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Abstract
The computerization of many phases in‘the production of the reconnaissance

hydrogeological map series has encountered difficulties inherent to mapping in a
complex coordinate system. The National Topographic System,using Transverse Mercator
projections, has polar coordinates. The Dominion Land Survey system is a synthesis of
orthogonal and polar coordinate systems. The computer output device operates in an
orthogonal system. [f Dominion Land Survey coordinates are used as input and National

Topographic Systems compatible maps are desired as output, mapping by computer must
invoke a suitable translation program. The construction of such a program was under-
taken by simplifying the coordinate system to the maximum extent consistent with
keeping the resultant errors within set limits. The scale of 1:250000 was used as a
criterion for acceptability, as this scale is most commonly used in the reconnaissance
map series. Simplicity of utilization was achieved by minimizing the parameters
necessary to define the area to be plotted. Three parameters were found necessary
and additional ones useful. These parameters were: horizontal field in ranges, the

vertical field in townships, the scale as a ratio, and two adjustment factors.

Introduction

DLSPLOT is a computer program constructed to make it possible to plot
geagrophic data by machine. The basic difficulty is that such data are located in the
DLS system and have to be plotted in the UTM system. The goal was to make a program
that would be general and demand only minimal knowledge of computer programming

language and a basic understanding of the Dominion Land Survey coordinate system to



produce acceptable plots of data. Acceptability of the plots was to be judged on the
basis of fit to a National Topographic System 1:250 000 scale map.

In constructing such a program three coordinate systems must be considered:
the terrestrial system of degrees latitude and longitude; the Dominion Land Survey
System of meridians, townships, ranges, section, quarter sections and legal subdivisions;
and the machine coordinates of inches vertically and horizontally. Of these only the
last is orthogonal on a plane. The first is orthogonal on a sphere but suffers from distor-

tion of direction and/or scale when represented on a plane surface.
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The Coordinate Systems

The National Topographic System 1:250000 scale uses a Universal Transverse
Mercator (UTM) projection. This projection may be imagined in the following manner.
The sphere of the earth is cut by planes passing through its axis into sixty segments
each six degrees of longitude wide. On the sphere's surface each plane forms a great
circle through the earth's poles. If the surface of each segment is laid on a plane and
contracted and expanded as necessary so that it is flat, one would have a UTM zone

(Fig. 1a). The province of Alberta is contained within two such zones (Fig. 1b). Each
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zone in turn is subdivided into map sheets, the geometry and distortions of which are
self-consistent within each zone. In Alberta the r-nop sheets are two degrees of longitude
wide and one degree latitude high (Fig. 2).

The Dominion Land Survey (DLS) system is a roughly plane orthogonal grid .
laid out on the earth's surface primarily for legal land holding description. This
coordinate system is the most commonly used system in the province for specifying
geographic locations. As aresult of this, most hydrogeological data is located in DLS
coordinates. In Alberta the land locations are referenced to the fourth, fifth or sixth
meridians, which are north-south running reference lines (Fig. 2). Between the
meridians are demarkated six mile wide, north-south running strips known as ranges.
Ranges are numbered westward from each meridian. The province is divided, as well,
into six-mile wide strips that run east-west. These, known as townships, are numbered
northwards starting at the 49° parallel of Ia*ifude. Each six mile by. six mile grid
thus laid out is also, confusingly, called a township and is subdivided into 36 one
mile by one mile squares. These, known as sections, are numbered sinusoidally
starting in the bottom right-hand corner. That is, the boftom row is numbered right
to left, the one above it is numbered left to right and so on until section 36 is reached
in the upper right hana corner (Fig. 3). The sections are further subdivided into half mile
squares producing four quarters or into 16 quarter mile squares known as legal subdivisions
(LSD). LSD are also numbered sinusoidally, the first being in the bottom right-hand corner.

Thus in Alberta a land location or description usually consists of giving a

meridian, a township, a range, a section and a quarter section or LSD.
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SUBDIVISION OF A TOWNSHIP
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Simplification of the UTM Projection

It is quickly apparent that the geomef;'y of a Universal Transverse Mercator
projection is relatively complex as both lines of latitude and longitude are represented
as curved lines. From actual map sheets it appears that the lines of longitude very
nearly approximate straight lines. In fact along the edge of a UTM zone, between
the latitudes of 50° and 51°, the separation of the curve and a straight line is only
1.8 meters.* In the context of our reconnaissance work, this is negligible. Discount-
ing this curvature one is left with a projection which appears to closely approximate an
axial conic projection. (That is, a projection of the earth's surface on to a cone
coaxial with the earth's geographic axis.)

Calculating from the curvature of lines of Iaﬁh.Jde and the convergence of
the lines of longitude it was found that the apex, C (Figs. 4a, 4b), of the cone of
projection would be about 3090 miles north of the 49th parallel of latitude. This
distance is measured on ‘fhe surface of the developed, unrolled cone. The standard
parallel, the latitude at which the horizontal scale is true, was arranged to run through
the center of the map sheet to be plotted. All east-west lines on such a projection are
represented by arcs of constant radius and north-south lines by radii of the developed
cone. This "projection" is strictly speaking not a projection, as points F and E would,
if center-projected onto the cone, project as points f and e (Fig. 4a); whereas actually,
the distance between points A and B (Fig. 4b) which represent F and E (Fig. 4a) is
made equal to the arc distance between F and E. Thus north-south scale remains

constant throughout the developed cone. The east-west scale increases away from

*Personal correspondence with L. M. Sebert, Head, Mapping Program Section,

Topographical Survey Directorate.
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the standard parallels as a function of the divergence of the radii of the cone and the
sphere, at a given latitude. This function was approximated by increasing horizontal
scale as a function of the sphere and decreasing it as a function of the cone in such a
way that true scale was achieved at the center of the map sheet to be plotted. This
was tested and found adequate in map sheets up to 15 townships wide.

A difficulty arises in the laying out of the north-south running range lines.
The fourth, fifth and sixth meridians coincide with the lines of longitude 110°, 114"
and 118°, respectively. Due to the decreasing clrcumference of the earth at increasing
latitudes, any lines of constant fongitude converge poleward. Range lines are referred
initially to a meridian then stepped off in 6-mile strips westward. If this was done

without adjustments of some sort, the range lines, excepting the meridian, would
diverge increasingly from the lines of longitude westward and northward. The difficulty
was overcome by esfcblishing; east-west reference lines called baselines. The 49°
parallel of latitude was chosen as the first baseline. Subsequent baselines were laid
out at 24-mile intervals northwards. The strips between baselines were subdivided
into four 6-mile strips, thus the first and every fourth subsequent township is bordered
on the south by a baseline.

Each baseline is subdivided into 6-mile segments starting at a meridian and
going west to the next meridian. Lines:of constant longitude, north-south lines, are
then passed through these 6-mile divisions to establish ranges. Each such range line
extends 12 miles (two townships) south and north of the baseline. The range lines pro-
jected from adjacent baselines meet halfway in an offset known as a correction line.
Thus, this offset results from laying an approximately plane~orthogonal grid on a

spherical surface keeping orientations sphere-orthogonal (Fig. 5). This offset can be
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calculated as a cosine function of latitude (Fig. 6) and in the program it is handled as

such, eliminating the need to specify the magnitude and location of each correction .

Calculation of Plotting Coordinates

In the program initial ly all the coordinates are considered as orthogonal
and are referenced to the meridian, which is considered vertical » and the horizontal
center line of the plot. DLS coordinat es are converted to miles west of the meridian
and miles north and south of the horizontal reference line. This treatment produces an
orthogonal grid of the township and range lines (Fig. 7a). To produce offsets analogous
to correction lines, their horizontal coordingtes are then multiplied by the cosine function
mentioned. This is done in steps. That is, each horizontal strip of 24 miles is multiplied
by the factor which corresponds to the latitude of the baseline relevant to that strip.
This treatment produces an orthogonal grid of township and range lines in which the
horizontal scale increases upwards in discrete jumps every 24 miles (Fig. 7b). The
scale will now be true only on the horizontal center line. Next the scale is decreased
upward. This decrease is done as a continuous function of the height of a cone in such
@ manner as to make no scale change at the horizontal center line. The height of the
cone of projection is used for this calculation (Fig. 7c).

All coordinates generated 2up to this point are x and y orthagonal coordinates
(Fig. 8a); the x-coordinate being referenced to the relevant meridian, the y-coordinate
being referenced to the horizontal reference line. The next step is to curve east-west
lines by converting to polar coordinates. This is done in two steps. First, x components
are considered to be arc lengths and y components to be lengths in the radial direction.

Second, all coordinates are put into polar form, angles and radii. The horizontal
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center line becomes an arc at distance RMED from the center of projection (C). The
relationship used for radius is R = RMED_—y; R b'eing the radial distance (miles) of the
point from C. The arcs representing x components are converted to angular measure
using R as a radius (Fig. 8b). Angular distance, @, is calculated using the rélafionship
B = REF - x + R,

For angular distance g = REF - x = R; where f is the angle and REF is o
radial reference line established in such a manner as to center the projection around
the 3/2r, 270° radial . The resulting polar coordinates are then translated back o
orthogonal coordinates for machine plotting, using the relationships x' = RCOS g
+xodi and y' =RSIN g + yodi (Fig. 8c). The reference axis are translated using factors
xadi and ycdi to result in a plot that minimizes paper used in the plot.

Since each map sheet has o slightly different geometry from that produced
by the initial program, two adjustment parameters were added: one to adjust the scale
in the radial direction and one to adjust it in the tangential direction. This parameter
is a factor which is approximately equal to unity and is linearly and directly propor-
tional to desired scale changes.

This program has been tested on several existing data files and acceptable
plots generated. The testing has so far been limited to 1:250000 scale maps. An
accurate method for predetermining the adjustment factors was found.

Further work using this program as a base should lead to a program that uses
the new University of Albertq plotter and produces multiple colored plots as well as
legends, titles, scales, etc. As well, the calculation of adjustment factors should be
eliminated in the next program.

———

The program DLSPLOT as it now stands appears to have achieved its aims
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of simplicity and flexibility of operation .

Instructions for Use of DLSPLOTA

The program DLSPLOT prompts the user for input,as well as giving him
various choices of what is to be plotted. For example a DLS grid, a symbol or g value
may be plotted. Also, any combination of these in various sizes can be chosen.

In the following description the computer written lines will be preceded
by a dash.

Before running this program it is necessary to have one or two il es at hand.
You must specify which file the plot coordinates are fo go into. For this explanation
"-PL" will be used as the output file. Also, you must have the data to be plotted in a

file; "DATA" will be used. The following sequence starts the program:
RUN DLSPLOT+*PLOTLIB 7=DATA a=-PL
After this the machine will type a number and the program will begin to execute thys:

~DLSPLOT ROUTINE  This is an identifier. _
~FIRST TOWNSHIP 13 The machine asks which is the first township to be plotted.
I3 indicates the format in which the reply must be given.
001 This would be your reply for township 1.
~LAST TOWNSHIP |3 |
010
-FIRST RANGE |2
14

-LAST RANGE |2
28
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Thus far you have told the machine that you are dealing with an area from township 1
to township 10, from range 14 to range 28. Next, the machine will need the scale
in which it is to deal:
-SCALE 1: F8.1

250000. Be careful to get the decimal point in the correct place.

The machine will then ask for the adjustment factors. A quick and accurate
method of determining adjustment factors consists of measuring the distance spanned by
four ranges and four townships. Th.is is then compared to the same distance on the
uncorrected plot. The factor will consist of the map distance divided by the corresponding
plot distance. It has been found that an uncorrected 1:250 000 plot spans (24.2= 4)
inches in four townships or four ranges. The program then offers a chojce of plotting a
grid or not plotting a grid:

-RUN GRID? YES=1, NO=0
1
This response will result in the plotting of a township- range grid.

After this part of your input will be typed out by the machine for visual check-
ing. Also an estimate of the length of the resulting plot will be printed. A choice will
next be offered. The choice will consist of retyping your input (AGAIN), going to the
next step (YES), or discontinuing the program (NO). [f the number corresponding to
"YES" (22) is typed in you will be asked if you would [ike to plot a symbol . Receiving
an affirmative answer the machine will ask you which symbol. You must answer with the
three digit integer corresponding to the symbol of your choice. The symbols and corres—
ponding integers are to be found in the U of A CALCOMP Manual. Next you will be

asked the size, in inches, you would like this symbol plotted. The machine will then
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ask you if you would like a number, or value plotted. If you answer in the affirmative,
it will ask you what size these numbers are to bé, what rounding you would like, and
the angle at which you would like them plotted.

The amount of rounding is given by the number of digits right of the decimal
you would like. For example, a rounding of 0 gives you the integer portion of your
number, followed by a decimal point. If you have answered in the affirmative for the
symbol or the number the machine will ask you by what format these are to be read from
your input file; in this case "DATA". The reply must include the brackets of a format
statement. For example: (7x, 6F5.0). You will then be given a choice of reentering
this last input. If you would like to terminate the program at this point, indicate ):ou

2 At
would like neither a symbol nor a number. Replying that you would"like to gei:a,
the machine will respond with a set of numbers indicating that it has completed the
program.

The entire plot will now be in your output file, in this case "-PL". To
get the plot put onto paper enter the following line:

A~ RUN *CALCOMPQ SCARDS = -PL
The machine will respond with a set of number, then a receipt for the plot ond its
estimated dimensions, followed by another set of numbers. Your plot will then be
processed and will become available af the site of the plotting machine.

Note that the machine’s plot length will be greater than that estimated
during the input stage of the program. This is because in addition to the map to be

plotted, an identifying label is automatically added to each plot, resulting in an

increase of-three—to-four-inehes-for the output.
‘*hﬁ‘* o{’
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Sample Runs of DLSPLOT

Five sample runs were made on an’ existing file, ATOBJ, which contained
ht\;;’) coordinates of data points in NTS map sheet 73L, Sand River. A portion of this
map sheet consisting of the area within townships 58 -63, ranges 1-5, was plotted,
changing parameters on each run. The sixth run shgws reaction of the program to
several input errors.

Table 1 is a portion of the input data. The numbers plotted on some of

the sample runs were the apparent safe yields, QZO,"PE"' in ATOBJ.
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Table 1
Partial listing of input file ATOBJ

LEGEMD & T R - S LSt  Tapp 120

1 hon 53.0 5.0 1.0 hod  G97.1 3.3

2 b.0 58.0 5.0 10,0 4.0 103R%.2 b .9

3 h,n 58.0 6.0 7.0 4.0 K035 11.3

I b0 58.0 7.0 1.0 13.7  415.7 2.8

5 h.n 58.0 7.0 G.n h.0 1KRS.S 25.7

6 b.0 58.0 7.0 15.0 .0 36.0 n,.9

7 h.0 58.0 7.0 25.0 1.0 1%12.0 1.0

a n.0 52.0 g.0 9.0 1.0  328.9 a.h

9 h.0 58.0 8.0 10.0 16.0 75.9 h,2

1n h.0 58.0 2.0 14.0 h.N1226820.5 11622.3
11 b0 52.0 S$.0 22.0 13.0 912.1 9.5
12 b0 58.0 a.0 1.0 1.0 1384.9  1n3.5
13 b0 58.0 Q.0 2.0 13.0  8ns.1 35,1
14 N0 58.0 9.0 6.0 6.0 3814.9  115.7
15 h.n 5.0 2.0 7.0 15.0 1hs .4 on
16 b0 58.0 9.0 7.0 16.n  70K.5 R7.0
17 b0 58.0 a.n 7.0 k5.0  354.0 7.9
13 b.0 58.0 2.0 9.0 16.0 3155.2 2393
19 b,0 58.0 9.0 16.0 1.0 1186.7 52.3
20 4.0 53.0 9.0 16.0 16.0 136.2 6.1
21 h.o 52.0 0.0 1.0 13.n  gnf.9 51.2
22 B.n 58.0 in.0 5.0 1.0 1n60.1 27.9
23 b, 0 58.0 10.0 7.0 13.0  351.9 1n.3
24 L.0 58.N 10.0 B.0O 1.0 663.5  31.7
25 L.0 58.0 0.0 B.Nn 13.0 k58,4 15,85

1]



SAMPLE RUN #

In this run symbols, values, and o grid are called and plotted.



a
UtV OF ALRERTA COMPITING SERVICES

PSS (00K2-FE93/22/0F)
Esig
#PASSIIORD?

2VNNYY
#OM AT 12:47.52 OM TUE PAR NL/75 LAST OI' AT 12:43.50

#r displot +plotlih I=-plot 7=atohj
#12:49.02

PLSPLOT ROUTIME
FIRST TOWNSYHIP |3
053

LAST TOvs'ip 13
NG3

R

PRy -

FIRST RANGE 12
01

LAST RANGE 12
ns -

SCALE 1: Fg.n
250000,

VERTICAL APJISTMENT 1.0=NONE F8.6
1.0041

HORIZONTAL ATJUSTIMENT 1.0=HONE FR.6
1.n123

RUN GRID? YES=1,1'0=n
1

fOUR VARIABLES 1AVE BEEN REAT 1M AS FOLLOMS~
FIRST TOUMNSY P~ ©53
LAST TOWI'S41P- 63
FIRST RANGE- 1
AST RAMGE- 5
SCALE, 1/ 250000,
fOLWR PLOT “ILL M'OT SBE LONGER T4A!! 9, I1MCYES

CONTINUVE? YES=22,TnY AGAIM=20 ,1(0=25
22

PO 70U MISY TO PLOT A SYIBOL-YE5=1,1'0=n
1

FLICL VRN 2 ENDIATA1Z DEE —rAt racn



[ I LAY 2 |

.07

PO YOU WIS TO PLOT A HIMBER-YES=1,N0=0
1

SIZE OF NUMBER (I IMOMES? Fii.3
.07

ROWMTING? MUMBER OF PIGITS RIGIT OF CErIMAL? 12
-1

ALGLE (PEGREES) OF MULSER PLOT 13 ,
20

IMPIT FILE FORMAT? FER,TP,RG,S, LS, VALUE
EHTIRE INPUT I''ST BE REAL(F)I'U'}BERS
(7x,5f8.1,8x%,f8.1)

ro rou wis4 10 TRY AGAIN?2-YES=1,110=0

0

#12:53,35 4.751 RC=0

#

r *calcompq scards=-plint ,
#12:54.16

**x* CALCOIMP RECEIPT # 104Gxx%%  PLOT LENGTI = 12

#12:5h.31 ,924 PC=n

1

INCYES
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SAMPLE RUN #2
In’ this run symbols and a grid are called and-plotted.Note that the symbol has

been increased in size relative to run #1.



; r displot+*plotlib O=-plot2 7=atobj
TN #12:56.05

} CLSPLOT ROUTINE
: FIRST TOVIISHIP |3
| 058

LAST TOWNSHIP 13

, 063
FIRST RAINGE 12

: 01

i
LAST RANGE 12

| 05

}

‘ SCALE 1 FR.0
250000,

’ VERTICAL APJISTMENT 1.0=NOME ER.G
1.0041

ﬁ HORIZONTAL APJISTIENT 1.0=MOME FR.f
1.0123

RIM GRIC? YES=1,I'n=n
1

’ 7TOIR VARIABLES 4AVE BEEN REAT IN AS FOLIl.OWS-
FIRST TOMISHIP- 538
LAST TOUMSH 1P~ 63
FIRST RAMGE- 1
LAST RANGE- 5
SCALE, 1/ 250000.
YOIR PLOT “MILL NOT RE LONGER THAM  a,IMCHES

CONTINUE? YES=22,TRY AGAIN=24 ,10=25
22

r0oYovr wisy 10 PLOT A SYMROL—YE9=1,NO=0

1

"™ IC! SYIBOL? FORIHT-IB,REF.-CﬁLCOLP FAM AL
~ 014

SIZE OF SYI!nOL I INCHES? Fi.3

.1

PO YOU MISH TO PLOT A NUMER-YES=1,1!0=0



(0 7O WISH TO TRY AGAIN?-YES=1,"0=n
n
£13:00.12 3,476 RC=n

k4

r *calcompq scards=-plot?

#13:00.40-

**x CALCONMP RECEIPT # 10L7x**x PLOT LENGTH = 12 IMCHES;
#13:01.14 ,715 RC=0

¥
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SAMPLE RUN #2




SAMPLE RUN #3

In this run numbers, values, and a grid were called and plotted.Note the numbers
have been increased in size and plotted at a greater angle relative to run f1.
Also note that the rounding factor has been changed from -1 as it is in run #1
to 00 resulting in the decimal point being plotted.
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— displot+*plotlib 7=atobj 9=-plot3

r
#13:02.58

FLSPLOT ROLUTINE

FIPST TOWISHIP 13

053

LAST TOMNSHIP 13

063

FIRST RANGE 12

n1

LAST RAIGE |2

05

SC/"\LE .1.: F8.n

250000

VERTICAL ARJUSTMENT 1.0=MONE Fg.f6

1.0041

HORIZONTAL ATJISTIENT 1.0=N0NE Fa.6
™ 1.0123

RAM GRIT? TER=1,M0=n
1

YOUR VARIABLES HAVE BEEN READ M AS FOLLOYS-
FIRST TO"M'S4|P- 538

LAST TOUNSHIP- 63

FIRST RANGE- 1

LAST PRA!I'GE- 5

S5CALE, 1/ 250000,

TOUR PLOT ™MILL MOT BE LONGCR T{AN 2. IMCHAES

CONTINIE? YES=22,TRY AGAIN=24 ,1'0=75
22

Frc yor Wis4 170 PLOT A SYMBOL-YES=1,MD=n
0

' ro 700" *iS4 TO PLOT A "UMER-YES=1,!'n=n
1

SIZE OF MUMRER 1 INCHES? FL.3%
.-1-

ROLNTING? MUMBER OF PIGITS RIGHT OF PECIPMAL? 12
nn



vece g

I1PIT FILE FORMAT? MER,TP,RG,5,LSP,YALUE
EMTIRE IMPUT MIST RE REAL(F)NUMILCRS
(7x,5F3.1,8x,f8.1)

Fro YoU WISH TO TR/ AGAIN?-YES=1,M™0=n
0
713:03.40 1.623 .=0

Liz

Bk

r *calcompq scards=-plot3

#13:09,25
**x CALCOMP RECEIPT # 10u8x*++ PLOT LENGTH 12 INCIES; =2

#13:09.33 .899 RC=0

w



SAMPLE RUN #4

In this run symbols and numbers were plotted.Note the increased angle of the
number plot and the change of symbol relative to run #1.



dr llsnlotr=nlotlib 7=atoh) J=-plnid
#13:11.36

CLSPLOT ROLTINE

FIRST TOWMSHIP 13
058

LAST TOWMNSHIP 13
063

FIRST RANGE 12
01

LAST RAHNGE 12
05

SCALE 1:  F8.0
250000.

VERTICAL ADJISTMENT 1.0=NOHE FR.6
1.0041

10RIZOHMTAL ADJISTIEMT 1.0=NONE F2.6
1.0123

RUN GRIL? { ES=1,1'0=0
0

YOUR VARIABLES YAVE BEEN READ IM AS FOLLOYS -
FIRST TOWMNSHIP- 58

LAST TOYMSHIP- 63

FIRST RANGE- 1

LAST RANGE- 5

SCALE, 1/ 250000,

fOUR PLOT YILL MOT BE LOMGER THAN 2.IMC{ES

COI'TIMUE? YES=22,TR/ AGAIN=24,1!0=25
22

rovou st 70 PLOT A SYIMOL-YES=1,M0=DN
1

t1C4 SYIBOL? FORMAT-13,REF.-CALCOIP PAMIAL
075

SIZLC OF SYMBOL IN INCIES? Fu.3
.2




1

1HCIES? Fhe3

s1zE OF IUPBER IR
.05
ROUHTING? HUMER OF PIGITS RIGIT OF rECIVAL? 1?7
-1
ANGLEL (PEGREES) oF NUMER pLOT 13
070
,LSD,VAL!E

T2 VER,TP,RG,S

FORMA
MUMBERS

1reuT FILE
ENTIRE THUPAT 1'UST BE REAL(F)
(7x,5f8.1,8x,f8.1)

0 TRY AGAlN?-YES=1,H0=ﬂ

ro You wisH T

0
£#13:17.52 5.031 RC=0
#

r *calcompq scards=-ploth

#13:158.32
x%#% CALCONP RECEIPT # 104 g%k x>
g RC=0

#13%:18.39 .75

pPLOT LENGTH

12 tMCIES?
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SAMPLE RUN #5

Inthis run only the grid was called for.,



r displot+*plotiib 9=-plots 7=atobj
™ #13:20.53

FLSPLOT ROLUTINE

FIRST TOWNSHIP |3
258

LAST TOYHSHIP 13
ng3

FIRST RANGE 12
01

LAST RAIGE 1?2
05

SCALE 1: Fe.0
250000,

VERTICAL ATJISTMENT 1.0=]'"0OHE F8.6
1.004]

"ORIZONTAL ATJISTMENT 1.0=N0NE F3.6
1.012%

RUT' GRID? 7 ES=1,M0=0
1

{OUR VARIABLES 41AVE BEEN READ IK AS FOLLOWS -
FIRST TowliSHIP- 5§
LAST TOMI'SH IP- 3
FIRST RAI'GE- 1
AST RAMNGE- 5
SCALE, 1/ 250000,
YOLR PLOT YILL MNT BE LOHGER THAN 9.1IPC1ES

COMTINUE? (ES=22,TRY AGAIHN=24 ,10=25
22

FO 70U ISY TO PLOT A STMBOL-YES=1,1'0=n
0

FO YOU WISH TO PLOT A MITBER-YES=1,10=n
~ 0

o roL ''is{y 50 TRY AGA!N?-(ES=1,HO=O
n
#13:23.49 1.404 RC=n
i

r *calcompq scards=-plots
#13:25.16



SAMPLE RUN #5




SAMPLE RUN #¢

This run was not plotted . It is an illustration of obvious errors in input, the programmed
reaction to such errors, the method of correcting input, and the terminating of program

execution.



CLSPLOT ROLUTIME

FIRST Tovsy |p 13
015

LAST TOVWNSHIP |13
001

FIRST RANGE 12
01

LAST RANGE 12
05

SCALE 1: F8.0
250000.

YERTICAL ADJISTMEMT 1.0=tOME F8.6

HORIZONTAL ADJISTMENT 1.0=NONE FR.G
1.

RUTI GRIP? YES=1,10=0
1

fOlR VAPIABLES HAVE BEEM READ 1IN AS FOLLOWS-
FIRST Townsyip~- 15

LAST Touwnsy | p- 1

FIRST RAI'GE- 1

LAST RANGE- 5

SCALE, 1/ 250000,

YOLR PLOT WILL MOT BE LONGER THAM 9. IMNCHES

CONTINIE? YES=22,TRY.AGAIN=2&,NO=25
22
SOMTHING WROMG Y TH LOCATIONS

FIRST TowhsH 1P~ 15

LAST TO'ISH | P~ 1

FIRST RA!NGE- 1

LAST RANGE=- 5

SCALE, 1/ 250000,

YOLR PLOT WILL MOT RE LONGER THAM 9. INCHES

7OUR VARIABLES HAVE BEEN READ IN AS FOLLOWMS-

COVTIMUE? Y ES=22,TRY AGAIN=24 ,1'0=2%
2h

CLSPLOT POLTINE

FIPST ToMMISHIP |3
No1

PN - L N I I o) t -



01

LAST RANGE 12
01

SCALE 1: F3.0
250000.

VERTICAL ADJISTMENT 1.0=NOME F2.6
1.

HORIZONTAL ADJISTIMENT 1.0=MONE FR.6
1.

RN GRID? YES=1,10=0
1

YOUR VYARIABLES HAVE REEN READ IMN AS FOLLOWS -
FIRST TOWHSH |P- 1

LAST TOWMSH|P- 15

FIRST RANGE- 1

LAST RAIIGE- 1

SCALE, 1/ 250n00.

YOUR PLOT YWILL MOT BE LONGER T4 AM 2.INCHES |

CONTINIE? YES=22,TRf AGAIM=24,110=25
22
SOMTA ING WRONG VWITH LOCATIONS

YOUR VARIABLES HAVE BEEN READ IM AS FOLLOWS-
FIRGST TOWNSH IP=- 1 '

LAST TOWNSHIP- 15

FIRST RANGE- 1

LAST RAIGE- 1

SCALE, 1/ 250000.

YOUR PLOT WILL NOT BE LONGER THAM 2.INC1ES

COMTINUE? YES=22,TRY AGAIN=24,110=25
25
#13:41.02 .866 RC=D

¥



Program l.isﬁng



L A L T L AR

MATN

DIMTNST AN Fren(st)

~-

CUMATN TRy ST, ToLeT, 1 g1
NCV T, COALE s YHIDT (X T ACT , YEACT, &

DEDGR AN D eDp 5T

FT e mGLAT, i1~ Fan, e

LN
AN EN G

Free 1= ¢

~J

ML

TOL L3070

17)
1)

! f'\ - TNTo;,
CALL FLOTS
T ‘e CONTIN)Z T

< SCOMAT (//gYT’H:I"ST TSI 13)
3 FORMAT (/416 HLAST TCWNAHIF [7)
“ SORaLT (/+s14HFTEST CANGE

| S FORMAT (/o17HL AT SANGE

: = EONUAT (/eleHece s 1

~N

TLRMCT (1)
SOQRMAT (17)

2 SRNaT

(F= o7 )

04 3=
NRITE

| AGTTFE

2 .JC':. n
(S451)
{Cs2)

BRI
Sl TE
, 2EAD
' NEL1TE
READ
y21re
i - EFATT
R ITE
DE 4D

CCEVRY 156D

(S47)TTD2
(£,7)
(Se7)I1TRL
(ya)
(Se3)T00
(6e3) -
(€ +58)
(F.2)80 8

DI =3, 1185
SL=165R ,04
CIERT =2 0Py
M RAC=PL /0,
SCALT =5C AL/ 750 or
VEPROSTPLST-TO1 AT

e T
R T

HEPRD=0DALETIT g 8-
TRPUMIL=TPICSTHvS PR 2, -

PLEID=(TEMIDET ¢, =~ /9 %

AALD=NNAC TP S Done

r

DT P =M [RE RV a ¥ o o BN T

2¢ TCL:TD,\'.;: D_\/_::_pr‘r):':

TwEz=Top T

YOI =y apppae -

:;_'-L ¥, r f‘f)
XKICLT (051 8T me,

Y THE =T

7.

~

THL T, Y uDE G

e NG R ES B Y , 5iE ae s

(ITup, wirox)

S w, r,x

| 17T TORMATU/ ,33HVEL TICAL ACIOUSTY MT 1,7 =nmNE B e )
) TORMATU/ 37 BHHCT ZONT AL 20 JUS TrenT 1o =NCOMT Fe L)
1‘2 :{?D?.‘AT(F»Q.{\)
S ITITE(R .10 T T e e
§ FUAD(3,12) rogee
' ATITE (B e11)
PEAD(3,12) ADgnG
{ TOIST =] TP
TELET=] TOL
RG1ST=1rGY T - ST T T
PGLST =1 PGL
[ 17 FOIMAT(/ o2 HEUN GFIR? YES =Y ,NC=")
11 TACMAT(I])
B ITH(5,17)
DLAD(3,1R)IaRN

9:[..‘1/7. »

o,



- ———

XCONF =X COCRF/YCOMN™
=X C{iye
(X7CN™)

KCONT =aligve
YHIDT=Y " Cpf a1
ITNP=TI1ST

CALL YwaArp(ITuD,

XFACTSHRPRD% 4 37
YEALT=VSPRDRS
PLTL=(XF*CTx2, ~¢,

e )/ST L

zn CONTINUE
CALL CHCKI (ITPI o ITOL L T0 0, TRGL SCAL o4 L TL )
RS SOCUIT(//VTEHOONT INGE? v aar FaTEY AGAIM=Z4,ND=3w)
2 ""D'AAT(I,") o - T T T o
- ACITT(207)
TEAD(S, 21 )10
IF(ICHaE0a27)GY =P 292
IF(ICH.Ca2a)G0 T 24
IF(ICH«EDLZ25)GD T 75
GO TO 28 T e -
av TONTI NS
CALL CliCKF (ITe 1, ITPL,, IV G, IPGLL T <T)
IF(ICTWEN«} )GR T »f
@ TUNTINUE
CALL XLIMIT(PLTL)
- ” /‘LL T'J(-;-'..—n-‘ - TR T T e e S
IF(IGMDT0er )G T 0
"CALL GRIC
12 CONTIMUE
CALL PLOT(PLTL 470 ,anay
2o STAP
Fa =MD ST e ) T )
SR YT IN- GIIN
c SUB2GUTING GEIN 26 J: CTIVE FILE 1o CaLL. b Lz
CC MMM TbiST'TPLQT.FGZS’.VGLS’.CICJT.DFCLU.’LMED,Pv”CQ.
! nqul'ANGVF,SCAL?.YHI”T.XFAC‘.YFA(T.ADJTD.ZTJ¢G
SNGN=BGIST
1 CONTINUE . T o T
ITAD=TPL ST
TWPN=TP1ST
CALL XWADP (ITab,nAFnX)
YCconn=",
XCOIR=(ONGN=1 4 ) *c . G%1, PP
CALL ACOME (XCONZ,YCCEr JXCorr, yenei) o T T
CALL PLCT (XCN=R,ycnun, 1)
» TONTINUE
YOOI Tulth=TPIaT) »e -
RO (FNGN=T o ) 6 , row moy -
ZELL ACONT (XCD XCrEn,vennn)
TR RUET T AR TR TS . )
YCOIBEYCO0REE,
SALL ACCONT {XCOME, YO i o XCPES, vCnnp )
CALL 2LOT (XCI20,venan,»)
TWPN=TyPr+ 1~
I TwEe= T W
o —_-m_““m]Fbpf;]4?5i"- )
~ CALL XWAFDR ([T D,wmarnyx)
IF (HARD2,NS a W AREX ) G TA 4
: SONTINUF
PR {TAPMaL T (TOLZT 41, ) ) A0 T =
17 (FINGNeGT.RPGLST )G 70 5



W TI) Y

“ )('_‘(_\lj-’):(r.‘[\l!,.\]—l,)r.:i o M INX
TALL ACONT (XCOne,ycmem, KCODL s yenr)
CELL PLGT (XCORD,v(CD P )
N m G0 T 7 '
T "'_E“““LFKTHQ&'— T T e e e
TupM=To1QT
4 ZTHONTI NUTS
ITwP=TupnN
TALL X5 AED (ITwp,wa IFRX)
COOR=( TWEN- TrﬂQ")rt(-.-
XCAAP=(S[16T-1 ,) x4, ‘_:"'\:'3 oY T T T S o
CALL aCCne (XCanv,veare XML, YO EDR )
ALL PLCT (XCLRC,YCr2,7)
AN IDE=(OGLET +1 ) % THAATDY ALY G
z FOTLD=SC "LE%,

XCCCR=XC2IP+ AST SR

~ALL aCcwns (xcr*-.vcnvn.xrn-u.vc”? ny
TALL PLECT (XUORC,YCrM, 1)

IF (XCITRWLELANIRTY G5 T =

I (TWMeGTATPLST) €3 +q o

TWPEN=Tw VEN+ 1, "

) TN A

TONTINYE
RETURN
TND
SUBFEIYTINT xwAmD (17wes, #ALDX )

SURS3UTINFS x,‘,-,«"'),,u‘l*r\;: NRAJ=CT FILLE (s CA-LL"D L

CUMMON TODIST,TpL&aT, NOI 3T W EGLST, CIFRT , NE Fap, ey

JWTD1,-PGVU.»'/L-:YHIDT X‘-&T v="T'i'J*P.‘JJ TG
JUUBLE PRICISIAN PLMEN, YANG

3ENG=22 W shT, -

14DG="

2 CONTINYE
IF(I*MU-(f+akIA“f))‘.l.-
= I20G=IA[C G+ - e
‘Sf_l 'l""l ;
! ONTINUE
‘-«D(:— IADG
YANG=(43e7+(IADGHYALSG) ) #0370 A0
Hee APX=DTCS (FLMER) /porg (YING)
R — e e
IMD
SUBNOUTINT ACEHNT  (XCrf -.YChﬁT.xcq=?.vc9rn)
COMMAON TRIST, TOLIT,SG1ST ,paLx c:*rr,ar?sd.mLuaﬂ
i HTPL o ANGVE S L C GYHI DT X7, T, yr ITetITC, 0y

ITULELE PEZCISINN xf‘f\lz.vf NE
YOONE =20 Bl oy e 53F s A jre =
XDONT =aD JwGsn x~or TERYCTHT /e
XCCNT =L CNNE/Y N
CC N7 =( ANGVR =X CroNE)
J<'.‘_"£3-')—((Y’ﬂ\;“v!'r“lc (X Ty ))+¥r":c.‘)/sc.'»1_'7
(C "‘-‘-((Y’“f\"'*")al'\l (XC]N':')-YHI.D'.') tYCACT )Y/ T
SE TR T e Il . B R ;A
MDD
SUBRCUT INT Troes

SULEDDUTINT v3mos o IJSTT OFILE 1w TOLLTE L~
DIVNTMSION Fona(an )
Sraanrr TPy STy TPLST 0 ¢

-
Iy

s

"(.-L T,(X"“v F.E"?-‘-v"", Te

, fL"""').

P BLET

-



I STAL SN TR Ty N,
<~ LL
IF(JSUT 4EN ")

: CONTINUEZ
2D (7,}"')("&‘.—‘

T

ey
b .

STUFT(Ivwyw 2 JEY M,
1r-

r;,r—qrr)

TREATUTNGINGN G T T,

TNON, TECN LY
IR ATTEIN Lo N S 4

YC =02, 7 ’("‘VT"I—TF’I"T)
e S (TNGN=3 )
SECH

~

AN -

[

I

[ 58
i

=3
-

,n

X
TN o o7

o AR

[}
< . =
[
i
(89
[}
-

LINI=(y/sT )%z
JULINS =g - TN

s IN g Jogy o=

LS00

IK=IS+6~K
IF(JULINF)S S ,F
& XJI=2=1IK
[ 57 07
= XJ=1K-1
7 XC=XC+xXJ

T T e e e e e e e e PR

[ TL=LSON
[F(ILe53%47) 60 Tm g
XT=XT 47 5

IF(T_-K)Y 1~ ,n
3 CONTINUS
YJd=J-~1
YC=YC#Y S /0"

- +7 612
LINT=(J/2) %2

JLINE =< INE
’ IK=1L 44 <K
IF(JLINE)L]
XJ=t-1IK
GO TL 1T

17,12

[
1-8

XJ=TK =]
XC=XCHX S/t o 4
XCOIF=XC

Y. Cnr=ycr
[TaS=TNEN

el ®

XS oo o= X~tL:F""“/’PX
CALL AlCTM7

IFCISY1e5067) G Tr ar
CALL SYMERL(XCORD, YD

XCUtP=LCOrL+41G

"2 c. "r‘l\,-rv . 'J
TR G
CALL NJMAFD(XCO%

30 77

N

12 WETTA
S
_ SUBRNLTTNE O K

'Y C

(W) LL. X:/-‘-FP(IT.»C‘N (AN t—‘x)

(XCGor ,yoOnr yxcorn

GG 1L, TON, T

(IT"‘I

HIC,ysYNV,

yYCoern )

e Te—1)

TeHIN)

I'—rL y IT5 1, r-'.‘vL

SIALLPLTL)

17 °4)



oLty b

CLTERLLUN F R -
: 1 FORYAT( /bty ~oye VLIt e var PESN o2 T oag FILL 5=
2 CTUSTAT(UAHFINGT voungroa s 12
| A FOEy Tra4qLasT TRUNGHIO=- 13
h 2. r"'"}':i»,T(‘ THOICeT ‘-“‘l(‘-_—_ pI_'_‘) s e
I T R ATV ZALAST T ANGED [ T —
i 2y =.prT(1'H SCALFe 17,6547
: 6 FIRUATIIAIHYOUR PLET wrpL NTT 33 LenGe s THEN T a oy auHLr ~1ym g
AP ITE(5,10)
| NI TE (S, 20 )1 TP
! e APITE(n 21 ITRL e _
NEITF (53,22 )1 GY
TCTTE (5 473)17GL
i SETTT (5, 24)8CaL
: MEITT S .70 YL TL
RETYoN
i :.ND _.-.A-—._-..._._...___x._..-......__.__ -~ e e
| SUGSCUTINS CHCKD (ITPL, ITPL IFGI Tral L TST) ' )
IFCIToecza1ToL )57 74 9
[FCIRG: oGraIrGLYGn T
| IF(ITPLeGTa130 )G +r 1
! TFUISGL 6T )G 1o o
G TA 3
‘ } TeT . U . .
3 < FORMAT(ZOHSAMTI NG #NG W ITH LCCeTICAS)
ARITE(2,2)
et DT TY= N
’ T =ND
SULS 2T 1M STUFF (Ianl,JcY'J,'jIC' 17‘-”\"\--}‘:-’!NUI'!QJ;UT'QC"‘“")
“f_;\‘_ DIMINZTION AL LY S~ T T T T oS B
i : SORULTA/ /433310 YCy yiay T~ PLAT £ SYSETL-YIzzy,r. )
' : FORYIT(I Z)
7 Firycp T/, BFHEHTCH f-‘-.‘(H‘"!Ol_? F:"‘TVAT-I."-F‘.T!"-~C5\LC’3.'-'ZP "-h‘--\lu.'\l,)

..’1",1)‘"( I'a,
f,_::'..r(/.?mf-w'~
FOSMAT(R L, )
FORMAT(/,30HDN0 vy
FORMAT( 7, ACHINPYT &
@ —ﬁu'nr(/"erunu. F

PoSta
t &

('F’

T FURY! TUZSHINTTE= a
[ 11 FGRUAT( 20 As)

E FORUAT(/ 7FAR T8 ¢FF

1« SCRNMIT(r, ATHDAUND TN

15 FURUAT(I)

1A FORY2T(/ 4734 nGLE

17 ECPUATI/yT6HNN yry

21 VLNTIJU-

e — VeI TS (3.1) N
CEAD( S, 2~y 5ym
IFCISYA47n.7) 39 1A
FPL T2 (5 ,7)
PEAL(T,L)U3YH
YEITI (2 ,5)

m"*'"'"“—“:Fifkl.:iifﬁ"' ST

~ 2 CONTINyE
LTI (5,7)
PILADZ AT ) Iy
[FOINJAT0, ) 51 vh
WDIT-(‘ 12)

CY.'V"”L IN INCHyEg? Fa

WISH T2

ILE =pruy
nr
PuT

PLZT A AU
AT? MEE,TD,pg
FORPM AT ? LR 2N TO LG,
MUST o7 ResL (s )y
IN T

NUSEE INCFFE? Ee,

MDEC v g

ER

>=1 '0‘":_’_-")

Ge T olL3D Vv AL )
".ovL'::"’ )

Il

TRSY

%)

C? NUM It m~p 2IGITE FIGHT ~= nNECT AL I>)
PIGRETE) TE NymuEe pppe opey

wIsH T Ty Af;AIf\?—YF:”-z. oMT=")

B



AFAD(SWF IS I7E
AP 1T (o s148)
W AD( 51 TINN
RETITT (o e153)
VAT a1 THE
THET=ITHR

ey FONTI )T T e e e T T o
S JSUT=I3YM+INUN
IF(J3UT«FAeZ) GO T 23
IF (JS')T. ENe ) GO T 4G
IF(ISYAaFNal) GI TN d4
3 TONTI NUY
SRIT= (% +2) T T ” T T T
57 TH we
na NRITH (> 4C)
b3 NEITE (2 ,17)
) TREAD (S, 11 ) (FCEEM(T) 4y I1=1,27)
& CUNTINUTE
RPITE(5>17) - TTTTT T T T T T e
RE D (Gl )T
o SCAMAT(IL)
IF(*RC3,N.1) GO Ti) 2°
el Q- TYR N
— :ND — e . [ . 'Y ——— ——




