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F O R E W O R D 

T h i s b u l l e t i n i s based on a study made by the E n g i n e e r i n g 

D i v i s i o n of the Inland Wate r s B r a n c h dur ing the p e r i o d J a n u 

a r y 19 67 to A p r i l 19 68. The study began when i t was r e a l i z e d , 

du r ing the course of an inves t iga t ion into p o s t - g l a c i a l c r u s t a l 

movemen t i n the G r e a t L a k e s r eg ion , that upwards of s ix ty 

e x t r e m e l y accura te graphs would be r e q u i r e d ; each graph 

c o n s i s t i n g of over one hundred coordinate p a i r s wh ich had 

to be plot ted to an a c c u r a c y of three d e c i m a l p laces on a 

f o r m a t sui table for a r epor t . S ince d i g i t a l compute r s were 

a l r eady being used i n the post - g l a c i a l c r u s t a l movement 

i nves t iga t ion , i t seemed a l o g i c a l ex tens ion of the w o r k to 

use the computer to produce p lo t te r output d i r e c t l y as w e l l 

as the m o r e u sua l p r i n t e r output. 

T h i s use of the d i g i t a l g raph p lo t te r w o r k e d so w e l l that 

i t was dec ided to i n c r e a s e our exper i ence i n the use of p lo t te r s 

by w r i t i n g m o r e p r o g r a m s to give plot ted output and by us ing 

other types of p lo t t e r . The r e su l t s of these studies a re s u m 

m a r i z e d i n the f o l l o w i n g pages. 
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S O M E USES OF 
IN 

A DIGITAL G R A P H PLOTTER 
H Y D R O L O G Y 

G . W . Kite 

INTRODUCTION 

The useful end product from the hardware of a digital computer is generally in the 
form of a printout from an off-line printer. In many instances a better appreciation of 
the program results can be obtained i f the data output is plotted. Where a large volume 
of data is involved it is often quicker and more convenient to receive a plot from the 
data processing centre than for the engineer to draw the graph from the data. However, the 
most efficient use of the plotter lies in "production-line plotting" where a long series 
of very similar plots must be produced. This type of job is wasteful of a skilled drafts
man's time and can be performed very adequately by machine. 

Most graph plotters are connected off-line with some form of computer; that i s , 
they are operating on the output from a computer but because of the speed differential 
between the computer producing output and the plotter using the output, the link is not 
direct. The form of input to the plotter varies with the plotter model, usually this is 
7-track magnetic tape but some plotters will accept punched cards or punched tape. 

Two basic types of plotter are available. The first type to be developed, such as 
the EAI330D, known as a flat-bed plotter is merely an automated draftsman's table. A 
rectangular sheet of paper is held flat on a rigid table, usually by a vacuum device. The 
common sizes of paper are 31 x 34 inches and 48 x 72 inches. This type of plotter is 
being rapidly superseded by the drum type plotter such as the Calcomp 563 which uses a 
120-foot long r o l l of paper in place of a sheet. The plotting width varies with the 
model but is commonly either 11 inches or 291 inches. 

Both types of plotter use the same drawing equipment, either a standard Rapido-
graph drafting pen using liquid Indian ink or a ball point pen and mounted in a vertical 
holder above the paper. This holder is able to move laterally across the paper, held onto 
two steel bars and controlled by a loop of thin wire. 

On the flat-bed models there is a mechanism enabling the pen holder to move 
transversely along the paper, while on the drum type the paper winds off one roller, 
under the pen and onto a second roller. The standard incremental movement of both pen 
and paper is I/IOOth of an inch and the rate of movement is 12,000 increments per minute, 
that is 2 inches per second. 

The pen may be lowered onto or raised from the plotting paper at a rate of up to 
600 movements per minute. The pen can move a f u l l step (I/lOOth inch) or a half step in 
either direction on either or both axes. This implies that there are sixteen possible 
single movements of the pen. 

The usual sequence of operations from the original recognition of the need for some 
form of graph output to the time when the completed plots are returned to the user would 



be similar to this: 

(a) The programmer writes his main program to compute whatever results he wishes. 
On the North American continent the usual scientific programming language is 
FORTRAN standing for "formula translating", although other languages are 
available such as ALGOL, AUTOCODE, G P S S 3 , PLl, SIMSCRIPT and the commercial 
language COBOL. This main program may then utilise directly the standard 
plotting subroutines provided by the computing centre or the plotter manu
facturer. The first plotting programs written in the Engineering Division 
operated in this fashion, the programs were individually written to solve their 
respective problems. As more experience was gained on the use of the plotter i t 
became evident that this was an inefficient method of programming and so a 
series of main subroutines were written which would control the actual plotting 
subroutines. By using main subroutines only two CALL statements need be added 
to any main program to convert the program to plotter output. The necessary 
source or object deck subroutines are then placed between the main program and 
the data, the correct control cards are added and the job is sent in to the 
computer centre. Some centres have a l l the required plotting subroutines on 
library tapes and it is not necessary to send the subroutines as card decks 
with the main program. 

(b) The computing centre receives the deck of cards and, after completing the 
accompanying paper work, places the deck in a card reader connected to a 
compiler. The compiler converts the FORTRAN statements into machine language 
and loads the machine language statements onto 9-track magnetic tape which 
passes to the computer proper. Assuming that the compiler detected no fatal 
programming errors the computer then executes the job and transfers the 
generated plotting instructions onto a 7-track magnetic tape. Five tracks 
hold the plotter instructions while the fourth and seventh tracks contain 
information for clock synchronisation and parity checking respectively. 

(c) The plotter tape is then transferred manually to the tape transport unit of 
the off-line plotting unit. The tape transport looks rather like a large home 
tape recorder set in a vertical position, the tape coming off the left hand 
reel through the tape readers and onto the right hand tape reel. On the tape 
transport unit the operator dials the number of graphs to be plotted. The 
plotter can be set to draw up to 999 successive plots or the operator can 
order the plotter to locate and plot individual graphs. 

The tape readers in the transport unit transmit the taped instructions to 
the actual plotter, which is about the shape and size of a large typewriter 
table. The operator must f i t the required type, size (mm) and colour of pen 
into the vertical holder, feed the r o l l of paper forward, pass the pen to 
provide sufficient margin in case the plot moves backwards from the origin, 
and set the pen part way across the paper. On some types of plotter the pro
grammer has no control over the positioning of the origin of his plot on the 
paper, this is left up to the operator's good judgement. On other plotters, 
instructions can be built into the program which will position the plot origin 
at any required distance from the edge of the paper. 

After these preliminary settings have been completed, the operator presses 
the START button and the tape readers start a search for the fi r s t block 
address on the magnetic tape. Two block addresses are placed on the tape by 
the plotter subroutines at the start of every individual plot. When the block 
address has been found in the rapid forward search, the block address is read 
again, as a check, slowly in reverse direction. If the match is confirmed 
the plot instructions are carried out and the required drawing produced. 

(d) The finished plot is cut from the paper r o l l , put with the programmer's card 
deck and returned to him. In our case this whole sequence of operations 
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usually takes between 24 and 48 hours, involving on average a time of 3 
minutes on an IBM 360/65 digital computer and about 10 minutes per plot on 
a Calcomp 663 plotter. For smaller computers this time would be greater and 
for larger numbers of plots the computer time would also increase, although 
not linearly. 

The most common plotting system in the Calcomp, although other systems are 
available such as the Benson-Lehner and the EAI. In Ottawa, three graph plotters were 
available to the Inland Waters Branch: 

1) Calcomp 563 a t EMR Departmental Computing Centre 

2) Calcomp 663 a t CDPSB 

3) EAI 3500 at NRC 

The first two plotter programs written by the division were designed for use on 
the Calcomp 563 at EMR Computing Centre in conjunction with their CDC 3100 computer. 
Later, because of the small storage capacity of the 3100, the programs were written to 
suit the FORTRAN level of the IBM 360/65 at CDPSB with their Calcomp 663 plotter. The 
Calcomp 663 is reportedly a faster plotter than the 563. Because of the somewhat different 
programming technique used between the one-job programs used on the CDC 3100-Calcomp 563 
combination and the multi-use subroutines used on the IBM 360/65 Calcomp 663, the programs 
are described in separate sections of this report. 



PROGRAMS FOR THE IBM 360-65/CALCOMP 663 COMPUTER-PLOTTER COMBINATION 

Job Set-up IBM 360 

vO 

1 1 
r H f—t 
o o 

//J EMR40. (Job card prepared'by CDPSB) 

// PROGRAMMER'S NAME 

// EXEC FORTGCLG, PARM. FORT = BCD 

//FORT.SYSIN * 

Source Deck 

/ * 

//LKED.SYSIN DD UNIT = 9TRACK, DSNAME = PLTRTNS, VOLUME = SER = BU1537, 

// DCB = (RECFM = FB, LRECL = 80, BLKSIZE = 80), 

// DISP = OLD 

// DD * 

Oject Deck 

/ * 

//GO.PLOTTAPE DD UNIT = 7TRACK, DISP = (NEW, KEEP) 

// VOLUME = PRIVATE, DSNAME = PLTRTAPE 

//GO.SYSIN DD * 

Input Data for Main. 

Plot Control Cards. 

/ * 



CDPSB Job Submission Form 

J O B IN 
195601 

J O B O U T J O B IN 

JOB RETURN LABEL-

G.W. Kite 

F 224 

8 Temporary Bijilding 

195601 
J O B O U T 

SPOOL RETURN LABEL 
D E C O L L A T E • 

G.W. Kite 

B U R S T • 

F. 224 

8 Temporary Building 

CENTRAL DATA PROCESSING 

SERVICE BUREAU 

SUBMISSION J 195601 NUMBER J . w ^ - ' W V J . 

CENTRAL DATA PROCESSING 

SERVICE BUREAU 

D A T E a T I M E IN 
E •M, R 4 0 1 • P L 0 T 

A C C O U N T N U M B E R D A T E a, T I M E O U T NAME OF CONTACT 
<PLEASE PRINTI 

G. LATHAM ??4-9Wf 
A D D I T I O N A L INSTRUCTION 

S H E E T I N C L U D E D 0 
S P E C I A L I N S T R U C T I O N S 

Input 

To bo plotted 

S I M P L E D S N A M E 
O R 

V O L U M E S E R I A L 

BU1537 

PLTRTAPE 
7track 

scratch 
labelled 

RING 
IN X EST. MAX. CORE (K BYTESI 

EST. JOB TIME <MINUTES> 

TAPE DRIVES REQUIRED :oiii 3J 
SCRATCH DISK TRACKS 0 0 

PRIVATE DISK DRIVES REQD. 0 

SERVICE REQUIRED (DAYS) 
I— 

RENTED DISK SPACE REQUIRED |0 1 

EST CARD OUTPUT IE 

DATE a TIME IN 
SUBMISSION C 195601 NUMBER E M R 4 I0 ' IP 

ACCOUNT NUMBER 
L 0 T DATE a TIME O U T 

NAME .PLEASE PRINT, 

CONTACT LATHAJi 

PHONE NO. 

994-9444 
ADDITIONAL INSTRUCTION SHEET INCLUDED 

FROM TO RECORD 
LENGTH IN OUT (THOUSAND) REC. NL ^ PLY ^ VOLUME SERIAL 

JOB NUMBER 
CREATED UNDER COMP. 

Frcan TA to PL PLTRTAPE 

Pi. 

CENTRAL DATA PROCESSING SERVICE BUREAU 
o 



Plotting Instruction Sheet 

C E N T R A L D A T A P R O C E S S I N G S E R V I C E B U R E A U 

PLOTTER INSTRUCTIONS 

T E L E P H O N E N U M B E R : 
D A T E 

P R O G R A M M E R ' S N A M E : ^ ^ 

Kite 4-9444 22nd January 1968 

A D D R E S S : p_224^ g Temp. Bldg. 

A C C O U N T N U M B E R : |E | M| R |4 I 0 [ . I P | L |0 I T | 
J O B S E R I A L N U M B E R 15 1 218 13 12 

E S T I M A T E D T I M E T O P L O T 

10 
M I N U T E S 

INPUT 
TAPE 

D S N A M E PLTRTAPE 

N O . O F P L O T S 

O U T P U T P A P E R 

Spec ia l Ins t ruc t ions : 

Operator 's Remarks 

P L O T T I N G T I M E : 

V _ 
B U R - 50 (4-68) 

S T A N D A R D 11" 

30" C5 
B A L L P O I N T [x\ G R E E N Q R E D Q 

P E N I N K , , , , 

L I Q U I D I N K • B L A C K [ X ] B L U E L j 

_ Mins . O P E R A T O R : 

SI G N A T U R E 



Description of Plotter Subroutines 

Four subroutines were written to control the use of the standard Calcomp subroutines. 
All are written in FORTRAN IV G language and are suitable for the IBM 360-65. 

The two main subroutines are XYREAD and XYPLOT. 

XYREAD 

Subroutine XYREAD is the first of the two main subroutines called by the main program. 
It reads in, from data cards, a l l the information required to carry out the detail plotting 
such as t i t l e s , axes, grids, frames, identification, plot series numbers, etc. The infor
mation is read in in the format given in the table entitled "List of Graph Plot Variables". 

The first plot information card contains data defining the core storage area 
required on the plotter. The next seven cards hold the ordinate and abscissa of the 
lower left hand characters of the plot titles and also the size of the characters to be 
drawn and the angle relative to horizontal. Then, on seven further cards, the plot titles 
are read in in alphameric form. Card 16 holds information required to scale the data to f i t 
the plot size. Calcomp provides a standard scale subroutine which will do this scaling, 
but the subroutine does not always provide minimum and interval values which are convenient 
to use. Subroutine XYREAD provides the programmer with an option, he can either use the 
standard SCALE subroutine or he can himself provide the minimum and interval values 
corresponding to the variables. Cards 17 to 20 provide the data necessary to locate the 
origin of each axis, the angles at which the axes are to be drawn, the angles at which 
the interval values of each variable are to be plotted and the titles to be drawn along
side each axis. From cards 21 to 23 information describing each plot is read in, the 
numbers of points to be plotted, the type of line to be drawn and the style of symbol to 
be used. Calcomp provides 128 characters which can be used to distinguish between 
different lines on the same plot. 

Data card 24 contains the most important information. On this card are eight 
parameters which completely control the action of the second subroutine, XYPLOT. Control 
is maintained by this card over the number of lines of t i t l e to be drawn, whether straight 
line or smooth curve plots are required, the size of frame to be drawn around the plot, 
whether a grid is required and the number of lines to be drawn on each plot. Three 
further cards control the grid size and the character size of other t i t l e s . An explanation 
of each variable in the subroutine is given on comment cards in the computer listing of the 
subroutine. 

After subroutine XYREAD has been read in control is returned to the main program 
which can then create the arrays to be plotted and pass control to subroutine XYPLOT. 

XYPLOT 

Subroutine XYPLOT carries out the actual plotting, calling minor subroutines as 
required. This subroutine fixes the plot origin at a given distance from the edge of the 
paper, writes the plot t i t l e s , draws the axes, carries out the point plotting, draws the 
frame and adds the grid. With the present subroutine, up to seven lines of t i t l e can be 
written; usually four lines of main t i t l e , a plot sequence number and two lines of plot 
identification. Up to three plots can be drawn using the same pair of axes, and two 
separate frames and grids can be used. Control is again returned to the main program 
which adds an end of f i l e mark to the tape and rewinds the reel. Thus, to control the 
plotting done by this subroutine, 27 control cards containing 98 parameters are required. 
Many of these parameters are relatively constant however, and the programmer need not 
change them from one job to another. Each variable used in the subroutine is described 
on comment cards in the computer listing of the subroutine. 



XYAXIS 

Calcomp provides a standard library program for the 663 called AXIS. AXIS will 
draw a solid line at any specified angle to represent a plot axis and will then mark this 
line at one-inch intervals, write the value of the variable which occurs at each interval 
and finally write an axis t i t l e . For the type of work being done by the Inland Waters 
Branch there were two shortcomings of AXIS: 

(1) ho control was offered on the form of the variable write-out, e.g., while i t 
may be correct, i t does not look very neat to label an axis measured in days 
as "1.00", "2.00" etc. 

(2) no control was offered on the angle at which this output would be written; i t 
was always written parallel to the axis. This is ideal for a horizontal axis, 
but for a vertical axis it necessitates some head twisting to read the 
printing. 

Although these shortcomings may appear t r i v i a l they make i t worthwhile to write a 
completely new subroutine, XYAXIS. This subroutine offers f u l l control over the form of 
of the written output: any number of decimal places or an integer, and the angle of the 
writing; any angle, usually horizontal. 

The meaning of each argument in the subroutine is described on comment cards in 
the XYAXIS listing. 

XYGRID 

XYGRID is a very simple subroutine which draws a linear grid to the specifications 
read in by XYREAD on plot control cards 26 and 27. 

The use of each argument in the subroutine is described on comment cards in the 
computer listing of XYGRID. 



S U B R O U T I M F X Y R E A D 
C S U B R O U T I N E R E A D I N G P L O T F O R M A T I N F O R M A T I O N 
C 
C 

C O M M O N A B S I ( 1 0 0 ) , 0 R I ) 1 ( 1 0 0 ) , A B S 2 ( 1 0 0 ) , O R O ? t 1 0 0 ) , T I T 1 . F ? { 1 0 0 , 5 ) , X 
1 A 8 S 3 ( 1 0 0 ) , 0 R 0 3 ( 1 0 0 ) X 

C O M M O N N B N F , X 1 , Y l , H l f T H C T A l , X 2 , Y 2 , H ; ? , T H H T A 2 , X 3 , Y 3 , H 3 , T H E T A 3 , X 4 , Y 4 , X 
1 H 4 , T H E T A 4 , X 5 , Y 5 , H 5 , T H E T A 5 t X b , y 6 , H 6 , T H E T A 6 , X / , Y / , ( 1 7 , T H E T A 7 , N S 1 , X 
2 B C 0 1 ( 1 6 ) , N S 2 , 0 C D ? ( 1 6 ) , N S 3 , B C n 3 ( 1 6 ) , N S 4 , B C n 4 ( 1 6 ) , N N 5 , F P N 5 ( 16 ) , N I 1 , X 
3 l O M 1 6 ) , N I 2 , I 0 2 ( 16 ) , S W , S H . D I V , X O , Y O , T H E T A ( 4 ) , X A , Y A , N C O , X 
4 V 0 R D ( 1 6 ) , N C A , V A B S ( 1 6 ) , N 1 , J l , L l , K l , N 2 , J 2 , L ? , K 2 , N 3 , J 3 , L 3 , K 3 , X 
5 N A M E 1 , N A M E 2 , N A M E 3 , N A M E 4 , N A M E ' 5 , N A M E 6 , N A M E 7 , N A M E 8 , N S 6 , T H C T A 8 , X 
6 X G 1 , X G 2 , Y G 1 , Y G 2 , 0 X 1 , 0 X 2 , D Y 1 , 0 Y 2 , M X 1 , M X 2 , M Y 1 , M Y 2 , I P 1 , I P 2 X 

C O M M O N X M I N , Y M I N , D X , D Y X 
D I M E N S I O N B U F F E R { 4 0 9 6 ) 
I N T E G E R B C D l , B C D 2 , B C D 3 , B C D 4 , F P N 5 , I D l , 1 0 2 , V O R D , V A B S , T I T I . E 2 
I N P U T = l 

1 0 R E A D { I N P U T , 1 ) N R N F 

C N B N F L E N G T H O F B U F F E R I N WORDS * 

2 0 R E A D ( I N P U T , 2 1 X 1 , Y l , H I , T H E T A l 
3 0 R E A D ! I N P U T , 2 ) X 2 , Y 2 , H 2 , T H E T A 2 
4 0 R E A D ! I N P U T , 2 ) X 3 , Y 3 , H 3 , T t H E T A 3 
5 0 R E A O ( I N P U T , 2 ) X 4 , Y 4 , H 4 , T h E T A 4 
6 0 R E A O ( I N P U T , 2 ) X 5 , Y 5 , U 5 , T H F T A 5 
7 0 R E A D ( I N P U T , 2 ) X 6 , Y 6 , H 6 , T H E T A 6 
8 0 R E A D ( I N P U T , 2 ) X 7 , Y 7 , H 7 , T H E T A 7 

C X , Y C O O R D I N A T E S OF L O W E R L E F T C O R N E R O F 1 S T C H A R A C T E R * 
C H H E I G H T I N I N C H E S O E C H A R A C T E R S TO B E D R A W N * 
C f H E T A A N G L E F R O M H O R I Z O N T A L I N D E G R E E S A T W H I C H C H A R A C T E R S <= 
C A R E T C B E D R A W N * 

« * <t <i <t ;|< * <̂  * * * * * * * * >̂  * 

90 R E A O ( I N P U T , 3 ) N S l , ( 8 C D 1 ( I ) , I = 1 , 1 6 ) 
1 0 0 R E A D C I N P U T , 3 ) N S 2 , ( B C D 2 ( I ) , 1 = 1 , 1 6 ) 
1 10 R E A D C I N P U T , 3 ) N S 3 , ( B C D 3 ( I ) , I = 1 , 1 6 ) 
1 2 0 R E A D ( I N P U T , 3 ) N S 4 , ( B C D 4 ( I ) , 1 = 1 , 1 6 ) 

(;*********************************************************************** 

C N S N U M B E R O F C H A R A C T E R S TO B E D R A W N F R O M A R R A Y * 
C B C D A D D R E S S O F A L P H A A R R A Y * 
( • * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

1 3 0 R E A D ( I N P U T , 3 ) N N 5 , ( F P N 5 ( I ) , 1= 1 , 1 6 ) 
(;*********************************************************************** 

C NN N U M B E R O F D I G I T S TO R I G H T O F D E C I M A L P O I N T « 
C F P N A D D R E S S O F F L O A T I N G P O I N T N U M B E R « 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

1 4 0 R E A O ( I N P U T , 3 ) N I 1 , ( I D 1 ( I ) ,I = 1 , 1 6 ) 
15 0 R E A D C I N P U T , 3 ) N I 2 , ( I D 2 ( I ) , 1 = 1 , 1 6 ) 

C *<=**'!= * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C N I N U M B E R O F C H A R A C T E R S T O B E D R A W N F R O M A R R A Y * 
C ID I D E N T I F I C A T I O N A R R A Y * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

1 6 0 R t A D ( I N P U T , 4 ) S W , X M I N , D X , S H , Y M I N , D Y , 0 I V 

c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C SW M A X I M U M W I D T H OF P L O T I N I N C H F S * 
C X M I N I N I T I A L V A L U E OF A B S C I S S A S C A L E * 
C DX D I F F E R E N C E I N A B S C I S S A I N 1 I N C H * 
C S H M A X I M U M H E I G H T O F P L O T I N I N C H E S * 
C Y M I N I N I T I A L V A L U E OF O R D I N A T E S C A L E * 
C DY D I F F E R E N C E I N O R D I N A T E I N 1 I N C H * 
C D I V D I V I S I O N S TO T H E I N C H I N O R M A L L Y 1 0 . 0 ) * 
Q***** * * * * * * * * * * * * * * * * * * * * * * * ^ : * * * ^ * * * * * * * * * * * * * * J t * * * * * * * * * * * * * * * * * * * * * * * 

1 7 0 R E A O ( I N P U T , 5 ) X 0 , Y 0 , T H E T A ( 1 ) , T H E T A ( 2 ) , I P 1 
( ;*********************************************************************** 



C XO,YO COOROINATES OF STARTING PUINT UF ORDINATE AXIS * 
C THETA(l) ANGLE IN DEGRFFS OF ORDINATE AXIS FROM HORIZONTAL * 
C THETA(2) ANGLE IN OFGREES OF VARIABLE VALUES * 
C IPl SPECIFIES FIXED OR FLOATING PG*NT PRINTED OUTPUT * 
C IF +VE OUTPUT IS FLOATING POINT * 
C IF -1 OUTPUT IS FIXED POINT * 

180 R E A D ! I N P U T , 5 » X A , Y A , T H E T A ( 3 ) , T H E T A ( 4 ) , I P ? 
* * * * * * * * * * * * * * * * * * * * * * * * 

C XA.YA COORDINATES OF STARTING POINT OF ABSCISSA AXIS * 
C THFTAO) ANGLF IN DFGREFS OF ABSCISSA AXIS FRO!« HORIZONTAL * 
C THETA(A) ANGLE IN DEGREES OF VARIABLE VALUES * 
(3* « * < ; « < < « « * * * * * * * * * « « * * * * * * * * * < < * * * * * * * * * * * * * « * « * * * * * * * * * * * * < ! * * * * * * * * * * * * * 

190 RFAO( INPUT,3)NC0,(VORDI I ) , 1 = 1, 16) 
( ; * : * « « < t * « * « * i { ! « * « * < ! : « c « * : : ( c « * * « « * < c « * « < t * « « * * « * * * < ! * * * * * « * « * * * * « i l t * X ' * * * * * * * * * * * * * * 

C NCO NUMBER OF CHARACTERS IN ORDINATE AXIS TITLE * 
C VORD NAME CF ARRAY FOR ORDINATE AXIS TITLE * 

200 REA0{ INPUT,3)NCA,(VABS(I),1 = 1,16) 
(2* * * * < < « * « « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * « * * * * * * * * * * * * * * 

C NCA NUMBER OF CHARACTERS IN ABSCISSA AXIS TITLE * 
C VA8S NAME OF ARRAY FOR ABSCISSA AXIS TITLE * 
( ; : f r : ^ « < c < i * * * * < t * * * * « * < r « * * * * : * * * * * # * * * * * * * « « * * * < < * * ; * * * * * * « = « * * * * * * * * * * * * * * * * * * * * 

210 READCINPUT,6)N1,J1,K1,L1 
220 READ(INPUT,6)N2,J2,K2,L2 
230 REAO(INPUT,6)N3,J3,K3,L3 

£ « « « * « « « # • « « ! { ! « * « « < . - * < . « « * * * * * * * * « * * * * < < * * * * * * * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C N NUMBER OF POINTS * 
C K REPEAT CYCLE * 
C J USED TO DETERMINE PLOT APPEARANCE * 
C L INTEGER SPECIFYING SYMBOL TO BE PLOTTED * 
C * * * * * * * * * * * * * * « « * * * * « * * * * * * * * * * * ! i j c * < t * * * > l t « C i ! 5 * ! : ! * ) { t i : t > ! c ) i : < t : j < « * < ! < ( * * , [ t * < £ < : * > ) c 

24 0 REAO( INPUT,7)NAME1,NAME2,NAME3,NAMF4,NAME5,NAME6,NAME7,NAME8 
C*********************************************************************** 

* 
* 
* 
* 
* 
* 
* 

1 SMOOTH LINE PLOT I.S DRAWN * 
NO SMOOTH LINE PLOT IS DRAWN * 
3R0 PLOT IS AVAILABLE * 
NO 3RD PLOT IS AVAILABLE * 
11.0 * 35. G INCH FRAMF IS DRAWN * 
11.0 * 16.0 INCH FRAME IS DRAWN * 
8.5 « 11.00 INCH FRAME IS DRAWN * 
NO FRAME IS DRAWN * 
A LINEAR GRID IS DRAWN * 
AXIS SCALING IS AUTOMATIC * 
THF MINIMUM AND INTERVAL VALUES * 
IRRAY MUST RE READ IN FROM CARD 16 

Q * * * * * * « * * « < C « « * < ! * * . ! . V < ! * « « : ( t < < ! | < j ; £ « < < < ! * ) ^ < C « l { ; 4 c < ( < ; < t * < ( « J < * ; ( i < , ,j;^:{t,;5 4 ( * 

250 READ!INPUT,8)NS6,THETA8 
26G READ!INPUT,9)XG1,YG1,DX1,DY1,MX1,MYl 
2 7 0 R F A D( IN PIJ T ,9)X G 2,Y G 2,0 X 2,0 Y 2 , M X 2,MY 2 

C******* * * * * * * * * * * * * * * * * * * * * * * * * * * V * * * * * * * * * * * * * * * * * * * * * * * * * * * : * * * * : : | t * * * ) ! r * 

C XG,YG GRID STARTING P{JINT COORDINATES ( INCHES ) * 
C 0X,OY GRID INTERVALS ( INCHES ), * 
C MX,MY NO. OF DIVISIONS IN X AND V DIRECTIONS * 
C*********************************************************************** 

280 CALL PLOTS(RUFFER,NBNF) 
C********************************************************************* 
C BUFFER LOW ORDER WORK AREA CORE LOCATION * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * < t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

c NAMFl PLOT TYPE IF 1 THEN 
c I F 0 THEN 
c NAME2 PLOT TYPE IF 1 THEN 
c IF 0 THEN 
c NAME 3 PLOT TYPE IF 1 THEN 
c IF 0 THEN 
c NAME4 PLOT TYPE IF 2 THEN 
c IF 1 THEN 
c IF 0 THEN 
c NAMES PLOT TYPE IF 1 THEN 
c IF n 

\j THEN 
c NAME6 PLOT TYPE IF 3 THEN 
c IF 2 THEN 
c IF 1 THEN 
c IF 0 THEN 
c NAME 7 PLOT TYPE IF I THEN 
c NAMES PLOT TYPE IF 1 THEN 
c IF 0 THEN 
c FOR EACH 

4 TITLE LINES ARE DRAWN 
2 TITLE LINES ARE DRAWN 

2 SMOOTH LINE PLOTS ARE DRAWN 



1 FORMATt5X,110) 
2 FORMAK 5 X , 4 ( 4 X , F 6 . 3 M 
3 F n R M A T ( 5 X , I 5 , 1 6 A A » 
4 F Q R M A T ( 5 X , 7 F 1 0 . 3 ) 
5 F 0 R M A T ( 5 X , 4 F 5 . 2 , 15) 
6 FORMAT!5X,A I5 ) 
7^F0RMAT{5X,f i I5) 
8 FORMAK 5X, I 5 , F 5 . l ) 
9 F 0 R M A T ( 5 X , 4 F 5 . 1 , 2 1 5 ) 

290 RETURN 
300 END 

S U B R O U T I N E X Y P L Q T 
C 
C 

C O M M O N A B S l ( 5 0 0 ) , A 8 S 2 ( 5 0 0 ) , A B S 3 ( 5 0 0 ) , 0 R D 1 ( 5 0 0 ) , 0 R D 2 ( 5 0 0 ) , O R D 3 ( 5 0 0 ) X 
C O M M O N T I T L E 2 ( 5 0 0 , 5 ) X' 
C O M M O N N H N E , X 1 , Y l , H I , T H E T A 1 , X 2 , Y 2 , H 2 , T H E T A 2 , X 3 , Y 3 , H 3 , T H E T A 3 , X 4 , Y 4 , X i 

I H 4 , T H E T A 4 , X 5 , Y 5 , H 5 , T H E T A 5 , X 6 , Y 6 , H 6 , T H E T A 6 , X 7 , Y 7 , H 7 , T H E T A 7 , N S I , Xl 
2 B C 0 1 ( 1 6 ) , N S 2 , B C D 2 ( 1 6 ) , N S 3 , B C 0 3 ( 1 6 ) , N S 4 , B C D 4 ( 1 6 ) , N N 5 , F P N 5 ( 1 6 ) , N I 1 , X 
3 I D 1 ( 1 6 ) , N I 2 , I D 2 ( 1 6 ) , S W , S H , D I V , X O , Y O , T H E T A ( 4 ) , X A , Y A , N C O , X 
4 V 0 R D ( 1 6 ) , N C A , V A B S ( 1 6 ) , N 1 , J 1 , L 1 , K 1 , N 2 , J 2 , L 2 , K 2 , N 3 , J 3 , L 3 , K 3 , X 
5 N A M E 1 , N A M E 2 , N A M E 3 , N A M E 4 , N A M E 5 , N A M E 6 , N A M E 7 , N A M E S , N S 6 , T H E T A 8 , X 
6 X G 1 , X G 2 , Y G 1 , Y G 2 , D X 1 , D X 2 , D Y 1 , D Y 2 , M X 1 , M X 2 , M Y 1 , M Y 2 , I P 1 , I P 2 X 

C O M M O N X M I N , Y M I N , D X , D Y X! 
I N T E G E R B C D 1 , 8 C D 2 , B C D 3 , B C D 4 , F P N 5 , I D l , I D 2 , V O R D , V A B S , T I T L E 2 , T I T L E 
C A L L P L O T ( 0 . 0 , - 3 0 . 0 , - 3 ) 
C A L L P L O T ( 0 . 0 , 3 . 0 , - 3 ) 
C A L L S Y M B O L < X I , Y 1 , H 1 , B C 0 1 , T H E T A 1 , N S 1 ) 
C A L L S Y M B O H X 2 , Y 2 , H 2 , B C D 2 , T H E T A 2 , N S 2 ) 
I F I N A M E l . N E . D G O T O 2 0 

1 0 C A L L S Y M B 0 L ( X 3 , Y 3 , H 3 , B C D 3 , T H E T A 3 , N S 3 ) 
C A L L S Y M B O L ( X 4 , Y 4 , H 4 , B C D 4 , T H E T A 4 , N S 4 ) 

2 0 I F ( N A M E 2 . N E . 1 ) G 0 TO 4 0 
3 0 C A L L N U M B E R ( X 5 , Y 5 , H 5 , F P N 5 , T H E T A 5 , N N 5 ) 
4 0 C A L L S Y M 8 0 L ( X 6 , Y 6 , H 6 , I 0 1 , T H E T A 6 , N I 1 ) 

C A L L S Y M B O L ( X 7 , Y 7 , H 7 , I D 2 , T H E T A 7 , N I 2 ) 
T F I N A M E B . N E . D G O T O 4 5 

4 1 C A L L S C A L E ( 0 R 0 1 , S H , N 1 , K 1 , D I V ) 
C A L L S C A L F | A B S 1 , S W , N 1 , K 1 , D I V ) 
GO TO 4 6 

4 5 0 R D 1 ( N 1 * K 1 + 1 ) = Y M I N 
0 R D 1 ( N 1 * K 1 + K l + 1 ) = D Y 
A B S 1 ( N 1 * K 1 + 1 ) = X M I N 
A Q S 1 ( N 1 * K 1 + K 1 + 1 ) = 0 X 

4 6 0 R D 2 I N 2 * K 2 + l ) = 0 R D H N 1 * K H - 1 ) 
0 R 0 3 ( N 3 ' ! = K 3 + 1 ) = 0 R D 1 ( N l * K H - l ) 
0 R D 2 { N 2 * K 2 + K 2 + 1 ) = 0 R 0 1 ( N 1 * K 1 + K 1 + 1 ) 
O R D 3 ( N 3 * K 3 + K 3 + l ) = 0 R 0 1 ( N 1 * K 1 + K 1 + 1 ) 
A B S 2 ( N 2 * K 2 + 1 ) = A B S 1 ( N 1 * K H - 1 ) 
A B S 3 ( N 3 * K 3 + 1 ) = A B S 1 ( N l * K H - l ) 
A B S 2 ( N 2 * K 2 + K 2 + 1 ) = A B S 1 ( N 1 * K 1 + K 1 + 1 ) 
A B S 3 ( N 3 * K 3 + K 3 + 1 ) = A B S 1 ( N 1 * K 1 + K 1 + 1 ) 
C A L L X Y A X I S ( X O , Y O , V O R D , N C O , S H , T H E T A ( 1 ) , T H F T A ( 2 ) , O R D 1 ( N 1 * K 1 + 1 ) , 

i a R 0 1 ( N l * K I + K l + l ) , I P l ) 
C A L L X Y A X I S ( X A , Y A , V A 8 S , N C A , S W , T t ) E T A ( 3 ) , T H E T A { 4 ) , A B S 1 ( N l * K 1 + 1 ) , 

1 A 3 S 1 ( N 1 * K 1 + K 1 + 1 ) , I P 2 ) 
I F ( N A M E 4 . E G . 2 ) G 0 T O 6 0 

5 0 C A L L L I N E ( A B S I , Q R D 1 , N 1 , K 1 , J I , L 1 ) 
C A L L P L O T ( C . O , 0 . 0 , 3 ) 
GO TO 7 0 

6 0 N 1 = - N 1 
C A L L X Y C U R V C A B S 1 , 0 R D 1 , N 1 , K 1 , J 1 , L 1 ) 



C A L L P L 0 T ( 0 . 0 , 0 . 0 , 3 ) 
7C I F ( ! M a M F 3 . . N E . l ) G Q TO 1 2 0 
80 0 0 110 KJ=1,N1 

J = K J 
Z K J = K J 
2 K J = Z K J / 2 . C - K J / 2 
I F C Z K J . G T . O . O G O T O «2 

8 1 A K J = ( ( A B S U J ) - A B S l ( N 1 * K 1 + 1 ) ) / A B S l ( N 1 * K 1 + K 1 + 1 ) ) - 0 . 1 

X K J = A K J - N S 6 * 0 . 3 7 
CKs)=XKJ+MS6*0. 3 4 
GO TO 8 3 

8 2 AKJ=( ( A B S l ( J ) - A B S l ( N 1 * K 1 + 1) ) / A B S 1 ( N 1 * K 1 + K 1 + 1) ) + 0 . 1 0 
X K J = A K J + 0 . 5 
C K J = X K J - 0 . 0 5 

3 3 AOD=0.0 

T F(!<J . E Q . N l ) G 0 TO 84 
T F C O K D K J + 1 ) - 0 R D T ( J ) . L T . 0 . 1 * O R n i ( N 1 * K 1 + K1 + 1 ) ) A n D = - 0 . 0 5 

8 4 I F ( K J . L T . 3 ) G a TO 8 5 
I F ( 0 R D 1 ( J ) - n R 0 1 ( J - 2 ) . L T . 0 . 1 * 0 R 0 1 ( N 1 * K 1 + K 1 + 1 ) ) A D 0 = + 0 . 0 5 

8 5 B K J = ( ( O R O l ( J ) - 0 R 0 1 ( N 1 * K 1 + 1 ) ) / O R D 1 ( N 1 * K 1 + K 1 + 1 ) ) 

Y K J = B K J + A r ) D 
D K J = Y K J + 0 . 0 3 7 5 
C A L L P L a T ( A K J , B K J , 3 ) 
C A L L P L 0 T ( C K J , 0 K J , 2 ) 

0 0 n o K I = 1 , N S 6 
T I T L E = T I T L E 2 ( K J , K I ) 
I F ( K I . G T . 1 ) G 0 T O 1 0 0 

9 0 CALL S Y M B O L ( X K J , Y K J , 0 . 0 7 5 , T I T L E , T H E T A B , 4 ) 
GO TO 1 1 0 

1 0 0 C A L L S Y , M 3 0 L ( - 0 . , - Q . , 0 . 0 7 5 , T I T L E , T H F T A 8 , 4 ) 

1 1 0 C O N T I N U E 
1 2 0 I F ( N A W E 4 . E ( 0 . 1 ) G O T O - 1 4 0 
1 3 0 I F { N A M F 4 . N E . 2 ) G 0 T O 1 5 0 
1 4 0 N 2 = - N 2 

C A L L X Y C U R V ! A B S 2 , O R 0 2 , N 2 , K 2 , J 2 , L 2 ) 
C A L L P L O T ( O . G , 0 . 0 , 3 ) 

1 5 0 T F { N A V E 5 . N E . 1 ) G G T O 1 7 0 
1 6 0 C A L L L I N E ( A B S 3 , 0 R D 3 , N 3 , K 3 , J 3 , L 3 ) 

C A L L P L O T ( 0 . 0 , 0 . 0 , 3 ) 
1 7 0 I F ( N A N ! E 6 . E 0 . O ) G n T O 2 2 0 
1 8 0 I F ( N A M E 6 . E Q . 1 ) G 0 T O 2 1 0 
1 9 0 I F ( N A M E 6 . E 0 . 2 ) GO TO 2 0 0 
1 9 9 I F ( N A M E 6 . N E . 3 ) GO TO 2 2 0 
2 0 5 C A L L P L O T ( - 1 . 2 5 , - 1 . 2 5 , 3 ) 

C A L L P L O T ( - 1 . 2 5 , + 9 . 2 5 t 2 ) 

C A L L P L O T ( + 3 3 . C , + 9 . 2 5 , 2 ) 

C A L L P L O T ( + 3 3 . 0 , - 1 . 2 5 , 2 ) 

C A L L P L O T ( - 1 . 2 5 , - 1 . 2 5 , 2 ) 

GO TO 2 2 0 
2 0 0 C A L L P L Q T ( - 0 . 9 0 , - 0 . 9 0 , 3 ) 

C A L L P L O T ( - 0 . 9 0 , 1 0 . 1 0 , 2 ) 

C A L L P L O T ( 1 4 . 9 0 , 1 0 . 1 0 , 2 ) 

C A L L P L O T ( 1 4 . 9 0 , - 0 . 9 0 , 2 ) 

C A L L P L 0 T ( - 0 . g 0 , - 0 . 9 0 , 2 ) 

C A L L P L 0 T ( - 0 . 7 0 , - 0 . 7 0 , 3 ) 
C A L L P L O T ( - 0 . 7 0 , 9 . 9 0 , 2 ) 

C A L L P L 0 T ( 1 4 . 7 0 , 9 . 9 0 , 2 ) 

C A L L P L 0 T ( 1 4 . 7 0 , - 0 . 7 0 , 2 ) 

C A L L P L 0 T ( - 0 . 7 0 , - 0 . 7 0 , 2 ) 

GO TO 2 2 0 

2 1 0 C A L L P L 0 T ( - 0 . 8 5 , - 0 . 8 0 , 3 ) 
C A L L P L 0 T ( - 0 . 8 5 , + 7 . 7 0 , 2 ) 
C A L L P L 0 T ( 1 0 . 1 5 , + 7 . 7 0 , 2 ) 

C A L L P L O T { 1 0 . 1 5 , - 0 . 8 0 , 2 ) 

C A L L P L 0 T < - 0 . 8 5 , - 0 . 8 0 , 2 ) 

C A L L P L 0 T ( - 0 . 8 0 , - 0 . 7 5 , 3 ) 

13 



CALL PL0T(-0 . a0 ,+6.q0,2 ) 
C4LL PLOT(10.10,+6.qO,2) 
CALL PLOT(10.10,-0.75,2) 
CALL PLOT(-0.80,-0.75,2) 

220 CilNTINUF 
1F(NAME7.NE. 1)GC= TO 240 

730 CALL XYGRID(XGl,YG1,0X1,DY1,MXl,WYl) 
CALL XYGRID(XG2.YG2,DX2,DY2,MX2,MY2) 

24C CALL PLOT(0.0,0.0,999) 
RETURN 
END 

SUfiROUTINE XYGRIDlX,Y,DX,Dy,MX,MY) 
C SUBROUTINE FOR PLOTTING LINEAR GRID 
C 
c 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ * * 
C X.Y GRID STARTING PGINT COORDINATES ( INCHES ) * 
C DX.UY GRID SPACINGS ( INCHES ) * 
C MX.MY NO. OF DIVISIONS IN X AND Y DIRECTIONS * 
C NO. GF LINES DRAwN IN EACH DIRECTION IS MX<-1,MY+1 * 

**#*****̂  
XS1 = X 
YS1 = V 
XS?=X+MX*DX 
YS2=Y+MY*DY 
MX=MX+1 
MY=MY+1 
CALL PLQT{X.y,3J 
DO 10 1=1, MX 
CALL PLCl<XS1,Y,3) 
CALL PLOTJXSl,YS2,2) 

10 XS1=XS1+DX 
00 20 1=1,MY 
CALL PLGHX,YS1,3) 
CALL PL0T<XS2,YS1,2) 

20 YS1=YS1+DY 
RETURN 
END 



SURROUTtNF XYAXIS (X,Y,ARRAY,N,XLNG,THETA 1,THETA2,XMIN,DX,IP) 
n i M E N S I O N ARRAY(20) 
CALL PLOT (X.Y,3) 

c X, Y COORDINATES OF AXIS ORIGIN (INCHES) * 
C ARRAY AXIS TITLE ARRAY. * 
C NUMRFR OF CHARACTERS IN AXIS TITLE. * 
r IF N IS CVE THEN TITLE IS DRAWN ON THE ANTICLOCKWISE SIDE* 

C OP THE AXIS. * 
c I C M f<; _VF THEN TITLE IS DRAHN ON THE CLOCKWISE SIDE OF * 
c THE AXIS. * 
c XLNG LENGTH OF THF AXIS (INCHES). * 
c THETAl ANGLE OF THE AXIS ANTICLOCKWISE FROM HORIZONTAL (DEGREES)* 

c THETA2 ANGLE OP VARIABLE VALUE v'LOT. * 
c XMIN VALUE OF THE VARIABLE AT THE AXIS ORIGIN. « 
c n x IMCRFMFNTAL VALUE OP THE VARIABLE FOR 1 INCH ALONG AXIS. * 
r IP SPECIFIES THE VARIABLE PRINT OUT STYLE. * 
c IF ID IS SVE THEN THIS GIVES THF NUMBER OF DECIMAL * 
c PLACES TC BE PRINTED * 
c IP IP IS 0 THEN ONLY THE DECIMAL POINT KILL BE PRINTED * 
c IE IP IS -1 THEN THE VARIABLE WILL BE PRINTED AS INTEGER * 

************************************************ 
ANGLE1 = THETA 1*0.0174532778 
ANGLE2=TMETA2*C.Cl745 32 778 
SIN1 = SIN(ANGLEl ) 
SIN2=SIN(ANGLE?) 
C0S1=C0S(ANGLEl ) 
C0S2 = CrS(ANGLF2 ) 
IF (N.GT.O) GO TO 20 

10 IN0=l 
THETA3 = THETA 1 
GO TO 30 

?0 IND=-1 
THETA3=THETA1+180.0 

30 CONTINUE 
X1=X+XLNG*C0S1 
Y1=Y+XLNG*SIN1 
CALL PLOT (X1,Y1,?) 
X?=Xl + (0. 1*SIN1*IND) 
Y 2 = Y l - ( 0 . 1 « C 0 S 1 * 1 N D ) 
LNG=XLNG+1 .1 
Ĉ L̂L SYMBOL (X2,Y2,0.1 ,C6,THETA3,-1) 
ING=LNG-1 
CO 40 J=l,ING 
X2=X?-C0S1 
Y2=Y2-STN1 

40 CALL SYMBOL (X2 , Y?,0.1,06,THETA3,-1) 
IF (IP) 50,60,60 

50 Xo=0.0 
GO TO 70 

60 XP=IP+1 
70 XOUT=ABS(XMTN+OX) 

IE (XOUT) 130,80,80 
ST) XVAR = 10.0 

00 90 J=l,10 
IF (XOUT.LT.XVAR) GO TO 100 

90 XVAR=XVAR*10.0 
100 X0IV=AL0G1C(XVAP) 

YQUT=A8S(XMIN-K0X*KLNG) ) 



YVAR-10.0 
00 1 1 0 J = I , 1 0 

IF (YOUT.LF.YVAR) GO TO 12n 
110 YVAR=YVAR*10.0 
120 YDIV=ALGG1C(YVAR) 

XN)l=(XniV + YD[V)/2 .0 + X P 
IF (XOUT.GF.0.0) GO TO 140 

130 X N 1 = X N 1 + 1 . 0 
140 CONTINUE 

XH=XLNG*0.01 
XH1=XLNG*0.015 
IF( X H.LT.0.085) ,XH=0.0S5, 

150 IF(XH1.LT.C.085) XH1=0.G85 
151 I F ( X H . G T . 0 . 2 5 > XH=0.25 
152 IF(XHl.GT.C.25 ) XH1=0.25 
155 Y3=Y-((XH+C.2)*C0Sl*C0S2*IND)-((XH/2.0)*SIN1*C052)-((XN1+3.0)*XH* 

l C n S l « S I N 2 ) - ( ( X N 1 / 2 . 0 ) * X H * S T N 1 * S I N 2 ) 
X3 = X-( IXN!/2 . 0 ) *XH*C0Sl*C0S2) + ((XN1 + 3 . 0 ) * X H * S I N1 * C 0 S 2 « I NO) + ( ( X H / 2 . 

1 0 ) * C 0 S 1 * S I N 2 ) + { ( X H * 2 . 0 ) * S I N 1 * S I N 2 « I N D ) 
X1G 0 = X « I N 
SHlFT-=XNl*XH/2.0 
DQ 160 J=1,LNG 
IF(THETA1.NF.0.G)G0 TO 158 

156 IF(J.E0.1)X3=X3+SHIFT 
157 IFU.EG.LNn)X3=X3-SHIFT 
158 CALL NUMBER (X3,Y3,XH,X100,THETA2,IP ) 

IFITHETAl.NE.O.O)G0 TO 159 
153 IF(J.EO.1)X3=X3-SHIFT 
159 X3=X3+COSl 

Y3=Y3+SIN1 
160 X100=X100+DX 

NN=IAfiSCN) 
XN!=NN 
X5=XH1 

X 6 = ( X 5 * X N ) / 2 . 0 
X4=( ( X + Xl)/2.0)-(X6*C0Sl)+((((XN1*0052)+SIN2)*XH+0.25)*SIN1*1ND) 
Y4=((Y+Yl)/2.0)-(X6*SIN1)-(<<(XN1*S1N2)+COS2)*XH+XH1+0.30)*C0S1*IN 
ID) 
CALL SYMBOL (X4,Y4,X5,APR AY»THETA 1,NN) 
CALL PLOT (X,Y,3) 
RETURN 
END 



Example la: Smooth Curve Plotting - Reservoir Flood Routing. 

The reservoir flood routing program uses a modified Goodrich technique to compute 
the reservoir outflow from the inflow, given a set of reservoir characteristics. 

Six characteristics are i n i t i a l l y called by the program; three describing the 
stage-discharge relationship of the reservoir's outflow mechanism and three describing 
the stage-storage relationship. 

Q = Cl (H - C2)'̂ '̂  

S = C4 (H - CS)*̂ ^ 

where Q is the reservoir outflow 

H is the reservoir stage 

S is the reservoir.storage 

The program next requires that the period between inflow observations, in days, 
be read in, together with a figure signifying the accuracy, in cfs, to which the computer 
is required to calculate the outflow hydrograph co-ordinates. 

Finally, the inflow hydrograph is read in in array form and the computer calculates 
for each inflow the corresponding outflow. 

The results are tabulated and printed out and the program calls the necessary 
subroutines to produce a graph plot of the inflow and outflow hydrographs. 
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LIST OF GRAPH PLOT VARIABLES 

PLOT TITLE: RESERVOIR FLOOD ROUTING PLOT NO: la 

Card 
Number 

Card 
Function 

Card 
Format 

Variable 
Name 

Variable 
Value 

1 Core location SX.IIO NBNF 4096 

2 First Title Position 
Data 

5X,4(4X,F6.3) XI 
Yl 
HI 
THETAl 

6.0 
6.7 
0.175 

3 Second Title Position 
Data 

5X,4(4X,F6.3) X2 
Y2 
H2 
THETA2 

6.0 
6.4 
0.175 
0.0 

4 Third Title Position 
Data 

5X,4(4X,F6.3) X3 
Y3 
H3 
THETA3 

6.0 
6.1 
0.175 
0.0 

5 Fourth Title Position 
Data 

5X,4(4X,F6.3) X4 
Y4 
H4 
THETA4 

6 Fifth Title Position 
Data (Numeric) 

5X,4(4X,F6.3) X5 
Y5 
H5 
THETA5 

7 Sixth Title Position 
Data (Identification) 

5X,4(4X,F6.3) X6 
Y6 
H6 
THETA6 

0.25 
-0.25 
0.1 
0.0 



Card Card Card Variable Variable 
Number Function Format Name Value 

8 Seventh Title Position 5X,4(4X,F6.3) X7 0.25 
Data (Identification) Y7 -0.4 

H7 O.I 
THETA7 0.0 

9 First Title Content 5X,I5,16A4 NSI 23 
Data BCDl Reservoir Flood 

Routing 

10 Second-Title Content 5X,I5,16A4 NS2 28 
Data BCD2 Hypothetical 

Example Showing 

11 Third Title Content 5X,I5,16A4 NS3 30 
Data BCD3 Inflow and Outlfow 

Hydrographs 

12 Fourth Title Content 5X,I5,I6A4 NS4 
Data BCD4 

13 Fifth Title Content 5X,I5,16A4 NNS 
Data (Numeric) FPN5 

14 Sixth Title Content 5X,I5,16A4 Nil 15 
Data (Identification) IDl G.W. Kite 

EMR40 

15 Seventh Title Content 5X,I5,I6A4 NI2 20 
Data (Identification) 102 Inland Waters Branch 

16 Scaling Data SX,7FI0.3 SW 10.0 
XMIN 0.0 
DX I.O 
SH 7.0 
XMIN 1000.0 
DY 1000.0 
DIV 10.0 

17 Ordinate Position 5X,4F5.2,I5 XO 0.0 

Data YO 0.0 
THETA(I) 90.0 
THETA(2) 0.0 
IPl -1 



Card Card Card Variable Variable 
Number Function Format Name Value 

18 Abscissa Position 5X,4F5.2,I5 XA 0.0 
Data YA 0.0 

THETA(3) 0.0 
THETA(4) 0.0 
1P2 -1 

19 Ordinate Content 5X,I5,16A4 NCO 15 
Data VORD Discharge - cfs 

20 Abscissa Content 5X,I5,16A4 NCA -11 
Data VABS Time - Days 

21 First Plot 5X,4I5 Nl 21 
Data J l 1 

Kl 1 
Ll 4 

22 Second Plot 5X,4I5 N2 21 
Data J2 1 

K2 1 
L2 4 

23 Third Plot 5X,4IS N3 
Data J3 

K3 
L3 

24 Plot Type 5X,6I5 NAMEl 1 
Data NAME 2 0 

NAME 3 0 
NAME 4 2 
NAMES 0 
NAME 6 1 
NAME 7 1 
NAME 8 0 

25 Point Title 5X,I5,F5.1 NS6 
THETA8 



Card Card Card Variable Variable 

Number Function Format Name Value 

26 Grid Data (1) 5X,4F5.1,215 XGl 0.0 Data (1) 
YGl 0.0 
DXl 1.0 
DYl 1.0 
MXl 5 
MYl 7 

27 Grid Data (2) 5X,4F5.1,215 XG2 5.0 

YG2 0.0 
DX2 1.0 
DY2 1.0 
MX2 5 
MY 2 6 
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C R E S E R V O I R F L O O D R O U T I N G 
C 
c 

C O M M O N A B S l ( 5 0 0 ) , A 8 S 2 ( 5 0 0 ) , A B S 3 ( 5 0 0 ) , O R O K 5 0 0 ) , 0 R D 2 ( 5 0 0 ) , 0 R 0 3 J 5 i 
C O M M O N T I T L E 2 ( 5 C 0 , 5 ) 
C O M M O N N 6 N F t X l , Y I , H l , T H E T A l , X 2 , Y 2 , H 2 , T H E T A 2 , X 3 , Y 3 , H 3 , T H E T A 3 , X 4 , 

l h 4 , T H E T A 4 , X 5 , Y 5 , H 5 , T H E T A 5 , X 6 , Y 6 , H 6 , T H E T A 6 , X 7 , Y 7 , H 7 , T H E T A 7 , N S 1 , 
2 e C D l < 1 6 ) , N S 2 , B C D 2 ( 1 6 ) , N S 3 , B C D 3 1 1 6 ) , N S 4 , 8 C D 4 ( 1 6 ) , N N 5 , F P N 5 ( 1 6 ) , N I 
3 I 0 1 ( 1 6 ) , N I 2 , I D 2 ( 1 6 ) , S W , S H , D I V , X O , Y O , T H E T A ( 4 ) , X A , Y A , N C O , 
4 V 0 R 0 { 1 6 ) , N C A , V A B S ( 1 6 ) , N l , J l , L 1 , K l , N 2 , J 2 , L 2 , K 2 , N 3 , J 3 , L 3 , K 3 , 
5 N A M E 1 , N A M E 2 , N A M E 3 , N A M E 4 , N A M E 5 , N A M E 6 , N A M E 7 , N A M E 8 , N S 6 , T H E T A 8 . 
6 X G 1 , X G 2 , Y G 1 , Y G 2 , D X 1 , D X 2 , D Y l , D Y 2 , MX 1 , MX 2 , MY 1 , M Y 2 , I P 1 , I P 2 

C O M M O N X M I N . V M I N . O X . D Y 
D I M E N S I O N Q l ( 5 0 ) , Q O ( 5 0 ) , T I T L E ( 1 0 ) 
I N T E G E R E X P U T , T I T L E 
I N P U T = 1 
E X P U T = 3 
R E W I N D 0 1 
R E A D ( I N P U T , 1 ) N , ( T I T L E ( I ) , 1 = 1 , 1 0 ) 

********************************************** 
C N N U M B E R O F P O I N T S O N T H E I N F L O W H Y D R O G R A P H 
C T I T L E L O C A T I O N N A M E OR I D E N T I F I C A T I O N 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ 

R E A D ( I N P U T , 2 } C 1 , C 2 , C 3 
R E A D ( I N P U T , ? ) C 4 , C 5 , C 6 
R E A O ( I N P U T , 1 2 ) T , F F 

£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * : ( 

C C 1 , C 2 , C 3 C O N S T A N T S I N S T A G E - D I S C H A R G E E Q U A T I O N 
C C 4 , C 5 , C 6 C O N S T A N T S I N E L E V A T I O N - S T O R A G E E Q U A T I O N 
C T P E R I O D , I N D A Y S , B E T W E E N I N F L O W O B S E R V A T I O N S 
C E E A C C U R A C Y , I N C F S , R E Q U I R E D I N S T O R A G E C O M P U T A T I O N S 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ 

R E A D ( I N P U T , 3 ) ( O K I ) , 1 = 1 , N ) 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * : « 
C Q l I N F L O W M E A S U R E M E N T S , C F S 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * = ? * * * * * * * * * * * * = ! 

W R I T E ( E X P U T , 4 ) 
• « R 1 T E ( E X P U T , 5 ) 
W R I T E ( E X P U T . 9 ) 
W R I T E ( E X P U T , 6 ) ( T I T L E ( I ) , I = 1 , 1 0 ) 
W R I T E I E X P U T . 1 1 ) 
W R I T E ( E X P U T , 8 ) 
W R I T E ( E X P U T , 1 0 ) 
Q 0 ( 1 ) = Q I ( 1 ) 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C QO C O M P U T E D O U T F L O W , C F S 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * = ! 

S T 0 R 1 = ( ( 2 . 0 * C 4 / T > * ( C 2 - C 5 + ( Q O ( 1 ) / C 1 ) * * ( 1 . 0 / C 3 ) ) * * C 6 ) + Q 0 ( 1 ) 
0 0 4 0 1 = 2 , N 
J = I - 1 
S T O R 2 = S T O R 1 - 2 . 0 * Q O ( J ) 
S T 0 R 1 = Q I ( J ) + Q I ( I ) + S T 0 R 2 
Q 0 ( I ) = Q 0 ( J ) 

2 0 S T 0 R 3 = ( ( 2 * C 4 / T ) * ( C 2 - C 5 + ( Q 0 ( I ) / C l ) * * ( 1 . 0 / C 3 ) ) * * C 6 ) + Q 0 ( 1 ) 
I F ( A B S ( S T O R 1 - S T 0 K 3 ) . G T . F F J G O TO 5 0 

4 G C O N T I N U E 
GO TO 8 0 

5 0 I F ( S T 0 R 1 - S T 0 R 3 ) 6 G , 4 0 , 7 0 
6 0 G 0 ( I ) = Q 0 ( I ) - 1 . 0 

GO TO 2 0 

7 0 Q a ( I ) = Q 0 ( I ) + 1 . 0 
GO TO 2 0 

8 0 C O N T I N U E 



DO 9C K=1,N 
AK = K 

ABSl(K)=<AK*T)-T 
OR01(K)=QI (K) 
ABS2(K)=ABS1(K> 
0RD2 (K)=Q0<K) 
WRITE(EXPUT,7)ABSl(K),OR01(K),0R02(K) 

90 CONTINUE 

CALL XYREAD 
CALL XYPLOT 
WRITE(EXPUT,4) 
REWIND 01 

1 FORMAK 5X,I5,1CA4) 
2 EQRMATf 5X,3E10.2) 
3 F0RMAT(5X,7F 10. 1 ) 
4 FORMAK IHl) 
5 FORMAT!//,33X,23HRESERyQIR FLOOD ROUTING) 
6 FORMAT(2 5X,1CA4) 
7 FORMAT(19X,F5.1,IX,2(15X,F10.1>) 
a FORMAT!21K,3H0AY,20X,6HINFL0W,19X,7H0UTFL0W,/,21X,3HN0.,22X,3HCFS' 
1,22X,3HCFS) 

9 FORMAT! 33X,23H^ ,/) 
10 FORMAT! 21X,3H ,20X,6H ,19X,7H ,/ ) 
11 FORMAT! 25X ,40H ,/) 
12 FORMAT!5X,2F10.2) 

STOP 
:END 

RESERVOIR FLOOO ROUTING 

SIMPLE HYPOTHETICAL EXAMPLE 

DAY 

NO. 

INFLOW 
CFS 

OUTFLOW 
CFS 

0.0 
0.5 
1 .0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
R.O 
8.5 
9.0 
9.5 
10.0 

n o o . o 
2150.0 
4200.0 
6700.0 
7670.0 
7700.0 
7100.0 
5490.0 
42 0-̂ .0 
3450.0 
2850.0 
2450.0 
2170.0 
1950,0 
1800.0 
1660.0 
1550.0 
1440.0 
I 3 30.0 
1220.0 
12G0.0 

1100.0 
1205.0 
16 24.0 
252R.O 
3762.0 
4896.0 
5659.0 
5857.0 
5544.Q 
5021 .0 
4466.0 
3945.0 
3491.0 
3106.0 
2785.0 
2517.0 
2292.0 
2100.0 
1932.0 
1781.0 
1652.0 
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Figure 1. Smooth Curve Plotting: Resevoir Flood Routing 



Example lb: Smooth Curve Plotting - Sta^e Discharge Curve 

This program is designed to take a l l the "guestimating" out of fitting a smooth 
curve to a series of stage and discharge measurements. The only data required by the 
program, apart from the standard plot format specifications, are the number of stage-
discharge measurements and the actual measurements together with the dates on which they 
were obtained and any other short message such as "ice" or"backwater" etc. 

The program arranges the series of measurements in order of increasing gauge 
elevation and, by assuming a relationship 

Q = Qo (H - Ho)2 

calculates a preliminary estimate of the gauge height at zero flow, Hg.. A range of 
elevations either side of this H Q is then tested in the equation 

Q = Qo (H - Ho)" 

by means of a logarithmic correlation until a value of H Q is found which produces a 
minimum standard error in terms of the measured discharges. 

Again, a range of elevation values around H Q is selected and the corresponding 
standard errors calculated unti l , after three iterations, the i n i t i a l elevation, H Q , is 
accurate to 0.001 feet. The equation of the stage discharge curve can now be derived 
since H Q is known and Q Q and M are calculated in the correlation process. 

Next, the program prints out the results and calls the plotter subroutines. These 
subroutines produce the plot in two stages: 

(1) The stage-discharge measurements are plotted and the date of each measurement 
is printed alongside each point. 

(2) From the equation of the stage-discharge curve, the computer calculates a 
series of co-ordinates and joins the corresponding points on the graph with 
a smooth curve. 

Thus, a curve of mathematical best f i t is calculated and plotted in a matter of 
minutes, eliminating entirely the process of fitting a curve by hand and then laboriously 
making a stage-discharge table to f i t a curve of unknown equation. 

The program has so far only been tested on rivers operating with a single control 
at a l l stages. It is not known how a river with multiple controls would be treated by 
the program but i t would certainly not develop the best stage-discharge curve. The next 
step in the improvement of the program will be to adapt the program to accept any number 
of controls and s t i l l produce the curve of mathematical best f i t . It is suggested that 
the optimum use of this program would be in a form of selective management, where it is 
realized that the program is not going to give perfect results for 100 per cent of the 
rivers but that 100 per cent of the rivers could be i n i t i a l l y processed in this manner 
and then of the 100 per cent, the few examples where a stage-discharge measurement lay 
further than a certain desirable confidence limit from the calculated curve would be 
examined more closely. 

As a practical point, the plot used here as an example appears very crowded and 
not very neat. This is simply because the plot was scaled to f i t into an 85 x 11 inch 
report format; for practical purposes the scale may be altered to suit any specifications 
by changing the axis lengths on card 16 of the plot control data set. 
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LIST OF GRAPH PLOT VARIABLES 

PLOT TITLE: STAGE-DISCHARGE PLOT NO: lb 

Card 
Number 

Card 
Function 

Card 
Format 

Variable 
Name 

Variable 
Value 

I Core location SX,IIO NBNF 4096 

2 First Title Position 
Data 

5X,4(4X,F6.3) XI 
YI 
HI 
THETAl 

4.0 
6.75 
0.2 
0.0 

3 Second Title Position 
Data 

5X,4(4X,F6.3) X2 
Y2 
H2 
THETA2 

4.0 
6.5 
0.2 
0.0 

4 Third Title Position 
Data 

5X,4(4X,F6.3) X3 
Y3 
H3 
THETA3 

5 Fourth Title Position 
Data 

5X,4(4X,F6.3) X4 
Y4 
H4 
THETA4 

6 Fifth Title Position 
Data (Numeric) 

SX,4(4X,F6.3) X5 
YS 
HS 
THETA5 

7 Sixth Title Position 
Data (Identification) 

5X,4(4X,F6.3) X6 
Y6 
H6 
THETA6 

0.25 
-0.25 
0.1 
0.0 



Card Card Card Variable Variable 
Number Function Format Name Value 

8 Seventh Title Position 5X,4(4X,F6.3) X7 0.25 
Data (Identification) Y7 -0.4 

H7 O.I 
THETA7 0.0 

9. First Title Content 5X,I5,16A4 NSI 23 
Data BCD I Stage-Discharge 

Curve 

10 Second Title Content 5X,I5,I6A4 NS2 40 
Data BCD 2 Waterhen River 

below Waterhen 
'lake 5LH-5 

11 Third Title Content 5X,I5,I6A4 NS3 
Data BCD3 

12 Fourth Title Content 5X,I5,I6A4 NS4 
Data BCD4 

13' Fifth Title Content 5X,I5,I6A4 NNS 
Data (Numeric) FPN5 

14 Sixth Title Content 5X,I5,16A4 Nil 15 
Data (Identification) IDl G.W. Kite 

EMR40 

15 Seventh Title Content SX,I5,16A4 NI2 20 
Data (Identification) ID2 Inland Waters Branch 

16 Scaling Data 5X,7F10.3 SW 10.0 
XMIN 0.0 
DX 1000.0 
SH 7.0 
XMIN 2.0 
DY 1.0 
DIV 10.0 

17 Ordinate Position 5X,4F5.2,I5 XO 0.0 
Data YO 0.0 

THETA(I) 90.0 
THETA(2) 0.0 . 
IPI -I 
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Card Card Card Variable Variable 
Number Function Format Name Value 

18 Abscissa Position 5X,4F5.2,I5 XA 0.0 
Data YA 0.0 

THETA(3) 0.0 
THETA[4) 0.0 
IP2 2 

19 Ordinate Content 5X,I5,16A4 NCO 16 
Data VORD Elevation-Feet 

20 Abscissa Content 5X,I5,16A4 NCA -15 
Data VABS Discharge - cfs 

21 First Plot 5X,4I5 Nl 32 
Data J l -1 

Kl 1 
Ll 3 

22 Second Plot 5X,4I5 N2 60 
Data J2 0 

K2 1 
L2 0 

23 Third Plot 5X,4I5 N3 
Data J3 

K3 
L3 

24 Plot Type 5X,6I5 NAMEl 0 
Data NAME 2 0 

NAME 3 1 
NAME4 1 
NAMES 0 
NAME 6 1 

. NAME7 1 
NAMES 0 

25 Point Title 5X,I5,F5.1 . NS6 18 
THETA8 0.0 



Card Card Card Variable Variable 
Number Function Format Name Value 

26 Grid Data (1) 5X,4F5.1,215 XGl 0.0 
YGl 0.0 
DXl 1.0 
DYl 1.0 
MXl 10 
MYl 7 

27 Grid Data (2) 5X,4F5.1,215 XG2 
YG2 
DX2 
DY2 
MX 2 
MY 2 
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C D E P A R T M E N T O F E N E R G Y , M I N E S A N D R E S O U R C E S 
C I N L A N D W A T E R S B R A N C H E N G I N E E R I N G D I V I S I O N 
C O T T A W A 
C. P R O G R A M N O . 3 4 
C 
C S T A G E - D I S C H A R G E C U R V E F I T T I N G 
C 
C 

COMJ ' i uN A b S l ( 5 0 0 ) , A 8 S 2 I 5 0 0 ) , A B S 3 1 5 0 0 ) , O R D 1 ( 5 0 0 ) , 0 R D 2 I 5 0 0 ) , 0 R 0 3 ( 5 0 0 ) X 
COMiViON r i T L E 2 ( 5 0 0 , 5 ) X 
C O M M O N N B N F . X 1 , Y i , H 1 , T H E T A 1 , X 2 , Y 2 , H 2 , T H E T A 2 , X 3 , Y 3 , H 3 , T H E T A 3 , X 4 , Y 4 , X 

l H 4 . T H E T A 4 . X 5 , Y 5 . r i 5 , T H E T A 5 , X 6 , Y 6 . H 6 , T H E T A 6 , X 7 , Y 7 , H 7 , T H E T A 7 , N S 1 , X 
2 B C D 1 { 1 6 ) , N S 2 , B C 0 2 { 1 6 ) , N S 3 , B C D 3 ( 1 6 ) , N S 4 , 8 C D 4 1 1 6 ) , N N 5 , F P N 5 ( 1 6 ) , N I I , X 
3 I D U 1 6 ) , N I 2 . I 0 2 ( 1 6 ) , S W , S H , D I V , X 0 , Y 0 , T H E T A ( 4 ) , X A , Y A , N C O , X 
4 V O R D ( l t ) ) . N C A , V A 8 S ( 1 6 ) , N U J 1 , H . K 1 , N 2 , J 2 , L 2 , K 2 , N 3 , J 3 , L 3 , K 3 , X 
5 N A M t 1 , N A M E 2 . f \ i A M E 3 , N A M E 4 , N A M E 5 , N A M E 6 , N A M E 7 , N A M E 8 , N S 6 , T H E T A 8 , X 
6 X G I , X G 2 . Y G 1 , Y G 2 , 0 X 1 , 0 X 2 , D Y i , 0 Y 2 , M X l , M X 2 , M Y 1 , M Y 2 , I P i , I P 2 X 

C Q M W U N X M I N , Y M I N . D X . O Y X 
I N T E G E R E X P U T , T I T L E l . T r T L E 2 
R E A L L U W E R 
D I M E N S I O N H ( 1 0 0 ) . 0 ( 1 0 0 ) , X ( 1 0 0 ) , Y ( 1 0 0 ) , T I T L E l ( 1 0 0 > 
I i \ i P U T = l 
F X P U T = 3 
R E w I N O 0 1 
R E A D ! I N P U T , I ) N 

******************************************** 
C N N U M B E R C F S T A G E A N D D I S C H A R G E M E A S U R E M E N T S * 
C « # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ 

R E A D ( I N P U T , 3 ) ( T I T L E U I ) . I = 1 , 1 0 ) 

************************************************ 
C I I T L E I N A M E A N O N U M B E R O F G A U G I N G S T A T I O N * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 0 1 0 K = l , N 
R E A D ! I N P U T . 4 ) H ( K ) , Q < K ) . < T I T L E 2 ( K , J ) , J = 1 , 3 ) 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C H S T A G E ( F E E T ) * 
C Q D I S C H A R G E { C F S ) * 
C TrrLE2 D A T E O F S T A G E - D I S C H A R G E M E A S U R E M E N T * 
(-*********************************************************************** 

1 0 C O N T I N U E 
J E S T = N / 8 
I F ( J E S T . L T . 1 ) J E S T = 1 

1 8 N N = N - i J E S T - 1 ) 
C A L L S ( J R T X ( N . H ) 
HSuy i=o .o 
a s u M = o . 0 
DO 1 9 K = l , J E S T 
H S U M = H S U M + H < K ) 

19 O S U ^ = C S U M + 0 ( K ) 
H 1 B A R = H S U M / J E S T 
Q 1 D A R = 0 S U M / J E S T 
H S U M = 0 . 0 
Q S U M = 0 . 0 
DO 2 0 K = N N . N 
H S U M = h S U M + H ( K ) 

2 0 Q S U ^ i = O S U M * • 0 ( K ) 
H 2 c i A R = H S U M / J £ S r 

C 2 B A R = g S U M / J E S T 
H E S T 1 = ( { H l B A R * e 2 f l A R * * 0 . 5 ) - ( H 2 B A R * Q l B A R * * 0 . 5 ) ) / ( 0 2 B A R * * 0 . 5 

1 - Q 1 B A R * * 0 . 5 ) 
H E S T 2 = H ( 1 ) 
H E S T 3 = H E S T 1 - J H E S T 2 - H E S T 1 ) 
I H 0 = H E S T 3 * 1 0 . 0 
I H 1 = H E S T 2 * 1 0 . 0 
I H 0 = I H 0 * 1 0 
I H 1 = I H 1 * 1 0 



JSTEP1=5 
1 = 1 
00 ?00 MMM=l,3 
.SEMIN=1000.0 
HM rN = 0.0 
OMIN=0.0 
WRJTE (EXPUr . i 5 ) 
WRITE!EXPUT.113 
wRITE(EXPUT,12)(TITtti(I).l=1.10) 
»vRITE<£XPUT, 13) 
M = l 
DO 140 I=IH0,IH1.ISTEP1 
.SUME = 0.0 
l\iEG=0 
HI i = r 
IF{MMK.EQ.3)G0 TC 30 

25 hiI=HII/100.0 
GO TO 40 

30 HII=HII/1000.0 
40 DO 70 K=1.N 

T£MPi = H ( K ) - H I I 
I F ( T E M P I ) 5 0 . £ 5 , 6 C 

50 NEG=NEG+1 
GO TO 60 

55 TEMP1=0.001 
60 X (K) = AL0GUBS{TEMP1) ) 

Y(K)=ALOGiU(K)) 
70 CONTINUE 

CALL CORANiN.X.Y.XBAR.YBAR.STOX.STDY.COVXY.CORCOF.SLQPE, YINT. 

IS TERR) 
DO ac K=1 ,N 
C A L U = E X P ( Y I N T » * ( H ( K ) - H I l ) * * S L a P E 
ERROR=(CALO-a(K))**2 
SLME=SUME+EftROR 

80 CONTINUE 
Z Z = N 
SE=(SOME/(ZZ-1.0))**0.5 
OJJ=EXP(YINT) 
IF(SEMIN-SE) 100.100.90 

90 SEMIN^SE 
LL=L . . 
MM = M 

HMIN=HII 
QMIN=QJJ 
SLOPE 1=SLOPE 

ICO IF(NEG) 110.110,120 
n o w R I T E ( E X P U T . l 4 ) L . M , S E , H I i t O J J .S L O P E 

GO TO 130 
120 WRITE(EXPUT.17 )L ,M .S£.HI1 , Q J J , S L O P E 
130 M=M-t-l 
140 CONTINUE 

L =L + 1 
WRITE<EXPUT.15) 
WRITE(EXPUT. 1 4 ) L L . M N , S E M I N . H M I N , Q M I N . S L O P E 1 
IF!HMIN)230,230.150 

150 IF(MMM-1)190,170.I6C 
160 IF(MMM-2)150,18C.200 
170 IHO=(HMIN-0.05)*100.C 

IH1=IH0+10 
1 STEP 1=1 
GO TO 200 

180 I H O= ( H M I N - 0 . 0 0 5 ) « 1 0 0 0 . 0 
IHl=IH0+10 
ISTEPI=1 
GO TO 200 

190 MMM=MMM+1 

31 



POO COiMTINUE 
L a W E K = H M i N * 1 0 . 0 
ILGV.'ER=LnwER 
LQWEK=ILDWEK 
LnwER=LOWER/10.Q 
UPPER={H(N)+0.05)*10.0 
IUPPtR=UPPER 
U P P t R = I U P P £ R 

UPPER=UPPER/10.0 
N U M B E K = ( U P P E R - L U W £ R ) * 1 0 0 . 0 + 1 . 0 
QRD?{ 1 ) =LOWER 
OG 2 10 K=l,NUMBER 
1F(0RD2(K).LE.HM1N)GG TO 202 

2C1 ABS2(K)=0MlN*{OAD2(K)-HMIN)**SLOPEi 
GO TO 2 0 3 

202 ABS2(K)=0.0 
203 a R D 2 ( K + l )=aRD2(K)<-0.01 
2 1 0 CONTINUE 

wRITE(EXPUT,5)) 
*RITE(EXPUT.6) 
WRITE (EXPUT, 12)1 TITLEK I ) ,I = l,10> 
•vRITE< EXPUT.7) 
N-}=(NUMBER-l)/10 
N4=l 
N5=1C 
DQ 215 K=1,N3 
WkITE{EXPUT.3J0RD2iN4) ,(AtiS2(J) ,J=N4,N5) 
N4=N4-H0 

215 N5=N5+1G 
DO 220 K=1,N 
a R D l ( K)=H(K) 
ABSl(K)=a(K) 

220 CONTINUE 
WRITE(EXPUT.5) 
CALL XYREAD 
N2=NUMBER 
CALL XYPLOT 
REWIND 01 

1 FORMAK 5X,I 5) 
2 FORMAT!5X.3I10) 
3 FORMAT(5X.1QA4) 
A FORMAT!10X.2F10.2.I0X.2A4,5X.A4) 
5 FORMAT(IHl) 

6 FOK>5ATt//.23X.30HSTAGE - DISCHARGE RATING TABLE,/) 
7 FORMAT(IIX. 1H0.6X,1H1,6X,1H2.6X,1H3,6X,1H4,6X,IH5,6X,1H6,6X,IH7, 
16X, 1H6.6X,1H9,/) 

8 FORMAT! IX.F4.1 ,IX,1CF7.1) 
11 FORMAT!//,22X,31HSTAGE - DISCHARGE CURVE FITTING) 
12 FORMAK 17X, l0A4,/> 

13 FORMAT! -̂ x, 8HSE0UENCE . 5X, 8HSTANDARD, 9X ,7HI NITIAL, 8X , 7HINITI AL , 
1 9 X . 5 H S L 0 P E . / . 6 X , 3 H N Q S . 1 0 X , 5 H £ R R 0 R , 1 1 X , 5 H G A U G E , 8 X , 9 H D I S C H A R G E , / , 
23 5X.6HHEIGHT.//,36X,4HFEET,11X,3HCFS,/) 

14 FORMAT!5X.I2,2X.lS,4X.4(F10.3,5X)) 

15 FORMAT!/,17X,40HC0NDITIONS AT MINIMUM STANDARD ERROR ARE,/) 
16 FaRMAT(2F10.2) 

17 FORMAT!5X.I 2,2X.12.4X.F10.3,2!5X,Fl0.2),5X,F10.3,IX,7HNEG LOG) 
230 STOP 

ENO 



L 
SUBROUTINE CORAN(N.X,Y,XBAR.YBAR,STDX,STDY.COVXY,CORCOE,SLOPE, 
1YINT,STERR) 

C 
C CORRELATION ANALYSIS SUBROUTINE 
C 

DIMENSION X( 100 ) ,Y(100) 
C*********************************************************************** 

C N NUMBER OF COORDINATE PAIRS OF POINTS * 
C X,Y ARRAYS OF COORDINATE POINTS * 
C XBAR MEAN VALUE OF X ARRAY * 
C YBAR MEAN VALUE OF Y ARRAY * 
C STDX STANDARD DEVIATION OF X ARRAY * 
C STDY STANOARO OEVIATIOM OF Y ARRAY * 
C COVXY COVARIANCE OF X WITH Y * 
C CORCOF COEFFICIENT OF CORRELATION OF X WITH Y * 
C SLOPE SLOPE OF LEAST SQUARES REGRESSION LINE * 
C YINT INTERCEPT OF LEAST SQUARES LINE QN Y AXIS * 
C STERR STANDARD ERROR OF Y AS CALCULATED FROM X * 
Q * * * * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

XN = N 
SUM1=0.0 
SUM2=0.0 
SUM3=0.0 
SUM4=C.0 
SUM5=0.0 
DO 100 J=1,N 
CP^X(J)*Y(J) 
XSQ=X(J)**? 
YSQ=Y(J)**2 
SUM1=SUM1+X(J) 
SUM2=SUM2+Y(J) 
SUM3=SUM3+CP 
SUM4=SUM4+XSQ 
SUM5=SUM5+YSQ 

100 CONTINUE 
X8AR=SUMl/XN 
YBAR=SUM2/XN 
STDX=((1.0/(XN-1.0))*(SUM4-{(SUM 1**2)/XN)))**0.5 
STDY=((1.0/{XN-1.0))*(SUM5-(<SUM2**2)/XN)))**0.5 
COVXY=(1.0/(XN-1.0))*(SUM3-(SUM1*SUM2/XN)) 
CORCOF=COVXY/(STDX*STnY) 
STERR=STOX*(1.0-(C0RC0F**2))**0.5 
SL0PE=C0VXY/STDX**2 
YINT=YBAR-(SLOPE*XBAR) 
RETURN 
ENO 

C 
SUBROUTINE SURTX (N.XX) 
DIMENSION XX(IOC) 

C************************************************************************ 
C SORT AN ARRAY OF FLOATING POINT VARIABLES IN ASCENDING ORDER * 
C N#NUMBER OF VARIABLES * 
C XX#VARIABLE TO BE SORTED * 
C************************************************************************ 

K = (N-1) 
DQ 2 L=1,K 
M = IN-L) 
DO 2 J=1.M 
IF (XX(J )-XXiJ+1) ) 2.1,1 

1 XTEMP=XX(J) 
XX(J)=XX(J+1) 
XXIJ+1)=XTEMP 

2 CONTINUE 
RETURN 
END 
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STAGE - DISCHARGE CURVE FITTING 
WATERHEN RIVER BELOW wATERHEN LAKt 5LH-5 

SFCUENCE STANDARD INITIAL INITIAL SLOPE 
NO.S ERROR GAUGE DISCHARGE 

HEIGHT 

1 256.498 2.300 74.561 2.727 
2 247. 3<9o 2.350 83.367 2.669 
3 235.652 2.400 93.175 2.611 
A 223.130 2.450 104.106 2.551 
5 2C9.803 2.500 116.283 2.491 
6 195.5A9 2.550 129.856 ' 2.430 
7 180.245 2.600 144.994 2.367 
a 163.B43 2.650 161.862 2.304 
9 146.128 2.700 180.761 2.238 
10 127.195 2.750 201-882 • 2.171 
11 1C7.202 2.800 225.570 2.102 
1? 86.943 2.650 252.24b 2.029 
13 69.541 2.900 282.419 1.953 
1̂  £ 3 . 5 9 5 2.950 316.798 1.872 
15 80.179 3.000 356.394 1.784 
16 119.512 3.050 402.788 1.687 
17 179.o73 3. 100 458.761 1.575 
18 267.511 3.150 530.131 1.436 
19 4C9.883 3.200 633.875 1.238 

CCNDITIUNS AT MINIMUM STANDARD ERROR ARE 

1 lA 63.595 2.950 316.798 1.872 

STAGE - DISCHARGE CURVE FITTING 
WATERHEN RIVER BELOW WATERHEN LAKE 5LH-5 

SECUENCE 
NOS 

2 
2 
7 
2 
? 
7 
2 
2 
? 
2 
? 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 

STANDARD 
ERROR 

72.'.98 
69.541 
67.035 
65.062 
63.761 
63.237 
63.595 
64.909 
67.237 
70.571 
74.898 

INITIAL 
GAUGE 
HEIGHT 

FEET 

2.890 
2.900 
2.910 
2.920 
2.930 
2.940 
2.950 
2.960 
2-970 
2.980 
2-990 

INITIAL 
DISCHAHGE 

CFS 

276 .072 
282-419 
288 .929 
295 .619 
302-484 
309-541 
316 .798 
324-255 
331 .938 
339 .846 
347 .992 

CONDITIONS AT MINIMUM STANDARD ERROR ARE 

63.237 2.940 309.541 

SLOPE 

1.969 
1.953 
1.937 
1.921 
1.905 
1.889 
1.872 
1.855 
1.838 
1.820 
1.803 

1.889 
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STAGE - DISCHARGE CURVE FITTING 
WATERHEN RIVER BELOW WATERHEN LAKE 5LH-5 

SECUENCE 
KuS 

STANDARD 
ERROR 

INIT lAL 
GAUGE 
HEIGHT 

INITIAL 
DISCHARGE 

SLOPE 

FEET CFS 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

I 
? 
3 
•4 

6 
7 
8 
9 
10 
11 

63.452 
63.394 
63.347 
63.305 
63.274 
63.251 
63.237 
6 3.231 
6 3.235 
63.247 
63.269 

2.934 
2.935 
2.936 
2.937 
2.938 
2.939 
2.940 
2.941 
2.942 
2.943 
2.944 

305.283 
305.991 
306.695 
3 07.406 
308.114 
308.826 
309.541 
310.256 
310.974 
311.699 
312.421 

1 .399 
1.897 
1.895 
1.894 
1.892 
1 .890 
1 .889 
1 .887 
1.885 
1.884 
1.882 

CONDITIONS AT MINIMUM STANDARD ERROR ARE 

63.231 2 .941 310.256 1.887 
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STACr DISCHAHGI? RATING TABl.C 

WATERHEN i^IVER pfLOW WATERHEN LAKE 51^-5 

2.9 CO CO 
3.0 1.5 2.0 
3. 1 f;.7 10.8 
3.2 24.2 2 6.G 
3.3 4 4.9 4 7.3 
3.4 7 1.4 74.3 
3.5 10 2.5 IC 7. C 
3.6 141.2 14 5.3 
3.7 184.4 189.0 
3.8 2 3 2.9 236 .0 
3.9 2 8 6.6 292.3 
4.0 3 4 5.7 3 51.8 
4.1 4 0 9.8 416.5 
4.2 4 79.1 4 8 6.3 
4.3 5 53.4 5 6 1.1 
4.4 6 3 2.8 64 1 .0 
4.0 7 17.1 725.8 
4.6 8C6.3 815.5 
4.7 9GC.5 S I C ? 
4 . 8 999.5 ICC 9. 7 
4.9 110 3.4 1114.1 
5.0 12 12. 1 122 3.3 
5. 1 1325.6 123 7.2 
5.2 1442.8 1455.9 
5.3 1566.8 1579.4 
5.4 1694.5 1 7 C 7 . 5 
5.5 1826 .9 1840.4 
5.6 1962.9 19 7 7.9 
5.7 21 C 5 . 6 2120.0 
5.8 22 5 2.0 2266.8 
5.9 24CZ.9 2 418.2 
6 . C 25 5f.4 25 7'. .2 
6.1 271f .5 2 7 24.8 
6.2 2883.2 2 8 99.9 
6.3 30 5 2.4 3C69.6 
6.4 3226.2 3243 .8 
6.5 34C4 .4 .2^22.5 
6.6 35 8 7.2 2 6C5. 7 
6. 7 3774.4 3 79 2.4 
6.8 3966. 1 398 5.6 
6.9 416 2.3 4 182.? 
7.0 4 3 6 2.9 4 3 8 2.2 
7. 1 456? .0 4588.7 

2.6 
12. 1 
2 7.9 
4 9 
77 
110 
149 
19:'. 
243 
298.0 
2 58 .1 
4 2 3 .3 
49 >. 5 
5 6 » . 9 
6 4 9 . i 
7 34 
S?4 
919 

ICl 9 
1 124 
1224 
1348 
1468 

9 

1 
1592.C 
17 20 
1 8 5 3 
1991 
2124 

2 28 1 
24 23 
2 590. 1 
2751.1 
2 916.7 
3086.8 
3 26 I .5 
3440.6 
3624 . 3 
3 6 12.4 
4C05.0 
4 2 0 2.1 
4 4 0 3.6 
4 60 9, 5 

0 
3 

13 
29 
52 
80 
114.2 
15 2.6 
1 9 '•>.. 4 
248.4 
3 0 3 . 8 
364.4 
430.1 
5 C 0 . 9 
5 7 6 .7 
6 5 7 .5 
74 3. 2 
8 3 4.1 
929.7 
102G.2 
113 5.5 
124 5.7 
136C.6 
14 80.2 
1604 .6 
1733.7 
186 7 
2005 
2149 
2 2 9 6 
2 4 49 
2606.0 
2767.5 
293 3 
3104 
3279 
24 5 8 
2 64 2,9 
38 3 1 . 5 
4024 
4 2 22 
4 4 2 4 
4 63 0 

0. 
2. 

14. 
21. 
54 . 
83. 

117. 
157. 
2C3. 
253. 
3C9. 
3 7C 
436. 
508. 
584. 
665. 
752. 
843. 
9-^9. 

104C 
1146. 
12 56. 
1 372. 
1 492. 
1617. 

1 746. 
18 81. 
2020. 
216 3. 
23 11. 
2464. 
262 1. 
2783. 

2 9 SC. 
3 121. 
3296. 
34 77. 
3 66 1 . 
385G. 
4044. 
4242. 
4444. 
46 5 1. 

0.0 
4 . 7 
16.2 
3 3.8 
57.4 
86.7 

121.7 
162.1 
207. 9 
259. 1 
3 16.5 
3 7 7.1 
443.8 
515.6 
592.5 
6 74.3 
76 1.1 
852.8 
949.4 

1050.9 
1157.2 
1268.3 

3 13 84.1 
5 1504.7 
3 163C.1 
9 17 60.1 
1 1894.8 

0 2034.2 
6 2176.2 
8 2326.8 
6 248C.1 
9 2637.9 
9 280C.3 
3 296 7.2 
4 3138.7 

3314.7 
349 5.2 
3680.2 
3 8 6 9.7 

1 4063 .7 
0 4262. 1 
4 44 64.9 
2 4672.2 

0.2 
5.6 

17.7 
35.9 
60. 1 
90.0 

12 5.5 
166.5 
212.8 
264 .5 
321 .4 
383. 5 
450. 3 
523.1 
600.4 
682.3 
770.0 
862.3 
959.3 
1061.3 
1168. 1 
1279.6 
1396.0 
1517.1 
1642.9 
1772.4 
1908. 5 
2 04 8.4 
2192.9 
2342.0 
2495.7 

2 65 3.9 
2816.8 
2984.2 
M56. 1 
3 332.6 
3 513.5 
3699.0 
3 88 8.9 
4083.3 
4282. 1 
4435.4 
4693. 1 

0.4 
6.5 
19.2 
38. 1 
62.8 
9 3.3 

129. 3 
17C.9 
217.8 
270.0 
32 7.4 
390.0 
4 5 7.8 
530.6 
60 8.4 
691.3 
779.0 
871 . 7 
969.3 

10 71.8 
1179.0 
1291. I 
14(J7.9 
1529.4 
1655.7 
1786.7 
192 2.3 
2062. 6 
2 20 7. 6 
2357.1 
2 511.3 

2 670.0 
2833. 3 
3001 .2 
3173.6 
3 2 50.5 
3531 .9 
3 717.8 
3908.2 
4 1 0 3 . G 
4302.3 
4506.C 
4714. 1 

0.7 
7.5 

20.8 
40 . 3 
65.6 
96 .6 
133.2 
175.3 
222 .7 
275 .5 
3 33.4 
396 .6 
464.8 
5 38 . I 
616.5 
699.8 
788. 1 
8 81.3 
9 79.4 

1082.3 
1190.0 
13C2.5 
1419.8 
1541.8 
1668.6 
1800.0 
1936.1 
2076.9 
2222.3 
2372. 3 
2527 .0 
2686. 1 
2849.9 
3018.2 
3191 .1 
3368 .4 
3550.3 
3736.6 
3927.4 
4122.7 
4322.4 
4 5 26.6 
4735.2 

1.0 
8.5 

22.5 
42.6 
68.5 
100 .0 
137.2 
179.8 
227 .8 
281.0 
339. 5 
40 3.2 
471.9 
545.8 
6 24.6 
708 .4 
797.2 
890 . 9 
989.4 
1092.8 
1201 .0 
1314.0 
1431 .8 
1554.3 
1681 .5 
1813.4 
1950.0 
2091 .2 
2237. 1 
2387.6 
254?. 7 
2702.3 
2866.5 
3035.3 
3208.6 
3386.4 
3568.7 
3 755.5 
3946.8 
4142.5 
4342.7 
4547.3 
4756.3 
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STRGE - DISCHfiRGE CURVE 
NRTERHEN RIVER BELOW WRTERHEN LRKE 5LH-5 
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Figure 2. Smooth Curve Plotting: Stage Discharge Curve 



Example 2a: Straight Line Plot - Lake Outflow 

This is a very simple program. The computer reads in mean monthly Lake 
Ontario outflows, computes the annual means for fi f t y years, 1915 to 1964, and calls 
the plot subroutines. The subroutines produce a straight line plot. 

LIST OF GRAPH PLOT VARIABLES 

PLOT TITLE: LAKE ONTARIO OUTFLOW PLOT NO: 2a 

Card 
Number 

Card 
Function 

Card 
Format 

Variable 
Name 

Variable 
Value 

1 Core location 5X,I10 NBNF 4096 

2 First Title Position 
Data 

5X,4(4X,F6.3) XI 
Yl 
HI 
THETAl 

2.75 
6.75 
0.2 
0.0 

3 Second Title Position 
Data 

5X,4(4X,F6.3) X2 
Y2 
H2 
THETA2 

2.75 
6.50 
0.2 
0.0 

4 Third Title Position 
Data 

5X,4(4X,F6.3) X3 
Y3 
H3 
THETA3 

2.75 
6.25 
0.2 
0.0 

5 Fourth Title Position 
Data 

5X,4(4X,F6.3) X4 
Y4 
H4 

. THETA4 

6 Fifth Title Position 
Data (Numeric) 

5X,4(4X,F6.3) X5 
Y5 
H5 
THETA5 

7 Sixth Title Position 
Data (Identification) 

5X,4(4X,F6.3) X6 
Y6 
H6 
THETA6 

0.0 
-0.5 
0.1 
0.0 



Card 
Number 

Card 
Function 

Card 
Format 

Variable 
Name 

Variable 
Value 

8 Seventh Title Position 
Data (Identification) 

5X,4(4X,F6.3) X7 
Y7 
H7 
THETA7 

0.0 
-0.7 
0.1 
0.0 

9 First Title Content 
Data 

5X,I5,16A4 NSl 
BCDl 

32 
Lake Ontario 
Annual Mean Outflow 

10 Second Title Content 
Data 

5X,I5,16A4 NS2 
BCD 2 

22 
Recorded Adjusted 
Data 

11 Third Title Content 
Data 

5X,I5,16A4 NS3 
BCD3 

12 
1915 to 1965 

12 Fourth Title Content 
Data 

5X,I5,16A4 NS4 
BCD4 

13 Fifth Title Content 
Data (Numeric) 

5X,I5,16A4 NN5 
FPN5 

14 Sixth Title Content 
Data (Identification) 

5X,I5,16A4 Nil 
IDl 

15 
G.W. Kite 
EMR40 

15 Seventh Title Content 
Data (Identification) 

5X,I5,16A4 NI2 
ID2 

20 
Inland Waters Branch 

16 Scaling Data 5X,7F10.3 SW 
XMIN 
DX 
SH 
XMIN 
DY 
DIV 

10.0 
1915.0 

5.0 
7.0 

180.0 
20.0 
10.0 

17 Ordinate Position 
Data 

5X,4F5.2,I5 XO 
YO 
THETA(1) 
THETA(2) 
IPl 

0.0 
0.0 
90.0 
0.0 
-1 



Card Card Card Variable Variable 
Number Function Format Name Value 

18 Abscissa Position 5X,4F5.2,I5 XA 0.0 
Data YA 0.0 

THETA(3) 0.0 
THETA(4) 0.0 
IP2 -1 

19 Ordinate Content 5X,I5,16A4 NCO 14 
Data VORD Outflow - Tcfs 

20 Abscissa Content 5X,I5,16A4 NCA -12 
Data VABS Time - Years 

21 First Plot 5X,4I5 Nl 51 
Data Jl 1 

Kl 1 
Ll 0 

22 Second Plot 5X,4I5 N2 
Data J2 

K2 
L2 

23 Third Plot 5X,4I5 N3 
Data J3 

K3 
L3 

24 Plot Type 5X,6I5 NAMEl 1 
Data NAME 2 0 

NAME 3 0 
NAME 4 0 
NAMES 0 
NAME 6 1 
NAME 7 1 
NAMES 0 

25 Point Title 5X,I5,F5.1 NS6 
THETA8 



Card Card Card Variable Variable 
Number Function Format Name Value 

26 Grid Data((l) 5X,4F5.1,215 XGl 0.0 

YGl 0.0 

DXl 1.0 
DYl 1.0 

MXl 10 

MYl 6 

27 Grid Data (2) 5X,4F5.1,215 XG2 

YG2 

DX2 

DY2 

MX 2 

MY 2 

C L A K E n U T F L f l w P L O T T I N G 
C 
c 

C H M f ^ r l N ARS n ion ) , f iP .01 ( 100 I , AB.S2( 100 ) , 0R r )2 ( 1 0 0 ),TITLF2( I00,5)» X 
l aqs.M i n n ) , n i J D 3 ( l O O ) X 

C C M ^ C N N P N f - , X ' , , Y 1 , H I , T H F T A 1 , X 2 , Y ? , H ? . T H F T A 2 , X 3 , Y 3 , H ? . T H E T A 3 . X 4 , Y 4 , X 
1 H 4 , T H F T A A , X"^ , Y 5 .HS , T H E T A 5 , X6 , Y 6 , H 6 , THET A6 , X 7 , y 7 , H 7 , THGTA7 ,N.S I , X 

2 f r n i ( U . ) ,NS7 , f t rn2< 1 6 ) , N S ' i , R C D - ^ ( 1 6 ) , . ^ 4 S 4 , H C n 4 ( l ^ ) , N N 5 , F P N S < 1 6 ) . N I 1 , X 
HI ) I ( U. ) , N I 1 0 ? ( 1 6 ) , S W , S H , 0 1 V , x n , Y O , T H E T A ( 4 ) , V A , Y A , N C O , X 

4 VOSn( 16 1 , N C A , V A B S ( 1 6) , N 1 , J l ,1.1 , K l , N 2 , J 2 , L 2 , K 2 , N 3 , J ? , L ? , K 3 , X 

5 N A M F 1 , N A M F 2 , N A M F 3 , N A , M F 4 , N ' \ M E S . N A M F 6 , N A M F 7 , N A M E B , N S 6 , T H F T A 8 , X 

i^yCA, xn.? . YG 1 , YG? , D X l ,DX 2 , n Y 1 , n Y 2 , M X I , MX? , M Y l , M Y , ? , I P l , I P 2 X 

C!)'-1:^0N X M I N , Y M I N . U X , 0 Y X 

no 10 j = i , S ' " 
R E AO ( 1 , 1 ) A , ,C , 0 , E , F , G , H , n , P , 0 , R 

1 FOP^-lAT ( OX , 1 2 F 6 . 0 ) 
X J = J 
OR I) 1 ( J ) = ( A + B+C+O+F +F+G+H+-0 + P + 0 + R ) / 12 . 0 
A B S l ( J ) = l O l / , . 0 + X J 

10 C O N T I N U E 
C A L L X Y R E A D 
C A L L X Y P L O T 
STOP 
END 

41 



LAKE ONTARIO flNNURL MEAN GUTFLON 
RECORDED ADJUSTED DATA 

1915 TO 1965 
3 0 0 ^ . , , . . . , 1 

2B0 ^ 

180 ^1 I I i I I I I 1 1 1 

1915 1920 1925 1930 1935 19110 19115 1950 1955 1960 1965 

G.W.KITE EMR10 TIME - YERRS 
INLAND WATERS BRANCH 

Figure 3. Straight Line Plot: Time Series - Lake Outflow 



Example 2b: Straight Line Plot.- Backwater Curve 

This program develops a backwater curve using the standard step technique. It is 
a very versatile program in that any number of channel cross-sections at any intervals may 
be used. On any cross-section the program reads in the section's chainage from the origin, 
the flow at that section, and an array of figures giving the channel width at set intervals 
from the lowest elevation. Any cross-section may be divided into up to ten sub-areas; for 
each sub-area a different value of Manning's roughness coefficient, Coriolis's velocity 
distribution coefficient and the eddy loss may be used, thus permitting the common arrange
ment of a centre channel with a surrounding flood plain to be simulated. A subroutine 
calculates, for the first estimate of the backwater depth, the cross-sectional area and 
representative values of the coefficients. The procedure is then simply refining the 
estimate of the backwater depth by the standard step t r i a l and error technique. 

The program produces a table of results for the length of channel being examined 
and then calls the plotter subroutines which produce a graph showing a profile of channel 
bed elevation and water surface elevation above datum. 

If required the program can be set to repeat this entire operation any number of 
times as, for example, i f i t were required to estimate the backwater elevations that would 
occur with floods of 50-year, 100-year, 500-year return periods. 

An explanation of a l l the input data required to run the program is given in the 
program listing. 
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LIST OF GRAPH PLOT VARIABLES 

PLOT TITLE: BACKWATER PLOT NO: 4 

Card Card Card Variable Variable 
Number Function Format Name Value 

1 Core Location SX.IIO NBNF 4096 

2 First Title Position 5X,4(4X,F6.3) XI - 0.50 
Data Yl 6.25 

HI 0.20 
THETAl 0.00 

3 Second Title Position 5X,4(4X,F6.3) X2 - 0.50 
Data Y2 6.00 

H2 0.20 
THETA2 0.00 

4 Third Title Position 5X,4(4X,F6.3) X3 - 0.50 
Data Y3 5.75 

H3 0.20 
THETA3 0.00 

5 Fourth Title Position 5X,4(4X,F6.3) X4 7.50 
Data Y4 0.65 

H4 0.10 
THETA4 0.00 

6 Fifth Title Position 5X,4(4X,F6.3) X5 7.50 
Data (Numeric) Y5 0.40 

H5 0.10 
THETA5 0.00 

7 Sixth Title Position 5X,4(4X,F6.3) X6 0.0 
Data (Identification) Y6 - 0.5 

H6 0.1 
THETA6 0.0 



Card Card Card Variable Variable 
Number Function Format Name Value 

8 Seventh Title Position 5X,4(4X,F6.3) X7 0.0 
Data (Identification) Y7 -0.7 

H7 0.1 
THETA7 0.0 

9 First Title Content 5X,I5,16A4 NSl 65 Backwater, 
Data BCDl steady gradually 

varied flow 
computation 

10 Second Title Content 5X,I5,16A4 NS2 65 Squamish 
Data BCD2 River study -

Mamquam River 

11 Third Title Content 5X,I5,16A4 NS3 65 500 year 
Data BCD3 design flood 

12 Fourth Title Content 5X,I5,16A4 NS4 34 0-Water 
Data BCD4 surface elevation 

profile 

13 Fifth Title Content 5X,I5,16A4 NN5 22 X - Channel 
Data (Numeric) FPN5 bed profile 

14 Sixth Title Content 5X,I5,16A4 Nil 14 
Data (Identification) IDl G.W. Kite 

EMR40 

15 Seventh Title Content 5X,I5,16A4 NI2 20 
Data (Identification) ID2 Inland Waters Branch 

16 Scaling Data 5X,7F10.3 SW 10.0 
XMIN -1500.0 
DX 1500.0 
SH 5.0 
XMIN - 10.0 
DY 20.0 
DIV 10.0 

17 Ordinate Position 5X,4F5.2,I5 XO 0.0 
Data YO 0.0 

THETA(1) 90.0 
THETA(2) 0.0 
IPl 1 



Card Card Card Variable Variable 
Number Function Format Name Value 

18 Abscissa Position 5X,4F5.2,I5 XA 0.0 
Data YA 0.0 

THETA(3) 0.0 
THETA(4) 0.0 
IP2 -1 

19 Ordinate Content 5X,I5,16A4 NCO 16 
Data VORD Elevation - Feet 

20 Abscissa Content 5X,I5,16A4 NCA 15 
Data VABS Chainage - Feet 

21 First Plot 5X,4I5 Nl 9 
Data J l 1 

Kl 1 
Ll 0 

22 Second Plot 5X,4I5 N2 9 

Data J2 , 1 
K2 1 
L2 5 

23 Third Plot 5X,4I5 N3 
Data J3 

K3 
L3 

24 Plot Type 5X,6I5 NAMEl 1 

Data NAME 2 0 
NAMES 0 
NAME 4 0 
NAME 5 1 
NAME 6 1 
NAME 7 1 
NAME 8 0 

25 Point Title 5X,I5,F5.1 NS6 
THETA8 



Card Card Card Variable Variable 
Number Function Format Name Value 

26 Grid Data (1) 5X,4F5.1,215 XGl 0.0 
YGl 0.0 
DXl 1.0 
DYl 1.0 
MXl 7 
MYl 5 

27 Grid Data (2) 5X,4F5.1,215 XG2 7.0 
YG2 1.0 
DX2 1.0 
DY2 1.0 
MX2 3 
MY2 4 

RACKWATER, STEADY GRADUALLY VARIED FLOW COMPUTATION 
STANDARD STEP METHOD 

D I S T A N C E 

F E E T 

-317. 

2218. 

331 1. 

4800. 

7139. 

8443. 

IGOOO. 

11199. 

12392. 

SQUAMISH RIVER STUDY - MAMQUAM RIVER 

BED SURFACE 
ELEVATION ELEVATION 

CSA 

FEET 

-2.11 

9.00 

14.30 

21.50 

33.00 

39.50 

4 7.20 

53. 10 

59.00 

FEFT SQ.FEET 

33.09 

34.18 

38.07 

41 .91 

53.59 

58.43 

66.44 

80.56 

88.49 

43854. 

5852. 

8388. 

4959. 

8320. 

6486. 

4464. 

15452. 

19942. 

MANNINGS CORIOLIS 
N 

0.1136 

0.0317 

0.0331 

0.0326 

0.0333 

0.0332 

0.0323 

0.0668 

0.0906 

CONSTANT 

1 .0000 

I .0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

i .onoo 

I.0000 

FLOW 

CFS 

88700. 

8 8700. 

88700. 

88700. 

88700. 

88700. 

88700. 

88700. 

88700. 



C D E P A R T M E N T O F E N E R G Y , M I N E S A N D R E S O U R C E S 
C I N L A N D W A T E R S B R A N C H E N G I N E E R I N G D I V I S I O N 
C O T T A W A 
C P R O G R A M N O . 2 2 
C 
C B A C K W A T E R P R O G R A M 
C S T E A D Y G R A D U A L L Y V A R I E D F L O W C O M P U T A T I O N S 
C 
C 

C O M M O N A B S l ( 5 0 0 ) , A B S 2 ( 5 0 0 ) , A B S 3 ( 5 0 0 ) , 0 R D 1 ( 5 0 0 ) , 0 R D 2 ( 5 0 0 ) , 0 R D 3 ( 5 0 0 ) X 
C 

C O M M O N T I T L E 2 ( 5 0 0 , 5 ) X 
C O M M O N N B N F , X 1 , Y I , H 1 , T H E T A 1 , X 2 , Y 2 , H 2 , T H E T A 2 , X 3 , Y 3 , H 3 , T H F T A 3 , X 4 , Y 4 , X 

1 H 4 , T H E T A 4 , X 5 , Y 5 , H 5 , T H E T A 5 , X 6 , Y 6 , H 6 , T H E T A 6 , X 7 , Y 7 , H 7 , T H E T A 7 , N S 1 , X 
2 B O O K 1 6 ) , N S 2 , B C U 2 ( 1 6 ) , N S 3 , B C D 3 ( 1 6 ) , N S 4 , B C D 4 ( 1 6 ) , N N 5 , F P N 5 ( 1 6 ) , N I 1 , X 
3 I D 1 ( 1 6 ) , N I 2 , I D 2 ( 1 6 > , S W , S H , 0 I V , X O , Y O , T H E T A ( 4 ) , X A , Y A , N C O , X 
4 V O R D I 1 6 ) , N C A , V A B S { 1 6 ) , N 1 , J 1 , L 1 , K 1 , N 2 , J 2 , L 2 , K 2 , N 3 , J 3 , L 3 , K 3 , X 
5 N A M E 1 , N A M E 2 , N A M E 3 , N A M E 4 , N A M E 5 , N A M F 6 , N A M E 7 , N A M E S , N S 6 , T H E T A 8 , X 
6 X G 1 , X G 2 , Y G l , Y G 2 , D X 1 , D X 2 , D Y 1 , D Y 2 , M X l , M X 2 , M Y 1 , M Y 2 , I P l , I P 2 X 

C O M M O N X M I N , Y M I N , D X , D Y X 
D I M E N S I O N I T I T L E ( 1 0 ) , L N G I 1 0 0 ) , B E D ( 1 0 0 ) , D E P T H ( I 0 0 ) , W S E ( 1 0 0 ) , 

1 E D D Y ( 1 0 0 ) , U I S C H ( 1 0 0 ) , S L O P E I 1 0 0 ) , E L E V ( 1 0 0 ) 
I N T E G E R E X P U T 
R E A L L N G , L E N G T H , L O S S 
E X P U T = 3 
I N P U T = 1 
R E A O < I N P U T , 1 2 ) N N 1 

C N N l N U M B E R O F P R O F I L E S TO B E R U N * 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

D U 8 0 K K K = 1 , N N 1 
R E A D ! I N P U T , 1 ) ( I T I T L E ( J ) , J = 1 , 1 0 ) 

( ; * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C I T I T L E N A M E O F L O C A T I O N E T C « 
( ;*********************************************************************** 

R E A D ! I N P U T , 2 ) N N 2 , C H A N G E 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C N N 2 N U M B E R O F C R O S S S E C T I O N S * 
C C H A N G E C H A N G E I N E L E V A T I O N A T O R I G I N , F E E T * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

W R I T E ( E X P U T , 1 3 ) 
W R I T E ( E X P U T , 4 ) 
W R I T E ( £ X P U T , 5 ) 
W R I T E < E X P U T , 6 ) ( I T I T L E ( J ) , J = 1 , 1 0 ) 
W R I T E ( F X P U T , 8 ) 
W R i r E ( E X P U T , 9 ) 
DO 6 0 J = 1 , N N 2 
R E A D ! I N P U T , 3 ) L N G ( J ) , B E D ( J ) , D I S C H ( J ) , E D D Y ! J ) 

{ ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C L N G L O C A T I O N OF C R O S S S E C T I O N , I N M I L E S , F R O M T H F O R I G I N * 
C B E D E L E V A T I O N O F T H E C H A N N E L B E D A T T H E C U R R E N T C R O S S S E C T I O N 
C D I S C H D I S C H A R G E , C F S , B E T W E E N T H E C U R R E N T S E C T I O N A N D T H E * 
C P R E V I O U S S E C T I O N * 
C E D D Y E S T I M A T E OF T H E L O S S I N H E A D D U E TO E D D I E S B E T W E E N T H E * 
C C U R R E N T S E C T I O N A N D T H E P R E V I O U S S E C T I O N , F E E T * 
(;*********************************************************************** 

D A T U M = B E D ( 1 ) 
L N G ( J ) = L N G U ) * 5 2 8 0 . 0 
I F ( J . E Q . D G O TO 1 6 

1 5 D E P T H ( J ) = D E P T H « J - 1 ) 
L F N G T H = ( L N G ( J ) - L N G ( J - 1 ) ) 
GO TO 1 7 

1 6 D £ P T H ( J ) = C H A N G E 
1 7 I N D I C = 0 

I N D I D ^ l 



20 C A L L X S E C r ( D E P r H ( J ) . A R E A , R A D I U S , R O U G H , A L P H A , I N D I C ) 
2 5 S P E E D = D I S C H ( J ) / A R E A 

H £ A D = ( ( S P E E D * * 2 ) / 6 4 . 4 ) * A L P H A 
T H E A D = B t D { J ) - D A T U M + D E P T H ( J ) + H E A D 
P A O I U S = R A D I U S * * l - 3 3 3 
S L O P E ( J ) = ( ( R O U G H * * 2 ) * < S P E E 0 * * 2 ) ) / ( 2 . 2 2 * R A D I U S ) 
I £ ( J . N E . l ) GO TO 2 7 

2 6 E L E V I I ) = T H E A D 
GO TO 5 a 

2 7 S L O P E ! J ) = ( S L O P E t J ) + S L 0 P E ( J - 1 ) ) / 2 . 0 
L O S S = S L O P E ( J ) * L E N G T H 
E L E V I J ) = E L E V ( J - 1 ) « - L 0 S S + E D P Y { J ) 

2 8 1 F U 0 S ( E L E V ( J ) - T H E A D ) . L E . 1 . 0 0 ) 0 0 TO 4 0 
29 I E ( E L E V ( J ) - T H E A D ) 3 0 , 5 8 , 3 1 
30 D E P T H ( J ) = D E P T H ( J ) - I . 0 0 

I N D I C = 1 0 
I N D I D = I N D I D + 1 

I f ( I N D I D . G T . 5 0 ) G O TO 3 2 
GO TO 2 0 

3 1 D E P T H ! J ) = 0 E P T H ( J ) + 1 . 0 0 

I N D I C = 10 
INDID= IND1D<-1 

I E ! I N D I D . G T . 5 0 ) G O TO 3 3 
GO T O 2 0 

32 D E P T H ! J ) = D E P I H ( J ) + 1 . 0 

GO TO 4 0 
33 D E P T H ! J ) = D h P T H I J ) - 1 . 0 

40 I F I A B S I E L E V ! J ) - T H E A D ) . L E . 0 . 1 0 ) G 0 TO 5 0 
41 I F ( E L E V ( J ) - T H E A D ) 4 2 , 5 8 , 4 3 
42 D E P T H ! J ) = D E P T H ! J ) - 0 . 1 0 

I N D I C = 1 0 
I N 0 I D = I N D I D + 1 

I F ( I N D I D . G T . l O O I G O T O 44 
GO TO 2 0 

43 D E P T H ! J ) = O E P T H ! J ) + 0 . 1 0 
I N D I C = 1 0 
I NO 10=1 NO 1 0 + I 
I F ! I N D I D . G T . 1 0 0 ) G U TO 4 5 
GO TO 20 

44 D E P T H ! J ) = D E P T H ! J ) + 0 . 1 

GO TO 5 0 
45 D t P T H ! J ) = D E P T H ! J ) - 0 . 1 
50 I F I A B S f E L E V I J ) - T H E A D ) . L E . O . O D G O TO 5 8 
51 I F I E L E V ! J ) - T H E A D ) 5 2 , 5 8 , 5 3 
52 D E P T H ! J ) = O E P T H ( J ) - 0 . 0 1 

I N D 1 C - = 1 0 
I N D I D = I N D I U + 1 

I F ! I N D I D . G T . 1 5 0 ) G U TO 5 8 
GO TO 2 0 

53 D E P T H ! J ) = U E P T H ! J ) + 0 . 0 1 
I N D I C = 1 0 
I N D I D = I N O I D - H 
1 F ( I N D I D . G T . 1 5 0 ) G O TO 5 8 
GO TO 2 0 

58 W S E ! J ) = D E P T H ! J ) + B E D ( J ) 
WR I T E ! E X P U T , 11 ) L N G ( J ) , B E D ( J ) , W S E ! J ) , A R E A , R O U G H , A L P H A , 0 I S C H ! J ) 

60 C O N T I N U E 
DO 7 0 J = 1 , N N 2 
A B S l ! J ) = L N G 1 J ) 
ABS2{J)=ABS1(J) 
U R D U J ) = B E D ! J ) 
0RD2!J)=WSE ( J ) 

7 0 C O N T I N U E 
C A L L X Y R E A D 
C A L L X Y P L O T 
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8 0 C O N T I N U E 
1 F C R M A T { 5 X , I 0 A A ) 
2 F 0 R M A T ( 5 X , I 5 , F 1 0 . 2 ) 
3 F O R M A T ( 5 X , F 1 0 . 3 , 2 F 1 0 . 2 , F 1 0 . 4 ) 
4 F O R M A T ( 2 0 X , 5 1 H B A C K W A T E R , S T E A D Y G R A D U A L L Y V A R I E D F L O W C O M P U T A T I O N ) 
5 F O R M A T 1 3 5 X , 2 0 H S T A N D A R D S T E P M E T H O D , / ) 
6 F O R M A T ( 2 5 X , 1 0 A 4 , / ) 
7 F C R M A T ( 2 0 X , 1 2 H D I S C H A R G E I S , F 1 0 . 2 , / ) 
8 F O R M A T ! 1 3 X , 8 H 0 I S T A N C E , 5 X , 3 H B E D , 5 X , 7 H S U R F A C E , 4 X , 3 H C S A , 5 X , 3 H M A N . N I N G S 

1 , 2 X , 8 H C 0 R I 0 L I S , 5 X , 4 H F L 0 W ) 
9 F 0 R M A T ( 2 3 X , 9 H E L E V A T I 0 N , 1 X , 9 H E L E V A T I O N , 1 4 X , 1 H N , 6 X , 8 H C 0 N S T A N T , / , 

1 1 5 X , 4 H F t £ T , 6 X , 4 H F E E T , 7 X , 4 H F E E T , 3 X , 7 H S 0 . F E E T , 2 6 X , 3 H C F S , / / ) 
11 F O R M A T ( 1 0 X , F 1 0 . 0 , 2 F 1 0 . 2 , F 1 0 . 0 , 2 F 1 0 . 4 , F 1 1 . 0 , / ) 
1 2 F 0 R M A T I 5 X , 1 5 ) 
1 3 F O R M A T ( l H l ) 
2 1 F O R M A T ( 8 F 1 5 . 4 ) 
9 0 S T O P 

E N D 

S U B R O U T I N E X S E C T I D f c P T H , A R E A , R A D I U S , R O U G H , A L P H A , I N D I C ) 
C 
C 
c****************************************************************** 
C C A L C U L A T E S , F O R A N Y C R O S S S E C T I O N , T H E C S A , H Y D R A U L I C R A D I U S , * 
C V E L O C I T Y D I S T R I B U T I O N C O E F F I C I f c N T A N D , U S I N G P A V L O V S K I I S * 
C A S S U M P T I O N , T H E E Q U I V A L E N T M A N N I N G R O U G H N E S S F A C T O R * 
C D E P T H E S T I M A T E O F C H A N N E L D E P T H * 
C A R E A C A L C U L A T E D C R O S S S E C T I O N A L A R E A « 
C R A D I U S C A L C U L A T E D H Y D R A U L I C R A D I U S * 
C R O U G H C A L C U L A T E D C O M P O S I T E R O U G H N E S S F A C T O R * 
C , A L P H A C A L C U L A T E D V E L O C I T Y D I S T R I B U T I O N C O E F F I C I E N T * 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

D I M E N S I O N W I D T H ! 1 0 0 ) , P E R I M ( 1 0 ) , S R O U G H ! 1 0 ) , P A R E A ( 1 0 ) , S A R E A ( 1 0 ) , 
I S A L P H A ! 1 0 ) , C O N V ( 1 0 ) 

I N P U T = 1 
5 I F ! I N D I C E Q . 1 0 ) G 0 TO 6 

R E A O ! I N P U T , 4 ) N X 1 , U Y 
R E A D ! I N P U T , 2 ) I W I D T H ( K ) , K,= I , NX 1 ) 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C DY S T A G E I N T E R V A L * 
C N X l N U M B E R O F ' I N T E R V A L S I N T H E C H A N N E L M A X I M U M D E P T H * 
C W I D T H C H A N N E L W I D T H C O R R E S P O N D I N G TO E A C H I N T E R V A L I N ' * 
C S T A G E F R O M Z E R O T O M A X I M U M E L E V A T I O N * 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

6 S U M 1 = 0 . 0 
S U M 2 = 0 . 0 
I E L C V = D E P T H / D Y 
DO 4 0 K = l , l E L E V 
l F { K . t Q . D G O TO 2 0 

1 0 D I F F = ! w I O T H ( K ) - W I D T H ( K - l ) ) / 2 . 0 
T P E R I « = 2 . 0 * ( ( D 1 F F * * 2 + D Y * * 2 ) * ' i < 0 . 5 ) 
T A R E A= ( ! WI D T H ( K ) +W I DT hi ( K - 1 ) ) / 2 . 0 ) * D Y 
S U M 1 = S U M 1 + T A R E A 
GO TO 3 0 

2 0 T P E R I M ^ W I D T H ! 1 ) 
3 0 S U M 2 = S U M 2 + T P E R IM 
4 0 C O N T I N U E 

T A R E A = ( D E P T H - I E L E V « D Y ) * W I D T H ( I E L E V ) 
T P E R 1 M = 2 . 0 * ( ( D I F F * * 2 ) + I 0 E P T H - I E L E V * D Y ) * * 2 ) * * 0 . 5 
S U M 1 = S U M 1 + T A R E A 
S U M 2 = S U M 2 + T P E R I M 
A R E A - = S U M 1 
R A D I U S = A R E A / S U M 2 



I F ( I N D I C . E Q . 1 0 ) G 0 TO 4 5 
R E A D ! I N P U T , 1 ) N X 2 
DO 4 2 J = 1 , N X 2 

4 2 R E A D ( I N P U T , 3 ) P A R E A ( J ) , S R O U G H ! J ) , S A L P H A ( J ) 
(^«******************** 

C N X 2 N U M B E R O F C H A N N E L A R E A S U B D I V I S I O N S * 
C P A R E A P E R C E N T A G E O F T O T A L C S A W H I C H I S O C C U P I E D B Y E A C H S U B A R E A 
C A T T H E E S T I M A T E D B A C K W A T E R E L E V A T I O N « 
C S R O U G H E S T I M A T E O F T H F M A N N I N G R O U G H N E S S F A C T O R C O R R E S P O N D I N G * 
C T O E A C H S U B A R E A F O R T H E C H A N N E L R E A C H B E T W E E N T H E C U R R E N T 
C S E C T I O N A N O T H E P R E V I O U S S E C T I O N * 
C S A L P H A E S T I M A T E O F T H E V E L O C I T Y D I S T R I B U T I O N C O E F F I C I E N T F O R * 
C E A C H S U B A R E A * 

4 5 S U M 3 = 0 . 0 
DO 5 0 J = 1 , N X 2 
P E R I M { J ) = P A R E A ( J ) * S U M 2 / 1 0 0 . 0 
S A R E A { J ) = P A R E A { J ) * A R E A / 1 0 0 . 0 

5 0 S U M 3 = SUM34 -PERIM( J 1 * S R O U G H ( J ) * * 2 
R O U G H = ( S U M 3 * * 0 . 5 ) / ( S U M 2 * * 0 . 5 ) 
I F ( S A L P H A ( 1 ) . L E . 0 . 0 ) G 0 TO 7 0 
S U M 4 = 0 . 0 
S U M 5 = 0 . 0 
DO 6 0 J = 1 , N X 2 
C O N V ( J ) = ( 1 . 4 9 * S A K E A ( J ) * ( S A R E A ( J ) / P E R I M ( J ) ) * * 0 . 6 6 6 ) / S R O U G H I J ) 
S U M 4 = S U M 4 + ( S A L P H A ( J ) * C O N V ( J ) * * 3 ) / ( S A R E A ( J ) * * 2 ) 

6 0 S U M 5 = S U M 5 + ( C O N V ( J ) * * 3 / S A R E A ( J ) * * 2 ) 
A L P H A = S U M 4 / S U M 5 
GO TO 8 0 

7 0 A L P H A = 1 . 0 
1 F 0 R M A T ( 5 X , 1 5 ) 
2 F O R M A T ! 1 0 X , 7 F 1 0 . 2 ) 
3 F O R M A T ! 1 0 X , F 1 0 . 2 , 2 F 1 0 . 5 ) 
4 F 0 R M A T I 5 X , 1 5 , F 1 0 . 2 ) 

8 0 R E T U R N 
E N D 



90 

BflCKNRTER, STEADY GRADUALLY VARIED FLOW COMPUTATION 
SQUAMISH RIVER STUDY - MAMQUAM RIVER 

500 YEAR DESIGN FLOOD 
0 WaiER SURFACE ELEVATION PROFILE X CHANNEL BED PROFILE 

o — 

70 

^50 -fr 
UJ 

iO 

10 -fr 

-10 -fr 

-1500 0 

G.W.KITE EMRilO 

INLAND WATERS BRANCH 

^ ^ ^ ^ ^ ^ ^ ^ ^ 
1500 3000 1500 60C0 7500 9000 10500 12000 135001 

CHRINfiGE - FEET 

Figure 4: Straight Line Plot: Backwater Curve 



PROGRAMS FOR THE CDC 3100-CALCOMP 563 COMPUTER-PLOTTER COMBINATION 

Job Set-up CDC 3100 

o 
t 

C c 
s 
3 o 

u 
o 
u 

7 
9J0B,J 
7 

(Job number and programmer's initials) 

9EQUIP, 01 
7 

= MTCOEOUOl 

9EQUIP, 56 
7 

= MTClEOUOl 

9EQUIP, 21 
7 

= 56 

9EQUIP, 55 
7 

= MTCIEOUOO 

9EQUIP, 20 
7 

= 55 

9F0RTRAN, L, X 

Source Deck 

FINIS 

7 
9LOAD, 56 

Object Deck 

7 
9 RUN 

Input Data for Main. 
Plot Control Cards. 

77 
88 

53 



Submi s s ion Form 

S UJ 
r 

o- O 
a O 

NAME 
DIVISION G.W. Kite, Engineering, Inland 
Agency. Code I . 1 I Tel. No. Waters; JOB NO. I J ,5 . 5 .0 , 0, q Date, time needed 
PROGRAM I , , , I , I 

DISPOSAL INSTRUCTIONS 
Will collect 

Reserved time 

See overleaf 

Estimated 
run time I i3 lO 

Minut t t 

STD. JOB L J PLOrlxJ 
Lonquaqe Fortran IV 
Source LxJ Obj. 
Production 0 

Test I 
Rerun 2 

Suitable for running at Northem Electric: Yes No 

Cards 
In L 

Est. Out L 
Act. Out L 

i5 • QiO 
_l I L 

QUANTITIES 
Print 

Est. No. Pages 
Act. No. Pages I i 

Fold bock along this line 

Plot 12 plots 
+ dummy 

Inches 1̂  1 ° 

IN 1 Date 

Time 
OUT| Date 

Time 

Actual 
run time 

FOB C. S. D. USE 

SEO 

Corrplete 
Aborted 

Initials 
of opr. 

0: 

o 

o . 
in u. tD 

l l 

NON-STANDARD JOB REQUIREMENTS 
OPERATING INSTRUCTIONS 
Standard • Standing Order 
Programmer attendance is requested 
The only non-standard feature is 

Attached 

OUTPUT SPECS. 
Card 
Electro 
Colour 
Cut 

Print 
Form 
Parts 
Loop 
Burst 
Decollate 

Plot 
Pen 

0.3 mm 
StocK No. Ink black 

Operator 
Comment 

Tape 
Tpt. 1 3 

a. c 
File identification 

or reel number 
0 

3 
0 . 

M 

01 1 1 1 1 1 1 1 1 1 

02 • 1 1 t 1 • 1 1 1 

20 1 1 1 1 I 1 1 1 1 

21 1 I l l 

00-f S Y S T E M S 
1 1 1 1 1 1—1—1—1— 
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Example la: Time Series fitted with a Least Squares Straight Line -Crustal Movement. 

The essential data read in for this program are arrays of mean monthly lake 
elevations as observed at different stations around a lake's perimeter. The computer 
calculates for each year of observation at each station, the four-monthly mean elevation 
from June to September. 

Using the first station read in as a base, the annual differences in this mean 
elevation are computed for the base station minus each "slave" station. This results in 
several time series of differences in mean elevations. 

For each series of differences a least squares line of best f i t is computed; this 
being the average rate of crustal movement between the two stations. 

The program then plots each annual difference and joins the points with straight 
lines, finally superimposing the least squares line. Printed output is also given; and 
for each pair of stations a l i s t of statistical parameters is given together with the 
calculated rate of crustal movement in feet per century. 
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C PROGRAM NO. 29 
C 

C O P P A R T - ' E N ' T O F FixiERGY, M I M E S AND RESOURCES 
C 1^1. AMD W A T E R S n R A N T H 

C O T T A ' « / A 
C 

C 

C C R U S T A L M O V F M E N T 

C 

C GREAT L A K E S B A S T N 
C 

C 

P K 0 O « A M C'^UST 
C ' - M M O M K ( i n ) , L ( 1 0 ) . T l ( in ) . T ? ( l n ) . T 3 ( l n ) . O T F F ( I O O ) . S L O P E ( 1 0 ) . 

1 C H K i S T ( 1 0 ) .K ARAY ( 2S) , T4 ( 10> 
DTMENSION F ( l O . T O n ) 
IfiTEGFP T 1 . , T 2 , T 3 , T 4 
J T = 6 0 
Jo = 61 

W'JTTE ( J 0 . ? n 5 ) 
w TIE ( J O , : J 2 0) 

W'^TE ( J0.???1) 
R'-"A0(JI.201) N 

C <s < J •» * it i> -tt If»<t <f < J » i t i - <•« 

C N NUMBF« OF S T A T I O N S TO R E COMPUTFO 
C it * <t •i* i^ 

on 10 I = 1 , M 

R(-AD ( JI ,i?03) T U I ) . T 2 ( T ) , T 3 ( I ) . T 4 ( I ) 
C it <t » « « it <t i( * it «• >t it <Mt it <i i> It -:t « <t it <t » i> « « » « » <> » » » » it <t it « « it i> » » 

C T l . T ? ETC A L P H A M E P I C GAUGE T I T L E 
1 it it it it it it it it it it it it it it it it it it it it it it it it it it <• it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it » it it » 

Rf̂  A D ( JI »?0?) K ( l ) . L ( n 
C it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it ii 

C K . L LOWER AND UPPER YFARS OF DATA RANGE 
C it it it it it it it it it it it it it it it it it i> it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it « 

KK = ) 

Ll = L ( I ) - K ( I ) * 1 
10 ,) = K K . L L 

R^^AD(J I ,204) A . e . C . O 
Q i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t 

C A H C D MEAN MONTHLY E L E V A T I O N S . JU^E To SFPTEMRER 

C i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i i i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i i i t i t i t i t i t i t i t i t i t i t i t * 

I A = A 
IHI = B 
ir=c 
In = U 
I p (IA) 1 1 , 1 12 , 1 1 3 

113 IF(T 8 )112.112 , 114 

1 14 IF ( IC ) 1 1 2 . 1 1 2 , U S 

115 l F ( I 0 ) 1 1 2 . 1 1 2 , n 6 
116 E ( I , J ) = ( A + H + C + 0 ) / 4 . n 

C i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i ^ 

C E MEAN JUNE TO S E P T . ELEVATION 
C i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i l i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i » % > i t i t i t i t i t i t i t i t i t i t i t i t i t i t 

Gn TO 10 
112 E ( I . J ) = 0 . p 

1 0 C O N T I N U E 
Do 40 1 = 2 . N 

I F ( 1 - 7 ) l l n . l l l . l l o 
i n WolTE ( J 0 , ? 0 5 ) 
no Sr i IFF=0.0 

S Y R S = 0 . 0 
SDDS=0.0 
Sl->YS=0.0 
Srp=0 .0 
I P ( ( L ( I ) - K ( I ) ) - ( L ( 1 ) - K ( 1 ) ) ) 1 0 1 , 1 0 2 , 1 0 ? 



101 I J K = 1 

C I j K AN I M O I C A T O R 

C « * < t « « « it 

K K = 1 
L l = L ( I ) - K ( T ) + 1 

SiiMZ=0. 0 
O o 60 J = K K , L L 

N O = ( K ( I ) - K ( i ) ) + J 

I F ( E d . N O ) ) 1 1 7 , 1 1 7 , U P 
118 I r ( F ( l , J ) ) 1 1 7 , 1 1 7 , 1 1 9 
J 1 7 D T F F ( J ) = l n 0 . 0 

Si!MZ = S U H Z * 1 . 0 
G O TO 6 0 

119 D 1 P F ( J ) = E ( I , N 0 ) - E ( I , J ) 

C « « « i t « i t i ; - i t « t t < t i t « « i t « « i t « i t » « » « i t i t i t » l t » i t » i l < > « » i t « » » o « « i t « « , > i t » « i ^ 

C D T F F n i F F F R E N C E I N E L E V A T I O N B E T W E E N T W O S T A T I O N S 

C « « i j « i t « « > 7 i i « i t < t » i t i i » e < t i t i t i t « i t i t i t i t « * < > < t « » i t < t « « o < t i t a t t « » « i t ^ 
S n i F F = S 0 1 F F + D I F F ( J ) 

C « < t « ' » i t » i t i t « * « i t i t » i t < t « i t » e i } « < t « « i t « « t t « i t i t U i t « » < > « < t « < t i t « < t » » i t i ^ 

C S O I F F S U M O F O I F F F R E N C E S O V E R L - K Y E A R S 

C < t i t i t « i t « v i > * « < t « « * i t « « i t « « « i t « i > < t * < > « » 0 « » < t « » « i > i t « » « « « < t « « « « » « » 

S Y R S = S Y R S * J 
C i t « it « i t « it < t « « i t » » < t » « it 

C S r R S S U M O F Y E A R S 

C i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t < t « i t i t i t i t i t i t » i t i t i t < t i t i > i t i t « i t i t i t i t < t i t » i t i t » « » i t i » i t i t i t i t 
60 C O N T I N U E 

GO T O 301 
102 I j K = 0 

K l = l 
L 1 = L ( 1 ) - K ( l ) + 1 
S l i M Z = 0 .0 

DO bS J = K 1 , L 1 
N 0 = ( K ( 1 ) - K ( I ) ) + J 

I F ( E ( 1 , J ) ) 1 2 0 , 1 2 0 , 1 2 1 
121 I F - ( E (I . N O ) ) 120 . 1 2 0 , 1 22 
120 D I F F ( J ) = 1 0 0 . 0 

S i ) M Z = S U M Z * l . 0 
G n T O 55 

122 D T F F ( J ) = E ( 1 . J ) - E ( I . w O ) 

S n i F F = S O I F F + D I F F ( J ) 

S Y P S = S Y R S + J 

•̂ 5 C O N T I N U E 

3 n l I F ( I J K - 1 ) 103. 104» 105 
103 R / N N G E = L { 1 ) - K ( 1 ) +1-S0MZ 

C i i i t i t i i i t i t i t i t i t i t i t i t i t i t , - , i l i t i t i t i t i > i t i i i t i t i t i t i t i t i t i t i t i t « i t i t i t i t i t i t i t » i t i i i t i t i t i t i t i t i t i t i t i t i t i ^ 

C R A N G E NUMflER OF YFARS O F D A T A A V A I L A B L E 
C i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t ^ 

X K = K ( I ) - 1 
Gf: TO 32 

1.̂ 4 R A N G E = L ( 1 ) - K ( I ) + 1-SilMZ 
X K = K ( I ) - 1 
D R A f ^ = S D I F F / R A N O F 

C i t i t < t i t i t i t ; t i t i * i t i t i t i i i t i t i t s t i t i t i t - t i t i t i t < t i t i i i t i i i t i t i t i t i i i i i t i t i t i t i l i t i t i t i > i t i t i t i t i t 

C 0 'r<AR MEAN ANNUAL D I F F E R E N C E I N E L E V A T I O N 

C it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it « 

YiJAR = SYRS/RANGF 
C i t i t it i t i t i t i t i t i t i t i t i t i t i t it i t i t i t i t i t it it it it it it it it itit it i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t i t it i t i t i t i t i t it i t i»« 

C Y H A R M E A N Y E A R 

Q it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it 

Y H f l R = Y B A R * X K 

Wi-TTE (J0 , ? n 6 ) T l ( l ) . T ? ( l ) , T 3 ( l ) . T 4 ( l ) , T l ( T ) . T 2 ( I ) , T 3 ( I ) , T 4 ( I ) 
W P I T E ( J 0 , ? 2 9 ) 

W « T T E ( J 0 » 2 2 8 ) R A N G E 

W P T T E ( J 0 , 2 2 4 ) D R A R , Y H A R 

Y M A R = Y H A R - X K 

I F ( I J K - 1 ) 1 0 6 , 1 0 7 « 1 0 S 

5 7 



106 Kl=l 

L1=L(1)-K(1)+1 

Dn SO J = K,1.L1 

IF(OIFF(J)-I0n.0)124 '5n,126 
1?4 X | = J 

OnS=DIFF(J)-OBAR 

C DOS ( O I F F F R F N C E - MFAN D I F F E R E N C E ) 

D Y S = X J - Y B A H 

C D Y S (YEAR - MEAN YEAR) 

CP=DDS-»DYS 

C CP PFiOODCT OF DOS AND DYS 

DC)S=DDS»»2 
( ) Y S = D Y S « * ? 
SnDS=SDDS+DDS 

c SODS SUM OF DDS SQUARED OVER L-K YEARS 

SnYS=S0YS+DYS 

C SnYS SUM OF DYS SQUARED OVER L-K YEARS 

S c P = S C P + C P 

C SCP SUM OF CP OVER L-K YEARS 

SO CONTINUE 

6 0 TO 302 

107 KK=1 

LL=L(I)-K(T)+1 

Dn 56 J=KK.LL 

IF (DIFF (J)-100.0 ) 12'5»56.126 

12S XJ=J 

DnS=DIFF(J)-D8AR 
UYS=XJ-YBAR 

CP = t)DS»DYS 

D n S = D 0 S » * ? 

DYS = DYS-»*? 

Snns=SDDS+DDS 
SnYS=S0YS+DYS 

Srp=scp+cp 
S6 CONiTINUE 

302 STDD= (SDOS/RANGE)<»**0.5 

C STDO STANDARD D E V I A T I O N OF THE OTFFERFNCES I N E L E V A T I O N 

STDY= (SDYS/RANGF) ««-0.5 

C STDY STANDARD D E V I A T I O N OF THE YEARS 

CC= (SCP/RANGE) / (STDD<>STDY) 

C c r CORRELATION C O E F F I C I E N T 

SLOPE(I)=CC«STOD/STDY 

c SLOPE P R I N C I P A L COMPONENTS SLOPE FOR E L E V A T I O N DIFFERENCE^; 
C CONST i : * t i - * * t i * i - i : * i ^ * t i : t i - t i : * i m E 9 . C f P y * * * t t t * t m * ^ * t i ^ * * * * * i : 

Yn/\R=YBAR + XK 
I F ( I J K - 1 ) 4 0 0 » 4 1 0 , 4 0 0 

410 C O N S T ( I ) = D B A R - S L O P E ( I ) « ( Y B A R - K ( I ) ) 



Go T O 420 

400 C ( ^ N S T ( I ) = O R A R - S L O P E ( I ) ( Y R A R - K ( 1 ) ) 

420 CONTINUE 

R A T E = S L O P F ( I ) < » 1 0 0 . 0 

C RfiTE R A T E O K C H A N G E TN T H E D I F E F R E N C < ^ IN E L E V A T I O N P E R l o O Y E 

Q < j I f -tt i t < t w It 

W'-^ITE ( J 0 » 2 0 8 ) S T Q D . S T O Y 

W c i T E ( J 0 » 2 2 2 ) C C 

W P J T E ( J 0 . 2 1 8 ) S L O P E ( I) . C O M S T ( I ) 

W o j T E ( J O , ? 0 7 ) RATE 

CALL A X I S X Y ( 0 1 . 1 4 . 0 . 1 0 . 5 , 1 O . O , 1 4 0 . O » 1 0 5 . 0 . 1 8 5 0 . O • - 5 2 . 5 , i 8 6 0 . O . O . O ^ 

1 2 . 5 ) 

C A L L P L O T X Y ( 1 R 4 0 . 0 . - 5 5 . 0 . 0 » 1 0 ) 
C A L L P L O T X Y ( i 8 4 n . O , + 5 5 . 0 » l * l O ) 
C A I L P L O T / Y ( 1 9 q s . n , + 5 5 . 0 » 1 . 1 0 ) 
C A L L PLOT X Y ( 1 9 9 S . n . - 5 5 . 0 » l » 1 0 ) 
C A L L P L O T X Y ( 1 8 4 O . O ' - 5 5 . 0 « 1 . 0 ) 
CALL P L O T X Y { 1 8 4 H . o , - 5 4 . 0 , n , 0 ) 
C A L L P L O T X Y ( 1 8 4 H . 0 ' + 5 4 . n , l , 0 ) 

C A L L P L O T V Y ( 1 9 9 4 . 0 , + 5 4 . 0 , 1 , 0 ) 

C A L L P L O T X Y ( 1 9 Q 4 . 0 , - b A . 0 . 1 , 0 ) 

C A L L P L O T X Y ( 1 8 4 B . 0 » - 5 4 . 0 » 1 » O ) 

CALL P L 0 T X Y ( 1 8 5 0 . 0 , - 5 0 . 0 , 0 . 0 ) 
CALL PLOTXY(199 0 . 0 , - 5 0 . 0 . 1 , 0 ) 
W /^-R=l 990 . 0 

0'! 100 I Y / = 1,13 
CALL P L O T X Y ( V A R . - 5 0 . 0 . 0 . 20) 
C A L L P L O T X Y ( V A R . + 3 0 . 0 . 1 , 0) 
VAf:; = V A R - l o . O 

1 0 0 CHKiTINUE 
V A R = - 4 0 . 0 
Dd 2 0 0 l \ / = l , » 

IF ( l Y Z - 5 ) 199 ,2 0 0 . 1 9 9 

I Q Q CALL PLOTXY ( 1 H6n . 0 , > ' A R , 0 , 0 ) 

CALL PLO T Y Y( 1 99 0 . 0 , V AH . 1 , 0 ) 

2>n0 V A P = V A R + 1 0 . 0 

C A L L P L O T x Y ( 1 9 8 7 . 5 . - 5 2 . 5 , 0 , 0 ) 

E K C O L ^ F ( 4 , ? 0 9 . K A P A Y ( I ) ) 

C A L L L A H E L (4 , 2 , 0 . K A i M Y ( 1) ) 

C A L L PLOT V Y ( l 9 S 6 . 5 . - 5 ? . 5 , 0 > 

E':rODE (4 , 2 2 T , K A P A Y ( i ) ) 
Cr-.IL LABEL { 4 , 2 , 0 . K A W A Y ( 1 ) ) 

C A I L P L O T X Y ( 1 9 2 6 . 0 , - 5 ? . 5 , 0 , 0 ) 
K ' c o n e : ( 5 . ? i 3 , K A P A Y ( n ) 
C A L L L A B E L ( S , 2 . O . K A P A Y ( ] ) ) 

C A L L P L O T X Y ( i 8 9 * ^ . S , - 5 ? . 5 . 0 , 0 ) 
E f - C O O F (4 , ? 2 6 . K a p A Y ( 1 ) ) 

C A L L L A B E L ( 4 . 2 . 0 . K A P A Y ( 1 ) ) 

C A I L P L O T X Y ( 1 8 6 6 . 5 . - 5 2 . 5 . 0 . 0 ) 

F v C O D F ( 4 . 2 1 0 . K A R A Y ( 1 ) ) 

C A L L L A B E L ( 4 . 2 . 0 . K A P A Y ( 1 ) ) 

C A L L P L O T K Y ( 1 8 5 1 . 0 . - 4 9 . 5 . 0 , 0 ) 

E N C O D E ( 5 , ? ? S . K ( \ P A Y ( i ) ) 

C A L L L A B E L ( 5 . 2 . 0 . K A P A Y (1 ) ) 

C A L L P L O T K Y ( I B B O . 0 . - 4 6 . 0 . 0 . 0 ) 

E ' v i C O D E ( 2 1 . 2 3 0 . K A R A Y ( 1 ) ) 

C A L L L A B E I ( 2 1 . 1 . O . K A R A Y O ) ) 

C A L L P L O T X Y ( 1 8 9 0 - 0 . - 4 8 . 0 . 0 . 0 ) 

E"-CO()K ( 9 . 2 3 1 .KApAY ( L ) ) 

C A L L L A B E L ( « . 1 . 0 . K A ^ A Y ( i>) 

C A L L P L O T X Y ( 1 H 5 2 . 5 . 0 , 5 . 0 . 0 ) 

F ^ r 0 D E ( 4 . ? l 1 . K A P A Y ( ! ) ) 

C A L L L A H E L ( 4 . 2 . O . K A P A Y ( 1 ) ) 
C A L L P L O T X Y ( 1 B 5 2 . 5 . 4 9 . 5 . 0 . 0 ) 
E ' -CODE ( 4 , 2 1 2 . K A P A Y ( 1 ) ) 
C A L L L A B E L ( 4 , 2 . O . K A P A Y ( 1)) 

59 



C A L L P L O T X Y ( i 8 8 n . o , 4 B . n , o . O ) 
E ^ C O D f : ( 3 6 , ? 1 4 , K A K A Y ( 1 ) ) 
C A | . L L A H L L ( O . K A W A Y ( 1 ) ) 
C A L L P L O T X Y ( 1 8 8 0 . 0 . ' » 5 . 0 , 0 , 0 ) 
E'JCODt; ( 4 3 , ? l b , K A R A Y ( i ) ) 
C A L L L A H t L ( 4 3 . ? , 0 . K A R A Y ( ] ) ) 

C A L L P L O T X Y ( 1 8 8 0 . 0 . 4 2 . 5 , 0 . 0 ) 
E ^ C O D t : ( 3 Q , 2 1 6 . K A R A y ( 1 ) ) T 1 ( 1 ) , T 2 ( 1 ) . T 3 ( 1 ) , T 4 (1 ) , T 1 ( I ) , T 2 ( 1 ) , T 3 ( I ) , 

V T ( I ) 

C A L L L A B E L ( 3 9 . 2 . 0 . K A R A Y ( 1 ) ) 

C A L L P L O l X Y ( 1 8 8 0 . 0 , 4 0 . 0 . 0 . 0 ) 
F>,ir()DE ( 4 4 , ? 1 7 , K A R A Y (1 ) ) R A T E 
C A L L L A H E L ( 4 4 , 2 . O . K A R A Y ( 1 1 > 

C A L L P L O T X Y ( 1 8 5 5 . 0 . - 3 S . o . n . O ) 
E r - i C O D E ( i a . ? 2 3 . K A R A Y d ) ) 
C A L L L A B E L ( 1 8 . 2 . 3 . K A R A Y ( 1 ) ) 
C A L L P L 0 T X Y ( 1 8 5 ^ . 0 . + 0 8 . 0 . O » O ) 

F M c n D E ( 1 7 . 2 3 2 . K A R A Y ( 1 ) ) 
C A L L L A B E I ( i 7 . ? . 3 . K A H A Y ( n ) 
C A L L R L O T X Y ( 1 8 6 0 . 0 . 0 . 0 . 0 . 0 ) 
I U A M G E = R A M G £ + S I I M Z 

I rHANGE=0 
1)0 5 8 J = 1 . T R A N G F 
n T F F ( J ) = D T F F ( J ) « l O 0 . O 

I K ( D I F F ( J ) - 1 0 0 0 0 . 0 ) 1 3 5 . 5 8 . 1 2 6 
1 3 5 l F ( f ) I F F ( J ) - 3 7 . 5 ) S R , 1 3 6 , 1 3 6 
1 3 6 I C H A N G E = 1 

' ^ H C H M T I N U E 

I F ( I C H A N t i P - l ) 1 3 7 . 1 3 ^ , 1 3 7 
1 3 8 D O 5 9 J = l , T R A N G F 

5 9 D T F F ( J ) = : D T F F ( J ) - 1 5 . 0 
C A L L P L O T X Y ( 1 H B 0 . 0 . 3 7 . 5 . 0 , 0 ) 
E r - C O D E ( 3 5 . 2 3 4 , K A R A Y ( 1 ) ) 

C A L L L A B E L ( 3 5 . 2 . O . K A R A Y ( 1 ) ) 
C O M S T ( I ) = C 0 N S T ( T ) - 0 . 1 5 

1 3 7 C O M T I N U E 

I F ( I J K - 1 ) 1 O H . 1 0 9 , 1 0 5 
1 0 8 P i = K ( l ) 

J = 1 
K i = 2 

L 1 = L ( 1 ) - K ( 1 ) + 1 
I F ( D I F F ( J ) - 1 0 0 0 0 . 0 ) 1 5 1 . 1 5 2 . 1 5 2 

I ' ^ l C A L L P L U T x Y ( P l . n l F F ( J ) . 0 . 1 5 ) 
G O T O 1 5 3 

1 5 2 C A L L P L O T X Y ( P l . 0 . 0 . 0 , 0 ) 
1 S 3 0 " 5 3 J = K 1 . L l 

P 2 = J + K ( 1 ) - 1 
J 1 = J - 1 
I F ( 0 1 F F ( J 1 ) - 1 0 0 0 0 . 0 ) 1 2 7 , 1 2 9 , 1 2 6 

1 2 7 I F ( D I F F ( J ) - l O O 0 0 . 0 ) 1 3 0 . 1 2 8 , 1 2 6 
1 3 0 C A L L P L 0 T Y Y ( P 2 . n l F F ( J ) , 1 , 0 ) 

GO T O 5 3 
1 2 8 C A L L P L O T X Y ( P 2 . 0 . 0 . 0 , 0 ) 

GO TO 5 3 
1 2 9 C A L L P L O T x Y ( P 2 . n I F F ( J ) . 0 , 1 5 ) 

5 3 C O N T I N U E 

C O M S T ( I ) = C 0 N S T ( T ) * 1 0 0 . 0 
S L O P E ( i ) = S L O P E ( I ) « I O O . O 

G O TO 3 0 3 
1 0 4 P l = K ( I ) 

J = l 
Kw = 2 
L L = L ( T ) - K ( I ) + l 
I F ( D I F F ( J ) - 1 0 0 0 0 . 0 ) 2 5 1 , 2 5 2 . 2 5 2 

2 5 1 C A L L P L O T X Y ( P l , D l F F ( J ) , 0 . 1 5 ) 
GO T O 2 5 3 

2 5 2 C A L L P L O T X Y ( P I . O . O . O . O ) 



2 S 3 DO 57 J = K K , L L 
P P = J + K ( I ) - 1 

J 1 = J - 1 
II- ( D I F F ( J i ) - l O O n O . n) 1 3 1 , 1 3 2 , 1 2 6 

1 3 1 I P ( D I F F ( J ) - l o n n n . n ) 1 3 3 . 1 3 4 * 1 2 6 

1 3 3 C A L L P L 0 T X Y ( P 2 , D I F F ( J ) , 1 , 0 ) 
G O T O 5 7 

1 3 4 C A L L P L O T X Y ( P 2 « 0 . 0 . 0 , 0 ) 
GO T O 57 

1 3 2 C A L L P L O T X Y ( P ? , n I F F ( J ) , 0 , 1 5 ) 
S7 CONTINUE 

C O N S T ( I ) = C O N S T ( I ) 0 0 . 0 

S L O P E ( I ) = S L 0 P E ( I ) <U 0 0 . 0 

3 n 3 C A L L P L O T X Y ( P 1 . C O N S T ( I ) , 0 , 0 ) 

Y r C O N S T ( I ) 
Do 7 0 M= 1 , I H A N G F 
Y=Y*SLOPE{T) 
P P ? = P 1 + M 
C A L L P L O T X Y ( P P 2 , Y , 1 , 0 ) 

70 CONTINUE 
20 1 F O R M A T ( I I n ) 
202 F O P M A T ( 2 7 X , 1 4 . 4 X , 1 4 . / / / / / ) 
2n3 F O R M A T ( 2 8 X , 4 A 4 . / ) 
2 0 4 F O R M A T ( 1 4 X . 4 ( 6 X , F 7 . 2 ) ) 
2ns F O R M A T { I H i ) 
? ( 1 6 F O R M A T ( I X , 4 A 4 , 7 H M I N U S , 4 A 4 ) 
20 7 F O R M A T ( ? 0 M R A T F O F ^ O V E M E N T I S , F 6 . 3 , 1 9 H E F E T P E R 1 0 0 Y E A R S . / / / ) 

2 0 8 F O R M A K S H S T O O T S , 1 I X , F6 . ? , 1 0 X . 7 H S T 0 Y I S , 7 X . F 6 . 2 ) 
2ri9 F O R M A T ( 4 H 1 9 4 0 ) 
2 1 0 F O R M A T ( 4 h i 8 7 0 ) 
211 F o R M A T ( 4 H 0 . 0 0 ) 

212 F O R M A T ( 4 H o . 5 0 ) 
213 F O R M A T ( 5 H Y F A R S ) 
214 F O R M A T ( ^ 6 H C R U S T A L MOVEMENT - GREAT L A K E S " A S I N ) 
215 F O R M A T ( 4 3 H n i F F E D E M C F S I N FOUR-MONTHLY MEAN ELEVATIONS) 
216 F O R M A T ( 4 A 4 . 7 H M l N l j S , 4A4) 
217 FORMAT(19WPATE OV MOVEMENT I S , F 6 . 2 . 1 9 H F E F T P E R 1 0 0 Y E A R S ) 

218 F O R M A T ( 9 H SLOPE I 5 . 1 1 X , F 6 . 3 . 9 X . 1 2 H I N T E R C F P T I S . F R . ? ) 
219 F ( ^ R M A T ( S ) H F A U L T Y Z ) 

•ppQ F . " R M A T ( 3 7 H CRUSTAL " O V E M E N T - GREAT LAKES RASTN) 
2 2 1 F O R M A T ( 3 B M , / / / ) 

2-P2 F O W M A T ( 2 7 H CORRELATION COpFFICIENT I S . 2 1 X . F 7 . 2 ) 
223 F O R M A T ( I B H O I F F F P E N C E TN M F A N ) 
224 F f . R M A T ( 1 9 M M E A M O T F K E R E N C F I S , F 6 . 2 . 1 0 X , 1 2 H M E A N Y E A R I S , F 8 . 2 ) 
2 ? S F O R M A T ( 5 H - O . S 0 ) 
2 ? 6 F r ) P M A T (4H1 9 0 0 ) 
2-;>7 F O R M A T (AHiQbO) 
228 F O R M A T (15H DATA LENGTH I S , 5 X . F 5 . 2 . 6 H Y E A R S ) 

229 F O R M A T (33w ) 
230 F O R M A T ( 2 l H INLAND WATFRS BRANCH) 
231 F O R M A T ( 9 H G W K I T E ) 

2.32 Ff?RMAT ( I 7HFLEVAT IONS - FEFT) 
233 F f iRMAT(20*^ E R R O B IN DIFFERENCE) 
2^4 F O R M A T ( 3 5 H M E A N n i F F E R F N C E S REDUCED RY O . l S FT) 

CALL P L O T x Y ( 1 9 Q 0 . 0 . 0 . 5 n . 0 , 9 ) 
CALL E N O P L O K O l ) 

TO 4 0 
l o S Wi - ITE ( J O . 21 9 ) 

G o TO 4 0 
1 2 6 W O T T E ( J O . 2 3 3 ) 

40 C A L L FNOPl .OT(Ol) 
C A L L AX . (SXY ( 0 1 , 1 4 . 0 . I 0 . 5 , 1 0 . 0 . 1 4 0 . 0 , l n 5 . 0 . 1 8 S 0 . 0 . - 5 2 . 5 . 1 8 6 0 . 0 . 0 . 

1 5 . 0 ) 
C . ' > L L F M D P L O T (01 ) 
' " i - I T F ( J O . P 0 5 ) 
P -wTND Ol 
S T O P 

F^.^ 



0 . 5 0 

UJ 

CRUSTAL nSUEMENT - GREAT LAKES BASIN 
DIFFERENCES IN FBUR-MQMTHLY MEAN ELEUATISNS 
TBRSNTiS BMTARIS MINUS SSUEGS NEU YORK 
RATE SF MSUEMENT IS .4i FEET PER 100 YEARS 

Li_ 

1 

m 

1—4 

h-
a 
z> 
UJ 
_l 
UJ 

0 . 0 0 

Li_ 

1 

m 

1—4 

h-
a 
z> 
UJ 
_l 
UJ 

0 . 0 0 

Li_ 

1 

m 

1—4 

h-
a 
z> 
UJ 
_l 
UJ 

0 . 0 0 K 

21 
a 
UJ 
T: 

21 

u u 
71 
UJ 
Q: 
UJ 
U-
u. 
1—1 

Q 

- 0 . 5 0 

>^ 21 
a 
UJ 
T: 

21 

u u 
71 
UJ 
Q: 
UJ 
U-
u. 
1—1 

Q 

- 0 . 5 0 

21 
a 
UJ 
T: 

21 

u u 
71 
UJ 
Q: 
UJ 
U-
u. 
1—1 

Q 

- 0 . 5 0 

21 
a 
UJ 
T: 

21 

u u 
71 
UJ 
Q: 
UJ 
U-
u. 
1—1 

Q 

- 0 . 5 0 

\ 

•i 

21 
a 
UJ 
T: 

21 

u u 
71 
UJ 
Q: 
UJ 
U-
u. 
1—1 

Q 

- 0 . 5 0 
llt-OtO Uf lTD 
6 U K I T E 

1B70 1900 YEARS 1960 1990 

Figure 5: Time Series fitted with a Least Squares Straight Line: Crustal Movement 



CRUSTAL MOVEMENT - fiREAT LAKES BftSlN 

TOROMTO ONTAHlf) MINUS KINGSTON ONTARIO 

DATA LENGTH TS ^ 7 . 0 0 YEARS 
MEAN DtFFFWENCP IS - 0 . 0 8 
STDD IS . 1 3 

CORRELATION C O r F F I C I E N I IS 
SLOPE IS .007 
RATE OF MOX/EMEMT IS . 6 6 2 EEFT PER IOO YEARS 

M E A N 

S T D Y 

YEAR 
IS 

IS 

I N T E R C E P T IS 

1937.98 
16.48 

_ta.7 
-0 .28 

T O R O N T O O N T A R I O M I N U S O S W E G O NE>ii Y O R K 

DATA L E N G T H I S 6 0 . 0 0 Y E A R S 

MEAN D T E F F R E N C F T S - 0 . 0 5 

STDD I S . 1 0 

C O R R E L A T I O N C O F F F I C I E N T I S 

SLOPE I S . 0 0 4 

RATE O F M O V E M E N T I S .^,13 F F E T P E W 100 Y E A R S 

MEAN YEAR IS 1936.43 
STOY IS 17.43 

.74 
INTERCEPT IS -0 .17 

T O R O N T O O N T A R I O M I N U S P O R T W E L L E R O N T . 

DATA LENGTH TS 11.00 YEARS 
MEAN DIFFEPENCE IS . 0 6 
STDD IS . 0 3 

CORRELATION COFFE_ICIENr IS 
SLOPE IS .001 

f̂ £AN YEA_R. I S 1961 .-00 
STDY IS 3 . 1 6 

.11 
INTERCEPT IS . 0 6 

RATE OF MOVEMENT IS .091 FF.ET PER .100 YEARS 

TORONTO ONTARTn MINUS COBODPG ONTARIO 

MEAN YEAR TS 1961.50 
DATA LENGTH I S 1 0 . 0 0 YEARS 
MEAN D I F F E R E N C E TS - 0 . 0 2 

STOD IS .02 

CORRELATION C O F F F I C T E N T I S 
S L O P E I S .QOO 
RATE OF MOVEMEl'T I S . 030 FEET PER 100 YEARS 

STDY IS 

INTERCEPT IS 

2.87 
.04 

-0.02 

TORONTO ONTARIO M I N U S FORT NIAGARA ONT 

DATA LENGTH IS 
MFAN OIEEERENCF 
STDO IS 
CORRELATION.COELFLCIENT I S 
SLOPE TS . 0 0 4 

1 6 . 0 0 YEARS 
IS - 0 . 0 2 

. 0 3 
M E A N Y E A R J S 19S-4...5.Q 
S T D Y I S 4.61 

.63 
I N T E R C E P T I S -0 .05 

RATE OF MOVEMENT J S .404 FEET PER 100 YEARS 



TORONTO ONTARIO MINUS ROCHESTER NY 

DATA L E N G T H IS 1 7 . 0 0 Y E A R S 
MEAN D I F F E ' ^ E M C F TS - 0 . 0 0 
STDD IS . 0 7 
C O R R E L A T I O N C O E F F I C I E N T I S 
S L O P E TS . 0 0 1 
R A T E OF MOVEMENT IS . 1 2 9 F E E T 

MEAN YEAR IS 1 9 B 1 . B E 
STDY J S 1 7 . 9 0 

. 3 2 
INTERCEPT IS - 0 . 0 6 

PER 100 YEARS 

TORONTO ONTARIO MINUS PT DALHOUSIF NY 

DATA LENGTH IS S 2 . 0 0 YEARS 
MEAN DTFFEPFNCF IS . 0 4 
STDD IS . 0 3 
CORRELATION COFFFICIENT IS 
SLOPE TS . 0 0 0 
RATE OF MOVEMENT IS . 0 4 8 FFFT PER 100 YFARS 

MFAN YEAR IS 1 9 4 0 . 5 0 
STDY IS 15 .01 

. 2 5 
TNTERCFPT IS . 0 3 

TORONTO ONTARIO MINUS CAPE VINCENT NY 

DATA LENGTH IS 5 1 . 0 0 YEARS 
MEAN DTFFEWENCF IS - 0 . 0 3 
STDD IS . 0 7 
CORRELATION COFFFICIENT IS 
SLOPE IS . 0 04 
RATE OF MOVEMENT IS . 3 5 8 FEET PER loO YEARS 

MEAN YEAR IS 1 9 4 1 . 0 0 
STDY IS 1 4 . 7 2 

.70 
INTERCEPT IS - n . . ) 2 

TORONTO ONTARIO MINUS HAMILTON ONT. 

DATA L E N G T H IS 6 . 0 0 Y E A R S 
MEAN D I F F E R E N C E IS . 1 6 
STDD IS .01 
C O R R E L A T I O N C O F F F I C I E N T I S 
S L O P E IS - 0 . 0 03 
RATE OF MOVEMENT 1 5 - 0 . 2 6 4 F E F T PER 100 Y E A R S 

MEAN YEAR IS 1 9 6 3 . 5 0 
STDY IS 1.71 

- 0 . 4 4 
INTEPCEPT IS . 1 7 



DURATION A N A L Y S I S 

LAKE ONTARIO OUTFLOW -

FLOW - TCFS 

:RCENT J A N FER MARCH A P R I L MAY JU N E J U L Y AUG SEPT OCT NOV DEC 

1.54 2 6 4 2 6 4 281 2 9 3 300 3 0 3 2 9 8 2 9 1 2 8 1 2 7 2 2 6 7 2 6 9 

3.08 261 2 6 4 2 7 5 2 9 0 2 9 8 3 0 0 2 9 5 2 9 0 2 7 8 2 6 7 2 6 3 2 5 6 
4 . 6 2 2 5 9 251 2 6 6 2 8 8 2 9 6 2 9 9 2 9 5 2 8 9 2 7 8 2 6 6 2 6 2 2 5 6 
6 . 1 5 2 5 7 2 5 1 2 6 2 2 8 4 2 9 4 2 9 7 2 9 4 2R5 2 7 4 2 6 6 261 2 5 5 
7.69 2 5 5 2 4 5 2 6 0 2 8 4 2 9 3 2 9 6 2 9 4 2 « 4 2 7 2 2 6 3 2 5 7 2.53 
9 . 2 3 2 5 0 2 4 5 2 5 7 2 8 2 2 9 2 2 9 4 2 9 2 2 8 2 2 6 8 2 6 3 2 5 7 2 5 2 

1 0 . 7 7 2 4 9 2 4 3 2 5 5 2 7 5 2 8 9 2 9 1 2 9 1 2 7 9 2 6 8 2 6 3 2 5 3 2 5 ? 
1 2 . 3 1 2 4 7 2 4 2 2 5 4 2 7 2 2 8 3 2 8 9 2 8 9 2 7 7 2 6 8 2 5 6 2 5 3 2 5 0 
1 3 . 8 5 2 4 3 2 3 9 2 5 4 2 6 9 2 8 2 2 8 8 2 8 6 2 7 7 2 6 7 2 5 6 2 5 1 2 5 0 
1 5 . 3 8 2 4 3 2 3 9 2 5 2 2 6 9 281 2 8 7 2 8 6 2 7 6 2 6 6 2 5 5 2 5 1 2 5 0 
1 6 . 9 2 241 2 3 7 2 5 0 2 6 8 281 2 8 6 2 8 4 2 7 5 2 6 3 2 5 5 2 5 1 2 4 9 
1 8 . 4 6 2 4 1 2 3 7 2 4 9 2 6 8 2 7 7 2 8 5 2 7 9 2 7 4 2 6 2 2 5 3 2 5 1 2 4 7 
2 0 . 0 0 2 4 0 2 3 7 2 4 8 2 6 7 2 7 7 2 8 4 2 7 8 2 7 1 261 2 5 3 2 5 0 2 4 5 
2 1 . 5 4 2 3 9 2 3 5 2 4 7 2 6 7 2 7 7 281 2 7 6 2 7 0 261 2 5 3 2 5 0 2 4 4 
2 3 . 0 8 2 3 8 2 3 4 2 4 7 2 6 4 2 7 3 281 2 7 5 2 6 7 2 6 0 2 5 3 2 4 9 2 4 4 
2 4 . 6 2 2 3 7 2 3 4 2 4 2 2 6 3 271 280 2 7 4 2 6 5 2 6 0 2 5 3 2 4 8 2 4 3 
2 6 . 1 5 2 3 6 2 3 3 241 2 6 2 271 2 7 7 2 7 3 2 6 5 2 5 8 2 5 0 2 4 5 2 4 0 
2 7 . 6 9 2 3 3 2 3 2 240 261 271 2 7 4 271 2 6 5 2 5 6 2 4 9 2 4 4 240 
2 9 . 2 3 2 3 0 2 3 2 2 3 9 2 6 0 270 2 7 3 2 7 0 2 6 5 2 5 6 2 4 9 2 4 4 2 3 8 
3 0 . 7 7 2 3 0 2 3 0 2 3 6 2 5 9 2 6 8 2 7 2 270 2 6 4 2 5 5 2 4 8 241 2 3 8 
3 2 . 3 1 2 2 9 2 3 0 2 3 5 2 5 9 2 6 8 2 7 0 2 6 9 2 6 2 2 5 4 2 4 6 241 2 3 5 
3 3 . 8 5 2 2 8 2 2 9 2 3 4 2 5 7 2 6 8 2 6 9 2 6 9 261 2 5 4 2 4 6 2 4 0 2 3 5 
3 5 . 3 8 2 2 7 2 2 7 2 3 3 2 5 7 2 6 7 2 6 8 2 6 8 261 2 5 4 2 4 5 2 4 0 2 3 5 
3 6 . 9 2 2 2 7 2 2 7 2 3 3 2 5 5 2 6 3 26R 2 6 7 2 6 0 2 5 4 244 2 3 9 2 3 5 
3 8 . 4 6 2 2 5 2 2 5 2 3 3 2 5 4 2 6 2 2 6 8 2 6 7 2 5 9 2 5 2 2 4 3 2 3 7 2 3 5 
4 0 , 0 0 2 2 5 2 2 5 2 3 3 2 5 4 2 6 2 2 6 4 2 6 5 2 5 9 2 5 0 2 4 2 2 3 7 2 3 4 
4 1 . 5 4 2 2 4 2 2 5 2 3 2 2 5 3 261 2 6 4 2 6 5 2 5 8 2 5 0 241 2 3 7 2 3 4 
4 3 . 0 8 2 2 4 2 2 5 2 3 2 2 5 2 261 2 6 4 2 6 3 2 5 7 2 4 9 240 2 3 7 2 3 4 

4 4 . 6 2 2 2 4 2 2 2 2 3 2 2 5 2 260 2 6 3 2 6 2 2 5 6 2 4 7 2 3 9 2 3 5 2 3 3 
4 6 . 1 5 2 2 2 221 2 3 2 2 4 9 2 5 7 2 6 2 2 5 9 2 5 5 2 4 4 2 3 9 2 3 4 2 3 2 
4 7 . 6 9 2 2 2 2 1 9 2 3 2 2 4 8 2 5 6 2 5 8 2 5 9 2 5 3 2 4 2 2 3 8 2 3 1 2 3 1 
4 9 . 2 3 2 2 2 2 1 8 2 3 1 2 4 7 2 5 5 25R 2 5 8 251 2 4 2 2 3 7 231 2 2 8 
5 0 . 7 7 2 2 2 2 1 7 231 2 4 7 2 5 3 2 5 7 2 5 8 2 5 0 2 4 2 2 3 6 2 3 1 2 2 8 
5 2 . 3 1 2 2 0 2 1 6 2 2 8 2 4 7 2 5 3 2 5 5 2 5 8 2 5 0 241 2 3 5 2 2 9 2 2 7 
5 3 . 8 5 2 2 0 2 1 6 2 2 8 2 4 6 2 5 2 2 5 5 2 5 7 2 5 0 241 2 3 4 2 2 8 2 2 6 
5 5 . 3 8 2 2 0 2 1 5 2 2 6 2 4 4 2 5 2 2 5 4 2 5 4 2 4 8 2 3 9 2 3 2 2 2 7 2 2 6 
5 6 . 9 2 2 1 9 2 1 5 2 2 5 2 4 3 251 2 5 4 2 5 2 2 4 6 2 3 8 2 3 1 2 2 6 2 2 6 
5 8 . 4 6 2 1 9 2 1 4 2 2 3 2 4 3 2 5 0 2 5 3 251 2 4 4 2 3 8 231 2 2 6 2 2 4 

6 0 . 0 0 2 1 9 2 1 4 2 2 2 2 4 3 250 2 5 0 2 4 9 2 4 2 2 3 7 2 3 0 2 2 3 221 
61 .54 2 1 8 2 1 4 2 2 1 2 4 2 2 5 0 2 5 0 2 4 8 241 2 3 7 2 2 9 2 2 3 221 
6 3 . 0 8 2 1 7 2 1 1 2 2 1 2 4 2 2 4 9 2.5.0 2 4 8 2 4 1 2 3 5 2 2 7 2 2 2 2 2 0 
6 4 . 6 2 2 1 6 2 1 0 2 2 0 241 2 4 8 2 4 9 2 4 6 241 2 3 4 2 2 6 2 2 2 2 2 0 
6 6 . 15 2 1 6 2 1 0 2 2 0 241 2 4 8 2 4 9 2 4 6 2 4 1 2 3 2 2 2 5 2 2 2 2 1 9 
6 7 . 6 9 2 1 6 2 1 0 2 1 9 2 4 0 2 4 7 2 4 9 244 2 4 0 2 3 2 2 2 5 2 2 1 2 1 9 
6 9 . 2 3 2 1 5 2 0 9 2 1 8 2 4 0 2 4 5 2 4 9 2 4 4 2 3 9 2 3 1 2 2 4 2 2 0 2 1 9 
7 0 . 7 7 2 1 5 2 0 9 2 1 8 2 3 8 244 2 4 6 2 4 4 2 3 9 2 3 0 2 2 4 2 1 9 2 1 9 
7 2 . 3 1 2 1 3 2 0 8 .2.1.7 2 3 6 2 4 2 2 4 5 2 4 3 2 3 8 2 2 9 2 2 3 2 1 7 2 1 8 
7 3 . 8 5 2 1 0 2 0 8 2 1 2 2 3 5 2 4 2 2 4 3 2 4 2 2 3 8 2 2 8 221 2 1 7 2 1 7 



ERCENT JAN FEB MARCH APRIL MAY JUNE JULY AUG SEPT OCT NOV DEC 

75 .38 209 206 212 234 241 243 241 237 228 220 217 217 
76 .92 208 206 212 233 241 242 241 235 227 220 216 216 
78 .46 207 199 211 232 238 241 239 232 223 220 216 216 
80 .00 207 198 210 232 238 238 236 230 222 216 216 215 
81 .54 205 197 209 231 236 237 234 228 220 216 211 214 
8 3 . 0 8 205 197 209 230 234 237 233 227 220 214 211 208 
8 4 . 6 ? 201 196 209 229 234 235 231 226 220 214 210 207 
8 6 . 1 5 199 195 209 227 234 233 230 225 219 214 210 207 
8 7 . 6 9 199 194 206 227 233 233 229 224 219 214 208 206 
8 9 . 2 3 196 193 204 226 232 230 228 221 214 210 206 206 
9 0 . 7 7 194 192 196 224 232 230 226 2.19 213 206 205 200 
92.31 192 190 194 223 232 228 223 217 212 204 202 195 
9 3 . 8 5 191 184 193 219 231 228 222 217 206 202 195 190 
9 5 . 3 8 180 182 190 218 229 227 220 209 204 195 190 189 
96 .92 179 178 1 89 214 217 214 211 206 197 192 185 184 
98 .46 178 173 187 202 213 213 211 203 195 186 181 181 

100.00 176 163 183 197 204 209 206 198 191 185 179 174 



E x a m p l e 2a: P o i n t P l o t - D u r a t i o n A n a l y s i s . 

P r o g r a m D A P L O T i s w r i t t e n i n v e r y g e n e r a l t e r m s t o r e a d i n a s e r i e s o f d a t a , 

p e r f o r m a d u r a t i o n a n a l y s i s o n t h e d a t a a n d p l o t t h e r e s u l t s . I n o r d e r t o s p e c i f y t h e 

o u t p u t o f t h e p r o g r a m s e v e r a l c o n t r o l c a r d s a r e n e c e s s a r y . 

T h e f i r s t d a t a t o b e r e a d i n f r o m a c o n t r o l c a r d a r e t h e n u m b e r o f v a r i a b l e s w h i c h 

a r e t o b e a n a l y s e d a n d p l o t t e d a n d t h e n u m b e r o f v a l u e s i n e a c h v a r i a b l e a r r a y . N e x t t h e 

p l o t f o r m a t s p e c i f i c a t i o n s a r e r e a d i n , a n d , o n t h e f i n a l c o n t r o l c a r d , t h e t y p e o f p l o t 

t o b e d r a w n i s g i v e n . T h i s l a s t s p e c i f i c a t i o n c a r d c o n t r o l s t h e c h o i c e o f s c a l e f o r b o t h 

a x e s o f t h e p l o t . T h e a b s c i s s a , o n w h i c h t h e v a r i a b l e p r o b a b i l i t i e s a r e s c a l e d , c a n h a v e 

e i t h e r a l i n e a r s c a l e o r a n o r m a l p r o b a b i l i t y s c a l e . T h e o r d i n a t e , o n w h i c h t h e v a r i a b l e 

i s s c a l e d , c a n h a v e e i t h e r a l i n e a r o r a l o g a r i t h m i c s c a l e . T h i s p e r m i t s f o u r c o m b i n a t i o n s 

o f s c a l e : 

1. V a r i a b l e o n a l i n e a r s c a l e v . p r o b a b i l i t y o n a l i n e a r s c a l e . 

2. V a r i a b l e o n a l i n e a r s c a l e v . p r o b a b i l i t y o n a n o r m a l s c a l e . 

3 . V a r i a b l e o n a l o g a r i t h m i c s c a l e v . p r o b a b i l i t y o n a l i n e a r s c a l e . 

4 . V a r i a b l e o n a l o g a r i t h m i c s c a l e v . p r o b a b i l i t y o n a n o r m a l s c a l e . 

T h e p r o g r a m t h e n d i r e c t s t h e c o m p u t e r t o r e a d i n t h e r e q u i r e d v o l u m e o f d a t a , 

p e r f o r m t h e d u r a t i o n a n a l y s i s , p r i n t o u t a t a b l e o f r e s u l t s a n d t h e n p r o d u c e t h e r e q u i r e d 

n u m b e r o f p l o t s t o t h e s p e c i f i e d s c a l e s . T h r o u g h t h e p l o t c o n t r o l c a r d s i t c a n b e 

s p e c i f i e d t h a t a l l f o u r s c a l e c o m b i n a t i o n s s h o u l d b e p l o t t e d f o r e a c h v a r i a b l e . 

A t p r e s e n t t h e p r o g r a m i s d e s i g n e d t o r e a d i n m e a n m o n t h l y v a l u e s o f a n y v a r i a b l e , 

t w e l v e m o n t h s t o a c a r d ; c a r r y o u t t h e d u r a t i o n a n a l y s i s o n e a c h m o n t h ' s d a t a a n d t h e n 

p l o t f o u r g r a p h s f o r e a c h m o n t h i n t h e o r d e r g i v e n a b o v e . T h e g r a p h s w i t h a l i n e a r 

p r o b a b i l i t y s c a l e a r e f i t t e d w i t h a l e a s t s q u a r e s c u b i c c u r v e w h i l e t h o s e w i t h a n o r m a l 

p r o b a b i l i t y s c a l e a r e f i t t e d w i t h t h e t h e o r e t i c a l s t r a i g h t l i n e . T h i s e n a b l e s t h e 

e n g i n e e r t o s e e f r o m t h e g r a p h s a n d t h e a c c o m p a n y i n g s t a t i s t i c a l o u t p u t w h e t h e r t h e 

v a r i a b l e i s n o r m a l l y d i s t r i b u t e d , l o g n o r m a l l y d i s t r i b u t e d o r n e i t h e r . 
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C P f t O G H A M NO. 2 7 

C 

C D F P A P T M E N T O F E N E R G Y , M I N E S A N D R E S O U R C E S 
C I N L A N D W A T E R S B R A N C H 
C O T T A W A 
C 
C D U R A T I O N A N A L Y S I S P L O T 
C 
C 

P P D G R A M D A P L O T 
D I M E N S I O N K A R A Y ( 2 5 > . 0 A T A < 1 0 0 . 1 2 ) . P C E N T ( I O O ) . T 7 ( 1 2 ) . T 8 ( 1 2 ) . T q ( i 2 ) . 

) T r M P ( l 0 0 ) , F ( 6 ) . P C A L ( l o o ) » T E M P 2 ( 1 0 0 ) 
I N T E G E R E X P U T , T Y P E » T 1 , T 2 . T 3 , T 4 , T 5 , t 6 , T 7 , T R , T 9 , U N I T l , U N I T 2 
COMMON D A T A 
I N P U T = 6 0 
E X P U T = 6 l 
R F A D ( I N P U T » 9 9 ) | I N I T 1 , U N I T 2 , L M T , I P L O T , N O P L O T 

99 F O R M A T ( S X , 2 A 4 . 1 2 ) < . 3 I 5 ) 

C UNIT V A R I A B L E NAME AND U N I T S » 

C LWT MAXIMUM NUMBER OF VALUES OF THE V A R I A B L E « 

C IPLOT MONTH I N WHICH P L O T T I N G I S TO START « 

C NOPLOT NUMBER OF PLOTS REOUJRED « 

R E A D ( I N P U T , 1 0 0 ) 1 . U N » X L , Y L * X T I C , X L N S . Y L N G • XM I N , Y M I N , XORG» Y O R G , Y T I C • N 
i o n F O R M A T ( 5 X , I 5 , 1 0 F 5 . 0 . I 5 ) 

C L l i M L O G I C A L U N I T N U M B E R » 
C XI L E N G T H O F T H E X A X I S I N I N C H E S « 
C Y | L E N G T H O F T H E Y A X I S I N I N C H E S « 
C X T I C I N T E R V A L BETWEEM T I C K MARKS O N T H E X A X I S <> 
C ( L O G T C A L U N I T S P £ K I N C H ) » 
C X I N G L E N G T H O F T H E X A X i S I N L O G I C A L U N I T S » 
C Y i NG L E N G T H O F T H E Y A X I S I N L O G I C A L U N I T S » 
C X^'•IN I N I T T A L P O I N T O F T H E X A X I S I N L O G I C A L U N I T S » 
C Y ' - T N I N I T I A L P O I N T O F T H F Y A X I S I N L O G I C A L U N I T S » 
C X o R r , X A X I S O R I G I N I N L O G I C A L U N I T S « 
C Y O P G Y A X I S O R I G I N I N L O G I C A L U N I T S » 
C Y T T C I N T E R V A L B E T W E E N T I C K M A R K S O N T H E Y A X I S « 
C ( L O G I C A L U N I T S P E R I N C H ) « 
C N N U M B E R O F T I C K S B E T W E E N GRID L I N E S « 

I X T I C = X T I C 

I Y T I C = Y T I C 

IYMIN=YMIN 

K K = ( Y L N G / Y T I C ) + 1 . 0 
L L = ( X L N G / X T I C ) + 1 . 0 

R E A D ( I N P U T . 1 0 1 ) I S T Z , I 0 T R » T D T R Y , T D I R X 

l o l F O R M A T ( 5 X , 4 1 5 ) 

C I ^ R I N T E G E R S I Z E OF T H E C H A R A C T E R S TO B E P L O T T E D •tt 

c ( I N 1 /12 I N C H E S ) 
c i n i R D I R E C T I O N O F T H E C H A R A C T E R L I N E ( 1 ) « 
c i n i R Y D I R E C T I O N O F T H E C H A R A C T E R L I N E (2) 
c T n l P x D I R E C T I O N O F T H E C H A R A C T E R L I N E (3) tt 
Ctt-tttt^tt-tt-ttttttttrf -it •tt'ft-tttttt-tttttttttttt-tt-tttttt'tttttttttt-tttttt I t tttttttttttttt-ttttttft^ 

R F A O ( I N P U T , 1 0 2 ) T Y P E . I T Y P E , J T Y P E 
1 0 2 F O R M A T ( 5 X , 3 1 5 ) 

(; innttttttt<nnnt<ttttt<ttttttttt«tt«tt«tttttt<t<t«tttt int»ttit«tttttttt«tt«tte««tttt«««tttttttt«tt«tt»tt«tt4<t<t«»«« 
c TYPES OF PLOT * 

C TYPE=100 L I N E A R ORDINATE SCAL E » 

C TYPE = 25n LOGERTTHMTC ORDINATE SCALE •» 

C ITYPE=350 NORMAL P R O B A B I L I T Y A B S C I S S A S C A L E « 

C TTYPE=400 L I N E A R A B S C I S S A S C A L E « 

C JTYPE=500 F I T A C U B I C CURVE » 

C J T Y P E = 6 0 0 F I T A STRAIGHT L I N E ( N . PROB. ONLY) » 



R F A D ( I N P U T , 1 1 5 ) I T l » I T 2 , I T 3 » I T 4 , I T 5 . I T 6 
RF AD (TNPUT , 11 b ) T 1 . T2 » T 3 , 1 4 , T5", T6 

U 5 FORMAT ( 5 X,6A4) 
C««»*-»« 

C IT 1 . . . . DATA SOURCE » 
C T l PLOT T I T L E • 
C « » 

Dn I J O M=l ,12 
R F A D ( I N P U T , 1 1 6 ) T 7 ( M ) , T 8 ( M ) , T 9 ( M ) 

l l 6 FORMAT ( 5 X,3A4) 
] 3 0 CONTINUE 

C » « « » « « < t « « » 

C T 7 . . . MONTH T I T L E • 

DO 40 L= l , L M T 

R FA D ( I N P U T , 1 0 3 ) ( D A T A ( L . M ) , M = I P L O T , N O P L O T ) 
1 0 3 FORMAT ( 8 X,1? F 6.0) 
4 0 CONTINUE 

C THE ABOVE READ AND FORMAT STATEMENTS MUST BE ARRANGED « 
C Tn S U I T THE DATA USED • 

DO 5 0 0 0 J7=1.A 
1000 JK=1PL0T.NOPLOT 

X l=XORG+3.200*XTIC 
X 1 A=XORG•5 . 10 0* XT 1C 
Y) =Y0RG + 5.834<tYTlC 
Y l A = Y l - n . ? 5 0 * Y T T C 
X7 = X1 
Y ? = Y 1 A - 0 . ? 5 0 * Y T T C 
X3=X1 
Y3 = y 2-0 . 2 5 0 *YTrc: 
X/4 = XOPG + 9 . 7 0 0 « X T I C 
Y 4=YORG-0.300* Y t I C 
Xt, = XORG + 9 . 4 0 0 * X T l C 
Y5 = Y4 
X6 = X0R6+1 .500 -»XTlC 
YA=YORG-o.6oo*YTIC 
X 7 = X O R 6 - 0 . 1 0 0 * X T I C 
Y 7=Y0RG+2.]OO^ Y t l C 
Xt) = X O R G - 0 . 5 0 0 * X T l C 
YP = Y 0 R G 

XQ=XB 
Y9=Y0RG 

X l n = XORG-0.650*XT IC 
Y l n = Y O P G - 0 . 9 0 0 * Y T I C 
Xn=XORG*10.35*XTIC 

Y n = Y O R G + 7.600<*YTIC 

X l 2=XORG+ n.200«XTIC 
Y12=Y0R6+ n . 7 9 5 * Y T I C 

X i 3 = X 1 2 
Y ] 3 = Y ] 2 - 0 . 2 5 0 t t Y T l C 
X I 4 = X 1 ? 

Y 1 4 = Y 1 3 - 0 , 2 5 0 « Y T I C 

X 1 5 = X 1 2 

Y 1 5=Y14-0.250« Y T 1 C 
C»»^^««tt^^tt««^^^^tt««««««^v^^tt»«tttt 
C X,Y CHARACTER P L O T T I N G P O S I T I O N S « 

C 1 PLOT T I T L E ( 1 ) « 

C 2 PLOT T I T L E ( 2 ) » 

C 3 PLOT T I T L E ( 3 ) « 

C 4 A B S C I S S A VALUE T I T L E S - L I N E A R SCALE « 

c 5 A B S C I S S A VALUE T I T L E S - P R O B A B I L I T Y SQALE » 

C 6 ABSCISSA I I T L E » 
C 7 ORDINATE T I T L E * 
C 8 ORDINATE VALUE T I T L E S - L O G F R I T H M I C S C A L E « 

c 9 ORDINATE VALUE T I T L E S - A R I T H M E T I C S C A L E * 



C 10 FRAMF C O O R D I N A T F S ( I ) « 

C 11 FRAME C 0 0 R D T N A T E S ( 2 ) » 

C ) ? S T A T T S T y C A L OUTPUT f i T L E < i ) « 
C 1 3 S T A T I S T I C A L OUTPUT T I T L E ( ? ) « 

C 14 S T A T I S T I C A L OUTPUT T I T L E O ) • 

C 1 5 S T A T I S T I C A L OUTPUT T I T L E < 4 ) « 

I F < I T Y P E - 4 0 0 ) 2 0 1 . 2 0 2 . 2 0 1 
2 o ? X y 3 = 3 o . O 

L TNE = B 

GO T O 20 3 
2 0 1 X X 3 = 3 1 . 8 

X l = X l + 0 . 2 « X T l C 
X ? = X 1 
X 3= X 1 
X l A = X 1 A + 0 . 2 * X T I C 

L T N F= 9 
2 0 3 l F ( T Y P E - 2 5 o ) 2 o 4 , 2 n 5 . 2 o ^ 

2 0 5 Y Y 2 = 2 8 1 . 1 7 1 

Y l = Y l + 0 . 2 5 0 * Y T T C 
Y l A = Y 1 - 0 . 2 5 0 * Y T I C 
Y ? = Y 1 A - 0 . 2 5 0 * Y T T C 
Y T = Y 2 - 0 . 2 5 0 * Y T T C 
Y i ? = Y l 2 + 0 . l 5 * Y T T C 
Y l 3 = Y 1 2 - 0 . 2 5 0 * Y T I C 
Y l 4 = Y i 3 - o . 2 5 0 < * Y T I C 

Y 1 5 = Y 1 4 - 0 . 2 5 0 « Y T I C 

GO TO 2 0 6 
2 0 4 Y Y 2 = 2 7 5 . 0 

2 0 6 C O M T I N U F 
CALL A X I S X Y ( L U N , X L . Y L . X L N G » XLNG»YLNG.XMIN.YMIM»XORG.YORG.YLNG. N) 

CALL P L O T K Y C X l . Y l . O . O ) 
E N C O D E ( 2 2 . I I G . K A R A Y ( l ) ) 
CALL L A B E L ( 2 2 , T S I 7 . I D T P . K A R A Y ( 1 ) ) 

110 F O R M A T ( 2 2 H D U R A T T 0 N A N A L Y S J S PLOT) 

C A L L P L O T X Y ( X I . Y l A . n . O ) 
E ^ i C 0 0 E ( l l , 4 4 9 , K A R A Y ( l ) ) 
CALL L A B E L ( 1 1 . T S I Z . I D T R . K A R A Y ( ] ) ) 

4 4 9 F O R M A T ( l l H P L O T T Y P E - ) 
C A L L P L O T X Y ( X l A , Y ] A . 0 . n ) 
I F ( T Y P E + I T Y P E - 4 5 0 ) 4 0 1 , 4 0 1 . 4 o 2 

4 0 1 E N C O D E ( 1 8 . 4 5 0 . K A R A Y ( l ) ) 
C A I L L A B E L ( 1 8 , 1 S I 7 . I D I R , K A R A Y ( 1 ) ) 

4 5 0 F O R M A T ( 1 8 H N 0 R M A L P R O B A B I L I T Y ) 
GO TO 4 0 7 

4 0 2 I F ( T Y P E + l T Y P E - 5 n O ) 4 0 3 , 4 0 3 , 4 0 4 
4 0 3 ENCODE ( 6 , 4 5 1 . K A R A Y ( 1 ) ) 

C A I L L A B E L ( 6 , I S I 7 . I D I R . K A R A Y ( ] ) ) 

4 5 1 F O R M A T ( 6 H L I N E A P ) 
GO TO 4 0 7 

4 04 11- U YHir + l T Y P F - 6 0 0 ) 4 o 5 . 4 o 5 . 4 n 6 
4 0 5 F W C O D E ( 1 0 . 4 5 2 . K A R A Y ( 1 ) ) 

C A L L L A B E L ( 1 0 , T S I 7 . T D T R . K A R A Y ( ] ) ) 
4 5 2 F O R M A T ( 1 0 H | O G NORMAL) 

GO T o 4 0 7 
4 0 6 E N C O D E ( 0 8 , 4 5 3 . K A R A Y ( 1 ) ) 

C A L L L A B E L ( 0 8 » I S I Z . I D T R , K A R A Y ( 1 ) ) 
4 5 3 FORMAT(oSHSEMI |0G) 

4 0 7 C O N T I N U E 
CALL P L O T X Y ( X 2 . Y 2 , 0 . 0 ) 

E N C O D E ( 2 4 , 1 2 4 , K A R A Y ( 1 ) ) I T j , I T p , I T 3 . I T 4 . I T s , T T 6 
C A l L L A B E L ( 2 4 , T S l Z , 1 D I R . K A R A Y ( j ) ) 

1 2 4 F O R M A K 6 A 4 ) 
C A L L P L O T x Y ( X 3 , Y 3 , 0 . 0 ) 

E i ^ ' C D D E ( 36 . ] I 3 » K A R A Y ( I ) ) T i , T ? . T 3 . T 4 . T 5 , T 6 , T 7 ( J K ) , T 8 ( J K ) , T 9 ( J K ) 
CAI L I A B E L ( 3 6 , T S I Z . I D 1 R , K A R A Y ( 1 ) ) 
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113 F 0 P M A T ( 9 A 4 ) 

CALL P L O T X Y ( X 7 . Y 7 . 0 . 0 ) 
ENCODE ( 1 1 , 1 2 3 » K AR A Y " ( 1 ) ) U N l T l » U N l T 2 
C A L L L A B E L ( 1 1 » 1 5 I Z . I D I R Y » K A R A Y ( 1 ) ) 

1?3 F 0 R M A T ( A 4 , 3 H - ,A4) 
CALL P L O T X Y ( X 6 » Y 6 , o » 0 ) 
E N C O D t ( 4 3 , 1 2 E » K A K A Y ( 1 ) ) 

CALL L A B E L ( 4 3 • I S I Z . I D I R , K A R A Y ( 1 ) ) 
122 F(^RMATU3HPRU8ABlLnY OF EQUALITY OR EXCEFDENCE - POT) 

XX6=XORG+100.50 
YY6=YORG*S0.0 
CALL P L O T X Y ( X X 6 , Y Y 6 , 0 , 0 ) 
ENCODE ( 1 2 , i 3 9 , K A R A Y U ) ) JZ»Jt< 

139 FORMAT (7HFIGURE • I 2 » 1 H - . I 2 ) 
C A L L L A B E L ( 1 2 . 1 S T Z . I D I R X , ( < A H A Y ( 1 ) ) 

DO 1003 K=l,LMT 
i n o 3 T E M P ( K ) = D A T A T K , J K ) 

CAIL SORTX(LMT,TEMP) 

DO 3030 K = l , L M r ' 
3030 D A T A ( K , J K ) = T E M P ( K ) 

•Xl.MT=LHT 
DO 1521 K= l ,LMT 
XK=K 

1521 P C E N T ( K > = ( X K / X L M T ) « 1 0 0 . 0 
C A L L MULRERIL^T,PCENTVTEMP,C.B2'BB.B4.YBAR,SIGY,COVAR.COSKEW) 

CALL P L O T X Y ( X i ? , Y i 2 » 0 » 0 ) 
E N C OD E (3~6". 4 5 4 • K A R A Y ( i ) ) YB A R 
C A L L L A B E L ( 3 6 » I S I Z » I D I R , K A R A Y ( ) 

454 FOPKATr iSHMEAN VALUE l S . i T X , F 6 . i ) 
C A L L P L O T X Y ( X I 3 , Y I 3 , O , O ) 
ENCODE (36 ,4^5 ,K ATRAY ( 1 ) T SLGY 
C A L L L A B E L ( 3 6 , T S I Z , I D I R , K A R A Y ( 1 ) ) 

455 F0PMAT(2rHSTANDAR0"'n^^^^ I S , 9 X , F 6 . 1 ) 
CALL P L O T X Y ( X l 4 , Y l 4 , 0 , o ) 
FNCODE ( 36,"4"56VKARAY ( D ) CDVAT< 
CALL L A B E L ( 3 6 , I S l Z . I D I R , K A R A Y ( i ) ) 

456 FORMAT (27HCaEFFTCIENT OF V A R I A T I O N I S , F 9 . 3 ) 
CALL P L O T X Y ( X 1 5 , Y 1 5 , 0 , 0 ) 
E Kl C ODE( 3 6 , 4 5 7 , K A R A Y (1) ) C(TSKE W 
CALL L A B E L ( 3 6 , I S I Z , I D 1 R , K A R A Y ( 1 ) ) 

457 FORMAT (22HCDEFFTCIENT OF SKEW TS" ,5X ,F9 .3 ) 
l F ( T Y P E - 2 5 0 ) 5 0 0 , 5 0 1 , 5 0 0 

5n l ISCALE=TY'MIN 
XX5=XORG+100.0 
YY1=Y8 
TFMPI=YMIN/ ( A L O G l O ( Y L N G + Y M I N ) - A L O G I O ( YMTN)) 

DO 2 0 1=1,KK 
I F ( 1 - 3 ) 1 5 1 , 1 5 2 , 1 5 3 

153 I F ( I - 4 ) 1 ^ 1 , 1 5 2 , 1 5 1 
151 C ALL P L O T X Y ( X 8 , Y Y I , O , O ) 

E N C O D E ( 3 , 1 2 5 , K A P A Y ( 1 ) ) I S C A L E 

CflLI L A B E L ( 3 , I S l Z , I D I R , K A R A Y ( l ) ) 
125 FORMAT (13) 
152 I F ( I - 7 ) 1 3 5 , 1 3 6 , ] 3 6 
136 XX5=XX3 
1 3 5 C A L L P L O T X Y ( X O R G , Y Y I , O , 0 ) 

C A L L PLOT X Y(x x5,V Y 1 , 1 , 0 ) 
I';;CALE=ISCALE + T Y T I C 
SCALE=TSCaLE 
Y Y 1 = ( ( A L O G I O ( S r A L E ) - A L O G l O ( Y M I N ) ) » T E M P l ) + Y M I N 
l F ( 1 - 1 ) 2 0 , 4 7 2 , 2 0 

472 FCOUNT=YYi 
2 0 CONTINUE 

GO TO 460 
500 IY=TYMIN 

YYl=Y9 



Xx?=XORG-»l00.0 

DO 3 0 1=1,KK 
IF(1-3)12H.129,12R 

129 Y Y l = Y Y l - 5 . o 

1?n I F ( 1 - 4 ) 1 b 3 » i 6 4 , 1 6 3 

1 6 3 C A L L P L 0 T X Y ( X 9 . Y Y l , o » 0 ) 
E M r O D E ( 3 » 1 2 7 » K A R A Y ( ) l Y 
CALL L A B E L ( 3 » I S I Z , I 0 I R . K A R A Y ( 1 ) ) 

1 2 7 F0RMAT(I3) 
1-̂ 4 I F ( 1 - 3 ) 131 , 1 3 2 * 1 3 1 
1 3 2 Y Y l = Y Y l + 5 . o 

131 I F ( I - l ) 1 7 7 . 1 7 8 , 1 7 7 

1 7 7 CALL P L O T X Y r X O R ( ^ , Y Y l , 0 , 0 ) 
I F ( 1 - 7 ) 1 7 9 , 1 8 1 , 1 8 1 

1 7 9 CALL P L O T X Y ( X X 2 , r Y i , 1 , 0 ) 
G O TO 178 

1 8 1 CALL P L O T X Y ( X X I , Y Y T , 1 , 0 ) 
1 7 8 I Y = I Y + I Y T T C 

Y Y T = Y Y 1 + Y T T C 
3 0 C O M T I N U F 

460 I F ( I T Y P E - 3 5 0 ) 1 4 3 * 1 4 4 » 1 4 3 
1^^4 S I 0 P E = 4 . 6 6 » S I G Y 

D T E F 3 = S L O P E / 2 . 0 
F ( 1 ) = Y B A R + D I E F 3 
F f ? T = Y F f A R - D T F F T f 
I V / A R = 1 0 0 

C n = 2 . 5 1 5 5 1 7 
C l = 0 . 8 0 2 8 5 3 
0 2 = 0 . 0 1 0 3 2 8 
0 1 = 1 . 4 3 2 7 8 8 
0 2 = 0 . 1 8 9 2 6 9 
D 3 = 0 . 0 0 1 3 0 8 
00 1 0 0 7 K = l » l l 
Y Y 4 = Y 0 R G 
X T V A R = I V A R 

P = X I V A R / 1 0 0 . 0 
Y | . I M = F ( 1 ) - S L O P E ^ P 

I F ( l V A R - 5 0 ) 8 0 1 . B 0 2,M02 
8n2 P = l . o - P 

B o l I F ( I V A R - l o O ) 8 0 6 . 8 0 7 , 8 0 6 

80 6 rF"( T \/ A R ) 8 0 8 » 8 0 7 , 80H 
8 0 7 T = 0 . 0 

G O TO 8 0 9 
808 T=(AL0G(1.0/(piHi2) ) ) » « 0 . 5 
8rT9 nrOR=T- (Co *Cl^^*C2^r^^ / I T .0 + 0 r » T + D ? » r « ^ ? + D 3 » T » * 3 ) 

I F ( I V A R - 6 0 ) 8 0 3 , 8 0 4 , 8 0 4 

804 Y M 0 R = Y B A R - { Y N O R ^ S J G Y ) 
P = l . 0 - P 
G O TO 805 

R03 Y M O R = Y R A R + ( Y N 0 R « - S I G Y ) 

8n5 P r O L = i .o-f ( l - O - P ' ^ f Y ^ f n i ^ - E T ? ) ) / ( Y L I N - F ( 2 ) ) ) 
P r O L = A B S ( P C O L « l o O ' 0 ) 

I F ( K - ? ) 8 3 i , 8 3 2 . 8 3 1 
8 3 2 F ( 6 ) = P C 0 L 
8 3 1 I F ( K - 1 0 ) 8 3 3 . 8 3 4 , 8 3 3 

834 F ( 5 ) = P C 0 L 
8 3 3 ProL = P O O L - 3 . 0 

I F ( K - 1 1 ) 7 2 0 , 7 2 1 . 7 2 0 
7 2 1 P r O L = - 3 . 0 
7 2 0 I F ( K - 1 ) 7 2 2 . 7 2 3 , 7 2 2 
7 2 3 P C 0 L = P C 0 L - 1 . 5 
7 2 2 C O M T I M O E 

C A L L P L OT y Y (P C O I , Y 4 . 0 . 0 ) 
E r ! r O D F ( 3 , i i 2 , K A P A Y ( i ) ) T V A R 
CALL L A B E L ( 3 » I S T Z , i n r R . K A R A Y l i ) ) 
I F ( K - 5 ) 7 2 4 . 7 2 5 . 7 2 5 

7 2 5 I K ( T Y P E - 2 5 0 ) 7 3 1 . 7 3 2 . 7 3 1 
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73? YY4=FC0UNT 
GO TO 724 

731 YY4=Y0RG+YTIC 

7?4 I F ) 1 0 1 4 , 1 0 1 B » l 0 1 4 

1015. PrOL = PCOL + i . 5 
1014 Pern=PCOL+3 .0 

CALL PL0TXY(PCOi , , Y Y 4 , 0 , n ) 
1 F ( K - L 1 N E ) 1 0 0 8 , 1 U O R ' 1 0 0 9 

lOoH YY3=YY2 
GO TO l O i O 

1 0 0 9 YY3=Y0RG*150.0 
1 0 1 0 C A I L PLOTXY(PCOl , Y Y 3 , 1 ,0) 

I V A P = T V A R - I O 
10 07 CONTINUE 

GO TO 700 
143 X y l = X 4 

YY1=Y0RG+150.0 
IVAR=IOO 
I\/AI*=1 00 

DO 10 1 = 1, LL 
YY5=Y0RG 
T F ( I - l ) 1 3 7 . 1 3 8 . 1 3 7 

1 3 8 X X 1= X X 1 - 1 . 5 
1 3 7 CALL P L O T X Y ( X X I , Y4 , 0 , 0 ) 

E N C O D E ( 3 , I I 2 ' K A P A Y ( I ) ) I V A R 
11? F 0 R M A T ( I 3 ) 

CALL I AREL ( 3 » I 5 l Z , I I ) I R . K A R A Y ( 1 ) ) 
I \ / A R = T V A R - I X T I C 
I L ( I - l ) 1 4 2 , 1 4 1 , 1 4 2 

l 4 l X X 1 = X X 1 + 1 , 5 
] A 2 X x i = X X l + 3 . o 

If ( 1 - 6 ) 7 2 6 , 7 2 7 , 7 2 7 
7 2 7 I F ( 1 Y P E - 2 5 0 ) 7 2 8 . 7 2 M . 7 2 8 
7pq YY5=FC0UNT 

GO TO 726 
7^8 YY5=Y0RG+YT1C 
7?6 C A I L P L O T X Y ( X X I . Y Y 5 . 0 . 0 ) 

GO TO 1 4 7 
1 4 6 CALL P L O T X Y ( X X i . Y Y l . l . O ) 
147 X x l = X X l - X T I C - 3 . 0 

10 CnNTINUE 
700 nn 140 K L = 1 , 2 

CALL P L O T x Y ( X i o . Y i o , 0 . 0 ) 
C A I L P L O T X Y ( X I O , Y I I , 1 , O ) 
CALL PLOTXY ( X I I . Y H . I . O ) 

CALL P L O T X Y ( X I I . Y I O . I . O ) 
CALL P L O T X Y ( X l o , Y l o , l . n ) 
X l n = x i 0 + 1.0 
Y l O=Y10+3.0 
X \ l = X l l - 0 . 7 5 
Y n = Y l 1-25.0 

140 COhiTINUE 
X I 0 = X ] 0 - 2 . 0 
Y l 0 = Y l 0 - 6 . 0 

X l 1 = X 1 1 + 1 . 5 
Y l 1 = Y T l + 5 n , 0 
L)r = XLMT / (xLMT + 1.0) 
Dn 70 K=1,LMT 

T ^ ' D ] = 0 
I F ( T Y P E - 2 5 0 ) 6 0 0 , 2 0 0 , 6 0 0 

?f)0 T|--NP;p (K) = ( ( ALOGI O (TFMP ( K ) )-ALOG1 0 < YMIN) ) TEMPI ) +YMIN 
GO TO l o 3 o 

6 0 0 Tf̂  K-'P? (K ) =TFMP ( K ) 
1 0 30 I F ( T T Y P E - 3 5 0 ) 1 0 ? 0 .1021 . 1 0 2 0 
1021 PoFNT ( K ) = (PCENT (K) /) QO* O' ^'Of 

Yl TN=F(1 ) -SL0PE<>PCENT (K) 
I F ( P C F N T ( K ) - 0 . 5 0 ) 9 0 1 , 9 0 2 . 9 0 2 
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902 P r F N T ( K ) = 1 . 0 - P C F N T ( K ) 
itv!r)i = i n 

9 n l I F ( P C E N T ( K ) ) 9 0 6 . 9 0 7 , 9 0 6 
9o6 Tt=(ALOGi( l .0 / (PCFNT(K )<n*2) ) ) « < > o . 5 

an Tn Q()H 
<> fl 7 T - 0 . 0 
90H Y^iOR=T- (Co + Cl**T + C2<*T«-»?) / (1 . 0+ 01 ^T + D^ttT-**?+ D 3 « T » » 3 ) 

I c ( T N O ! - 1 0 ) 90 3.904 , 9 0 ? 
qo4 YMOP=YBAR - ( Y N O R t t S l G Y ) 

P C F N T ( K ) = 1 . 0 - P C F N T ( K ) 
GO TO 9 0 5 

903 YwnR=YBAR+(YNORttSIGY) 
9o5 P r l . L = 1 . 0 - ( ( l . O - P C E N T ( K ) ) * ( Y N 0 R - F ( 2 ) ) / ( Y L l M - F ( 2 ) ) ) 

P C A L ( K ) = P c l . L « l O n . O 
Gn TO 10 22 

1020 P C A L ( K )= P C E N T ( K ) 
1 0 2 2 T F ( K - L M T ) « 0 . 9 0 , 8 0 

RO I F ( T E M P ( K ) - T E M P ( K + 1 ) ) 9 0 . 7 0 . 9 0 
90 CALL PLOTXY ( P C A L ( K ) . T F M P 2 ( K ) . 0 . 1 5 ) 
7 0 COMTINDE 

I F ( J T Y P E - 5 0 0 ) 1 7 ^ 0 , 1 0 0 1 , 8 1 0 

l o n i E : :4 .0 
C A L L M U L R F G ( L M T , P C A L . T E M P ? , C . B 2 . B 3 , . B 4 . Y B A R . S I G Y , C 0 V A R , C 0 S K E W ) 
no 10 02 KLM=1.47 
0=C + B2 «E + R3«E«-»2 + R 4 « E « » 3 
IF (KLM - 1 ) 1 004,1005 , 1 0 . 0 4 . 

1005 CALL P L O T X Y ( E , 0 , 0 , 0 ) 
GO TO 1002 

1004 CALL P L O T X Y ( E , n , l , 0 ) 
1 0 0 2 E=F+2.0 

810 I F(JTYPE - 6 0 0 )1750.1200,1750 
1200 F ( 3 ) = Y B A R + I , 2 H I 7 4 » S T G Y 

F ( 4 ) = Y B A R - 1 . 2 8 ] 7 4 « S I G Y 
T F ( T Y P E - 2 5 0 ) 8 1 1 , 8 1 2 , 8 l l 

812 F ( 3 ) = ( ( ALOGIO (E ( 3 ) ) - ALOG1 o ( YMIN) ) <*TEMP1)+YMIN 
F ( 4 ) = ( (ALOGIO (f'C 4) ) -AI .OGlo<YMlN) ) «TEMP1)+YMIN 

B U CALL PLOTXY (F (5) ,F ( 3) . 0 , o) 
CALL PLOTXY ( F ( 6 ) , F ( 4 ) , l , n ) 

17S0 C A L L PLOTXY ( X L N f t,YORG , o , 0 ) 
1000 C A L L ENDPLOT ( L U N ) 

I F ( J Z - l ) l 5 0 0 , 1 5 1 0 , 1 5 0 0 

1510 TYPE=250 
Go TO 50 0 0 

1500 l F ( J Z - 2 ) 5 0 0 0 , 1 5 2 0 , 1 5 3 0 
1520 TYPE=100 

I T Y P E = 3 5 0 
J T Y P E = 6 0 0 
GO TO 50 0 0 

1530 T Y P F = 2 5 0 
5000 CONTINUE 

W R I T E ( E X P U T , 1 0 4 ) 
l n 4 F O R M A T ( i H i ) 

W R I T E ( E X P U T , 1 0 5 ) 
105 FORMAT (36X,l7HnL)RATI0N A N A L Y S I S , / ) 

W R I T E ( E X P U T , 1 0 6 ) T l , T 2 , T 3 , T 4 . 1 5 . T 6 
106 F O R M A T ( 3 3 X , 6 A 4 , / ) 

W R l T E ( E X P U T , l o 7 ) U N I T l , U N l T 2 
107 F O R M A T ( 4 0 X , A 4 , 3 H - . A 4 , / ) 

W P T T E ( E X P U T , 1 0 8 ) 
1o« F O R M A T ( 1 X , 7 H P E R C E N T , 2 X , 3 H J A N , 3 X . 3 H F E B . 2 X , 5 H M A R C H , 2 X , 5 H A P R I L , 2 X 

1 3 H M A Y , 3 X , 4 H J U N F . 2 X , 4 H J U L Y , 2 X , 3 H A U G , 3 X , 4 H S F P T , ? X , 3 H 0 C T , 3 X , 3 H N 0 W 

23X,3HDEC,/) 

no 30 0 K=I,LMT 

XK=K 
XLMT = I MT 
P c F N T ( K ) = ( X K / X L M T ) » 1 0 0 . 0 



WRTTE(EXPl)T, l l 4 ) P C E N r ( K ) . ( D A T A ( K « L ) ,L=1 • ! ? ) 
114 F o R M A T ( l X , F 7 . 2 » l 2 ( l X , F 5 . 0 ) ) * 

I F ( K - 4 R ) 3 o o » 3 o 5 . i O O 
3o5 WRITE (EXPUT»10''+) 

W P I T E ( E X P U T . l o « ) 
300 CiiMTINUE 

WRITE(EXPUT»104) 
CAI.I.. AXISXY ( L U N , X L . Y L , X T I C . X L N G , Y L N G , X M I N , Y M I N , X 0 R 6 » Y 0 R G » Y T 1 C , N ) 
CALL E N D P L O T I L n N l 
RFWIND 01 
STOP 
END 

3200 FORTRAN D I A G N O S T I C RESULTS - FOR DAPLOT 

NO ERRORS 

SUBROUTINE MULREG (N,X.Y,C,B2 'B3 'B4 .YBAR .SrGY,C0VAR.C0SKEW) 

C M U L T I P L E R E G R E S S I O N SUBROUTINF 
C 
C 

DIMENSION X ( 1 0 0 ) , Y ( 1 0 0 ) , X 2 ( 1 0 0 ) , X 3 ( 1 0 0 ) , X X 1 ( 1 0 0 ) , Y Y 1 ( 1 0 0 ) , X X 2 ( 1 0 0 ) 
I*XX3 ( 1 0 0 ) 

C « » « < t w i M J I t 1 t « < t « « « « < t » < > « « « i t « « » « « i t i t 

C N NUMBER OF COORDINATE P A I R S OF P O I N T S « 
C X . Y V A R I A B L E NAMES » 
C C.R2*B3» B 4 CONSTANTS Iw THE D E R I V E D R E G R E S S I O N EQUATION » 
C Y = C • H2«X + 83*X<»»2 • B4<>X«*3 * 
Ci t i t i t« i t i t i t i t i t i t i t« i t< t i t i t i t i t«<t r^ i t« i t i t i t i t i t i t i t* i t< t i t i t«««»i t i t i t«<t i t i t i t i t«<t i t i t i t»»«<t««»»»«-»»« 

Sl!MY = 0 .0 
SliMX 1 = 0 . 0 
S!!MX2 = 0 .0 
Slin,,X3=o.O 
SLIMYY1 = 0 . 0 
SMMXX1=0.0 
SUMXX2=0.0 
SliMXX3 = 0 . 0 
SUM 1 = 0 .0 
SUM2=0.0 
SnM3=0.0 
SUM4=0.0 
SnMS=0.0 
SUM6=0.0 
SUM7=0,0 
DO 100 K= l,N 
SUMY = SIJMY + Y (K) 
X 2 ( K ) = X ( K ) « « 2 
X?(K ) = X(K ) i H > 3 
SiJMXl=SUMXl+X(K) 
SLIMX2=SUMX2>X2(K) 
SnMX3=SUMX3+X3(K) 

100 CONTINUE 
XM = N 

YP,AR=SI)MY/XN 
X IBAR= S U M X I / X N 
X2RAR=SUMX2/XN 
X3RAR=SUMX3/XN 
DO 200 K=1 ,N 
Y Y l ( K ) = Y ( K ) - Y 8 A R 
SUMYY1=SUMYYI+YY1 (K)*<>2 
X X I ( K ) = X ( K ) - X I B A R 
SUMXX1=SUMXX1+XX1(K )«»2 
X X ? ( K ) = X 2 ( K ) - X 2 B A R 
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S I J M X X 2 = S U M X X 2 » X X 2 ( K ) * » H 

X X 3 ( K ) = X 3 ( K ) - X 3 B A R 
Sl)MXX3=SUMXX3 + X X 3 (K) •^t? 
SllMl = S U M l * ( Y Y l ( K ) « X X 1 (K) ) 
Sl(M2=SUM2* (XXI ( K ) » X X 2 ( K ) ) 
SllM3=StJM3* ( X X I ( K ) » X X 3 ( K ) ) 

Sl)M4=SUM4* (YYl ( K ) » X X Z ( K ) ) 
S U M 5 = S U M 5 * ( X X 2 ( K ) » X X 3 ( K ) ) 

S I ) M 6=SUM6* (YY1 ( K ) » X X 3 ( K ) ) 

SlJM7=SUM7*( ( Y ( K ) / Y B A R ) - 1 . 0 ) « » 3 

2n0 CONTINUE 
S I G Y = ( S U M Y Y I / N ) i « 0 . 5 
COVAR=SrGY/YBAR 

CnSKEW=SUM7/ ( ( N ' - I T » C 0 V A R » » 3 ) 

B = S U M 2 » S U M 3 - S U M 5 « S U M X X 1 
A = S U M 2 « « 2 - S U M X X i " S U M X X 2 
E = S U M 2 » S U M 1 - S U M 4 « S U M X X 1 

F = S ( I M 3 " * « 2 - S U M X X T » S U M X X 3 

G= S U M 3 » S U M l - S U M 6 « S U M X X i 
B 4 = ( B » E - A « G ) / ( B » « 2 - A ~ * F ) 

B 3 = ( E - B 4 « B ) / A 
B " 2 = ( S U M 1 - R 3 » S D M 2 - B 4 » S U M 3 ) / S U M X X 1 
C r Y B A R - B 2 » X l B A R - B 3 » X 2 B A R - 8 4 « X 3 B A R 

RETURN 

EMD 

3200 FORTRAN D I A G N O S T I C RESULTS - FOR MULRE6 

NO E R R O R S 

S U B R O U T I N E S O R T X ( N » X X ) 

D I M E N S I O N X X ( I O O ) 

C««-»»»»» » « « « » » » » « 

C S O R T A N A R R A Y O F F L O A T I N G P O I N T V A R I A B L E S I N D E S C E N D I N G O R D E R 

C N = N U M B E R O F V A R I A B L E S 

C X X = V A R I A B L E TO B E S O R T E D 

K = ( N - 1 ) 

D O 2 L = 1 . K 

M = ( N - L ) 

0 0 2 J = 1 . M 

I F < X X ( J ) - X X ( J + i ) ) 1 » 2 » 2 

1 X T E M P = X X ( J ) 

X X ( J ) = X X ( J * 1 ) 

X X ( J * l ) = X T E M P 

2 C O N T I N U E 

R E T U R N 

E N D 

3 2 0 0 F O R T R A N D I A G N O S T I C R E S U L T S - F O R S O R T X 

N O E R R O R S 

L O A D , 5 6 

R U N 
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Figure 6: Plotting on various axis scales - Duration Analysis 

(a) Smooth Curve Plotting: linear scale 
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(b) Smooth Curve Plotting: semi-log scale, 
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Figure 6: Plotting on various axis scales - Duration Analysis 

(c) Straight Line Plotting: normal probability scale 
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(d) Straight Line Plotting: log-normal scale 



FUTURE DEVELOPMENTS 

This bulletin outlines the present development of plotter programs in the 
Engineering Division of the Inland Waters Branch. The possibilities of the plotter are 
enormous however, and further development of programs is planned. The following programs 
are now written but not tested:-

(a) Three dimensional plot; this program is written to draw, on the one graph, 
hydrographs of a l l the Great Lakes for inflows, outflows or elevations. The 
"third dimension" comes in in spacing each lake hydrograph and slightly to the 
right of the previous lake's hydrograph as in a draftsman's oblique projection 
drawing. On looking at the graph this will appear as a series of spaced 
"waves" and an insight into the complex relationships between elevations 
and flows in adjacent lakes may be obtained. 

(b) River flood routing; using the Muskingum method, this program will route floods 
through rivers taking account of wedge storage and local inflow. 

(c) Hydrograph with confidence limits; this program will plot, for any variable, 
a hydrograph in the form of a histogram of long term mean values together 
with confidence limits placed at one standard deviation either side of the 
mean. This will enable such concepts as deviation, variation and skew to be 
demonstrated visually. 

In addition, the following programs are in the planning stage and will 
shortly be written and key-punched for use on the 360-663 computer-plotter 
combination:-

(d) Flood Frequency; this program will be written to plot extreme value distribu
tions using both Gumbel's method and the method of maximum likelihood. 

(e) Dam burst; in the problem of a dam burst or the sudden opening of a sluice 
gate, a negative surge wave of progressively varying shape is produced. This 
program will trace the successive shape of the wave through a time period. 

Development of programs for the plotter can be continued as long as hydrologic 
problems remain to be solved. In the future i t is likely that the form of the plotter 
itself may change. At present the plotting is entirely mechanical, program statements 
being translated into mechanical lengthwise movement of the paper and crosswise movement 
of the pen across the paper. 

An immediate difficulty to be overcome with a l l plotters is the development of a 
suitable pen. Standard equipment now is the Rapidograph, an ordinary drafting pen. Even 
at the speed of manual drafting this pen is far from perfect; sometimes i t floods, some
times i t dries up. At the very much faster speeds of mechanical plotting i t is very 
difficult to obtain an even flow of ink and so the pen often skips small sections of the 
plot. Ball point pens are often used on the plotters but these also skip and do not 
produce as dark a plot as liquid ink, which in practice means that they do not reproduce 
as well. Both types of pen are usually discarded as worn out after between one and two 
hours plotting. 

Another difficulty which occasionally arises is paper slippage. On the drum type 
plotter the paper is moved forward by projections on the drums engaging in holes in the 
paper. Since these projections are of polished metal it is possible for the paper to 
slip off a projection, particularly i f the paper is warped or stretched. If the slippage 
is only one or two projections, perhaps half an inch, i t will not be noticed until the 
programmer carefully checks each plot and perhaps not even then. To guard against this, 
i t is advisable to order the plotter to mark the paper before any serious plotting is 
attempted and then when the plot is finished, order the plotter to print a second mark 
coincident with the f i r s t . If the paper has moved during the plot the two marks will be 
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separated by a distance equal to the paper shift. If the paper has not moved then the 
marks will be exactly coincident. 

In the less immediate future there would seem to be the possibility of replacing 
the mechanical plotter with some form^of electronic plotter combined with a means of 
transferring the image from a cathode-ray tube onto paper, maybe by some electrostatic 
technique. This would result in more rapid plotting with none of the uncertainties of 
mechanical linkages and liquid pens. 

Control Data Corporation of California does in fact produce an electronic plotter. 
This forms the graph on a cathode-ray tube which is then photographed using a rapid 
sequence camera. About 200 plots per minute can be photographed and a waiting period 
of only twenty minutes is required before the finished photographic prints are available. 
The machine i s , however, very costly and its capacity far exceeds the requirements of most 
users. It is being used to speed up written output from computers whose output is in the 
hundreds of pages or more. A conventional line printer will type up to 600 lines per 
minute, say 10 pages per minute. Putting sixty lines of output at a time onto a cathode-
ray tube in the CDC machine, up to 200 pages per minute can be cleared from storage. 

A more basic electrical plotter is also available which uses a carbon electrode 
instead of a pen and uses a two part paper made up of a normal thin sheet of paper backed 
by some conducting material such as aluminum f o i l . A current is passed through the carbon 
electrode which burns through the paper forming the required graph. 

It is not envisaged, however, that the plotter will ever reach the stage where a 
person will whisper a few magic words into the plotter and have the plotter automatically 
produce an art piece; as has been implied in advertisements by some of the plotter 
manufacturers. 

In conclusion, a few economic facts should be mentioned; 

(a) .key-punching of data costs approximately $5 per 100 cards 

(b) use of input/output devices on the IBM 360-65 costs about $55 per hour 

(c) use of the main computer at 50,000 units of storage averages around $200 per 
hour 

(d) the plotter use costs between $20 and $30 per hour depending on the speed of 
the plotter 

Converting a program to plotter output will add approximately 30 cards to the 
program, about one and one-half minutes extra computer time and usually about ten minutes 
on the digital plotter per plot, adding up to an approximate cost of $12.00 for the fi r s t 
plot. Additional plots add on to this figure only the actual plotting time at 50 cents 
a minute so the more plots that are to be produced the more economical the use of the 
plotter becomes. 

Further copies of this bulletin may be obtained by writing to: 

Director, 

Inland Water Branch, 
Department of Energy, 

Mines and Resources, 
588 Booth Street, 
Ottawa, Ont. 



TECHNICAL BULLETIN SERIES 

No. 1 Natural flow of North Saskatchewan River at Alberta - Saskatchewan boundary by the 
rim station method. E. P. Collier and A. Coulson, October 1965.* 

Disausses methods of estimating the natural flow of the North Saskatchewan 
River at the provincial boundary by simple regression with the flow at Rooky 
Mountain House and also by multiple regression techniques involving 
precipitation. 

No. 2 LACOR - Program for streamflow correlation. R. O'N. Lyons, November 1965.* 

A program for the IBM 1620 computer to correlate streamflow records in terms 
of deviations in log units from the geometric mean of each calendar month's 
discharges. 

No. 3 Tables for computing and plotting flood frequency curves. A. Coulson, 1966. 

A compilation of tables for the computation and plotting of flood frequency 
curves according to the first asymptotic distribution of extreme values 
(the Gumbel method). A worked example of the use of the tables is included. 

No. 4 Flood -frequencies of Nova Scotia streams. A . Coulson, 1967.* 

Recorded flood flows have been analysed on a regional basis and a method for 
estimating the flood frequency curve for any stream in Nova Scotia is outlined. 

No. 5 Measurement of the physical characteristics of drainage basins. A. Coulson and 
P. N. Gross, 1967. 

Methods of obtaining quantitative descriptions of certain physical charac
teristics of drainage basins are outlined using as examples Marmot Creek and 
Streeter Creek two of the experimental basins of the East Slopes (Alberta) 
Watershed Research Program. 

No. 6 Hydrologic zones in the headwaters of the Saskatchewan River. D. A. Davis and 
A. Coulson, 1967. 

The Saskatchewan River headwaters area of Alberta has been divided into seven 
by hydrologically similar zones, based on correlations of mean monthly 
recorded stream discharge. 

No. 7 Estimating runoff in Southern Ontario. A. Coulson, 1967. 

Methods of estimating the runoff and its distribution in ungauged streams or 
in streams with short periods of record in the area of Southem Ontario south 
of the Canadian shield. 

No. 8 Tables for computing and plotting drought frequency curves. W. Q. Chin, 1967. 

A compilation of tables for the computation and plotting of law flow frequency 
curves by both the third asymptotic distribution and the Pearson Type III 
distribution. Worked examples are included. 

No. 9 Flood Frequency analysis for the New Brunswick - Gaspe region. E. P. Collier and 
G. A. Nix. 

Presents a method of estimating the flood frequency curve from basin charac
teristics for any stream in a large part of New Brunswick and the Gaspe area 
of Quebec. 

No. 10 Diefenbaker Lake - Effects of bank erosion on storage capacity. R. 0. Van Everdingen,. 

Discussion of the factors causing bank erosion on Diefenbaker Lake and their 
effect on the storage capacity of the lake. 

* Out of print. Photo copies will be provided, i f requested. 




