.,0

47.49       23.20
87.45       46.70       75.59       11.86       30.4]       ls.99
S5.83       82.06       31.77       24-06          9.82          6.89
S8.59       63.91        77.29        11.)0        14.38       ZO.44
25.48       60.88        12.30       13.18       ?I.64           7.27
16.82       46.38          9.49           7.33       26.81        26.6L
6.JO       37.98          ).46         2.91       )2.60      29.39
4.86       38.70           I.74          3.L2       38.26       2Z.89
7.7i       42.57          2.64          5.07       27.40      29.a3
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endix   I.--Listin
APPENDIXES

of   FORTRAN    IV   statements    in   PIPER

PIPER00                    PROGRAM    T0     PRINT      PIPER     DIAGRAMS

WATER     ANALYSES.     U.S.GEOL.     SURVEY     GROUND-WATER     NOTE      12.
14P.     AND    HEM,     J.D.,1959,     STUDY     AND     INTERPRETATION    0F
THE     CHEMICAL     CHARACTERISTICS     uF     NATURAL     WATER.     U.S.GEOL.
SURVEY.     WATER-SUPPLY     PAPER     1473,      P.182-184,233.)

PIP--___ ---- _ ---- _-__ ------------------------------------------------ p I p
PIPER---PROGftAM     TU    WRITE     PIPER    DIAGf}AMS     (PIPER.     A.M.,      1953,     A                    PIP

r,RAPHic     pRoCEDURE     IN    THE    GEocHEMICAL      INTERPRETATloN    oF                plp

PIP
PIP
PIP
PIP_ ---- __--___--__-__--_ -------------------------------------------- p I p

R£3S:SM8:§i;T#;S:RB.,   S§85:Liiw3:Rc::A3|ESA8.   M°RGAN                                        :!3
DATE--AUGUST    1965
LANCUACE--FORTRAN     IV                                                                                                                                                                           PIP-__-____-_---___-__-_--___-_ -------------------------------------- p I P
PROGRAM     PIPER     REQUIRES     7     SUBROUTINES     PloT5.     PLOT4,     RANGE,      SETTR1,     PIP

i::::it[%::C5L3S:?.p£::4:RRER3:,    AND   ORDER3   WERE                                                     ;:;
PROGRAMMED    BY    D.I.     GOOD-SEE    GOOD,D.I„      1964,      FctRTRAN     11     TREND     PIP
SURFACE     PROGRAM    FOR     IBM     1620.     KANSAS     GEOL.     SURVEY     SPEC.                             PIP
DISTRIB.     PUB.14t    54P.                                                                                                                                            PIP____-_---_--__-__--_-_-_--__-___-_ -------------------------------- P I P

INPUT    DATA     ARE     KANSAS     WATER-OuALITY     CARDS.      0lJTPUT     IS     2     TABLES     AND     PIP
7     PIPER    DIAGRAMS                                                                                                                                                                                   PIP--_._-_ ----- _-__--_-_____-____ ------------------------------------ P I P

_--___-___--__-____--______--_____I --------------------------------- P I P
EXPLANATION    0F     OUTPUT                                                                                                                                                                             PIP----- __-____-_____--_-_--_--_____`-_ ------------------------------- P I P

TWO     TABLES     ARE     PRINTED

ONE      LISTS     COMPLETE     CHEMICAL      ANALYSES     AND     THE     NUMBER

TliAT     REPRESENTS     EACH    ANALYSIS    0N    PloTS     lt     4i
AND    6.
THE     OTHER     LISTS     GEOLOGIC     UNITS     AND     THE     NUMBER     THAT

REPRESENTS     EACH    GEOLOGIC    UNIT     CIN     PLOTS     2,      3,      5,     AND
7.

SEVEN     PIPER     PloTS     CAN    BE     PRINTED
I     =     Plot    0F     PERCENTAGE     REACTING    VALUES     (CATI0NS

PIP

PIP
PIP
PIP
PIP
PIP
PIP
PIP
PIP
PIP

VERSUS     ANI0NS}     NUMBERS     PLOTTED     IDENTIFY    ANALYSES.PIP
PLOT     AS     ABOVE,      NUMBERS     PLOTTED      IDENTIFY     GEOLOGIC     PIP

UNITS.                                                                                                                                                        plp
PloT     AS     AB0VEi     AVEPAGE     BY     A0ulFER.                                                        PIP
TRllINEAR     PLOT     0F     PEBCENTAGE     REACT[NC     VALUES    UF         Pltj
CAT[ONS,      NUMBERS     PLOTTED     IDENTIFY     ANALYSES.

TRILINEAR     PLOT      AS      ABOVE,      NUMBERS      IDENTIFY

GEOLOGIC     UNITS.
TRILINEAR     PLOT     0F     PERCENTAGE    REACTING    VALUES    0F
ANI0Nsi     NUMBERS      IDENTIFY     ANALYSES.
TRILINEAR     PLOT     AS     ABovE,     NUMBERs     ir]ENTIFv
GEOLOGIC    UNITS.

ANALYSES     ARE     CHECKED     FOR    COMPLETENESS     AS     ONLY     COMPLETE    0NES     ARE

USED    0N     THE     PLOTS
CONPIETE     ANALYSES     ARE    CtiECKED     FOR    A     BALANCE    0F    THE    CATI0NS    AND

PIP
PIP
PIP
PIP
PIP
PIP
PIP
PIP
PIP
PIP

ANIONs     15    PERCENT     IF    DlssoivED    sOLIDs    ARE     loo   MG/L    in    LEss,           plp
3     PERCENT     IF    I)lssoLVED    SOLIDS     ARE    FROM     Iol.THROUGH    250    MG/L,             PIP
AND    2     PERCENT     IF     DISSOLVED    SOLIDS     GREATER     THAN     250    MC/LI                            PIP-____---___-______--__-_---_--_-_---------------------------------PIP

EXPLANATlt]N    0F     INPUT     CONTROL     CARDS                                                                                                                            PIP-_---_--_-_____-_-___-_-_-__--_ ----------------------------------- P I P
CARDS     THAT     REMAIN    UNCHANGED                                                                                                                                        PIP--___-_ ---- __-_-___ ------- _--__ ----------------------------------- p I p

10
20
30
40
50
60
70



150    CARDS    -    AQUNT
PUNCHED     IN    A     413A6.2X)     FORMAT

AQUNT     =     GEOLOGIC    UNITS     FOR     KANSAS

I    CARD   -HINci    VINC--
PUNCHED     IN    A    2Flo.0    FORMAT

HINC        =     HORIZONTAL      INCREMENT    0F    PLOT
VINC        =     VERTICAL      INCREMENT    0F    PLOT

PIP   600
PIP    610
PIP    620
PIP    630
PIP    640
PIP    650
PIP    660
PIP    670--_--____---__-__-_---__ ------------------------------------------ PI P  680

CARD     THAT     IS     ARRANGED     FOR     EACH     DATA    G&OUP                                                                             PIP     690_-_---__--_-_--___---___ ------------------------------------------ P[ P  700
I    CARD    -TITLE,     IPLOT

PuNCHED     IN     A    6A6t     4X,      7AI     FORMAT
TITLE=    TITLE    0F    PROJECT     (E.G.    BUSH

COUNTYt     KANSAS).    LEFT-HAND

DATA    GROUP.

PIP    710
PIP    720
PIP    730
PIP    740

JUSTIFIED     IN    COLUMNS     1    THROUGH     36.PIP     750
IPLOT    =     PIPER    PLOTS    T0    BE    PRINTED.     PUNCH     IPIP    760

IN    THE    FOLLOWING    C0luMNS    FOR
PLOT     NEEDED.

C0luMN    41    -    SQUARE    PLOT    0F
PERCENTAGE

PIP   770
PIP    780
PIP    790
PIP   800

REACTING    VALUES         PIP     810
0F    CATI0NS    VERSUSPIP     820
ANI0NS-ANALYSIS    PIP    830
NUMBER                                         PIP     840

COLUMN    42    -AS    ABOVE-GEOLOGICPIP    850
UNIT    NUMBER.                   PIP    860

COLUMN    43    -AS    ABOVE-AVERAGE     PIP    870
BY    GEOLOGIC     UNIT     PIP     880

COLUMN    44   -TR[LINEAR    PLOT    0FPIP    890
CATI0NS.    ANALYSISPIP    900
NUMBER                                          PIP    910

CCLUMN    45    -AS     ABOVE-GEOLOGICPIP     920
UNIT    NUMBER                       PIP     930

COLUMN    46    -TRILINEAR    PLOT    0FPIP     940
ANI0NS.    ANALYSIS    PIP    950
NUMBER                                         PIP     960

COLUMN    47    -AS     ABOVE-CEOLOCICPIP     970
UNIT    NUMBER                       PIP     980-_---__-_-____ ---------------------------------------------------- p I p  99o

A     CARD     WITH     A     Z     PUNCHED     IN    THE     FIRST     COLUMN     MUST     FOLLOW     EACH                        PIplooo

PI  P10|O--__--__---_____ -------------------------------------------------- p I P I o2 o
__________-__ ---- _ ------------------------------------------------ p I p I o3o
DIMENSION    NOAC)(2001,     Rxllooo),     CX(1000).     CY(10001,     AX(10001,     AYl10PIP1040

loo)i     IploT(lo),    TITLE(61,    AQUNTll800)                                                                                                    PIP1050
COMMON     /MLN/     MAP(122)
COMMON     /DEcor.E/     NA(37)

1AB  (  500)
REAL     LPI
WRITE      '6,1'

I    FORMAT     llH1)-__----------------------------______

SET     UP     NA    AND     JREF     ARRAYS

_------------------------------------_
JREF  11  ) =JARBO  (391

CO"ON    /DTA/    JARBO(52).JREF(12)                                                                                                                        PIPIO80
COMMON    /INr)T/    PCAN(iooo).pCcAliooo).px(looo),IER(5oo),ITA815ool.KTPIplog0

PIP1060
PIP1070

PIP||00
PIplllo
PIP1120
PIP1130
PI Pl 140
P ( P I 150
PI P 1160
PIP1170
PIpl|80
PIpll90

9



10

JREF ( 2 ) =JARBO ( 40 )
DO    21=1,10

2    JREFl[+2)=JARBO(I+27)
DO    3    I=lL,36

3    NA(I)=JARBO(I-10)
DO    41=1,10

4    NA(Il=JARBO(I+27)
NA  ( 37 )  =JARBO ( 52 )

READ    GEOLOGIC     UNIT     ARRAY-AQUNT

READ     (5t5)      IAQUNTlll,I=l,18001
5    FORMAT     (413A6i2X))

CPI-COLUMNS    PER     INCH

LPI-LINES    PER     INCH

MXHP-Wll)TH     0F     OUTPUT     IN    COLUMNS

HINC-HORIZONTAL     INCREMENT

VINC-VERTICAL     INCREMENT

CP[ =10,
LPI=6,
MXHP=132
READ      15t6)     HINC,VINC

6    FORMAT     (2Flo.O)
7    DO    81=1,200
8    NOAO(I'=O

IK=0

READ     TITLE     AND     PIPER    DIAGRAMS     T0    BE     PLOTTED

READ     (5,9)      (TITLE(I),I=l,6)®(IPLOT(I)il=lil0)
9    FORMAT     16A6,4X,loll)

PIP1200
PIP12|O
PIP1220
PIP1230
PIP1240
PIP1250
PIP1260
PIP1270
PIP1280
PIP1290
PIP1300
PIP13|O
PIP1320
PIP1330
PIP1340
PIP1350
PIP1360
PIP1370
PI  P1380
PIP1390
I, I P I 4 0 0
PIP1410
PIP1420
PIP1430
P I P 1440
PIP1450
PI P1460
P I P I. 4 70
PIP1480
PI  P1490
PIP1500
PIP15|O
PIP1520
PIP1530
PIP1540
PIP1550
PIP1560
P I P I. 5 7 0
PIP1580
PIP1590
P I P I. 6 0 0
PIP16lo
PIP1620-----------------------------------------------------------------PIP1630
PIP1640

ZERO    CORE                                                                                                                                                                                                            PIP1650
PI  P1660----------------------------------------------------------------- P I P 16 70

DO    10    J=|,|OO0
PCAN ' J)  =0-0
PCCA ( J ) =0. 0

10    PX(Jl=0-O

WRITE     TITLE

WRITE      (6,11)      (TITLE(I)il=1i6)
11     FORMAT     (lx,6A6}

WRITE      16tl2l

PIP1680
PI  P1690
PIP1700
PIP17|O
PIP1720
PIP1730
PIP1740
PIP1750
PIP1760
PIP1770
PIP1780
P I  P 1790



12    FORMAT     I//1                                                                                                                                                                                                 PIP1800
WRITE     (6.13)                                                                                                                                                                                              PIpl810

13    FriRMAT     (4x.78HLTST    OF    COMPLETE    cHEMlcAL     ANALysEs    OF    WATER    AND    THElplpi82o
lR    IDENTIFICATI0N    NUMBERS        //)                                                                                                                                   PIP1830

C------------------------------------------------------------------plp184o
C                                                                                                                                                                                                                                           plp185o
C                    WRITE    HEAI)ING    FOR     II)ENT[FICATloN    LIST     0F    WATER     SAMPLES                                              PIP1860
C                                                                                                                                                                                                                      plpl87o
C------------------------------------------------------------------plpL88o

WRITE      (6,14)
14    FORMAT     (64H         IDEN.     NUMBER        WELL     NUMBER

IUNITIS)          ®2lx.45HCA-MG           HC03                CA                   MG
JX=O

READ     QUALITY    0F     WATER    DATA

PIP|890
DATE           DEPTtl       GEOLOGIC     PIpl900

CL             Sn4                  /)       plpiglo
P I P 192 0
P I P I. 9 J 0
P I P I 94 0
PIP1950
PIP1960
PI P 1970

15    READ     (5,16}      IKC,LST,LC01,LC02,LTP,LftG.LWE,LSC.LlliL12,L13tL14iKMO®PIpl980
lKDA®KYB,KWDiKTY,Slo,AL.FE.ANN.CA,AMG,ANA,AK.HCO,CO,S0tcL,ICNI                    PIpl990

16    FORMAT     (4A1,2A2,A1,A2,4A1,3A2.A4.Al.2F3.0,F5.O,F3.0,F6.0,F5.0®F6.OPIP2000
I;E3ip:E:E8::ii3:;;.gaF?a°3!"['                                                                              :i;28!8

READ     15,17)     LFl,LF2,FL,AND,PO,BO,DS,HO,ANC,ALK,FCO,SAR,RSC,AKlotpHPIP2030
lilcoLilEMptlTY,lsouR,ICN2                                                                                                                                      PIP2040

17   FORMAT     (15X,213,F3.O,F5.0,2F3.0,F6.0,f:5.0,2F4.O,3F3.0,F6.OtF3.Oil2PIP2050
l'13.Il'AL'I|)                                                                                                                                                                       plp2o6o__-_-_--___---_---____ ------------------------------------                p ( p 2 0 7 0

CHECK    FOR    COMPLETE    ANALvsls                                                                                                                                          :!32888

PIP2|00_--__--___--__-__-_ ---------------------------------------                p I p2 I I 0
IF     ICA.GT.O..AND.AMC.GT.0..AND.ANA.GT.0..AND.HCO.GT.0..AND.SO.GT.OPIP2120

1..AND.CL.GT.0.)     G0    T018
G0    TO    15

DECODE     GEOLOGIC     UNIT

18    IF     ILF1.LE.0)     LFl=599
LF Ml= ( LF I *3 ) -2
LF M2 =lF Ml +2
IF     (LF2.IE.O)     LF2=599
lF 1113= (  LF2 *3 ) -2
LFM4=LFM3+2

lF     (KTY.EQ.NA(12))     AMC=AMC*10.
IF     (KTY.Eq.NA(12)l     SO=SO*lo.
IF      IKTY.EO.NA(L2))      ANA=ANA*10.
SI O=Sl 0*0.I
A|=A|*0.1
BA L=AL*. I I I l9
fE=FE*O.0l
BFE=FE*.05372
A MN=A MN* O. 0 I

P[P2130
PIP2140
PIP2150
PIP2160
PI P2| 70
PIP2180
P I P 2190
PIP2200
PIP22|O
P[P2220
PIP2230
PI P2240
PIP2250___-__ ---- ___-___-_ ----------------------------------------------- p I p 2 2 6 o

DECIMALIZE     CHEMICAL     CONSTITUENTS     AND    CALCULATE    ME/L                                                          :i:22:8

PIP229U--______---__--__ ------------------------------------------------- p I p 2 3 oo
P'P2310
PIP2320
PI P2330
PI P2340
PI P2350
PIP2360
PIP2370
PIP2380
PIP2390

11



B MN=AMN*. 03640
CA=CA*0.I
BCA=CA*.04990
AMG=AMG*0. I
BMC=AMG*.08224
ANA=ANA*0. I
B NA =A NA *. 04 3 5 0
AK=AK*0.I
BK=AK*. 02558
BHCO=HCO*.01639
BCO=CO*. 03333
SO=SO*0.I
B SO= SO*. 02 082
CL=CL*0.I
Bcl=Cl*.02820
F L=f: L * 0. I
BFL=FL*.05263
ANO=ANO*0.I
BNO=ANO*. 01613
PO=PO*0.I
BPO=PO*. 03159
80=80*0.01
PH=PH*0.01

CHECK    CATI0N-ANI0N    BALANCE    0F    ANALYSIS

CATI0N=BK+BMN+BCA+BMG+BNA
ANI0N=BHCO+BCO+BSO+BCL+BFLtBN0
IF    I0S.GT.loo.)    G0   T019
AN1=.475
AN2=.525
G0    TO    21

19    IF    {DS.GT.250.)    G0   TO   20
AN|=.485
AN2=.515
G0    TO    21

20   AN1=.49
AN2=. 51

PI P2400
PIP24|O
PIP2420
PIP2430
PIP2440
PIP2450
PIP2460
PIP2470
PIP2480
PIP2490
PIP2500
PIP25|O
PIP2520
PIP2530
PIP2540
PIP2550
PIP2560
P[P2570
PIP2580
PIP2590
PI P2600
PI P26|O
PIP2620
PIP2630
PI P2640
PI P2650
PIP2660
PIP2670
PI P2680
PIP2690
P I P 2 7 00
PIP27|O
PIP2720
PIP2730
PIP2740
PIP2750
PIP2760
PIP2770
PIP2780
PIP2790

21     |F     ((ANI0N/(ANI0N+CAT[ON)}.CE.ANl.AND.(ANI0N/(ANloN+CATI0Nl).LE.ANPIP2800
12)     C0    TO    23                                                                                                                                                                                             PIP2810

CATI0N=CATI0NtBFE                                                                                                                                                                        PIP2820
IF     (lANI0N/(ANI0N+CATI0N)).CE.ANl.AND.(ANI0N/(ANI0N+CATI0N)}.LE.ANP[P2830

12)    G0    TO   23                                                                                                                                                                                     PIP2840
C------------------------------------------------------------plp285o
C                                                                                                                                                                                                                                 plp286o
C                     IF     ANALYSIS    DOES     NOT     BALANCEi     WRITE     EBROR    MESSAGE                                                                  PIP2870
C                                                                                                                                                                                                                                     plp288o
C-----------------------------------------------------------plp289o

WRITE      t6,22l      LTP,LRG.LWEiLSC,LIL.L12®L13iL14,KM0tKOA,KYR,KWDilAQUNPIP2900
lTl]},I=LFMltLFM2),(AQUNT(llil=LFM3iLFM4)                                                                                                PIP2910

22    FORMAT     (lxtl5HDOES    NOT     BAL.         iA2,lx,A2tAlilx,A2.4Alt4X,A2,1X,A2,1XPIP2920
I,A2®7XtA4,7X,3A6i3X®3A6)                                                                                                                                                      PIP2930

C0    T0    15                                                                                                                                                                                            PIP2940

12

JX=JX+I                                                                                                                                                                                       plp2950---__--__-______-_ --------- _ -------------------------------------- P I P2 960

DETERMINE     PERCENTAGE     CATI0NS
PIP2970
PI P2980
PIP2990



_---__-__ ---- _ ----- _ ---------------------------------------------- P I P 3000
CATl=BCA+BMG                                                                                                                                                                                                   PIP30lo
CAT2=BNA+BK                                                                                                                                                                                                      PIP3020
PCANIJxl=C^Tl./(CAT1+CAT2}*100.                                                                                                                                PIP3030
--_-_______---_____-____ ----------------------------------------    P I P 3 040

PIP3050
OE:TERMINE     PERCENTAGE     ANI0NS

-_-_--__-------------------------.----------------------_-______
ANl  I =B SO+BC L+BN0
AN12=BHCO+BC0
PCCA I  J X ) =AN12 /  I AN I I +AN[ 2  ) * loo.
P MG =B MG / I B MG+ BC A+ BNA+ BK )
tJC A=BCA /  ( BMG+BC A+ BNA+BK )
P S04=B SO/  I a SO+ BHCO+ BCO+BC L  )
PC  L=BC  L/ (  BSO+ BHCO+BCO+BCL )
XCA=PCA*loo.
XMC=P MG* I 00,
XC L =PC L*100.
X SO= P S04 * I 0 0 .
C Y ( JX I  =PMG*. 86603 *l oo.
CX ( JX}  = (  ( 1. 0-PCA) -(. 5000*PMG )  ) *100.
AY I JX ) = PS04*. 8660 3 *100.
AX ( JX ) =  ( PCL+ ( . 5000*PS04 )  ) *100.

PX(JX)=JX

PI P3060
PIP3070
PI P3080
PI P3090
PIP3100
PIP3|10
PIP3120
PIP3130
PIP3140
PIP3150
f, I P 3 I 6 0
PIP3170
PIP3180
PI P3190
PIP3200
PIP32|O
PI  P3220
PIP3230-__--_-_--_______-------------------------------------------------p'p3240

ASSIGN    IDENTIFlcATloN    NUMBER    TO    ANALysls                                                                                             3i332:8

PIP3270___-_____-_-________ ---------------------------------------------- p I p ?2 80
PIP3290--___ -___-___-_-_--_ ---------------------------------------------- p I p 3 3 oo

XRi[:s!3:N:i:i83::°#NT¥MR:::t:;:Lp:::::5iG:A:i:::gs?A::DOE                   ;i;i::i
PERCENTAGF     ANI0NS

2 XC A  ,  XMG  .  XC  L  i  X S 0

P[P3340
PIP3350______-_-_____--___ ----------------------------------------------- p I P 3 36o

WRITE      16i24)      PX(JX),LTP,lRG,lwE,LSC.Ill,L12,L13,L14,KMO,KDA,KYR,KWPIP3370
10 i  lAQUNT (  I  )   ,I =Lf Ml  ,LFM2  )  ,I  AQUNT  (  I  )  ,1= lFM3,  L FM4 )  , PCAN  (  JX  )  , PCCA  (  JX 1  ip I P3380

PIP3390
24    FORMAT     (2X.F7.0,6X.A?.IX,A2,Al,lx,A2,4Al,2X,A2.IX,A2,1XiA2,1XtA4,3PIP3400

1 X , 3A6 , I x. 3A6 , 6F7 . 2 )
00    251=1,200
IF      llFl.EQ.NOAQ(I))     G0    TO    26

25    CONTINUE

IK=lK+1
NOAO (  I K I  =LF  I

DK=1K

G0    TO    27
26    DK=1
27    RXIJX)=DK

IF     (lF2.EO.599)     G0    TO    31
DO    281=1,200
IF     (LF2.Eo.NOAQ(I)i     r,o    To    29

28    CONTINUE
IK=IK+I        .
NOAQ (  I  K ) =LF2
DK=IK

C0    TO    30
29   0K=I

PIP34|O
P I P 3420
PIP3430
PIP3440
PIP3450
P I P 3460
PI  P3470
PIP3480
PIP3490
PIP3500
PIP3510
PIP3520
PIP3530
PIP3540
PIP3550
PIP3560
PIP3570
PIP3580
PIP3590

13



14

30    RX(JX)=(RX(JX)*100.)+DK
31    G0    TO    15
32    IF     (JX.GE.1000)    NDcl=4

IF     (JX.LE.999)     NDGl=3
IF     (JX.LE.99)     NDcl=2
|F     (JX.LE.9l     NOGl=1
VDC T= 0,
DO    33     I=1,JX

33     VDGT=^MAX1(VDGT,RX(I))

NDCT=VDGT

IF     (NDCT.GE.1000)     NDG2=4
IF     (NDCT.LE.999)     NDC2=3
lF     (NDGT.LE.99)     NDG2=2
IF      (NDGT.LE.9)     NDG2=1
IF     IIK.GE.loo)     NDG3=3
|F     (IK.IE.99l     NDG3=2
IF      ((K.LE.9)     NDG3=L
REWINr)     I

00   34    I=|,JX
WRITE      (I)     RX(I)ipcAN(I)ipccA(I)

34    CONTINUE
'X=JX
)F     (IPLOT(ll.NE.LI     G0    TO    38

CALL     SUBROUTINE     PLOT5®     A     PLOTTING     RCUTINE     PROGRAMMED    BY    DON     GOOD

NDG=NDGI
WRITE     (6i35)      (TITLE(I)il=l|6)

35    FORMAT     llHl,6A6,//I
WRITE      (6.361

PI P3600
PIP36|O
PIP3620
PIP3630
PIP3640
PIP3650
PIP3660
PIP3670
PIP3680
PIP3690
PIP3700
PIP37|O
PIP3720
P I  P3730
I) I P 3 74 0
PIP3750
PI P3760
PIP3770
PIP3780
PIP3790
PIP3800
PIP38|O
P I I, 3 82 0
PIP3830
PIP3840
PIP3850
PIP3860
PIP,870
PI P3880
PIP3890
P I P 3900
PIP3910

36    FORMAT     15X.99HPIPER    DIAGBAM    0F    CATI0NS     PLOTTED    VERSUS    ANI0NS.        CA     PIP3920
I+     MC     (0-loo)     AT    TOpt     NA    +    K     (loo-0)     AT     BOTTOM,     /5X®62HHC03    +    303     lpIP3930
20-100}    ON    LEFT,    CL    +    S04    +    N03     (loo-01    ON    RIGHT.        ///5Xt26HSCALE-lpIP3940
3    INCH    =    10    PERCENT.//)                                                                                                                                                       PIP3950

WRITE     (6,37)                                                                                                                                                                                                  PIP3960
37    FORMAT     (5X.35HNUMBERS     PLOTTED     IDENTIFY     ANALYSES.      )                                                              PIP3970

CALL    PLOTS     (Ixio.tll5.iHINct-.8J3333tloo.,VINC,NDG,CPI,lpI,MXHP,I)PIP3980
38    WRITE     (6,35}      (TITLE(I)il=lt6)                                                                                                                                   PIP3990

WRITE     16t39)                                                                                                                                                                                              PIP4000
39    FORMAT     (5X,52HGEOLOGIC    UNIT     IDENTIFICATloN    NUMBERS     FOR     PIPER    PLOT     PIP40lo

\11,
DO    4L     I=L,IK
LFM1 = { NOAO (  I  )  *3 ) -2
LF M2=lF M I +2
WRITE      (6,40}      I,lAOUNT(Nl,N=LFMl.LFM2)

40    FORMAT     (lx,15,3H    =     ,3A6)
41     CONTINUE

IF     (IPLOT(2).NE.I)     G0   TO   44
REWIND    I

DO    42     I=1,JX
READ     (11     RXI[}ipcANII)tpccAul

42    PX(I)=RX(I'
NDG=NDG2

WRITE      (6,35)      (TITLE(I),I=l,6l
WRITE      (6i36)
WRITE      (6043)

43    FORMAT     (5Xt44HNUMBERS     PLOTTED     IDENTIFY     GEOLOGIC     UNITS                     )

PIP4020
PIP4030
PIP4040
PI P4050
PIP4060
PIP4070
PI P4080
PIP4090
PIP4|OO
PI P4||O
PIP4120
PIP4130
PIP4140
P I I) 4 I 5 0
PIP4160
PI P4170
PIP4180

CALL    PLOTS     IIxto.tll5.iHINct-.833333tloo.ivINciNDGicpltLpltMXHP,2lpIP4190



44    IF     (IploT13}.NE.I}     C0    TO    52
REWIND     I

DO   45    I=l,JX
READ      (I)      RX(Il,PCAN{I)ipccA(I)

45    CONTINUE
DO    48     I=l,IK
IAVCNT=O
WX=0,
PC =0.
PA=O-
DO    47    J=|,JX
NAO=R X ' J '
IF     II.EQ.NAQ}     G0    TO    46
G0    TO    47

46    PC=PCCAIJl+PC
PA=PCAN  (  J ) + PA
hx=WX+I.

47    CONTINUE

IF     twx.IT.I.)    G0   TO   48
PX(I'=(
PCCA  (  I  )  =PC / WX
PC AN (  I  )  =PA/WX

I A VC N T= I A VCNT+ I
48    CONTINUE

I  X=l  K
NDG=NOG3
WRITE     (6i35)      (TITLE(Ilil=li6)
WRITE      (6t36)
WRITE      16.49)

49    FORMAT     15X,65HAVERAGE    PloT     BY    GEOLOGIC    UNIT.     NUMBERS     IDENTIFY    CEOLPIP4490
1::::EX%!;;?T!OHO  To  51                                                                                              ::;i;:i

50    FORMAT     (///lox,47H***MULTIPLE    AQu[FERS    -N0    AVERAGE    PloT    POSSIBLE/PIP4530
1  LH  I  )

G0     TO    52

52     IX=JX
VNC =V I NC

IF     (VINC.GT.I.665.AND.VINC.LT.I.668)    VNC=l.73206
IF     (IPLOT(4).NE.I)     C0    TO    55
DO    53     I=1,JX
PCCA  (  11  =C  Y  (  (   )

PCAN  (  I  )  =C  X  (  I  I

53    PX(I)=I
NDG=NDGI
WRITE      (6,35)       (TITLE(I),l=l.6)
WRITE      16,54)

PIP4200
PI P4210
PI P4220
PIP4230
PIP4240
PIP4250
PIP4260
PIP4270
PI P42 80
P I P 42 90
PIP4300
P I P43| 0
PI P4320
P[P4330
PIP4340
PIP4350
PIP4360
PIP4370
PI P4380
PIP4390
P I P 4400
PI  P4410
P I P442 0
PIP4430
P I P4440
P I P4450
PIP4460
PIP4470
PI P4480

PIP4540
PIP4550

51    CALL    PLOT5     tlx,0.,115.,HINC.-.833333,loo..VINC,NOG,CPI.LPI,MXHP,3)PIP4560

P I t) 4 5 7 0
PI P4580
PI P4590
P I P4600
PIP46|O
PIP4620
PIP4630
PIP4640
P I P4650
P[P4660
PIP4670

54    FORMAT     (5X,72HTRILINEAR     PLOT     0F    CATI0NS.        MG    0N    IEFT.     NA    +    K    0N    RIPIP4680
lGHT,        CA    0N    BOTTOM.     ///5X,27HSCALE-I     INCH   =     10    PERCENT.     //)                         PIP4690

WRITE      (6,37)
CALL    PLCJT5     (IX,0.,104.,HINC,87.46903,0.,VNC,NDC,CPI|LpltMXHpi4)            PIP4710

55    IF     (IploT15).NE.I)     G0    TO    57
00    56    I=1,JX
PCCA  I  I  )  =C Y (  I  I
PC  AN  (  I  )  =C  X  I  I  )

56    PX(I)=QX„)
NDG=NDG2
WQITE      16,351      ITITLE(I).I=lt6)
WRITE      16.54)

PIP4700

PIP4720
PIP4730
PIP4740
PIP4750
P I P4 760
PIP4770
PI P4780
PI P4790

15



WRITE      16.43}
CALL    PLOTS     ux,0.  il04.,tllNct87.46903,0.ivNC,NDG®CPI,LPI®MXHP,51

57    IF     (IPLOT(6).NE.I}     G0    TO    60
DO    58    I=|,JX
PCCA  (  I  )  =AY (  I

PCAN(  I  '  =AX'  I
58    PX(Il=I

NDG=NDGI
WRITE     (6t35)      lTITLE(Iltl=li6)
WRITE      (6,59)

59    FORMAT     (5X,75HTR[LINEAR    PLOT    0F    ANI0NS.        HC03    +    C03    0N    LEFT,     S04    0P[P4900
lN    RIGHT.    CL    0N    BOTTOM.    ///5Xi27HSCALE-1     INCH    =    10    PERCENT.     //)

WRITE      (6,371
CALL    PLOTS     (IX,0.tl04.,HINC®87.46903to.,VNC®NDG.CplilpI,MXHP,61

60    IF     (IPLOT17).NE.1)     G0    TO    62
DO    61     I=|,JX
PCCA  (  (  )=AY (  I  )
PCAN I  I  I  =AX (  I  )

61    PX(I'=RX(I)
NDG=NDG2
WRITE      (6,35)      lTITIE(I),I=1,6)
WRITE      16i59)
WRITE      (6,43)
CALL    PloT5     (IX.0.il04.,HINC.87.46903,O..VNC,Nl)G,CpliLpltMXHP.7)

62    lx=O
WRITE       (6®1)

G0    TO    7
ENr)

PLOT5000               SUBROUTINE    PLOT5

16

P[P4800
PIP48|O
PIP4820
PIP4830
PIP4840
PIP4850
PI P4860
P[P4870
PI P4880
PIP4890

PIP4910
P I P4920
PIP4930
PIP4940
PIP4950
PI P4960
PIP4970
PIP4980
PI P4990
PIP5000
PIP50|O
PIP5020
PIP5030
PIP5040
PIP5050
PI P5060
PI P5070-

PT5
SUBROUTINE     PloT5      (NiHL®HR®HINC,VT,VB,VINC®Nt)G®CpltLpltMXHP.IPLT)         PT5

COMMON    /I NOT/    H ( 1000  )  tv  ( 1000  )  ,Z 11000 ) ,  IERl  500 ) .  I TABl  500 ) .KTAB  (  500 ) PT5
corMON    /OTA/    JARBo(52i.JBEF(12)
REAL    LPI
IF     (tHl.LT.HR).AND.IHINC.LT.O.0))     H[NC=-HINC
IF     ((HL.CT.HR).AND.(HINC.GT.O.0))     HINC=-HINC
IF     ({VT.GT.VB).AND.(VINC.GT.0.0)l    VINC=-VINC
IF     llvT.LT.Vf)}.AND.IVINC.LT.O.0))    VINC=-VINC
N SH T=|
OHR=HR
TH P=M XH P-10-NDG
IF     (HINC.GT.0.0}     G0    T01
IF      (CIHR.IE.HL+HINC*THP}     G0    TO    3
G0    Tn    2

I     IF     (OHR.CE.HL+HINC*THP)     G0    TO    3
2     NCOL=(OHR~HL)/HINC

FNCL=NC0L
IF      IABS(FNcl*H[NC}.LT.ABS(OHR-tlL}  )     NCOL=NCOL+I
NCOL=NC0l+NDG
r,0   TO   4

3    NCOL=MXHP-10
4     VEXG=ABS(   IHINC*CPI  )/   (VINC*LPI  )   )

FNCL=NCOL-NDG
HR =H L+ F Nc l*H I NC
1=0

PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
PT5
I)T5

PT5
PT5



K=N
5     1=1+I

IF     (I.GT.K)    C0    Toto
IF     (VINC.GT.0.O)     G0    TO   6
IF     (V(I).GT.VT.OR.V(I).LT.VB)     G0    TO    9
C0    TO    7

6    IF     (Vl[).LT.VT.OR.V(I).CT.VB)    G0   TO    9
7    IF     IHINC.LT.0.0l    C0   TO   8

IF     (H(I).r,T.HR.OR.Hil).LT.Hi)    GO   TO   9
C0    TO    5

8    IF     (H(I).LT.HR.OR.H(I).GT.Hl)    G0    TO    9
G0    TO    5

9    DUM=V(I'
V I I  I  =V 'K'
V  (  K)  =DUM
DUM=H  t  I  )
H (  I  I =H  I  K'
tl ( K ' =D 1"
DUM=Z  I I  '
Z (  I  ) =Z  ( K)
Z  ( K'  =DUM

1=1-I
K=K-I
C0    TO    5

10    CALL    PLOT4     tKtHl,HRiHINC,VT,VB,VINciNI)GiNSHTiNCOLivEXGi  lpLT)
RETURN
END

PLOT4000              SUBROUTINE    PLOT4

COMMON     /DTA/     JARBO(52).JREF(12)
COMMON     /MLN/     MAP(l`22)
DIMENSION     IZDl9}
PROGRAM    -    SUBROUTINE     PloT4
LANGUAGE    -FORTRAN    IV
NECESSARY     SUBROUTINES    -RANGE.     ORDER3.
COMPUTER    -IBM    1620                   60K    COQE
PROGRAMMER    -    DONALD     I     GOOD
DATE    COMPLETED    -APRIL     1964
DEVISED    SEPT    1964                      0WEN    T    SPITZ

PT4       10
SUBROUTINE     PLOT4      (NtHL.HR.HINC,VTivB.VINC,NDG,NSHT,NCOL,VEXGtlpLT)PT4        20
COMMON    /INOT/    X(1000)tY(1000),Z(looo),lER1500),ITAB(500}®KTAB(500)PT4        30

PT4      40
PT4       50
PT4       60
PT4       70
PT4
PT4
PT4
PT4
PT4
PT4
PT4
PT4
PT4
PT4
PT4
PT4
PT4

DETERMINE     NUMBER    01:     CHARACTERsi     NCct      IN     PLOTTING     ARRAY

WRITE      (6,1'
I     FORMAT     llHl}

V[  XX=AB  S (  VI  NC  )

IF     (IPIT.GT.3.AND.(VCXX.CT.I.7320.AND.VCXX.IT.I.73210))    CALL    SETTRPT4
11     (PIIM,ltoto,0,Oio,O,IPIT)                                                                                                                                  PT4

IF     (IPLT.IE.3.AND.(VINC.GT.I.665.AND.VINC.LT.I.668)}     CALL     SETTR2     lpT4
|PLI  M, I  ,0,O,0 ,O ,O ,0 )

NZ=500
NCO=NCOL
NCC =NC D-( NDG+ 1  )
FNC=NCC

PT4
PT4
PT4
PT4
PT4

17



18

M 1  = N r) G + I

CALCULATE     PLOTTING.     DIMENSIONS

CHECK     ARGUMENTS     FOR    VALIDITY

NKB=O
CALL     RANGE      (0,1000,N,NAR}
KAR=1

IF     INARl     2i2,4

2     CALL     RANGE      (l®9,NDG,NAR)

KAR=2
lF     (NAR)     3t3,4

3    CALL     RANGE      IMl®132,NC0ltNAR)
KAR=3
IF      (NAR}     6,6,4

4     WRITE      16,5)      KAR

5    FORMAT     llx,22HSUBROUTINE    PLOT4    ERR0B[2l
NKR=1
G0    T012t3,68),    KAR

6    lF     (NKR)     7,7,68

ZERO    CARRIAGE     CONTROL     ARRAY     FOR    0VERPRINT     VALUES

7    DO    8    J=|,NZ,I
KTAB  (  I  }  =JARBO  (52  )

8    lTABul=JARBO(52}
lF     (VINC.6T.0.0)    G0   TO   9
KYD=|
YMAX=VT

YMI  N=VB
M3=O

G0    TO    10
a     YMAX=VB

YMIN=VT

M3=1

KYD=0
10     KXD=O

IF     {HINC.GT.O.0)     KXD=l
(F      (N.EQ.O)     G0    TOLL
CALL     0RDER3      (Yixiz®liN®KYDtLK}
IF     (LK.EQ.I)     G0    TO    68

11     PIIM=VT
KER=O
NL=O

CALCULATE     UPPER     (TOWARD    TOP     0F     PAGEI     BOUND    0F    VERTICAL     PLOTTING
I  N TE R VA L

12    VEQT=PLIM

INCREMENT    0VERPRINT     INDEX.     BLANK     PLOTTING     ARRAY

KERF=KER+I



Doll    I=1,NCDIl
13     MAP(()=JARBO(52)

PT4   900
PT4    910
PT4    920

CALCULATE     LOWER     (TOWARD     BOTTOM     0F     PAGE)     80UN0    0F    VERTICAL     PLOTTINGPT4     930
I  N TE R V A L

1Rl      lpLIX,2tLX,LA,lY®LB,LZ,LcilpLT}
IF      (IPLT.LE.3.AND.(VINC.GT.1.665.AND.VINC.LT.I.668))     CALL     SETTR2

lpII  X.2  t LX, LA, LYtlB ilz i LC I
IF     (N.EQ.0l     G0    TO    56

DETERMINE     INDEX     01=     NEXT     DATA     POINT,      NF

NF=N|+1
I=NL

SET    UP     VALUES     FOR    VERTICAL     INTERVAL

IF     (M3)     18.14,18

COUNT    NO.     OF     DATA     POINTS     IN    VERTICAL     PLOTTING     INTERVAL

14     1=1+I
[F     '(-N)     15,15,16

15     IF     IY(I}-PLIM)     L6.14.14

PT4   940

;:!%=YE3I:y5:SINc                                                                                                                                  3I!   ::8
IF     (lpLT.r,T.3.AND.(vcxx.GT.I.732oo.AND.vcxx.LT.I.732ioi}    CALL    SETTPT4    97o

PT4   980
(PT4    990
PT41000
PT4|010
PT41020
PT41030
PT41040
PT41050
PT41060
PT41070
PT41080
PT4|090
PT4l|00
PT4||10
PT41120
PT41130
PT41140
PT41150
PT41160
PT41170

DETERMINE     INDEX    0F     LAST     DATA     POINT     IN    VERTICAL     PloTTING     INTERVAL,     PT4ll80
NL.     ORDER    r)ATA    polNTs     iN    vERTlcAL     PLOTTING     INTERVAL

16    NL=I-I
IF     (NL-NF)     56,22,17

17    CALL     OROER3      (XiY,ZiNF,Nl,KXD,LK)

IF     ILK)     22t22t68

COUNT     NO.     OF     DATA     POINTS     IN    VERTICAL     PLOTTING     INTERVAL

181=1+1

lF     (I-N)     19,19,20
19    IF     (Y(I)-PIIM)     18,18,20

DETERMINE     INDEX     0F     LAST     DATA     POINT      IN    VERTICAL     PLOTTING     INVERVAL.     PT41320
Nl.     r)RDER    DATA     PolNTS     IN    vERTICAl     ploTTING     INTERVAL

20    NL=I-I
IF     INL-NF)     56.22i21

21     CALL     ORDER?      (X,YtztNF,NliKXDtLK)
IF      (LKl     22,22®68

PLACE     Z-VALUES    FOR     VERTICAL     INTERVAL     IN     PloTTING     ARRAY     FROM
RIGHT     T0     LEFT

22    '=Nf:-I
23    (=(+I

DETERMINE     POSITION.     IDX,      IN     PLOTTING     ARRAY     T0     PLACE     SIGN    0F
PLOTTED     V^lu[

IDX=  I  X  (  I  )  -Hl)  /HINC+I .O

PT4||90
PT41200
PT41210
PT41220
PT41230
PT41240
PT41250
PT41260
PT41270
PT41280
PT41290
PT41300
PT413|0

PT41330
PT41340
PT41350
PT41360
PT41370
PT41380
PT4139u
PT41400
PT414|O
PT41420
PT41430
PT41440
PT41450
PT41460
PT41470
PT41480
PT4149u

19



20

DETERMINE     IF     PLOTTED    VALUE     LIES      IN    HORIZONTAL     PLOTTING    RANGE

IF     (IDxl    55i55i24
24    IF    IIDX-NCC-lt    25i25t55

DETERMINE     IF     THIS     POSITION     IN    THE     PLOTTING     ARRAY     IS     ALREADY
OCCUPIED

25    IF     (MAP(lox).EQ.JAR80152).OR.MAPII0X).EQ.JARBO(27))     G0     TO     26
G0    TO   45

BREAK     PLOTTED     VALUE     INTO    4    SEPARATE     DIGITS     AND    CODE     THESE     DIGITS
IN     THE     DOUBLE     DIGIT     CODE

26     LAZ=ABSIZ(I))
DVD=LAZ
DSR=|,
DO    27    J=l,NDG,I

27   0SQ=DSB*10.
J=|

28   J=J+I
D SR =D sft* 0. I
K =D Vl) /D SR
I  Zr) ( j ) =jREF  I K+3 )
IF     INDG.EQ.II     G0    TO    31
FK=K
R E M =I) VD-F K* D S R
IF     IJ-NDcl    29®30i30

29    DVD=REM
G0    TO    28

30    K=REM
I  ZT)  { NDC+I  )  = JREF  ( K+ 3 )

PT41500
PT4|,|O
PT41520
PT41530
PT4|540
PT41550
PT41560
PT41570
PT41580
PT41590
PT41600
PT41610
PT41620
PT41630
PT41640
PT41650
PT41660
PT41670
P T 4 I. 6 8 0
PT41690
PT41700
PT417|O
PT41720
PT41730
PT4|740
PT41750
PT41760
PT41770
PT41780
PT41790
PT4|800
PT418|O
PT41820
PT41830
PT41840
PT41850

DETERMINE    LEFT-MOST     NON-ZERO    DIGIT     0F    PLOTTED    VALUE     (EXCEPT    ZERO)     PT41860
PT41870

31    J=|
32   J=J+I

IF     IJ-(NDG+1))    33i34i34
33    IF     (IZDIJ).NE.JARBO(28))    C0   TO    34

I zD ( J I =JARBO( 52 }
C0    TO   32

34   K=J-I

PLACE     SICN    0F     PLOTTED    VALUE

IF     (Z(Il)    35i36.36
35    IZDIK)=JREF(2)

G0    TO    37
36    lzDIK)=JREF(I)

PLACE    0ICITIZED    VALUE     IN    PloTTING    ARRAY

37    IMP=IDX-I
J=K-I

38   J=J+I
lF    (J-NDG-I)    39,39,55

39    IMP='MP+I

PT4|880
PT41890
PT41900
P 1' 4 1 9 I 0
PT41920
PT41930
PT41940
PT41950
PT41960
PT41970
PT4|980
PT4|990
PT42000
PT420|O
PT42020
PT42030
PT42040
PT42050
PT42060
PT42070
PT42080
PT42090



IF     (MAP(IMP}.EQ.JARBO(52).OR.MAP(IMP).EQ.JARBO(27))     G0     TD    40
G0    TO   41

40    MAP(IMP)=IZD(J)
C0    TO    38

ERROR     ROUTINE     I:OQ     OVERLAP     PLOTTING

41    MAP(II)X)=JAR80(38)
|='DX+1
I MP= ( MP-1
J=I0X

42   J=J+I
IF    (J-IMpl    43,43,44

43    MAP(J)=JARBO(52)
C0    TO   42

44    KER=KER+I
I ER  I KER ) = Z (  I  )
I  TAB ( KERl =JAR80138 )
G0    TO    55

ERROR    ROUTINES    FOR    MULTIPLE     PLOTTING

CHECK    FOR    ASTERISK
45    IF     (MAP([DX).EQ.JAR80138))     G0    TO    50

DO    46    ICU=l®12
IF     IMAP{I0X}.NE.JREF(ICU))     G0    TO    46
IF     (ICU-3}    47t5l®51

46    CONTINUE
IF     tMAP{IDX}.EQ.JAR80152).OR.MAP{IDX).EQ.JARBO(27})     G0    TO    47
C0    TO    51

IF     2     VALUES    ARE     T0    OCCUPY     MAPIIDX)

47    KER=KER+2
I ER (KER-I  ) =Z (  (-I l
I  ER {KER ) =Z (  I  )

JAR=2
I  TAB  ( KERl  =JARBO ( JAR )
JAM=2
MAp  I  I  DX  }  =JARBO  (  JAM}

'MP=IDX
48    IMP=IMP+I

IF     (IMP.GT.NCO)     G0    TO    55
IF     IMAP("P).EQ.JAR80152).OR.MAPHMP).EQ.JREFlll.OR.MAP(  IMP).EQ.JRPT42540

lEF(21.OR.MAP("P).EQ.JARBO(38).OR.MApl"P).EQ.JAR80(27))    G0    TD    55
DO    49    lFND=1tlo
IF      (MAPIIMP).EQ.JARB0lIFNO))     G0    TO    55

49    CONTINUE
MA P  ( I  MP )  =JARBO ( 52  )

G0    TO    48

IF     MAPIIDX}      IS     OCCUPIED     BY     AN    *

50    KER=KER+1

IER  ( KER) =Z  (  I  )
I  TAB ( KE R-I  ) =J ARBO (52 )
JAR=2
I  TAB I HER )  =JARBO (  JAR )
JAM=2

PT42100
P T42110
PT42120
PT42130
PT42140
PT42150
PT42160
PT42170
PT42|80
PT42|90
PT42200
PT42210
PT42220
PT42230
PT42240
PT42250
PT42260
PT42270
PT42280
PT42290
PT42300
PT423|O
PT42320
PT42330
PT42340
PT42350
PT42360
PT42370
PT42380
PT42390
PT42400
PT42410
PT42420
PT42430
PT42440
PT42450
PT42460
P I 4 2 1, 1 0
PT42480
PT42490
PT42500
PT42510
PT42520
PT42530

PT42550
PT42560
PT42570
PT42580
PT42590
PT42600
PT426|O
PT42620
PT42630
PT42640
PT42650
PT42660
PT42670
PT42680
PT42690

21



22

MAP  (  I  DX}  =JARBO(  JAM)

G0    TO    55

IF     3-9    VALUES    ARE     T0    OCCUPY     MAP(lox)

51    DO    52    ICU=2t9
lF      IMAP(IDxl.EO.JARBO(lcul)     G0    TO    53

52    CONTINUE
G0    TO    54

53    JAR=ICU
JAM=ICU

JAM=JAM+I
MAP  (  I  DX}  =JARBO  (  JAM)

KER=KER+I
JAR=JAR+1
I  TAB  t KE R )  =JARBO (  JAR )

I  TAB I KE R-I I = JARBO ( 52 l
I  ER  (KER}  =Z  (  I  )
G0    TO    55

IF     MORE     THAN    9     VALUES     ARE     T0     OCCUPY     MAP{IDX)

54     MAP(IDX)=JARBO(l}

KER=KER+I
I  ER  (  KER  )  = Z  (  I  }

I  TAB (  KER-I  ) =JARBO  ( 5 2  I
I  TAB (  KER|  =JARB011  )

DETERMINE     IF     FINAL    VALUE     FOR    THIS     VERTICAL     PLOTTING     INTERVAL

IS    PROCESSED

55     lF     (KER.GT.NZ}     G0    TO    69
IF     II-NL)    23t56i56

WRITE     PloTTING     ARRAY

56    CV=VERT+0.5*VINC
WRITE      (6,57)      LX®LYtlztLAiLBiLC,(MApll),I=1,NCO.1)

57    FORMAT     (4X,128Al}

INVERT     LIST    0F     0VERPRINT     AND    CARRIAGE     CONTROL     VALUES     IN     LAST
VERTICAL    PLOTTING     INTERVAL

IF     IKER-KERF}     61,58,59
58     KTAB(KER)=JARBO{28)

G0    TO    61
59    KTAB{KERF)=JARBO(28l

KF = ( KER-KE ftF + I t /2+ K E RF-I
J=KER+KERF
DO    60    I=KERF,KF,I
I EO=I  ER  (  I  )
I  TB=I  TAB (  I  )
K=J-I
IER  (  I  )  =[ER (  K'
I  TAB  (  I  )  =1  TAB  {K)

IER(K)=IED
60    ITAB(K)=ITB

DETERMINE     IF     LAST     VERTICAL     PLOTTING     INTERVAL      IS     PLOTTED

61     IF     (M3)     63,62,63

PT42700
PT427|O
PT42720
PT42730
PT4274u
PT42750
PT42760
PT42770
PT42780
PT42790
PT42800
PT428|O
PT42820
PT4283u
PT42840
PT4£850
PT42860
PT42870
PT42880
PT42890
PT42900
PT429|O
PT42920
PT42930
PT42940
PT42950
PT42960
PT42970
PT42980
P T 4 2 9 `, 0
PT43000
PT43010
P T 4 3 02 0
PT43030
PT43040
PT43050
PT43060
PT43070
PT43080
PT43090
PT43100
PT43llo
PT43120
PT43130
PT43140
PT43150
P T 4 `3 I 6 0
PT43170
PT43180
PT43190
PT43200
PT432|O
PT43220
PT43230
PT43240
PT43250
PT43260
PT43280
PT43290
PT43300



:3  ::   ::t!#=:#!i   :i::2::2                                                                                         ::i:3!8
64    IF     (IPLT.CT.3.AND.(VCXX.CT.I.73200.AND.VCXX.LT.1.73210ll    CALL     SETTPT43330

lR1     (PIIxi3tlxtlA,lY,LBolz,LC.IPLT)                                                                                                         PT43340
IF     (IPLT.LE.3.AND.(VINC.GT.I.665.AND.VINC.LT.1.668))    CALL     SETTQ2     (PT43350

1  PL I  X , 3  ®  LX  .  LA  ,  LY ® LB  ®LZ  ,  LC  )

WRITE     FINAL     SCALE

WRITE     0VERPRINT     VALUES

IF     (KER)     68.68.65
65     WRITE      16,66)
66    FORMAT      llH016HOVERPRINT     VALUES)

WR(TE      (6®67)       (KTAB(I),ITAB(I),IER(I)®I=L|KER)

67    FORMAT     (2Al,161
68    RETURN
69    WRITE      16.70)
70    FORMAT     (lHO,36HOVERPRINT    VALUES    tlAVE    EXCEEDED    ARRAY,/lHot29HPLOT    0PT43500

lF     THIS     MAP    DISCONTINUED)
RETURN

END

RANGE000                SUBROUTINE    RANGE
SUBROUTINE     RANGE      (LL,LU,NtNER)

INTERVAL     ILL,lu)
RANGE     DETERMINES    WHETHER     08     NOT     N     FALLS     IN     THE    CLOSED

NER=O
IF     (LL-N)     1®3,2

I     IF     (LU-N}    2,3,3
2    NER=1
3    RETURN

END

ORDER300               SUBROUTINE    0RDER3
PROGRAM    -     SUBROUT[NE    ORDERS
LANGUAGE     -FORTRAN    IV
NECESSARY    SuBROUTINES    -RANGE
COMPUTER    -IBM    1620                   60K    CORE
PROGRAl"ER    -    DONALD    I     GOOD
DATE    COMPLETED    -APRIL     1964

SUBROUTINE    0RDER3      (A.a,C,NFiNltKD,KR)
DIMENSION    Allooo)t     a(10001,    C(1000)

INITIALIZATI0N    STEPS

PT43360
PT43370
PT43380
PT43390
PT43400
PT43410
PT43420
PT43430
PT43440
PT43450
PT43460
PT43470
PT43480
PT43490

PT43510
PT43520
PT43530-

23



KR=O
ND=N|-NF

CHECK     ARGUMENTS     FOR     VALIDITY

CALL    RANGE      (I.1000,NF,NKR}
KAW=|

'F     (NKR'     I,I,5

I.    CALL    RANGE      (OtloooiNLiNKR)
KA k=?
IF      (NKR)     2,2,5

2     CALL    RANGE      (O.I,KD.NKR)
KAW=3

IF      (NKR)     3,3,5

3    IF     (NDl     4,7,7
4     KAW=4

5     WRITE      (6t6l      KAW

6    FOQMAT     llx,23HSUBROUTINE    0ROER3     ERROQ12)
KR=1

G0     TO     (lt2t3tl5)®     RAW
7     IF     IKR)     8,8,15

cALCuLATE     oRr)ERING     pARAMETERs

8     IF      (Nr))     15,15,9
a    NP=NF+I

NE=NL+I

24

ORDER     ARRAYS     IN     ASCENDING    ORDER     0N     A

D012     K=l,ND,1

NE=NE-1
AMAX=A  I  NF  }

J=NF
DO    11     '=NP,NE,I
|F     (AMax-A(I))     Lo,11,ll

10    ^MAX=A(['
J=(

11     CONTINUE

BAMAX=B  (  J)

CAMAX=C  {  J I

A  (  J'  =A  ' NE  )
a I J ) =8 I  NE )
C  (  J I  =C  (  NE  )

A  (  NE  1  =AMA  X

a  I  NE  ) =B^MAX
C  (  NE  )  =C AMA X

12    CONTINUE

INVERT     ARRAYS     IF     DESCENDING     ORDER     IS     DESIRED

IF      (Kr))      L5,i5,13



13    NS2=(NL-NF+I)/2+NF-I
NT=NL+NF
D014    I=NFiNS2il
AMAX=A  (  I  )

BAMAX=B  I  I  )

CAMAX=C  (  I  )

K=NT-I
A  ( I  '  =A  ' K)
a  (  I  ) =8  I K'
C  (  I  I  =C  (  K)
A  (  K)  =AMAX

a(K)=BAMAX
14    C(K)=CAMAX

15    RETURN
END

SE TTRl 00
SETTRl     -SETS    UP    TRIANGULAR    OVERLAY
SUBROUTINE     SETTRl      lpLIM.KXxilxtLAiLYtlBtLZ,lc,IPLTI
COMMON     /MLN/     MAP(122)

ST1         10
ST|       20
STl       30
STl       40DATA     MPoiMP1,MP2,MP4,MP6,MP8,MP,MD,MSL/1HO,1H1,1h2,lH4,lH6,1H8,lHPSTl         50

I,lH-tlH//                                                                                                                                                               STl      60
DATA     MMiMH,MC,MO,MS,MG,MA,MK,MN.MPL/lHM,lHH,lHC,lHO,lHS,1HC.IHA,1HST1         70

I K , |HN ,I H+ /
STl        80
STl       90
STl    loo
STl    Ilo
ST|    120
STl    130
ST1    140
STl    150
STl    16

25

DATA    MP3/lH3/
DATA    MHARtMBl/1H.,Ill    /
G0     T0     ll,2i48),    KXX
SET     UP     VARIABLES     FOR    TRILINEAR     PLOT

1    L=52
K=50
KX=O
ALINE--EOUAI    T0    Y    COORDINATE     POSITION    0F     10    PERCENT    IINES
INCREMENTED    BY    -8.6603)
AI I NE =77. 9427
VKIN--VARIABLE     USED     IN    C)ETERMINING     10     PERCENT     LINES
VK I N=. 86603
Ml =46
M2=41
M3=36
M4=3l
M5=26
M6=2|
M7=16
M8=ll
M9=6
Ill I  0 = I
N1=56
N2=6'
N3=66
N4=7|
N5=76
N6=8l
NT=86
N8=9|
N9=96

STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
STI
ST|



26

Nlo=lol
RE  TURN

SET     SYMBOLS     INTO     MAP     ARRAY

2    1=1-I
K=K+I
L X = MB L

IY=MHL
L Z = Mfl L

LA=MBL

IB=MBL
LC=MBL
MAP (  l ) =MHAR
MAP  (  K)  =MHAR

IF      (ALINE.LT.(PLIM+VKIN).ANt).ALINE.GT.(PLIM-VKIN))     G0
lF     {KX.CT.0)     G0    TO    20
IF      (PLIM.LT.86.)     RETURN
SET     IN     LEGENDS     AT     UPPER     POINT     CF     DIAGRAM

IF     (IPIT.GE.6)     G0    TO    3
MAP  (47  ) =MPI
MAP  (48'  =MP0

VA P  (49 )  =MP0
MAP(50)=MD
MA P ( 52 )  =M SI
MA P  I 5 3 '  =M P0
RETURN

3    MAP'50'=MP0
MAP(52)=MD
MAP  ( 53  ' =MPI
MAP I 54)  =MP0
MAP  (55'  =MP0
RETURN

4    IF     (ALINE.IT.45..AND.ALINE.GT.42.)    G0    TO    5
C0    TO    7
SET     IN     LEGENDS     IDENTIFYINC     POSITIONS     0F     PARENT    WATERS     2    AND     3
DIAGRAM

5    IF     (IPLT.GE.6)     G0    TO    6
MAP  1211  =MM

M A p  ( 2 2  ) = M r,
MAP (  80'  =MN

MApl8|)=MA
MAP  (  831  =MPL

MAP  (  85  }  =MK

G0    TO    7
6     MAP(13)=MH

MAP  114  I  =MC

MAP  115  )  =M0

MAP ( 16 )  =MP3

MAP (  18 ) =MPL

MAP120)=MC

MAP ( 2 I I  =M0
MA P  ( 22 )  =MP3
MAP  (  81  )  =MS

MAP I 82 )  =M0
MA P 183 )  =MP4

INCREMENT    ALINE     T0    Y    VALUE     0F    NEXT      10     PERCENT    LINE
7    ALINE=ALINE-8.6603

SET    IN    10    PERCENT    LINE    FROM    PRESENT     LEFT     T0    RIGtlT     E06E    0F    PLOT
DO    8    IX=L,K
MAP  (  I  X)  =MHAR

8     CONTINUE



KX=KX+1

SET    IN    LEGENDS    FOR    PERCENTAGE    IINES
IF     (IPLT.GE.6)    C0   T014
G0    T0137o9.37,10i37,11.37,12.37tl3)o    KX

9     MAP(40)=MD
MA P  13 9 )  =MP0
MA P ( 3 8 )  =MP8
MA P (62 )  =MSL
MAP  ( 63  } =MP2
MAP ( 64  )  =MPO
C0    TO    37

10    MAP(30)=HD
MA P ( 2 9 )  =MP0
MA P ( 2 8 )  =MP6
MAP  (  72 )  =MSL
MAP ( 73  }  =MP4
MAP  I  74  )  =MP0
G0    TO    37

11     MAP(20'=MD
MA P (  19 I  =MP0
MAP (  18)  =HP4
MA P  ( 82 )  =MSL
MAP  183  )  =MP6
MAP (  84' =MP0
G0    TO    37

12     MAP'10)=prr)
MAP I  9'  =MP0
MAP  ( 8 I  =MP2

MAP  ( 92  )  =MSL
MAP ( 93 )  =MP8
MA P I 94' =HP0
G0    TO    37

13    MAP1102)=MSI
MA P I 103 ' =MPI
MAP (104)  =MP0
MAP  (  105  ) =MP0
LC=MPO
G0    TO   37

14   C0    TO    (37tl5l37tl6i37tl7t37il8i37tl9)t    KX
INITIAilzATloN    STEpS    Fin    pL0TTING

15    MAP(40|=MP0
MAP(62)=HD
MA P ( 63  )  =MP8
MA P ( 64 ) =MP0
G0    TO    37

16    MAP(30)=MPO
MAP  (  721  =MD

MA P (  731  =MP6
MA P  174 )  =HPO
G0    TO    37

17    MAP120l=MPO
MAP  182  )  =MD
MA P  (  83 )  =M P4

MAP  I 84  )  =MP0

G0    TO    37
18    MAP'10)=MP0

MAP (  92 )  =MD

MA P (  93 )  =MP2
MAP ( 94 )  =MP0
G0     TO    37

STl|000
STl|O|O
ST11020
ST11030
S T I 1040
ST11050
ST11060
ST11070
ST||080
STllo90
ST|||00
ST||l|O
ST11120
ST11130
ST11140
ST 11150
ST11160
ST11170
ST I I I 80
STlll90
ST11200
STL12LO

ST11220
ST11230
ST11240
ST11250
ST11260
ST11270
ST11280
ST11290
ST11300
ST11310
ST11320
ST11330
ST11340
ST11350
ST11360
S 1-113 70
ST11380
PT4   760
ST11390
S T 11400
ST11410
S T I I 42 0
ST11430
ST 11440
ST11450
ST11460
ST11470
ST11480
ST11490
ST11500
ST115|O
ST11520
ST11530
ST11540
STl 1550
ST11560
ST11570
ST11580
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19     MAP(102}=MD
MA P  ( 103 }  =MPO

IC=MP0
SET    IN    Oats    FOR     10     PERCENT     LINES      AND    OUTSIDE     BOUNDARIES

20   G0   T0130,29,28,27.26t25t24t23i22t2llt    KX
21      MAP(MLO)=MHAR

MA P  (  N I O )  = MH AR

22     MAP(M9)=YHAR

MAP  (  N9)  =MtiAR

23     MAPIM8)=MHAR
MAP  ( N8  )  =MHAR

24     MAP(M7l=MHAR
MA P  ( N7 )  =MHAR

25     MAPIM6)=MHAR

MA P ( N6 l  =MHA R

26     MAPIM5)=MHAR
MA P  I N5  )  =MHAR

27     tiAP(pr4)=MHAR
VA P I N4)  =MHAB

28     MAP(M3)=MHAR

MA P (  N3  )  =MHAR
29     MAP(M2l=MHAR

MAP  ( N2  )  =MHAR

30    MAptMll=MHAft
MAP ( Nl I  =MHAR

IF     (IPLT.LT.6)     G0    TO    37
IF     (PIIM.GT.3.40.AND.PLIM.LT.3.60)    LA=MPI
VLC K=A L I NE+ I . 73 06
IF      (VLCK.LT.(PLIM+VKIN).AND.VLCK.GT.(PLIM-VKIN))     G0     TO     31
G0    TO    37

31     KGP=KX+I
C0    TO     (37.32,37t33®37,34,37,35,37,36t,    KGP

32     MAP139)=MP2
G0    TO    37

33    MAP(29)=MP4
C0    TO    37

34    MAP(19)=MP6
G0    TO    37

35    MAPI9t=MP8
Gu    Tn    37

36    |B=MP0
INCREMENT     VARIABLES     FOR     DEFINING     D[AGRAM     OUTLINE

37   G0    TO     {47,46,45®44,43,42.41.40.39.38},    KX
38    MIO=Mlo+I

N10=NL0-I
39    M9=M9+I

N9=N9-I
40    M8=M8+I

N8=NB-I
41     M7=M7+I

N7=N7-I
42    M6=M6+I

N6=N6-I
43    M5=M5+I

N5=N5-I
44    M4=M4+I

N4=N4-I
45    M3=M3+I

N3=N3-I
46    M2=M2+I

ST11590
ST11600
ST116|O
S T I I. 6 2 0
ST11630
ST11640
ST11650
ST11660
ST11670
ST11680
ST11690
S T I. I 7 0 0
ST11710
ST11720
S T I  I. 7 3 0
ST11740
ST11750
ST 11760
ST11770
ST11780
ST11790
ST I l 8 00
STll810
ST11820
ST11830
ST11840
ST11850
ST11860
ST11870
ST||880
STll890
STll900
ST||9|O
ST11920
ST11930
STl 1940
ST 11. 950
ST11960
ST11970
ST|1980
ST|1990
ST12000
ST120|O
ST12020
ST12030
ST12040
S T 1. 2 0 5 0
ST12060
ST12070
ST12080
ST12090
ST12100
ST12|10
ST12120
S T I. 2 I J 0
ST12140
ST12150
ST12160
ST12|  70
ST12|80
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N2=N?-I
47    rl=Ml+I

N|=NL-I
RE  TURN

48    [F     (lpLT.IE.5)     WRITE     (6,49)
lF     tlpLT.GE.6)     WRITE     (6i50)

ST12|90
ST12200
ST122|O
ST12220
ST12230
ST12240

49   FORMAT     (lox,lHl,19X,lH8,19X,lH6,19X,lH4,19X,lH2,19X,lHO/llxilHoi4(ST12250
ll9X,lH0l/12X,lHO/60X,2HCA)                                                                                                                                            ST12260

5o    FORMAT     (lox,iHo,5(lox,iHo)/29x,iH2,lox,1H4,19x.IH6,lox.IH8,19X.IHoST12270
I/108X,lHl/60X,2HCL|                                                                                                                                                               ST12280

RETURN                                                                                                                                                                                                                              ST12290
END                                                                                                                                                                                                                   ST12300-

SE  T TR2 00
SETTR2     -SETS     UP    SQUARE     OVERLAY
SuftROUTINE      SETTR2      (PLIMiKXxtLxtLAtLYiLBtLztLC)
COVMON     /MLN/     MAP(122)

ST2        10
ST2       20
ST2        30
ST2       40

DATA     MPO.tlp1,MP2.MP3,MP4,MP5,MP6,MP7.MP8,MP9.MC.ML,MP,MS,MO,MN,MDTST2         50

I.MBLtMll/lH0ilHltlH2,lH3ilH4tlH5,1H6.IH7,lH8,lH9ilHctlHLilH+ilHS.lHST2       60
20,1HN,lH.,1.H     ,lHH/                                                                                                                                                                                  ST2        70

r,n    To     (1.3,2o),    Kxx                                                                                                                                                             sT2       8o
I      hRITE      16,2)                                                                                                                                                                                                                 ST2        90
2    FORMAT      157X,7HCA    +     MC/lox,lHO,8X,2Hlo.8X,2H20,8X.2H30,8X,2H40t8Xt2ST2100

lH50 . 8 X , 2H60 ,8 X .2H70  . 8 X , 2 H80 , 8X . 2H90 ,  7X ,  3H loot
KX=O

A L I  NE  =0,
VKI  N=.  833333
RE  T URN

3     LZ=MBL

L Y = Mf\  L

L X = M r\ L

IA=MnL
L E'  = Mrl 1

|C=MBL

ST2110
ST2    120
ST2     130
ST2    140
ST2150
ST2     160
ST2170
ST2     180
ST2     190
ST2    ?00
ST2    210

IF      (ALINE.IT.IPIIM+VKIN).ANL).ALINE.GT.(PLIM-VKIN)}     G0     TO     7                                ST2
I)0    4    '=1,lot,10
MAP  (  I   )  =Mn  T

4    CONTINUE

IF      (PLIM.GT.52.I      RETtlRN

IF      (PLIM.LT.48.)      RETURN
IF      (PLIM.C;T.50.)     G0     TO    6
IF      (PLIM.IT.50.)     C0    TO    5
RETURN

5     MAp(L05i=Mr.
MA P  ( loo ) = ML
YAP  (  107 )  =MP

L X = Mll
|Y=MC

IZ=M0

LA=MP}

MAP  (  108'  =MS
MA P  ' log )  =M0
MAP  (  Ilo)  =MP4

RE  TURN

6     MAP(105)=MP
MAP  (  1061  =MN

ST2
ST2
ST2
ST2

ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2

?Cl



MAP  I  107'  =M0
MAP I 108 '  =MP3
|X=MP
LY=MC

LZ=M0

LA=MP,
RETURN

7    DO    8    [=1,101
MAP  (  I  ' =MOT

8    CONTINUE
AL I NE =A L I NE+10 .
MAP  (  104 ) =MPO
LC=MP0
KX=KX+I

G0    TO    (9tlo,11,12il3,14,15.16,17.18.19),    KX
9    MAP1102l=MPI

MAP (  103  ) =MP0
RETURN

10    MAP(103)=MP9
LB=MPI
RETURN

11     MAP(103)=MP8
|B=MP2
RETURN

12     MAP(LOB)=MP7

LB=MP3
RETURN

13    MAP(103l=MP6
LB=MP4
RE  TURN

14    MAP(L03)=MP5
|B=MP5
RETURN

15     MAP(103)=MP4

LB=MP6
RE  TURN

16     MAP(103)=MP3

LB=MP7

RETURN

17     MAP(LOB)=MP2

LB=MP8
RETURN

18     MAP(103l=MPI
LB=MP,

RE  TURN

19     MAP(103)=MPO
MA P  ( I  04 )  = MB L

LA=Mpl
|B=MP0
RETURN

20     WRITE      (6.21}

ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST?
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2
ST2

21    FORMAT     (8X.3Hloo,8X,2H90,8Xt2H80,8X,2H70,8X,2H60,8X,2H50,8Xi2H40,8ST2
lx,2H)Oi8X.2H20,8X,2Hlo,9X,lHO/57Xt6HNA    +    K)                                                                                  ST2

RETURN                                                                                                                                                                                                                                          ST2
END                                                                                                                                                                                                                                                 ST2

30



BIK00000
BLOCK     DATA

coprMON    /woo/    wl,w2,w3,w4.w5.w6
covMON    /r)TA/     jARBol52}.jREF(12)

BLK

BIK
BLK
BLK

DATA     JARBO/lHA . lHB ,1tlc t lHDt  lHE,  lHF,  lHGt  lHH.  IH I ,  lHJ t  lHKt  lHL ,  lllM i lHNBLK
I  tlHO,I Hpt lHQt lHR,1HS  ,lHT  ,I HU , lHV ,  lHW,  lHX.  IHY,1HZ ,  lH. I  IHO.1Hl,  lH2t  lBLK
2H3,lH4.IH5.1H6.IH7.IH8,lH9,1H*,lH+,lH-,lH    ,lH    ,lH    ,lH    ,lH    .IH    ,lH    BLK
3tlH    tlH     tlH     tlH    tlH    /                                                                                                                                                     BLK

DATA     Wltw2®W3iw4,W5,W6/lH     ®2H         t3H            ,4H                i5H                    t6H                       /                BLK
END                                                                                                                                                                                                                                                               BLK
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endix   II.--Listin of   control   cards   and   Rush   Count ual i t -of-water  data.

AQUNT     ARRAY

CENOZ0IC     QOCKS
U    PLEISTOCENE     SSER
FIUVIAL    DEP
CARYAN     SST
PEORIA     FM

SANGAMONIAN     ST

CRETE     FM
KINBSDOWN     FM

KANSAN     ST

KANSAS     TILL

NEBRASKAN     ST

NEBRASKA      TILL

CROOKED    CREEK     FM

ANGELL     VE
TERTIARY     SYS
KIMB^LL     ME

LAVERNE     FM

RAhLINS    ASH    8

CRETACEOUS     SYS
PIERRE     SH
LAKE     CREEK     SH     ME

NIO8RARA     CHALK
CODEll     SS    ME
BRIDGE     CREEK     LS     ME

HARTLAND      SH     ME

COCKRUM     SS
0MADI      FM

COMANCHEAN     SER

CHEYENNE      SS

TRIASSIC      SYS

PALEOZ0lc    ROCKS
OUARTERM^STER    GP
WHITEHORSE     FM
MARlow     SS     ME

NIPPEWALLA     GP
SHIMER     GYP     ME

CEDAR     HILLS     SS
KINr,MAN     sTs     ME
NINNESCAH     SH
MILAN     DOL     ME

CARLTON     IS     ME
WOLFCAMPIAN      SER

HEQINGi.r)N     Ls     ME

hlNFIELr)     LS
DOYLE      SH

BARNESTON     LS
MATFIELD      SH

WREFORD     LS

COUNCIL    GROVE     GP

CROUSE     LS
H00SER     SH     ME

MORRILl     ls    ME
GQENOLA     LS

LEGION     SH     ME
H0hE     IS    ME
FORAKER     LS

ADMIRE      GP
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NEOGENE     SYS
RECENT    ST
WISCONSINAN    ST
TERRACE     DEP
TAZEWELLIAN    Ssr
SANCAMON    SOIL
REC-ILL    ST
L     PLEISTOCENE    SSER
SAPPA     FM

ATCH[SON     FM
BLANC0     FM
DAVID     CITY     FM

ATWATER     ME

0UAT     0R    TERT
PLIOCENE     SER
ASH     HOLLOW      ME

CAIVERT     ASH     a
REAGER     ASH     8

GULFIAN    SER
BEECHER     IS     SH     ME

WESKAN     SH     ME

SMOKY     HILL     CHK     ME

BLUE     HILL     SH     ME
PFE[FER     SH     ME

LINCOLN     IS     ME
DAKOTA     FM

CRUISE     SS      ME

L     CRETACEOUS     SEB

JURASSIC     SYS
u     TRIASSIC    SEB
PERMIAN    SYS

TAloGA     FM
KICER     SH     ME

L     PERMIAN     SER

DOG     CREEK     FM

NESCATUNGA     GYP     ME

SALT     Pl^IN    STS
CHIKASKIA     STS      ME
RUNNYMEDE     STS      ME

NICKERSON    TILL

IC)WA     POINT     TllL
l;EARYAN     ST

PADDOCK    SH     ME

CRESSWELL     LS     ME

GAGE     SH     ME

FORT     RILEY     IS     ME
BLUE     SPRINGS     SH     ME
SCHROYER     LS     ME
SPEISER    SH
EASLY     CREEK    SH
EISS     LS     ME
FLORENA     SH     ME

NEVA     LS     ME

SALLYARDS     LS     ME
BENNETT     SH     ME

LONG     CREEK     LS     ME

JANESVILLE    SH

QUATERNARY     SYS
EOLIAN-FLUV     I)EP
MANKATOAN     Ssr

BRADYAN     SST

I0WAN     SST
ILLIN0lsAN     ST
SANboRN     GP
YARMOUTHIAN      ST

PEARLETTE     ASIJ     a

AFTONIAN     ST
FULLERTON     FM
Y  A R MCUT H-N E BR A S

STUMP     ARROY0     ME

PLlo-PLEIST     SER
REXROAD     FM

VALENTINE     ME

PLEISTOCENE     SER

EOLIAN     DEP
BIGNEIL     FM

BRADY     SOIL
GLACIAL     DRIFT

lovELAND    FM
VANHEM     FM

YARMOUTH     Sl)lL

GRAND      ISLANl)     FM

AFTON      SOIL
H0lDREGE     FM

ST        MEAD[     CP
BALiARr)     FM

UPLAND     CtlERT     GRAV

0GALLAIA     FM

DELMORE     FM

OELLVAIE     ASH     a
REAMSVILLE     ASH     a

U     CRETACEOUS     SER

MISSLER     ME

SHARON     SP     SH     ME

FORT     HAYS     LS     ME

FAIRP0f}T      CHALK     ME

FENCEPOST     LS     a
GR^NEROS     SH
JANSSEN     CLAY     ME

HUNTSMAN      SH     ME

KI0WA     SH

U     Jl/RASS[C     SER
00CKUM     GP
GUADALUPIAN     SER

BIG     BASIN      FM

HOLOCENE

LEONAR0lAN     SER

BLAINE     GYP

NED    LODGE     GYP     ME

CfusFIELD    SS     a
SUMNER     GP

KAN    GIAC-FLUV     DEP
HUTCHINSON     SALT     ME

HOLLENBERG     LS     ME

CHASE     GP

KRIDER     LS     ME

GRANT     SH     ME

TOWANOA     LS     ME

0KETA     SH    ME
KINNEY     IS    ME
HAVENSVILLE     SH    ME
FUNSTON    IS
BADER     LS

STEARNS     SH

COTTONW00D    LS    ME
SALEM     POINT     Sll    ME

ROCA    SH

GIENf`OCK     LS     ME
HUGHES     CREEK     Stl    ME
HAMIIN     SH    ME

FORT     WAILACE     ASH     a
MESOZ0lc     ROCKS
MONTANA      CP

SALT     GRASS     Sri     ME
COL0rtAD0    Cp
CARLllE     SH
f,REENHORN    IS
JETMORE      CHALK      ME

L(?)     CRET     SIR
TERRA     COTTA     CL     ME

CURLEY     SS     ME

CHAMPION     SHELL     a

MORRISON     FM

XIME

U    PERMIAN     SERIES

DAY     CRE-EK     L)[JL

RELAY     CREEK     I)OL     ME

CIMARRUNIAN      ST
HASKEW     GYP     ME

FlowERPOT     SH
HARPER     STS

STr)NE     CORRAL     FM
WELLINGTON     FM

BUCK     CREEK     TER     DEP

CEDAR     BLUFFS     TILL
NOLANS     LS

0DE||    SH
STOVAll     LS    ME
HOLMESVILLE      SH     ME

FLORENCE     LS     ME

WYMORE      SH     ME

THREEMILE     LS     ME

BLUE    RAPIDS     SH
MIDDLEBURC     LS     ME

BEATTIE     LS
ESKRIDGE     SH
BURR     LS     ME

RED    EAGLE    IS
JOHNSON     SH
AMERICUS     LS     ME

OAKS     SH     ME



HOUCHEN    CR     LS     ME
FALLS    CITY     LS

T0hlE     SH     ME
U     PENN     SER
w(Jar)      SIT)ING     FM
PIUMB      SH      ME

FRENCH     CREEK     SH     ME

GRANriHAVFN     Ls     MF
LANGDON     SH

PIERSON     POINT     SH

EMPOR[A     LS
AUBURN     SH

But<LINC,AIJE      LS     M[

RUL0     LS     VE
WHITE     CLr`uD      Sti     ME

CHURCH     LS     ME

SEVERY      Sll

rtoLT     SH     wE

JONES     POINT     SH     MF
CALHOUN      SH

ROCK    BLUFF      IS     YE

QUEEN     HILL      Sll     MF

IECOMPTON     IS
Elf,IN    ss
JACKSUN     PARK     SH     ME

PLATTSMCIUTtt      LS     MF

TORnNTt]     Ls     ME
AMAZONIA      LS      ME

R0BBINS     SH     MF
hESTPH^ll^     LS     ML
PEt)EE     GP

IANSING    f.P
STr]NER      is     ME`

PLATTSBIJRC;      LS

KANSAs    ciTy    r,p
FARIEY     LS      MF

FRIS8IE     IS     ME

L'NN     SOP
PAOLA     IS     ME

OuTWASH     r]EposlTs
DEWEY     LS     ME

WESTERVIllE      LS     ME
WEA-OUIVIRA      SH     MF

STARK      Sri      ME

DODL)S     CREEK      SS     ME
MIDr)LE     cftEEK     Ls     ME

MOUND     CITY      SH     MF

TACKET     FM

sol,TH     MOuNr]     sH     ME
0ESM0lNFSIAN     ST

LEN^PAH     IS
NOWATA      SH

ALTAMONT     IS

TINA      LS

8ANDERA     QUAR     SS     ME

MINE     CREEK     SH     VE

WARRFNst)URG      SS

HIGGINSVILLE     IS     ME
BLACKJACK    CR     IS     ME
MUIKY    COAL

STINE     SH     ME
0NAGA     Sll

INDIAN    CAVE     SS     8
VIRGILIAN    ST
BROWNV[LLE     IS      ME

NEBRAS         CITY     LS     ME

JIM     CREEK     LS      ME

DRY     SH     ME
ZEANDALE      LS

TARKlo     ls     ME
ELMONT      LS      ME

BERN     LS

SACFOX    SOP
CEDAR     VALE     SH     ME
HOWARt)     LS

AARDE      SH      ME

SHAWNEE     GP

DU    80ls     LS     ME
CUBZON     LS      ME

DEER     CREEK     LS

0SKAL00SA     SH    ME
BIG     SPRINGS     LS     ME
`VllcA     LS     Mt
KANwlAKA      SH

DREAD     LS

HEEBNER     SH     ME

I)I)UCIAS     GP
wlLLIAMSBURC     cr}AL

HASKELL     IS      MF
TONCANOXI[     SS      ME

(ATAN      LS      ME

STANTON     IS
EU!)nRA     sH     ME

Spl<INC     HILL      LS      ME

ZARAH     SGP

ISLAND     CRFFK     SH     ME

LANE      SH

IOIA     LS
CH^,NUTE     SH
`\OXIE     SS     MF

CEMENT      CITY      IS      ME

WEA      SH      ME

BRONSON     SOP
CANVILLE      LS      ME

SWOPE     LS

LADORE     SH
CRITZER     LS      ME

KNO8TOWN     SS      ME

HEPLER     SS     ME
MARMATON     GP

[DENBR0     LS     ME

NED     GLAC-FIUV     DEP
WORLAND     LS      ME

BANOERA     SH

UNNAMED

MYRICK     STAT      LS      ME

UNNAMED

LITTLE     0SACE     SH     ME
CHEROKEE     GP
BREEZY     HILL     LS      ME

FIVE     POINT     LS    ME
HAWXBY      SH     ME

PENNSYLVANIAN      SYS

WABAUNSEE     CP
PONY      CREEK     Stl    ME

CANEYVILLE     LS
FRIEDRICH     SH    ME

DOVER     LS     ME

MAPLE     HILL     LS     ME

NEMAHA    SCP

HARVEYvtLLE     SH     ME

WAKARUSA     LS     ME

SCRANTON     SH

ELM0     COAL
UTOPIA     LS     ME

N0l)AWAY      COAL

TOPEKA    LS

TURNER     CREEK     sr,     ME

IOWA     POINT     SH     ME

ERVINE     CREEK     LS     ME

0ZAWKIE     LS     ME

00NIPH^N     S+t    ME
KING     HILL     SH    ME

STULI     SH    ME
KERFFORD     LS     ME

LEAVENWORTH     LS     ME

IAwlRENCE      FM

OILMAN      CANYON      FM

STRANGER     f:M

U     SIBIEY     COAL

WESTON      SH     ME

SOUTH     r}END     LS     ME

CAPTAIN     CR     LS     ME

HICKORY      CR      SH     ME

B0NNER    SPRINGS     SH
Af`GENTINE     LS     Mt:

LANE-B0NNER     SP     SH
RAYTOWN     LS     M[

COTTAGE     GR0     SS     ME

DRUM     LS

CHERRYVAIE     SH
BLOCK     IS     ME
DENNIS     LS

GALESBURG     SH

tlETHANY      FALS     LS     ME

HERTHA     LS

COFFEYVILLF     FM

CtlECKERB0ARD    LS

0ESMO[\ESIAN     SIR
MEMORIAL      SH

PERRY      FARM      Stl     ME

WALT     JOHNSON      SS     ME

LAKf:     NEOSH0     SH    ME

MULBERRY     COAL

PAWNEE     LS

ANNA     SH     ME

ENCLEVALE     SS     ME

HOUX     LS     a
CABANISS     FM

IB0N     POST     COAL

WEST     BRANCH      SH     ME

ASP[NWALL     IS     ME

VIRGIllAN     SER
BICHARDSON     SOP

CRAYtl0RSE     LS     Mt
ROOT     SH

ST()TLER     IS

P[LLSBURY     SH
WAMEC0     SH     ME

wlliARri     sH
READING     LS     ME

SOLDIEB     CR      SH     ME

SILVER     LAKE      SH      ME

HAPPY     Hl]LLOW     LS     ME

WINZELER      SH     ME

BACHELOR     :R     LS     M[
COAL     CREEK     LS     ME

SHELDON     LS     ME

tlARTFOR0     LS     ME

IARSH-BURR     SH     ME
TECUMSEH     SH

SPQING     3R     LS     ME
Bell     LS    ME
CLAY     CREEK     LS     ME

HEUMADER      Stl     ME

SNYDERVILLE      SH     ME

WATHENA      SH     ME

IRELAND      SS     ME

VIVLAND      SH     ME

L      SIF`LEY     C[JAI

M[SSOURIAN     ST

ROCK     LAKE      SH     ME

VIL^S     SH
MERRIAM     LS      ME

WYANDOTTE      LS

0UINDAR0     SH     ME-

iANE-vlLAS     sri
MUNCIE     CREEK      SH     ME

THAVER     Cr)AL

CORBIN     :ITV     LS     ME

0U[VIRA      SH     ME

FONTANA      SH     ME

WINTFRS[T     LS     ME

NORTONVILIE     CLAY
HUSHPUCKNEY     SH     ME

SNIABAR     LS     ME

pLEASANTriN     Gp

SEMIN0lE     FM
M     PENN     SER

Hour)ENvliLE     SH
NORFLEET     LS     ME

UNNAMED

AMIJRET     LS     ME

UNNAMED

LABERl)IE     IS     VE

LABETTE      SH

FORT     SCOTT     LS

SUMMIT     COAL

EXCELIU     SH
UNNAMED
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UNNAMED

uNNAMEn
BROKEN     ^RRC)W     COAL

MINERAL     COAL

PILOT    COAL

WIER     PITTS     COAL

UNN^MED

COLUMBUS    COAL

UNNAMED

UNNAME0

CHAT

MORROWAN     ST

CHESTERAN     SER
MERAMEC[^N      SFR

SPERGEN     LS

L     MISS     SIR
PURLINf,TON     LS
KINDERH00KIAN     ST

CHOUTEAu     LS

cHATTANtinGA      S+I
SILURI^N     SYS

UNNAMED

MAQUOKETA(SYL)       SH

PLATTEVIILE     FM

ARBUCKLE     GP

ROUBIDOUX     FM

1     OQD-U    CAM     SER
a(]NNETERRE     DOL

Rear,AN     SS
PRECAMBRIAN      SYS

HILLs     PCND     pERlrjnT

L     PERM-U     PENN     SER
0Rl)-CAN     SYS

STICE     COAL
VERDIGRIS     LS     ME

UNNAMED

UNNAMED

TIAWAH      LS

KREBS     FM

BLUEJACKET     SS     ME

ftowE     COAL
LITTLE     CABIN     SS      ME

ATOK^N     SER

UNNAMED

KEARNY      FM

u     MISS     SER
M[RAMECIAN     ST

SALEM     LS

0S^G[AN    SER
REEDS     SPRING     LS
GILMORE     CITY      LS

COMPTUN     LS

DEVONIAN     SYS

L     SILURIAN    SER

CHIMNEY     11111      DOL

M    0R00VICIAN    SER
ST.     PETER    SS
COTTER     DOL
GASCoNADE     r>oL
EMINENCE     DnL
HONEY     Ct`EEK     LS

PENN-CAM

UND I  F l= I RE NT  I  AT E D
NEIJGENE-CRET     SVS

PENN-MISS     SYS

C 0 L L U V  I  U M,

HINC      AND      VINC

I.       I.66666

TITLF    ARRAY     AND      IPLOT      ARRAY

RUstl     COUNTYt     KANSAS

DATA     GROUP

K e 3i 6i 6w3?CCB
K 8 31616W32 CC B

K 8 31617 W 16 t)C D
K 8  31617 W 16 L)C D

Ke3i6i7w2?^^A
K 8 316l  TW22  AAA
Ke3i6i8w    6DAc
Ke3i6L8w     6!)Ac
K83i618h    6nAc2
K831618h    6l)AC2
K f! 31  61  8 h' LOG a

K83i 6i  awl cca
K 8  31618W2  7CDD

K 8 31618W2 7CDD

K  8 31619W 170 AB
K831619W17BAB
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51260    266C
102               33

51.260    370C
102              34
10    660    320C
102             34

51360    230C
102               ,7

51360SEEPC

102949    168Cl8
102              50              8

51?60    209C    80
102              44           39
51.360    400C    80

102             56          29

WHEELER     COAL(?)

ARDMORE     IS     ME

FLEMING     COAL

SCAMM0rl     COAL
TEBU     COAL

SEVILLE     LS     ME
DRYW00D     C[}AL

UNNAMED

WARMER     SS      ME

ATOKANlbENDIAN)      ST

MORROW^N     SER

PENN     BS     CON

CHESTERAN     ST

STE.     GENEVIEVE    LS
WARSAW      LS

0SAGIAN     ST

ST.     JOE    LS
SEDALIA      DOL

boICE    SH
M     DEVONIAN     SER

HUNTON     GP

0RDOVICIAN     SYS
VIOLA      IKIMM)      LS

UNNAMED

JEFFERSON     CITY     DOL
VAN      t3UREN      FM

CAMP,RIAN     SYS

LAMUTTE(REAGAN)      SS

r,RANiTE     HASH

NEWMAN      TERRACE      DEP

l(?)CRFT-l     CRET     SER
MISS-DEV     SYS

LlllLLL

021000            19            13            514
1444       lot          0    27?

032000            11            I.I           459
L269          ]2          0    22T

056000           13             96       514
14lJ          72          0    224

002000           14           |C)           76o
2092        113           0    252

2010        356         3C)67
17390    64786322    156

32                         21            12           792
2170        102          0

042000           19           11.           680
1867          92          0    292

03`?000              83        16           363
1026          86          0    326

BEVIER     COAL

CROWEBURG     COAL

U N N A  M F: D

CHEISEA      SS     ME
U N N A M E L)

KNIFETON     COAL

UNNAMED

NEUTRAL     COAL
RIVERTCIN     COAL

ATOKAN      ST

L     PENN     SER
MISSISSIPPIAN     SYS
U N N A M E I)

ST.     LOUIS    LS
COWLEY     FM

KEOKUK     IS
KINl)EKH00KIAN     SER

NORTHVIEW     Stl

DEV     0R      MISS      SYS

L      SIL-M     DEV     SEt`

UNNAMED

U    0RDOVICIAN     SER
S'MPSON     GP
L     nRDOviciAN     SFR
COTTER~JEFf-     CY    D0l
GUNTER      SS     ME

u    r,AMBRtAN     stR
LAMOTTE      SS

PRECAMBRIAN     ROCKS

AILUVIUM

Jut-TRI     SYS
nEv-slL    svs
NOT     DETFRMIN[D

332    0    208
2650

27700     198
2170

274     01[)3
2680

307    0    ?58
3870

|C)0    01389
29850

44    0    268
383079

356    0    ?66
3410

398    0     L8?
I fl 0 0

5LO      11

61132
4,+5     lL
601 ),

53511

6 2 1, 3 2
87511

60 L 32
957511

5532
88611
5932

70011

5713?
24311
65lJ2



K83162ow    5rt.9D
K831620W     5Bpil)

K a 3162 0W210DC
K a  t I 6? ow2 l DOC
K e 31  7i 6w2 OAAA
K 8 31716 W2 0AA A

K 8 31716 W24CCC
K 8 31716W24CC C
K 8 31717W2 8DC D

51360    530C    85
102              52           38
51360       54C46

004007    05        18
101360    315C    60
102              44           21

6     145        30C
007088    19       44

51260    ?30C    70
K8317`Th28DCD     102               36           49
K831718h20D^A
K  831718W20D^A

K  8 3 i  7 I  8 W 2 f} A A D

K e 31  71  8w2 8AAD
K 811718W 33ACD

K f' 3 1  T I  8 h '3 3 A C D
K 8  31718 h3 3 r)a C
K 8 31718 W3 3DB C
K 8 3 I  7 I 8 W 3 4 rt f` D

101260    300C    80
102               38            19

c:,I?6o    335C    80

102               32           71
82657    300C    75

lr)2              35          04
01?58    300C    T5

102              17           10
5    861    302C    90

K8317lf!h34BBD     102               32           09    02
K831719h27DDC        51660    320C    60
Ke31719w27l)r)I     lo2              41           o4
K83i7?Ow    5t`cr!        9    Q46    3i5ci3
Kd31.720h     5BCB     102                28             15
K83172oh    7CAn       4246i        53C26
K8317?OW    7CAD     004007    07            ?8    01
K8317?OW20C00        51360    285C10
K83i72oh29Ci)r]     io2               2t3            38
K8317?OW36AHB     101260    325C    60
K831720W36ABB     102                 ]2             13
Ke3i8i6hi4Bcc       72i65        73C28
Ke3i8i6wi4Bcc    004009       I       62
Ke3i8i6wi.6OBB?     8    560        86c47
Ke3i8i.6wi6f3BH2004OO9    02           58
K 8 31816hl  8AC a
K 8 31816W I SAC B
K 8 i 1 8 I 6 w I a I) a A
K 8 3 1 8 I 6 `tl I 9 a a A
K831816W23AAA
K 8 31816W2 3AAA

K831816W23AAA
K f] 3  I  8 1 6 W 2 3 A A A

K 8 1 I 8 I. 6 W 2 3 ,A D D

K 8 31816W2 3ADD
K e 3 I 8 I 6 w2 8c Dc
K e 3i 8i 6w2 8cDc
K 8 3 I 8 I  7 h' I I C D A
K 8 3 i 8 I 7 w I I r, r) A
K e 3 i 8 I  7w I 4c Dc
K 8?`  817W14CDC
K  8  31817W 14COC

K 8 31817W14COC

K a 3i  B I 7wi  8CCC

K 8 3 I 8 I  7 .w I  8 C C C

I    CARD

Z

72165        85C26
004009       3             6

81960       55C34
004009    07          71
Ll    558        75C27
004009    02          18

52561        75C31.
004009   02         29   04

8?460          RC28
0562

51760    168C    80
102              45           13

81760       86C50
004009   04         58

81960       70C36
004009       3         49

72165        70C24
004009       3          14
[0    760    224C    90
102              30          04

007000
1305

001000
412

054000
loos

017
489

016000
1794

009007
1357

030000
3657

016000
1295

026000
1300

12    005
1296

008000
1951

850
002000

534
010000

1204
27    000

884
0112

16         1037
018000

3T4
3546

19           543
027055

789
00,002

416
001. 00 0

444
32   062

441
036000

773
027000

420
18    070

487
5546

16          564
046000

1274

83          96       480
60         0    354

89          20             20
304       66   238

74           13        390
24          0    362

135            13               28
390       66    324
18           22           636
136          0    263
10               51        503

46          0    224
3S           29        1328
214       10    204
13              57       472

56          0    234
10              76       474

56          0    226
31              94       448
116           0    252

lot.          46          554
441        87    354
15              94       293

76          0    216
101            22               51
342116    226
49          36          335
2]0      26   244

91            33        324
36          0    220

267           22              61
156   480   2]6
94              91            19
2T2        Z2    25C)

120            12               53
349         L3     336

165            19               84
490     114    376

loo           10              27
310       44    266

114              11                  28
330       46    284
95            10              45
218       36    21+2

91.         15            274
84          0    454

102             11                24
loo       78    222

105           12              46
312       36    276

136              89          46
376       40    336
2L             10            457

94          0    276

431    0    221
2320

290   0       37
700

442    0       88
1870

395              41

321    0    244
3320

273    0     191.
2370

249    0    291
6T I, 0

285    a    218
237978

216    0    22-0
2 4 2- 2 1 3

307    0    214
240078

432    0    /+51
3370

264    0    216
76

276    0    139
9 I. 0 7 5

298    0    360
I. 9 0 0

268    0    163
1640

87    337    0       63
185075

305    0        30
590

73    410    0       94
84077

4b8    0    187
1270

32400       39
74473

346    0       48
76076

?J5    0       80
730

5[j4    0    142
I 3 I r)

271     0         I.7
690

337    0       93
71)0

69   410    0    Ill
87075

336    0     I.43
2360

35711
64132
3911
58132

28811
132

3LIL

J2
70011
60132

500    Ll
132

I.83011
62132

43511
432

44011
r,:, 3 2

43011.

432
576     11

62132
|8d     11
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endix   Ill.--Pro ram   abstract.

KANSAS  GEOLOGICAL  SURVEY  COMPUTER  PROGRAM
THE  UNIVERSITY  OF  KANSAS,   LAWRENCE

PROGRAM  ABSTRACT

Title  (lf subroutine  state  in  title):

dified   Pi

Date:             Auaust   l965

Author,  organizci[ion:     Jesse   M.   MCNellis   and   Charles   0.   Mor

U.S.    Geolociical    Survey.   Water   Resources   Divisi.on

Direct  inquiries  to:

Name:

Jesse   M.    MCNelli.s   or   Charles   0.   Mor

Address:      U.S.G.S..    WRD

Box   768.   Lawrence.   Kansas.      66044

Purpose/description:       To   produce  nrodified.  Pl.   er  diaqrami  for  use   in   the   interpretation   of

water- ual i t

Mathematical  method:         See ram   listin

Restrictions,  range:               1000   analyses   that   include   the  rna.ior   anions   and   cations.

Computer  manufclcturer:        GE.    IBM

Programming   language:           FORTRAN    IV

Memory  required: 36K

Model:     GE   635.    IBM   7040.    IBM   360/65

Approximate  running  I.ime:

Special  peripheral  equipment  required:        Scratch   unit     01

Remarks  (special  compilers  or operating  systems,   required  word  lengths,   number  of successful  runs,   other  rna-
chine  versions,   addil.ional  informcltion  useful  for  operation  or  modification  of  program)
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