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Asystematic approach to preparing spot elevations and contour topographic maps from field survey data by using a
high-speed computer plotter has been made. Computer programs in FORTRAN language were written to design
subsurface drainage systems from assigned design parameters and to draw plans of those designs by means of a
computer-controlled plotter. The new computer-aided design and drafting approach reduces the time and cost in
drafting subsurface drainage plans to about one-fifth of that needed for the conventional manual method.

Une approche systematique qui a pour but de preparer des cartes topographiques a partir des notes de releves
d'arpentage utilisant une imprimante d'ordinateur a haute vitesse a ete developpee. Des programmes en langage
FORTRAN ont ete ecrits pour concevoir les systemes de drainage souterrain suivant certains parametres assignes ainsi
que pour effectuer les dessins au moyen d'une imprimante controlee par l'ordinateur. Cette nouvelle approche de
conception et dessin parordinateur, reduit le temps et le cout de la preparation de systemes de drainage souterrain a
environ un cinquieme de ce que requiert la methode manuelle.

INTRODUCTION

Subsurface drainage is a recognized
and increasingly practiced method of
removing excess of soil water from
agricultural land in the Provinces of
Quebec and Ontario.

The number of field operation days
available for surveying, drain installa
tion, land smoothing, etc., is limited in
this region ofCanada due to the long cold
winter and wet spring and autumn.
Generally, the work for subsurface
drainage planning involves the soil
measurements, topographic surveying,
drainage system designing, and report
preparation. If the time required for these
processes could be reduced, the time
between the start of planning and the
installation of the drains could be

reduced.

One of the most tedious, time-
consuming parts of the processes in
subsurface drainage system design is
"drafting," i.e. topographic mapping,
drawing of contour lines, laying out of
drain lines and addition of special
symbols. To reduce this time and tedium,
modern computer-drafting techniques
have been applied.

OBJECTIVE
The main objective of the research

reported here was to develop programs to
instruct the computer to design a
subsurface drainage system according to
the design parameters assigned and
produce drainage plans of those designs
with a high speed computer-controlled
plotter.

Hardware Used

McGill University Computing Centre
uses an AMDAHL V7 which is operated

under the Virtual Machine facility. The
operating systems supported included
MVS release 3.7 and MUSIC (the McGill
University System for Interactive Com
puting).

In this study, the following devices
were used as batch and/or interactive
terminals:

1. A TEKTRONIX 4051 graphic termi
nal was used as the input/output device to
the AMDAHL V7 computer. The outputs
from the programs were routed to a
CALCOMP plotter or produced in small
size (152.4 X 200.2 mm) on the
Tektronix 4051 screen and thence repro
duced by a Tektronix 4631 hard copy
unit.

2. A HEWLETT-PACKARD 7200A

plotter was also used to plot small size
(254 X 279.4 mm) drawing jobs. It was
linked to the AMDAHL V7 computer
through a Teltype Model 33 Terminal.
Both Tektronix 4051 and Hewlett-

Packard 7200A are interactive terminals.

3. A CALCOMP 663 off-line plotter
produced the drawings using the outputs
from a program run on either the MVS or
MUSIC systems. The Calcomp plotter
can produce drawings with a maximum
width of 762 mm and no limit in length.
The details of the machine were described

by Fox (1978).

Software Used

In this study, all programs and
subroutines were written in FORTRAN

which could easily call existing Calcomp
subroutines and be called by other
FORTRAN programs.

Spot Elevation and Contour
Topographic Map Drawing

The topographic mapping program

CANADIAN AGRICULTURAL ENGINEERING. VOL. 22, NO. 2. DECEMBER 1980

DSDP contained a main program and
seven subprograms which performed
different functions under different condi
tions when called by the main program.

The "design-area" means the total
area under consideration for which a

system of parallel drain lines connected
by one connector was designed. A field
may have more than one design-area or
collector. It can be easily modified to
(TOPMAP) written by Murphy et al.
(1979) was slightly modified and used to
plot spot elevation topographic maps.
Detailed descriptions of TOPMAP are
documented by Murphy (1978).

Kok and Begin (1979) reviewed a
number of computerized contouring
methods and several existing contouring
programs and selected a method which
was suitable for farm lands and wrote

their own contouring program (CON-
TUR). CONTUR was modified and used
in this study to produce the contour lines
for subsurface drainage system design
purposes.

Subsurface Drainage System Design
Program (DSDP)

The types of subsurface drainage
systems in common use are known as
"interceptor," "random," "her
ringbone," and "gridiron." Among
those, the gridiron type is the most widely
used for flat lands (Schwab et al. 1966;
Broughton 1972).

DSDP was written to obtain drain
spacings, positions of laterals and
collectors, and diameter of drains from
the design-parameters assigned. The
program was constructed on the basis of a
gridiron-type drainage system; it can be
used for herringbone too, or the combina
tion of the two type of drainage systems.
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(0,0)

handle more than 10 design-areas, if Y
necessary.

The design-area can have any number
of sides, but they must be straight. The
boundaries of the design-area are then
defined by corner points.

A grid was placed over the topographic
and contour map in order to define the
relative field boundaries and outlet

positions. The origin was at the lower left
corner of the grid (see Fig. 1).

The program was constructed in such a
way that corners of the design-area were
numbered clockwise or counter

clockwise depending on the algebraic
sign attached to the angle beta (/3). When
/3 had a negative sign, corners were
numbered counter-clockwise, otherwise
corners were numbered clockwise. How

ever, corner 1 was always adjacent to
point 0,.

Furthermore, laterals were on the
left-hand side of the collector when /3 was
greater than zero and on the right when f3
was smaller than zero. If /3 = 0, the
program would issue a warning and stop
execution, since laterals would run on the
same path as the collector does (see Fig.
2a-d).

Referring to Fig. 3, 0, may or may not
be the outlet of the drainage system. If the
outlet is located beyond the design-area,
it can be linked to 0, by a conduit or open
ditch as shown in Fig. 3a,b.

Figure 3c shows that the collector
consists of two straight line segments
with different directions. The program
developed in this study could be used to
design a drainage system with the
collector consisting of a single straight
line or a collector with two straight-line
segments. The program could easily be
adjusted to handle the case where a
collector consisted of more than two

straight-line segments.
After the program had read all the

necessary data from card decks or on-line
devices, it proceeded to design the
drainage system in the following manner.

Firstly, the connections of the laterals
and collector were determined (i.e. (Xi,
Yt) points in Fig. 4). The following
equations were developed for determin
ing the (Xu Yj) points.

(X,)i = OX, + AX(2i - l)for
0°< 8« 90°, i = \,N

(X,), = OX, - AX • (2i - l)for
90° =£ N 180°, i = 1,/V

(2/ - l)for
1,/V

i

^-GRID

c.

—7^2

DESIGN-AREA: qCgC^

<y ^COLLECTOR
/a,

r\\

o.
c3

*-X

where
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(r,), = oy, + ay-
O°<0< 180°.

AX

AY

cos e

sin P
sin 8

sin 6

(1)

(2)

(3)

(4)

(5)

Figure 1. Design-area boundaries and corners with a grid system.

and S = spacing between laterals (m); fi
= angle between lateral and collector
(degrees); 6 = angle of the collector from
X-axis (degrees); (' = subscript, i.e., i =
1,2,3 . . . N (see Fig. 4 for notations).

The total number of laterals required in
a design-area Was denoted by N, as
determined by the equation:

(a)

[V(Ox2-ox, + oy,-oy,)2] • sinp
(6)

where (0X1; OF,) and (0X2, 0F2) are theX
— Y coordinates of the points 0, and 02,
and S and fi as defined before.

In the case where N was not an integer,
the next larger integer was used and the

(c) (d)
Figure 2. Number convention of the corners of design-areas.
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c3 o2

c. 0

Figure 3. Location of outlet and the type of collector.

spacing between laterals was adjusted
accordingly. The adjusted spacing was
normally a little narrower than the value
obtained from the original input drain
spacing. This led to a more conservative
design and gave slightly better field
drainage.

After all the (Xu FJ points were
computed, straight lines were extended
from (X,, F,) to the design-area bound
aries with an angle /3 (lines were
imaginary and not actually drawn). All
lines were ended at points (X2, F2) at the
boundaries as shown in Fig. 4. Points (X2,
F2) were calculated by the following
equations:

x cr,-y,-M, cx,+m2 x,

y2= y2+A/2(x-x,) (8)

whereeM, = slope of the boundary, i.e.,
/cy,-cy,\

M, = tan { — I
Vex, -ex J

in this case.

M-i = slope of the lateral, i.e., M2 =
tan(0+/3) in this case.
CXi,CYx = coordinate of the corner Cx.

Note from Eqs. 7 and 8 that (CX,, CY,)
will be changed to (CX2,CY2) if the point
(X2, F2) falls on the second boundary and
to (CX3, CY:i) if (X2, F2) is on the third
boundary. The slope of M, will be
changed when (CXl7 CY,) is changed.

One of the basic design conditions was (0,0)
that all laterals should be started one-half

spacing away from the boundaries and
ended at the collector or outlet. To satisfy
this condition, (X;!, F;!) points (see Fig. 4),
which are one-half spacing from (X2, F2),

are calculated. The following equations
are used:

x.
v F2 +

0+0* 90°
+ 1 for0+/3#!8O°

:, = y, + f-(X4, - x2)

for«+/8= 90°

Y; = K> - 5/2

- S/2 for0+/3= 180°

y.. = k2

tan(0+/3)
s

X:,

x3

where F

and

where

x,

X,

w
2 • sin a

,/ M2-Mt \

M+M, A/Jkl+M, M2,

S = drain spacing between laterals
Mi, M^ = slopes of field boundary and

lateral, respectively.
If the boundary is parallel to the F-axis,

i.e.,M, = », then Eq. 16 should be used
instead of Eq. 15.

Sin
w

2(X,-X2)

(9)

(10)

(II)

(12)

(13)

(14)

(15)

(16)

/12 = distance between points (Xi, YY) and
(X2, F2).

Finally, straight lines joining the points
(Xj, F,) and (X3, F3) are the laterals for the
design-area. At this stage, all the input
data and computed results will be written
on disk or punched on cards as specified
for drafting purposes.

CX.CY)

*"X

Figure 4. Definition of sketch for design program.
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Drainage System Layout Program
(DSLP)

DSLP was a plotting program to
instruct the plotter to draw a drainage
plan. It was composed of a main program
and 25 short, single-purpose subprog
rams. The main program read the data
(plotting information) from disk files or
card decks generated by DSDP. Addi
tional data were supplied on punched
cards if necessary.

Subprograms in DSLP were initially
prepared for plotting key symbols for the
drainage plans, but most of them were
generalized and could be used in DSLP as
well as in other FORTRAN programs.
These subprograms called one or several
Calcomp subroutines to perform different
functions, such as drawing straight lines,
tracing smooth curves, plotting special

symbols and lettering alphabetic,
numeric and alphanumeric characters.
Different subprograms had different
functions and options. The detailed
descriptions are documented by Chieng
(1979). The samples of different symbols
produced by DSLP subprograms can be
seen in the small-area complete drainage
plan given in Fig. 5. The benefits of
drainage plans produced by this system
are greater for large area plans, but it is
not possible to reproduce a large plan in
this application. The plans produced by
the Calcomp plotter are suitable for direct
blueprint reproduction. Some blueprint
samples can be found in Chieng (1979).

Plans produced by using DSLP can be
drawn in a variety of pen sizes and ink
colors. However, it is necessary to
execute a particular plotter instruction in

order to pause the plotter so that the
plotter operator may make changes.

Generally, the plottings can be done by
either an on-line or off-line Calcomp
plotter. All the drawings in this report
were done by the off-line system, since
McGill University Computing Centre
operates only an off-line Calcomp plotter.
Profile Program

In drainage design, profiles are often
employed to show graphically the relation
of the surface to the grade and depth of the
drain pipe. Generally, profiles are
prepared to help design drainage systems.

A profile program was written in this
study and can be used with any desired
vertical and horizontal scales. The

vertical and horizontal scales need not be

the same. A sample drawn by the
PROFILE program is given in Fig. 6.

CONCESSION 4 O.F., GLOUCESTER THP. CRRLETON CO

/

LOT.NO LENGTH M

fl -1
fl -2
fl -3

B -1
B -2
8 -3
B -M
B -5
B -6
8 -7
B -8

177.1
178.3
179.5

Mt.8
61.0

80.2
99. 1

118.3
137.5
156.7
175.6

TOTAL 1404.8 M

Figure 5. Subsurface drainage plan of Job No. 1 Area, Ottawa, Ontario, produced by computer plotter.
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RESULTS AND DISCUSSION

A systematic approach for the design of
subsurface drainage systems has been
developed. Programs have been de
veloped to direct a computer plotter to
draw drainage plans.

Two existing programs, TOPMAP and
CONTUR, were modified and used to
prepare topographic maps with spot
elevations and contours.

Programs DSDP and DSLP were
developed for purposes of subsurface
drainage-system design and drafting. An
additional computer program, PROFILE,
was written to draw the profiles of the
collectors or laterals when required.

This study found that many advantages
can be gained by using the developed
computerized design and drafting ap
proach in subsurface drainage systems.
The most distinct advantages are:
1. The speed of the drafting was
increased. Although some engineering
firms claimed that computer drafting
systems could cut map-drawing man-
hours from 2V2 man-years to 1 man-
week, it is the authors' observation that
computer drafting can speed up work by
only 5-10 times, depending on the size of
the jobs. Table I compares the time spent

TABLE I. COMPARISON OF APPROXIMATE TIME REQUIREMENTS
FOR MANUAL AND COMPUTER-AIDED DRAFTING METHODS

BASED ON A DRAINAGE PLAN FOR AN AREA OF 30 ha

Step Manual drafting Computer drafting

1 Writing spot elevations at appropriate Punching spot elevation data on cards (using IBM
positions on a master plan: 2 h 029 keypunch machine with drum control): 2 h

2 Interpolation for spot elevations and drawing
contour lines: 3 h Contour lines drawing and spot elevations

3 System design parameters determined by
designers

lettering: 31 min

4 Design and draw the first draft of designed Design and obtain first draft of designed plan by
system on blueprint: 8 h using DSDP and DSLP: 1.5 h

5 Modifications on the first draft: 3 h Modifications on the first draft: 3 h

6 Draw the complete drainage plan on a master Replot drainage plan:
sheet: 24 h 52 min

7 Contingencies: 1 h Contingencies: 1 h
Total: 41 h Total: 9 h

tlncluding system downtime and data handling.

by conventional manual drafting methods
and computer drafting methods de
veloped in this research for the same
drainage area.

From Table I it can be seen that more

time can be saved in steps 1 and 5 if the
spot elevation data are recorded on a

recording device and an interactive
terminal is used to edit the data or

generate results.
2. Much time is saved for lettering of title
blocks, legends, notes and lists of
materials.

3. The cost of drafting can be reduced.

KEY TO PLAN

COLLECT OH

DRAIN TUBE REQUIRED n

100m ISOnn 200 Ml 2S0MH 300n«

B 576.4 19.8

B 1080.2

C

0

f

F

I0THL »656.6 19.8

RELATIVE ELEVATIONS 98.6

CONTOURS C1M INTERVALS) OO

FENCES AND BOUNDARIES
^s w w w

LENGTH 4 SI2E OF DRAIN ABOVE DRAINS

GRADES BELOW 0RAINS

NATURAL GRADE N.G.

CHANCE IN DRAIN SHE \l/

CHANGE IN DRAIN GRADE A
BENCH MARK B.M.ffi
HUB STAKE H.S.©

TREE ^
BUILDING

OPEN DITCH

DITCH BOTTOM ELEVATION

DEPTH OF TRENCH BOTTOM

TRENCH BOTTOM ELEVATION

B98.2

NOTES

BM «55 ELEV. 68.7CM VERTICAL

NAIL JN EAST ROOT OF ELM TREE

ON SOUTH SIOE OD DITCH, ABOUT
213.4M SOUTH OF CNR TRACKS,

548.6M EAST OF ANDERSON ROAD.

DRAINAGE MATERIALS: CORRUGATED

POLYETHYLENE DRAINAGE TUBING.

ALL LATERALS ARE 100 MM DIA.

UNLESS LABELLED OTHERWISE.

OUTLET NO.

RAILROAD

ROAD AND LANE

I II II It I

REVISION DATE DESCRIPTION

AGRICULTURAL ENGINEERING DEPARTMENT

MCGILL UNIVERSITY

BOX 950. MACOONALQ COLLEGE. QUE. M9X ICO

PLAN OF DRAINS
JOB *1 AREA

NCC OTTAWA, ONTARIO
SCALE

1 : 120n

OflTE PERSON DUG. NO.

0-12-N-110

omun

CHECKED

HEVI5ED

Figure 5. (continued).
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HOBI"ZOinfll SCALE: 1:1200

VERTICAL SCALE: 1:12

PROFILE OF COLLECTOR E

8 7 8
HORIZONTAL DISTANCE.

REVISION DATE DESCRIPTION

AGRICULTURAL ENGINEERING OEPARTMENT

MCCILL UNIVERSITY

BOX 550. MHCDONhLO COLLEGE. QUE. H9X ECO

PROFILE OF COLLECTOR E
BASED ON PLAN NO.D-12-N-35B

NCC JOB OTTAWA. CANADA
SCALE

AS SHOUW

wnc rDIMB OMC. NB.

D12N35B

*w

CBCCttB

Kviaci

Figure 6. Profile for land surface and collector drain drawn by program PROFILE.

By using a computer drafting system, less
drafting time is required for each drafting
job. This not only results in labor saving,
but also reduces space-costs per job.

A comparison between costs for the
same job as discussed in Table I is listed
in Table II.

4. Errors are reduced. When drawings
are made and calculations done manually,
errors are occasionally made in looking
up trigonometric functions, pressing
wrong keys on calculators, or plotting
wrong grades or elevations on the drafting
table. The errors can be reduced to a

minimum when a computer is used for
computing and plotting under instructions
from the bug-free programs.

In general, it can be calculated that the
new approach for subsurface drainage
system design and drafting developed in
this study gives benefits of reducing the
time and cost of producing drainage plans
per unit of land area.

142

TABLE II. COST COMPARISON BETWEEN MANUAL AND COMPUTER-AIDED DRAFTING

METHODS FOR DRAINAGE DESIGN FOR 30 ha AREA FOR WHICH THE TIME

REQUIREMENTS FOR THE STEPS ARE GIVEN IN TABLE I

Step Manual drafting

2 h x $8/ht

3 h x $8/h

8 h x $8/h

3 h x $8 . ./h
24 h x $8/h

1 h x $8/h
Total

Computer-aided drafting

$ 16.00 2 h x $8/h $16.00

$ 24.00 Execution charges} $ 9.90

16-min plotting x $20/h§ $ 5.33

Same for both systems
$ 64.00 DSDP execution charges $ 3.71

DSLP execution charges $ 6.06

18 min plotting X $20/h $ 6.00

$ 24.00 3 h x $8/h $ 24.00

$192.00 Execution charges
51 min plotting x

$ 12.64

$20/h $17.00

$ 8.00 1 h x $8/h $ 8.00

$328.00 Total $108.64

tThe pay fordrafting workvarieswith skill and may range between$6 and $10/h; $8 per hour is the average
pay.

tSee Table III for the execution charges.
§McGiIl Computing Centre charges $20/h for Calcomp plotting jobs.
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TABLE III. SAMPLES OF EXECUTION CHARGESt

TOPMAP and .DSLP DSLP

Chargeable CONTUR program DSDP (first draft) (complete plan)
items ($) ($) ($) ($)

CPU 5.38 0.50 2.47 7.24

I/O 0.42 0.05 0.46 0.89

U/R 1.30 2.36 0.33 1.71

Set-up 2.00 - 2.00 2.00
Handling 0.80 0.80 0.80 0.80

Total 9.90 3.71 6.06 12.64

tBased on McGill University Computing Centre commercial charges.

CONCLUSIONS

Spot elevation and contour topographic
maps can be plotted from field survey
data by using programs TOPMAP and
CONTUR. Their applicabilities were
examined.

A subsurface drainage system can be
designed by using the DSDP program
from the design-parameters assigned.
The designed plans can be drawn by using
the DSLP plotting programs. The PRO
FILE program can be used to prepare the
profiles for collectors or laterals when
required.

The overall processing time and cost
required to produce a drainage plan for
using the developed computer-aided
design and drafting method is far less than
the conventional manual method.
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