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ABSTRACT

SIE-TAN CHIENG
Ph.D. Agricultural Engineering

COMPUTER-AIDED SUBSURFACE DRAINAGE SYSTEM DESIGN
AND DRAFTING

The use of computers and computer plotters to design and lay
out plans of subsurface drainage systems was studied. A systematic
approach was developed.

Two existing programs, TOPMAP and CONTUR, were used with some
modifications to produce spot elevation topographic and contour maps
from survey data,

Four main programs, HYCONS, PROFILE, DSDP and DSLP, were
developed for drainage system design and drafting purposes. HYCONS
was used to obtain the hydraulic conductivity and drain spacing from
single auger hole tests and assigned design parameters. PROFILE was
used to draw the profiles of collectors or laterals of the drainage
system when needed. DSDP and DSLF were used to design and lay out
the plans of those designed systems.

Nomographs for obtaining the equivalent depth of flow below
the drains for seven commonly used drainage tubing diameters were
presented. Another nomograph was developed interrelating the
variables of design drainage rate, equivalent depth, drain depth,
hydraulic conductivity and drain spacing between laterals. A new
multiple-correlation graph for determining the required size and

maximum allowable length of drain tubes was also developed.



RESUME
Ph.D, SIE-TAN CHIENG Génie rural

CONCEPTION ET DESSIN DE SYSTEMES DE DRAINAGE
SOUTERRAIN A L'AIDE DE L'ORDINATEUR

L'utilisation des ordinateurs et des appareils & dessin auto-
matiques pour concevoir et tracer les plans de systdmes de drainage
souterrain est l'cbjet de cette &tude. Une approche systématique a

&té développée.

Deux programmes déja existants, TOPMAP et CONTUR, légdrement
modifiés ont &té utilisés pour preduire des cartes avec lignes de

contour a partir de relevés topographiques.

Quatre programmes principaux, HYCONS, PROFILE, DSDP et DSLP,
ont &té développés pour la conception et le dessin de systémes de
drainage. HYCONS utilise les résultats des tests du trou de taridre
et d'autres paramdétres de conception pour calculer la conductivité
hydraulique et 1l'espacement des drains, PROFILE dessine les profils
des collecteurs ou des latéraux du systdme de drainage au besoin.
DSDP et DSLP font la conception et le tracé de plans des systémes

ainsi concus.

Des nomogrammes ont €té formulés pour obtenir la profondeur
équivalente de débit sous les drains pour les sept diamdtres de
drains wutilisés couramment. Un autre nomogramme a été développé
pour relier entre elles 1les variables de débit de drainage, de
profondeur équivalente, d'espacement des drains, de conductivité
hydraulique et d'espacement des drains entre les latéraux. Un
nouveau graphique a correlation multiple pour déterminer le diamétre
et la longueur maximale permise pour les tubes de drainage a égale~

ment &té développé.
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CONTIRIBUTIONS TO KNOWLEDGE

This study provides the following contributions to knowledge:

1. The digital computer has been used together with the
developed programs to design subsurface drainage systems - Section 3.5.

2, High-speed computer plotters have been used to draw spot
elevation topographic and contour maps and the plans for drainage
systems from item 1 above - Sections 3.5.2 and 3.5.3.

3. It has been found, using the actual designed samples, that
the computer drafting method is faster and cheaper than conventional
(manual) drafting methods.

4. Nomographs for obtaining the ‘equivalent depth below the
drain centre for seven commonly used drain tube diameters have been
developed - Figures 8 to 14.

5. A nomograph was developed to interrelate the variables of
design drainage rate, equivalent depth, drain depth, hydraulic
conductivity and drain spacing between laterals - Figure 36.

6. A new multiple-correlation nomograph showing the relations
between areas drained, drain tube capacities, design drainage
coefficients, slopes of the drains, spacings between laterals and the
maximum allowable lengths of the drain lines has been presented -

Figure 37.
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CHAPTER I

INTRCDUCTION

1.1 Statement and the nature of the problem

Subsurface drainage is a recognized and increasingly practised
method of removing excess soil water from the agricultural lands.
The rates of installations of subsurface drainage systems in the
Provinces of Quebec and Ontario have blossomed out in the past few
years. In Quebec alone, the installations had reached about 12100

km/year in 1975 (Broughton, 1976).

April (1967) and Jutras (1967) show that about 1214000 hectares,
or approximately 60 per cent of the cultivable land in Quebec needs
subsurface drainage improvements for its crop productive potential to
be realized. Broughton (1976) points out that with installation
rates of 13000 km/year and 0.5 km/ha, about 50 years will be required

for these installations.

From the point of view of subsurface drainage system cost, it

1s desirable that the design drainage coefficient (drainage rate) be



not larger than necessary to remove excess water adequately soon for
the needs of crop growth or field machine operations. In order to
obtain adequate drainage systems for the agricultural lands,
appropriate theories and approaches to system designing should be

carefully chosen.

It is logical that the necessary drainage rate should depend
on the climatic regime of the region as well as drainable porosity
and available water holding capacity of the particular soils and the
water table depth requirements of particular crops or field machine
operations. The water balance computer drainage model developed by
Chieng et al. (1978) has made good progress in relating subsurface
drainage performance to the climatic regime of a region as well as
the parameters of a specified soil. This model may be used with the
input for a particular region to obtain adequate drainage criteria

for the system design.

It is recognized that the number of days available for field
operations, i.e., field surveying, drain installations, land smoothing,
etc., is limited in this region of the country due to the long cold
winter and wet spring and wet autumn conditions. Generally, the work
for the soil measurements, topographic survey, system design report
preparation and drain installations for a field or farm needs to be
spaced over two summers. |f the time required for these processes
could be reduced, the time between the start of planning and the
installation could be reduced. Thus, construction could be done in

the same season as the planning, for the smaller more urgent jobs.



It is understood that one of the most tedious time-consuming
parts of the processes of a subsurface drainage system design is

"drafting,"

i.e., topographic mapping, contour lines drawing, drain
lines layout and special key notes lettering, etc. To reduce this
time and tedium, it has been conceived to be possible to apply modern
computer plotting techniques to speed up the drafting processes. The

computer is a capable helper when adequately instructed. It provides

recall, speed, accuracy, and endurance.

The purpose of the present study is: by using the adequate
design criteria generated by the water balance computer drainage
model suggested by Chieng et al. (1978), the hydraulic conductivity
measured in the field, to design the subsurface drainage system by
using the well known Hooghoudt's equation (Luthin, 1973), The field
topographic and contour maps, the designed plans and other necessary
information for the system installations will be plotted by the high

speed computer plotter.

1.2 "Objectives

The objectives of the present study are:
1. To use the computer drainage model suggested by Chieng et al.
(1978) with some input modifications to obtain adequate
subsurface drainage system design criteria for particular fields.
2., To plot the field survey data in different scales and orientations
as spot elevation topographic maps by using the high speed

computer plotter.



To use a contouring program to draw topographic maps with contour
iines based on the field spot elevations.

To develop programs to instruct the computer Eo obtain different
possibilities of the subsurface drainage designs and produce
plans of those designs with a high speed computer plotter.

To develop programs for the computer to produce lists of materials
needed for each drainage system designed.

To produce some sample computer controlled plotter drawings of
drainage system designs for particular fields showing desired
positions of drainage facilities, lists of materials for cost
estimate so that the physically most suitable design, or the

least expensive design could be chosen.

1.3 Scope of the work

This study is to make a systematic attempt to design and

prepare drawings for subsurface drainage systems using the high speed

digital computer and computer plotter. The research is restricted to

the cases of agricultural lands whose slopes are less than 8 per cent.

This might cover approximately 80% of lands needing subsurface

drainage facilities in the world and 2 million hectares in the

Province of Quebec.



CHAPTER IT

REVIEW OF LITERATURE

2.1 Subsurface drainage

Within the past thirty years, a considerable amount of research

on subsurface drainage problems has been done.

The criteria for design of subsurface drainage systems may be
specified in terms of the depth of water to be removed within a
specified time period, maximum height of the water table, rate of
lowering the water table, or some other set of conditions. Hedstorm,
Corey and Duke (1971) state that in determining these criteria, the
drainage or aeration requirements of the predominant crop should be
considered. It is generally considered that a unique analytical
formulation of the various processes involved in the subsurface
drainage system is very complex, and even if it could be achieved,
the improvement over the results obtained by simpler methods may be
insignificant. To date, engineering specifications of drainage
systems have been based on field observations of existing systems,

laboratory tests of soils and drainage materials, drainage equations,



and results from models and analogues. There is no universally
accepted design procedure, although there is extensive literature on

subsurface drainage.

So far, drainage problems have been divided into steady state
and non-steady state flow conditions. A steady state condition
exists when the boundaries and flow rates of a system do not change

with time. Otherwise, a non-steady state prevails (Young, 1970).

One of the earliest analyses of steady state drainage con-
ditions was that by Dupuit in 1863 (Broughton, 1972). On the basis
of Dupuit's theory, Forchheimer proposed in 1886 a general equation
for the free water surface by applying the equation of continuity to
the water in a vertical columm in a flow region, bounded above by

the phreatic surface and below by an impervious layer.

Later, Hooghoudt (1940) proposed a formula for drain spacing
computation for the case of steady flow. Hooghoudt's approach
combines the concept of radial flow near the drain tubes and nearly
horizontal flow at greater distances from the drains. His theory
considers the effect of convergence of streamlines near the drains.

Hooghoudt's equation may be expressed as:

$2 = (4 Kgh? + 8 d_Kph) /R - (D
where § = spacing between drain laterals, m

h = water table height above the drains at mid-spacing, m

R = drainage rate, m/day



de = equivalent depth of impermeable layer below drain
centre, m (dg is a function of d and $ (Luthin,
1973))

asXp = hydraulic conductivities of the soil layers above

and below the drain, respectively, m/day.

When applying equation (1) to a homogeneous soil, i.e., Ky =

¥pb, the equation may be simplified to:
S2 = 4K (2 dgh + h2)/R N ¢'))

Equation (1) applies directly to the drainage cases (a) and
(b) shown in Figure 1. Drain spacing can be calculated for case (c)
in Figure 1 by using equation (1) if a weighted value of the
hydraulic conductivity above the drain is determined for K, and K.
Van Beers (1965) suggested that Ernst's equation should be used
rather than Hooghoudt's equation to compute drain spacings for
case (d) in Figure 1., He had given a nomographic solution of
Hooghoudt's equation and more recently, the nomographic solutions

have been further generalized by Sakkas (1975).

Subsequent to Hooghoudt's work, various theories and inter-
pretations of the subsurface drainage flow processes have been

forwarded by a number of research workers.

Based on Darcy's law, Aronovici and Donnan (1946) developed a
formula for the spacing between tile lines using the permeability of

the aquifer as a criterion. Donnan (1947) showed with a number of



(a)

(b)

Figure 1.

(c)

Drainage

Case
Case
Case
Case

(a)
(b}
(c)
(d}

(d)

System in Homocgeneous and Layered Soil.

Homogeneous soil.

Two layered scil with drains at layer interface.
Two layered soil with drains in the lower lavyer,
Two layered soil with drains in the upper layer.



laboratory and field experiments that, for a homogenecus soil, the
formula is applicable within reasonable limits, Aronoviei's spacing

formula may be written as:

s2 = 4 KR(b2 - a?)/R N &)
where S = spacing between laterals, m

K = hydraulic conductivity, m/day

R = drainage rate, m/day

a,b = 1limits of the drawdown curve as delineated by a

strata survey of the site, m.

The above equation considers horizontal flow only and design
values of the spacing § are calculated when the water table is at or
very close to the soil surface, The convergence effect of flow lines
near the drains had not been adequately considered. Therefore,
Hooghoudt's equation, which takes into consideration the convergence
effect by introducing a term de (equivalent depth) is considered

superior to Aronovici's approach (Bhattacharya, 1977).

Later, Kirkham (1949, 1951) proposed a more rigorous approach
by applying potential flow theory. His analysis was done for steady
flow under ponded water conditions. His work shows the importance of
Placing drain laterals directly under the low spots in a field to
reduce the distance ponded water must soak through the soil to reach

a drain pipe.
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During the past quarter century, non-steady state subsurface
drainage problems have been studied and have been proposed for design
of subsurface drainage systems (Young, 1970). Van Schilfgaarde
(1965) reviewed and evaluated several of these analyses, He pointed
out that most of the analyses including Boussinesq, Glover, Tapp and
Moody, Krayenhoff, Maasland and Brook equations, are based on the
simplified Dupuit-Forchheimer assumptions; and a few analyses,
including the equations of Bouwer and Van Schilfgaarde, Wiser and
Ligon, are based on the time-independent relationship between water
table height and drainage rate assumptions. Van Schilfgaarde has
also shown that, of the various steady and non-steady state drainage
flow equations, Hooghoudt's formula, equation (1), for spacing
computation gives the least percentage difference between the actual

and calculated spacings.

Luthin (1973) reports that there are as many as 160 different
theories associated with subsurface drainage. He states that the
Hooghoudt's theory is simpler to use than most others and gives

significantly small error to be widely acceptable.

It should be mentioned that Guyon's equation (Lagacé and
Sylvestre, 1976) has been used extensively for drainage design work
in France and Quebec. However, both the Hooghoudt and Guyon formulae
are based on Dupuit~Forchheimer assumptions and they give similar

results when applied to the same field conditions,
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2.2 Water balance and subsurface
drainage design

The water content of a soil volume at any time depends on the
balance between water inflow and outflow and the changes of the soil
water storage. The basic idea in applying the water balance approach
to drainage design is to use some mathematical bookkeeping equations
to balance the input and output of a drainage system for some specific
time intervals and the process is repeated for a large number of

years for which the weather data are available.

In 1965, Van Schilfgaarde (1965) applied the water balance
approach to compute the daily water table height above a drain from
daily precipitation input. He mentioned that the design criteria for
drainage systems would be more meaningful if they take into account
the probability distribution of water table height rather than
considering only a constant water table level (steady state), or an
assigned rate of water table level (non-steady state). He also
pointed out that the concept of developing frequency distributions of
water table heights by using a water balance model is important and

feasible.

Taylor and Watts (1967) have used a water balance model to
compute water table frequencies corresponding to various arbitrarily
selected spacings and drainage rates. lThey did not apply any
particular spacing equations, but had proposed regression equations

between water table depth and time.
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Young and Ligon (1972) had modified the water balance approach
proposed by Van Schilfgaarde after verifying it with five months of
field data. They used the modified model to compute both soil
moisture and the daily water table heights above the drain with long-

term meteorcleogical data.

Foroud and Broughton (1974) adopted the probability analysis
concept to predict the water table position by means of a water
balance model with long-term precipitation and evapotranspiration

data.

Skaggs (1975) has used the water balance approach to develop a
water management model to predict the response of the water table and
the soil water regime above it to rainfall and evapotranspiration.

He used the model to evaluate conventional drainage systems consisting
of both surface and subsurface components, and for drainage systems

with water table control and with subirrigation.

Chieng (1975) developed a drainage model for water balance to
obtain frequency distributions of water table depths above the drain
for different drainage rates, available soil moisture contents,
drainable porosities and drain depths. In his model, Hooghoudt's
equation was incorporated to compute the drainage rates at different
water table depths. The model has been used by Chieng et al. (1978),
Asselin (1978), Bhattacharya (1978) and Holsambre and Sinai (1979)
with different weather data inputs. All studies mentioned above had

carried out field observations (water table depth measurements) in
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fields with subsurface drainage systems installed in different areas
in the St. Lawrence Lowlands and in Israel. The field cbservations
were used to verify the model by comparing the predicted and observed

water table depths. Good agreements were found (Chieng et at, 1978).

In this study, Chieng's model will be used to generate

drainage criteria for the system design when needed.

2.3 Subsurface drainage system
design practice

In order to provide a background perspective for the work
presented later, an outline of the current subsurface drainage system
design practice seems to be desirable. The outline is based on the
literature noted, personal experience of the author and verbal

discussions with drainage system designers.

The general practice for design of subsurface drainage systems
for those flat lands in the Provinces of Quebec and Ontario, as
indicated by Hore (1968), Jutras and Irwin (1970), Broughton (1972),
Ministry of Agriculture and Food, Ontario (1976), and Ministry of
Agriculture, Quebec (1978) includes the following steps:

1. A topographic survey is carried out in sufficient detail to give
field elevations to the nearest 50 mm.

2. A spot elevation map is prepared for the area to be drained,
showing spot elevations and topographic symbols.

3. From the spot elevation map, a coﬁtour map is prepared. Possible

outlet locations and contreolling elevations are noted.
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Auger hole tests are carried out in the field to obtain the
saturated hydraulic conductivity and information of soil types
and layering conditions. If the water table is low at the time
when auger holes are dug, an estimate of the hydraulic con-
ductivity or necessary drain spacing is made from observation of
s0il structure and experience with drainage performance on
similar soils.

From the information on the soils, climatic conditions and the
knowledge or experience with drainage installations in the
region, a design drainage rate (drainage coefficient) is selected
and the spacing between laterals is calculated by using the
selected drain spacing equation.

Subdrain diameters are selected on the basis of having sufficient
capacity on the installed grade to discharge a given drainage
rate from the area feeding the drain.

Finally, a drainage system plan is prepared to show information

necessary for the installation and future maintenance.

The sequence of these steps in the process to prepare drainage

system design plans is indicated in Figure 2 in a form which shows

steps aided by computer programs.
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2.4 Computer graphics for drafting
and drainage system lavout

It is a well-known fact that the computer has revolutionized
our society in the past two decades. Man's horizon has been widened
because of computers., During the past ten vears, men and women have
used computer systems to teach, contribute to knowledge and improve
our environment, solve highly technical problems, and draw complicated
engineering, architectural, medical, artistic, structural designs and

simulations on picture tubes (Potts, 1975).

Among others, computer graphics is one of the important, far-
reaching, sophisticated and glamorous endeavors of the computer field.
It has blossomed out from the stage in which it was confined almost
exclusively to the large-scale industries of aircraft, automobile and
petroleum engineering in the past decade (Parslow et al., 1967).
Recently, with the advent of microprocessor and hence reduced cost in
graphics systems, the computerization of engineering drawing tasks

entered the drafting field.

Engineering drawings are a means of visual communication from
the design stage on through the production cycle. Concepts are
conveyed, reviewed and revised via the drafting medium throughout
engineering work. A maximum effort has been made to reduce the cost
of human labour and to minimize human errors. The automatic drafting
machine has been introduced as an aid in minimizing these costs and
errors and to relieve the draftsmen from the many tedious, time-

consuming and routine tasks, such as lettering and making new
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drawings of a revised design which has only a few changes from

previous drawings.

Application of computer drafting is growing constantly. At
the present time, some of the areas covered are in architecture,
business, education, engineering, industry, medicine and science. In
science, computer drafting has been used in atomic structure analysis,
nuclear explosion, seismograms, weather data mapping, radio telescope
studies, satellite flight tracking and submarine hull designs. In
industry, applications include critical path method and planning
evaluation review techniques, automobile and aircraft designs and
gas line distribution. In medicine and psychiatric diagnosis, it has
been employed in such studies as the biomedical research on the graph
of sound vibrations in the inner ear and the speed of heart beats.
In engineering, computer drafting has aided in air traffic recordings,
traffic pattern analysis, analogs and contour mapping. In business,
studies of inventory and budget control, advertising and market
research, profit and loss trends, as well as financial analysis, have
been aided., Samples of the items mentioned above can be found in
Sedgewick (1974), Potts (1975), Wright (1975), Godfrey (1977),
Whitsed (1978), Bleackley (1978), Kellie (1979) and Computer Data

(1979).

A literature search for this topic was carried out by using
the CAN/OLE (Canadian On Line Enquiry System) and DIALOG Searching
System of the United States. It is found that during the past 15

years (1964-March 1979), there were about 5000 studies regarding
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drainage and/or computer. Among those, only the work presented by
Renner and Mueller (1974) was applying the computer and computer
drafting techniques in the field of subsurface drainage system design
and layout. However, the study was aimed at finding the sensitivity
of the system cost to drain spacing computed by using the formula
suggested by Dumm, Moody and Tapp (Renner and Mueller, 1974). This
program shows horizontal positionsof drain lines between manholes but
cannot produce detailed plans for subsurface drainage systems.
Features such as slopes, lengths and depths of drains, directions of
flow, etc., cannot be produced by their program. Nonetheless, they
made a good step toward the application of computer drafting

techniques to the field of subsurface drainage.

Recently, Murphy et al. (1979) and Kok and Bégin (1979) have
used the computer drafting in preparing topographic spot elevation
and contour maps. The former have developed a set of short programs
for plotting the spot elevations from stadia survey data and the
latter have developed a program for drawing contour lines from spot
elevation data. These topographic and contour drawing programs are
used in the present study with some modifications to produce spot

elevations and contour lines for subsurface drainage system design.



CHAPTER III

METHODOLOGY CONSIDERATIONS

Broadly speaking, the study reported in this dissertation
consists of three parts., In the first part, information on the
available hardware for computer-aided drafting was gathered and
examined., Among these, the accessible devices were closely studied.
In the second part, a set of programs for designing and drafting the
drainage system were developed. During the processes, some existing
programs which may be modified and co-operated in the study were also
reviewed., In the third part, the developed programs were used to

design and lay out the actual system plans.

3.1 Hardware for computer drafting

It is recognized that there are two distinct divisions in the
field of computerized drafting systems. These are passive and inter-
active drafting. Interactive computer drafting is associated with
glamorous graphics as illustrated by commercials on television. This

drafting uses a display console in interactive mode. Passive drafting

19
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includes plotters, microfilm recorders and other devices which usually
do not allow immediate active participation. Generally, a computer-

ized drafting system consists of both passive and interactive devices.

There are many different types of hardware on the market
currently, such as equipment manufactured by Tektronix, Hewlett-
Packard, Calcomp, Wang Lab, Versatec, Gould, Gerber, etc. Bleackley
(1978) indicates that Tektronix, Hewlett-Packard and Calcomp are
found to be the most popular devices and dominate the computer

graphics and drafting fields at the present time.

In this study, the following devices were used:

1. A Tektronix 4051 terminal.--This graphics CRT (Cathode

Ray Tube) terminal is located in the Agricultural Engineering
Department at the Macdonald Campus. It was used to compile and
debug the drafting programs which it links to the host computer, an
Amdahl V7, at the McGill University Computing Centre, via a data
phone. The outputs can be routed to Calcomp plotter or produced in
small size by the Tektronix 4631 hard copy unit attached to the

terminal.

2. A Calcomp 663 plotter.—-The McGill Computing Centre

operates a Calcomp 663 digital incremental off-line plotter using

output produced by a program run on either the Operating System (0S)
or McGill University System for Interactive Computing (MUSIC). This
particular plotter is a two-axis cylindrical plotter whose plotting

surface is the face of the cylinder. Movement of the paper in the
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X-direction is obtained by rotating the cylinder, while movement in
the Y-direction consists of moving the pen across the face of the
cylinder. The pen itself has an up and down position which controls
the flow of ink onto the paper. A brief sketch of this plotter's

movement is shown in Figure 3,

Communication of pen movements to the plotter is performed
by passing arguments to a number of supplied FORTRAN subroutines
(Fox, 1978). Plotting instructions are written on an 800 BPI (Bytes
per inch) 9-track tape which the computing centre provides. The
plotting instructions are sensed from the plot tape and appropriate
action is taken by the plotter. The largest individual pen movement
in any direction is 0.0635 mm (0.0025 inches). By combining a series
of short movements, the plotter is able to draw smooth curves. When
the plot program redefines the origin, the plotter senses this and
increases its counter by one. The plotter operator can then be
instructed to set the counter to stop at any origin redefinition and
can change the pen size or ink colour at that point. The plot then
continues from the exact position at which it was interrupted.
Different sizes of pen, colours of ink and types of paper for the
plotter are detailed in the Calcomp Digital Plotter User's Guide

(McGill University Computing Centre, 1978).

In general, plotting jobs should be able to be performed by
either off-line or on-line plotting systems. However, all the

plottings in this study were done by the off-line method since the
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McGill Computing Centre has no controller to operate the on-line
system. Figure 4 illustrates the steps in off-line and on-line

drafting systems.

3.2 Software for computer drafting

Among the computer languages, FORTRAN, COBOL, RPG, PL/1,
BASIC and ASSEMBLER, Fortran is the most popular language for science
and engineering work (Vaskevitch, 1979). Fortran is widely used as
a graphic language. Most of the graphic subroutines or packages like
Calcomp, Automat and Tektronix Plot 10 are written in Fortran. In
this study, all programs and subprograms are written in Fortran
language which can easily call the existing Calcomp subroutines and

be called by other programs.

The following few sections discuss the software packages

developed and used in the current study.

3.3 Topographic map preparation

An accurate topographic map is essential for good drainage
planning. Ground surveys using stadia techniques are currently the
most common method of collecting the required topographic information
for drainage system design. Aerial photographs can be useful in
providing auxilliary information on vegetation, pondings, wetland
locations, etc.; but expensive, detailed supplementary ground surveys
to establish the elevations of the control points are necessary if

topographic maps are to be produced photogrammatrically. Because of

23
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the requirements for vertical-axis accuracy in maps for drainage
planning, low altitude photography is necessary, requiring several
photographs to cover the average farm. Also, air photos should be
taken ata time when vegetation and snow cover do not interfere with
the observation of ground points. Experience has shown that the
stadia survey is a sownd choice (Harrington, 1976), although its
efficiency can be substantially improved by the introduction of some

modern measuring equipment and data processing techniques.

The programs developed by Murphy (1978) for topographic map
plotting from stadia surveyed data were used in the study with some
modifications, The programs are written in Fortran language and

consist of the following components:

1. Input section.--There are four short programs in this

section. The main task of this section is to transfer the data from
card deck or recording tape to magnetic disk on the system. It also
corrects or deletes the bad or unwanted data if necessary. After

the processes of this section, the raw data are stored in the system

as INPUTFILE.

2. Processing section.--This section consists of ten programs

It calculates the horizontal and vertical distances for the stadia
survey. If the survey involves more than one instrument station, the
readings from the different stations will be converted into single-
station readings by using trigonometry and the observations from the

3-sighting method of moving from station to statiom., All the numeric

25
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alphanumeric and alphabetic codings in the INPUTFILE are converted

into mapping information and stored as a new file called MAINFILE,

3. Plotting section.--The MAINFILE that was created in the

previous section is processed in this section. A new file known as
DRAWING~FILE is created at the end of this section. The plotting
section has a listing program that displays the contents of the
DRAWING-FILE, an update program that is used for editing purposes,
and a plotting program that produces the complete spot elevation

topographic map.

Figure 5 illustrates the step~by=-step process of the topo-
graphic mapping program. The detailed descriptions are documented by

Murphy (1978).

3.4 Contour map drawing

In the conventional way of subsurface drainage plan prepara-
tion, the production of a contour plan from a spot elevation map is

an essential step.

Kok and Bégin (1979) point out that contour drawing in agri-
cultural industries is usually done by draftspersons. It is a routine
activity which is time-consuming, boring and expensive. After
reviewing a number of computerized contouring methods and several
existing contouring programs, they selected a method which is suitable

for farm lands and wrote their own contouring program.
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The program was tested by comparing the program-generated
contour maps to those drawn by the skilled draftspersons using the
same field-surveyed data. Good agreements were found (Kok et al,
1979). They also found that it is cheaper to produce contour maps
by using computer drafting than manual drawing. The descriptions
of the contouring program were detailed by Kok et al (1979). The
program was used in the study to produce the contour lines for
subsurface drainage system design purposes.

3.5 Develepment of system design
and layout programs

Subsurface drainage systems in general use are the interceptor,

natural or partial, herringbone and gridiron types shown in Figure 6.

Among these four types, the gridiron type is the most common
system used for flat lands (Schwab et al., 1970; Broughton, 1972).
Interceptor and partial drainage systems are used for undulating
lands where the subsurface drainage needs are localized. Although
the drainage design program was written on the basis of the gridiron
type drainage system, it can be used to produce plans for gridiron,
herringbone and the combination of these two types of drainage

systems.

In the next few sub-sections, the eveluation of parameters
used in the system design and the development of the design and

layout programs are discussed.
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3.5.1 Evaluation of parameters used in sub-
surface drainage system design

In planning a subsurface drainage system, designers must take
into account many aspects of soil physical characteristics, climate,
crops to be grown and topography. The specific combination
of these factors for a particular farm gives the design its own final
shape. Van Dort (1974) states that drainage areas which look similar
at first glance, may turn out to be very different in some of their
factors and their drainage systems will be different in the end.

Some of the requirements for a particular field may be contradictory,
and meeting all of them will be impossible. The final design will
therefore be produced by weighing several possibilities, and the
result will be a compromise. Risks and disadvantages can never be
entirely excluded, but the aim is to ensure that the total negative
influence is as small as possible. The design and drafting programs

developed in this study take into account many design requirements.

Hooghoudt's equation (S? = (8 Kpdgh + 4 Kah2)/R) is used to
obtain the spacing between drain laterals in the design. The symbols
of the equation are depicted in Figure 7, Noting from this figure

that h = DD - DWD, the equation may be expressed as

8 K, d,(DD~DWD) 4 Ka(DD-DWD)2

§2 = = + = e (B

where DD depth of drain, m

DWD

minimum desirable water table depth from ground

surface, m

Other symbols have been defined in equation (1).



31

"SuUIDIg o} Mojd 10 yoyayg

184D s|qpewiaduy

uoliiuyjaq

AR FLT N

83v}ing [j08




32

In the design program developed in this study, the elements in

equation (4) are determined in the following ways:

1. Drainage rate (R).--Selection of drainage rate is based on

the climatic regime of the region as well as soil parameters and the
water table depth requirement of the particular crop and field
machinery operations. The water balance computer drainage model
developed by Chieng et al. (1978) can be operated for several drainage
rates with different combinations of soil parameters with the climatic
data for the region of interest. Table 1 shows some of the results
generated by this model using weather data for St. Hyacinthe, Quebec.
Results for other sets of soil and drainage parameters could be
obtained by running the model with different inputs. TFrom these
computer outputs, designers could select an adequate drainage rate to

suit a particular field,

2, Drain depth (DD).--Depth of the subsurface drainage

systems is generally chosen within the range that can be reached by
available drainage machinery. In the Provinces of Quebec and Ontario,
drain depths used are generally varied from 0.8 to 1.5 meters. The
cost per meter of drains installed is relatively constant for depths
less than 1.3 meters, but increases rapidly with depths greater than

1,3 meters.

From inspection of equation (4) it can be seen that wider
drain spacings should be able to be used as the drain depth is

increased., However, there are several constraints on selection of



TABLE 1. Design drainage rates generated for different soil parameters and drain depths
using St. Hyacinthe, Quebec, weather data for the 35 years 1941 to 1975

Drainable Region A Region B
Drain porosity Successive
depth (m3/m3) days Condition I Condition II Condition I Condition II
(m) Upper Lower duration (um/day) (xm/day) (mm/day) (mm/day)
zone zone
0.07 0.05 4 10.5 12,0 6.0 9.0
1.0 0.07 0.05 3 12,0 15.5 7.0 16.5
0.07 0.05 2 14.5 19.0 9.0 12.0
0.07 0.05 4 10.5 12.0 5.1 6.0
1.4 0.07 0.05 3 12,0 14,0 6.0 7.3
0,07 0.05 2 13.4 16.4 7.3 9.0
0.07 0.05 4 9.0 12.0 3.5 5.0
1.8 0.07 0.05 3 10.5 13.8 4.0 6.0
0.07 0.05 2 12,0 16.0 5.0 7.5

Note: Region A = for those areas whose cultivation season must begin in April.
Region B = for those areas whose cultivation season begins in May (or after April).

Condition I = when the allowable water table 1s 30 cm or less for not more than
the indicated number of successive days duration for a once-in-5-year return period.

Condition II = when the allowable water table is 50 cm or less for not more than
the indicated number of successive days duration for a once-in-5-year return period.

£



drain depth. For irrigated soils where soil salinity problems could
occur, the drains should normally be 1.8 meters deep or deeper. For
humid regions where salinity is not a problem, drain depth may be
restricted by the depth of the outlet watercourse, or by the require-
ment to maintain a drain slope of at least 1 mm/m, even if the land
is flatter than this. In some sandy soils it is desirable to keep the

drains between 0.55 and 0.8 meters if possible.

3. Desirable water table depth (DWD).-~It can be seen from

equation (4) that including the term DWD will lead to a conservative
system design in a sense that, for a given R, drain spacing will be
reduced if DWD > 0. The value of DWD depends on the type of crop
grown and its root zone depth. It appears that 300 to 500 mm is a
widely used range for DWD (Bhattacharya, 1978; Chieng, 1975; Luthin,
1973). The value of 400 mm was selected and used in the design
program. For soils where DD must be kept smailer than 0.8 m,

economics may cause the designers to accept DWD wvalues as low as

200 mm,

4, Equivalent depth (de).--de is the depth of effective flow

below the drain. It is a function of the drain spacing (S), drain
tube radius (r) and the depth to impermeable layer below the drain
centre (d). Van Schilfgaarde (1963) has suggested the use of
equivalent depth to replace the actual depth to the impermeable
barrier as a means of accounting for the physical convergence of flow

lines near the drains. Van Beers (1965) prepared a nomograph to
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obtain de from known values of S and d for a specific drain radius of

100 mm,

In Quebec and Ontario, the most commonly used drain outside
diameters are 100 mm, 120 mm, 175 mm, 240 wm, 300 mm, and 360 mm.
In the mid-western United States much tubing of 150 mm outside
diameter is used. In this study, different graphs for obtaining the
values of dg from d and S are presented for these drain diameters
(see Figures 8 to 14, inclusive). The values of ds for different
drain tubes radius were generated by using the Hooghoudt's equivalent
depth equations reported by Moody (1966). The equations may be

expressed as

- 4.8 d -1
de = [1+ 5 in - a)] -d N ).
when O <~% < 0.3
d d, o
where o = 3.55 - 1.6-§-+ Z(EO e . (6)
and  de = [%(1:1(—5—) - 1,151 s NG
when Q_> 0.3
)
where de = equivalent depth, m
S = sgpacing between lateral drains, m
d = depth of impermeable layer below drain centre, m

r = vradius of the drain tube, m
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For many farms in the St. Lawrence Lowlands, it appears that
de of 1 m is an acceptable value (Broughton, 1972; Chieng, 1975).
For the sake of simplification, dg of 1 m was used in the design
program. However, different values can be assigned to design for
drainage areas where soil information indicates other values to be

appropriate.

5. Hydraulic conductivity (K,, Kp).--K, and K, are the

hydraulic conductivities of the soil above and below the drain,
respectively, If K, = Kb’ then the seil is said to be homogeneous
with respect to hydraulic conductivity. There are at least 10
different methods which could be employed to determine the hydraulic
conductivity (Broughton, 1972). Among these, the single auger hole
method has been widely used in the field measurements. A detailed
description of the procedures of the auger hold method is given by

Van Beers (1970).

Auger hole tests should be made when the water table is 200 to
500 mm below the soil surface. In the region of the Ottawa and
St. Lawrence lowlands, water table conditions are suitable for auger
hole tests primarily in the months of April, May and November.
Occasionally, conditions are suitable after rainy days in the months

of June, July, August, September and October.

When drainage planning could be done ome year and construction

in a later year, it is.then possible to schedule auger hole test at

times when the water table conditions are suitable. Currently,
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farmers and contractors are more frequently wanting to have drainage
plans prepared in summer for comstruction within a few weeks. In such
cases, water table conditions are often not suitable for auger hole
tests. Applied research efforts are needed to develop methods other
than auger hole tests to obtain reasonable values of hydraulic con-—
ductivity for drainage design work. Possible methods which should

be investigated for field production use are: the air-entry permea—
meter test; soll cores for laboratory measurement of hydraulic
conductivity; and correlation of qualitative field observations of

soil texture and structure with hydraulic conductivity.

In this study, a separate program (HYCONS) was prepared to
compute the hydraulic conductivity directly from the data measured in
the field by using single auger hole method. The equation for the

auger hole method can be written as

K = 4000 r? LAY (8)
(DH + 20 £) (2 - =0)-v °F

where K = hydraulic conductivity, m/day
DH = depth of hole below the ground water table, m
Y = distance between ground water level and the average

level of the water in the hole for the time interval

At, cm
AY = change in ground water level in time interval At, cm
At = time interval, sec.

r = radius of the hole, cm
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Van Beers (1970) indicates that equation (8) represents an
empirically derived approximate expression of the results of a number
of relaxation constructions. It does not show the exact relationship
that should theoretically exist between the different quantities,
although value of K will be sufficiently accurate if the following

conditions are met:

3em< r<7ecem
20 em < DH < 200 cm

Y

v

0.2 DH
d > DH
and AY < 1/4 Y
where d = depth of the impermeable layer below the bottom of the
hole or the layer, which has a permeability of about

1/10 or less of the permeability of the layers above, cm.
The symbols of the equation are depicted in Figure 15,

Based on equation (8), the program HYCONS (Hydraulic
Conductivity and Drain Spacing) was written to compute the hydraulic
conductivity and the drain spacing from the field measured data. A
flow chart, representing the basic operations in the HYCONS, is

shown in Figure 16. The program is listed in Appendix A.

The program HYCONS can be used to process the measurements from
one up to two fields with as many auger holes as one wishes for each
field. However, if the computation is done for two different fields,

the design parameters, i.e., design drainage rate, total drain depth,
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and the desirable water table depth from the soil surface, for each
field should be declared. Otherwise, design parameters of the first

field will be used for the second field.

3.5.2 Development of design program

The Drainage System Design Program (DSDP) contains a main
program and several subprograms which perform different functions
under different conditions when called by the main Program. All
programs are written in standard Fortran language and were compiled
by Fortran IV Gl compiler. A flow chart of DSDP is shown in Figure

17 and a complete listing of DSDP is given in Appendix B.

Initially, the area or field that needs drainage must be
clearly defined. It will be called "design—area" from here on to
distinguish it from other areas. The design-area will be the total
area under consideration for which a system of parallel drainlines
connected by one collector will be designed. A field may have more
than one design-area or collector. The program can handle as many as
10 design-areas in a single run. It can be easily modified to handle

more than 10 design-areas if 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,

The locations of the outlets for the system should also be

defined. In the primary stage of this study, effort was made to
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locate the general slope and the outlet by using a gradient searching
program. Due teo the large amount of spot elevation points obtained
from the field survey, large computer memory and time were needed to
store and sort the data in order to get the general slope. It was
found that the method was not time efficient and cost effective. On
the other hand, after the topographic and contour map has been
prepared, the designer may need only a few minutes to select outlet
points and possible appropriate paths of collectors. Also, suitable
outlet locations are usually selected by the field crew when doing
the topographic survey. Therefore, after making several trials of
the gradient search by computer, it was decided not to use the
searching program but to require the designer to select the loca-

tions of outlet and collector during the design processes.

In order to define the relative field boundaries and outlet
positions, a grid will be placed over the topographic and contour
map. The locations of the field cormers can then be expressed by the
appropriate coordinates of the grid. The origin of the X~Y coordinate
is at the lower left cormer of the grid (see Figure 18). It should
be mentioned that the placing of the grid over the drainage plan is
optional, the designer can specify the option when running the

program.

Although the design-area can be in any shape as long as all
the field boundaries are straight lines, for the sake of description,
a four-sided polygon as shown in Figure 19 is used for illustration

purposes.
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Referring to Figure 19, 0; and O, are the start and end points
of the collector. Beta (B) is the angle between the lateral and
collector. Noting from the same figure that laterals are on the left
hand side of the collector when B is greater than zero and on the
right when B is smaller tham zero. If 8 = 0, the program will issue
a warning and stop execution since laterals will run on the same path

as the collector does.

The program was constructed in such a way that corners of the
design-area are numbered clockwise or counter-clockwise depending on
the algebraic sign attached to the angle beta, When B8 has a negative
sign, cormers are numbered counter-clockwise, otherwise corners will
be numbered clockwise. However, corner 1 is adjacent to point 0; all

the time (see Figure 19 (a), (b), (c) and (d)).

It should be noted that 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 O; by a conduit or open ditch as shown in Figure 20

(a) and (b).

It should also be mentioned that the collector may or may not
be a single straight line. It may consist of two or more straight
line segments with different directions or slopes as shown in case
(c) of Figure 20. The program developed in this study can be used to
design a drainage system with a collector consisting of a single
straight line or a collector with two straight line segments.
However, the program can be easily adjusted to handle the case where

a collector consists of more than two straight line segments.
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After the program has read all the necessary data from card
deck or on-line device, it proceeds to design the drainage system in

the following ways:

Firstly, the connections of the laterals and collector are
determined (i.e. (X;, Y)) points in Figure 21). The following

equations were developed for determining the (¥;, Y;) points.

(Xl)i = 0X; + AX-(214 - 1) for O0° < 8 g 90°, i=1,N N €°))
(Xl)i = 0X; = AX-(21 - 1) for 90° < 6 g 180°, i=1,N R G X¢))
(Yl)i = 0Y; + AY-(21 -~ 1) for 0° < § < 180°, i=1,N . . . (AD
where
AX = S.EEE_E (12)
sin B e '
sin 6
AY = sin B ... (13)
and
S = spacing between laterals, m
g = angle between lateral and collector, degree
8 = angle of the collector from X-axis, degree
i = subscript, i.e., i = 1,2,3,...N

(See Figure 21 for notations.)

The total number of laterals required in a design-area is

denoted by N which can be determined by the equation:
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J (0Xy - 0X1)2 + (0Yy - 0Y;)2:Sin B
N = A ¢ X))
s

where (0X;, 0Y;) and (0X,, 0Y,) are the X-Y coordinates of the points
01 and 0y and S and 8 as defined before.

In the case where N is not an integer number, the next larger
integer will be used and the spacing between laterals will be adjusted
accordingly. The adjusted spacing is normally a little narrower than
the value obtained from the HYCONS program. This will lead to a more

conservative design and give slightly better field drainage.

After all the (X;, Y;) points have been computed, straight
lines will be extended from (X;, ¥;) to the design-area boundaries
with an angle B (lines are imaginary and not actually drawn). All
lines will be ended at points (X3, Y) at the boundaries as shown in
Figure 21. Points (X, Y5) can be calculated by the following

equations:!

CY¥y - Y7 = M1-CXy + My-X,y

XZ = e o e (15)
Mo —= My
Yo = Yo + Mp- (X, - X71) ... (18)
CY, - CY;
where M; = slope of the boundary, i.e., M; = tan(EiE—:—Eﬁzﬂ

in this case,
M, = slope of the lateral, i.e., My = tan(® + B) in this
case.,

CX1,C¥; = coordinate of the corner Cj.
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Note from equations (15) and (16) that (CX;, CY;) will be
changed to (CX;,CYp) if the point (X,,Y,) falls on the second boundary
and to (CX3,C¥3) if (X2,Yy) is om the third boundary. The slope of M,

will be changed when (CX;,CY;) is changed.

One of the basic design conditions was that all laterals should
be started a half-spacing away from the boundaries and ended at collector
or outlet. To satisfy this condition, (X3,Y3) points (see Figure 21),
which are one half-spacing from (Xp,Y2), are calculated. The following

equations were used:

We
X3 = Xp + [|———— < .. A7
F2 +1
8 +8+4# 90°
for o
Y3 = Y5 + Fe(X3 -~ Xp) 6+ 8718 ... (18
X3 = X2 e s (19)
for 9+ 8 = ¢0°
S
Y3 = Y, -3 (20)
s
X3 = X -5 . 2n
for 6+ B = 180°
Y3 = Y5 ... 22)
where F = tan(s + B)
S
W = m .. (23)
1 M-
and ¢ = tan (

1+ MM )
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drain spacing between laterals

My ,Mp

slopes of field boundary and lateral, respectively.

If the boundary is parallel to Y-axis, i.e., M; = @, then

equation (24) should be used instead of equation (23).

W 5:112 (24)
2(X; - X) e
where
lj2 = distance between points (X;,Y;) and (%,Y5).

Finally, straight lines joining the points (X;,Y¥;) and (X3,Y3)
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 as will be discussed in the

next sectiom.

3.5.3 Description of layout program

Similar to DSDP, the Drainage System Layout Program (DSLP)
was written in standard Fortran language. However, it was debugged
and tested by using the catalogued procedure PLOTTEST created at

McGill University Computing Centre.

DSLP is composed of a main program and 25 subprograms. The
main program reads the data from disk file or card deck generated by
DSDP as discussed in the previous section., Additional data could be
supplied on punched cards if necessary. The main program initiates

and terminates the plotting operation by calling the subroutines



61

PLOTON and ENDPLT, respectively., The subroutines PLOTON and ENDPLT
must be called once, and only once, at the beginning and at the end
of the main program. A generalized flow chart of DSLP is shown in

Figure 22 and a complete program listing is given in Appendix C.

DSLP's main program also determines the positions where the
grades or pipe sizes of the drain lines need to be changed., It
estimates the maximum areas that can be drained by the hydraulic
capacity of a given drain pipe size with a specific design drainage
coefficient. The equation used to determine the areas drained was

derived from Manning's formula (Chow, 1959) and can be expressed as,

Ac _ O.31i685 . (DIA)8/3(SL)1/2 . §§%gg .. (25)
where
A, = mnaximum areas drained, sq.m
n = Manning's roughness coefficient for the drain pipe
DIA = diameter of the drain pipe, m
SL = slope of drain pipe
R = design drainage rate, m/day
86400 = conversion factor from flow rate per day to flow
rate per second.
The areas drained by each lateral can be found from the
equation
g2
Al = L+ §+ 5 . .. (26)
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where Al = maximum areas drained by a given size of drain line,
m?.
L = length of the drain line, m
S = spacing between laterals, m.

If the drain pipe capacity is not to be exceeded, the areas
Al must not be larger than Ac. In general, the collector size should
be gradually enlarged, starting from the upper end of the line because

more and more laterals are connected to it along the line (see Figure

23).

The full flow hydraulic capacity of some commonly used plastic
drain tubes has been estimated by Wesseling and Homma (1967),
Hermsmier and Willardson (1970), Irwin (1971), Broughton and Ami
(1975), Ami, Broughton and Shady (1978) and others. The Manning's
roughness coefficient of plastic drain tubes of several makes has
been measured by Broughton and Negi (1971) and Irwin and Motycka

(1979) as given in Table 2.

Subprograms in DSLP were initially prepared for plotting key-
symbols for the drainage plans, but most of them were generalized and
can be used in DSLP as well as in other Fortran programs. These
subprograms call 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, etc. Different subprograms have dif-

ferent functions and options. The subprogram AROL has been used
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TABLE 2, Representative Manning's n values for
some plastic drain tubes

Plastic drain tube diameter Manning's n value

(zm)
80 + 0.0167

100 =% 0.0160

150 + 0.0160

200 =* 0.6190

250 % 0.0180

300 = 0.0220

T After Broughton et al. {1971).

% After Irwin et al. {(1979),
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to exemplify the flexibility and applicability of the subprograms in
DSLP. 1Input formats and their options are specified in each sub-

program as shown in Appendices C and D.

As can be seen in Figure 24, subprogram AROl draws the North
Arrow in different sizes and orientations as required. Case (1)
indicates the North Arrow is 2 inches long at 90° from X-axis.
Case (2) shows an arrow of 3 inches long at 230° from X-axis, and
North Arrow in Case (3) is 4 inches long with an angle of 60° from

X-axis,

Figures 25 through 27 are the samples drawn by some of the sub-
programs. Other symbols produced by DSLP's subprograms can be seen in

the completed drainage plans given in Appendices F, Ul and H2.

DSLP requires a setup step that instructs the console operator
to mount a plottape. In addition, instructions can be sent directly
to the Calcomp plotter operator at this time. The plotter is off-
line at McGill Computing Centre and the instructions are copied by
the console operator onto a card that accompanies the completed

plottape.

Plans produced by using DSLP can be drawn in a variety of pen
sizes and ink colours. However, it is necessary to execute a
particular plotter instruction (origin redefinition) in order to

pause the plotter so that the plotter operator may make changes,

It should be mentioned that the subroutine PLOTON defines the

plotter's origin twice. Therefore, with DSLP, plotting starts with
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the plotter's origin #003. The first redefinition of the origin sets
the counter to #004, and each subsequent origin redefinition increases
it by 1. With the following JCL statements, the plottape is mounted
and the message concerning the pen sizes is displayed at the comsole.

DSLP itself will then execute.

// EXEC SETUP
//SETUP.SYSIN DD *
T8=PLITP (RI,SL,30" PLAIN PAPER. PENS: 0.3mm AT START #003,)

(CONTINUED. 0.5mm AT #004, AND 0.8 mm AT #005. THANKS)

A complete setup JCL can be seen in the program listing in

Appendix D.

3.5.4 Profile program

In drainage system 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 supplement plans of

drainage systems.

In practice, the vertical scale for a unit of distance is very
much greater than the horizontal in order that the vertical distances
may be more accurately represented, The scales of 1 m to 50 m for
vertical and 1 m to 3000 m for horizontal in the profile drawings are
currently used by most of the design engineers in the Ministry of

Agriculture of the Province of Quebec. However, designers in
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different regions may use different scales in drawing profiles for

particular purposes.

The profile program developed in this study can be used to
draw any magnitudes of vertical and horizontal scales. The vertical
and horizontal scales need not be the same. Two profile samples
representing two different scales drawn by the program are shown in
Figures 28 and 29. The listing of the profile program is given in

Appendix E.

Since the plotter operated by McGill University Computing
Centre was designed in Imperial umits, the conversion from Imperial
to Metric units was found to be impractical because of the rounding
error performed by computer during the computation and conversionm.
However, the programs developed in this study can be used with minor
modifications, i.e., changing the labels from feet to meters, etc.,
if the plotters used are designed in metric specifications. Currently,
new machines manufactured by Calcomp (Guardado, 1979) and Hewlett-
Packard (Cascla, 1979) are designed in metric specifications; The

programs may be used with those plotters in the foreseeable future.
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CHAPTER IV

RESULTS AND DISCUSSION

4.1 General

A systematic approach for designing subsurface drainage
systems has been developed. Programs have been developed to direct
a computer plotter to draw drainage plans. The entire process can
be completed in four steps after the spot elevatlions of the field
have been obtained. The block diagrams shown in Figure 30 illustrate

the functions in each step.

The spot elevation topographic program (TOPMAP) developed by
Murphy (1978) was modified and used to compute the X~Y coordinates
for each of the spot elevations (Z) from the field survey data. The
spot elevations were plotted at appropriate X-Y positions after the
values of X-Y were determined. It was found that TOPMAP can be used
to draw topographic spot elevation maps at any desired scale.
Figures 31 and 32 are examples of spot elevation maps produced with

different scales. Figure 31 was drawn on a paper 1l inches (28 cm)
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Spot elevation topographic map produced by program TOPMAP ( scale: 1

Figure 31.
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high with a scale of 1 inch to 100 feet (1:1200). Figure 32 was

plotted cn 30-inch (76 cm) height paper with a scale of 1 foot to

600 feet (1:600).

It must be mentioned here that most of the drawings reported
in this dissertation were drawn in Imperial units because the equip-
ment used such as surveying instruments, recording devices, and
Calcomp plotter, use inches and feet, Conversion to metric units is
found to be impractical. It was found that rounding errors occur in
converting figures, lengths of drain lines and elewvations of the
ground from Imperial to Metric units. Since there is a scale factor
involved in drawing drainage plans, a small deviation irn the length

or height may end up with troublesome error on the plan.

However, programs developed in this study can be easily
adjusted to work with equipment made for metric system, when such

equipment becomes available.

It was found that in order to program TOPMAP in an efficient
way, a good background of programming knowledge is needed. TOPMAP
involves several complicated Job Control Language (JCL) setup pro-
cedures., Some of these JCL procedures are found teo be difficult to
follow for those who are not familiar with JCL. It is felt that
TOPMAP could be simplified if it is used for production of a large

number of maps.

The contour maps, as shown in Figures 33 and 34, were drawn

by using the contouring program (CONTUR) developed by Kok and Bégin
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Figure 34.
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(1978). it was found that, unlike TOPMAP's complicated setup pro-
cedures, CONTUR only requires a simple single~step setup procedure
and it can easily be followed by a person with little programming
experience. The main reason may be the fact that TOPMAP handles
most of the complicated parts of computations, transformations and
conversions for spot elevation calculation from surveyed data,
CONTUR simply uses the results, i.e., X, Y, Z values, computed by

TOPMAP.,

It should be noted that the original CONTUR program drew the
contour lines but did not print the spot elevation value on the map.
In order to have the contour lines drawn as well as the spot eleva-
tions printed, CONTUR was modified. TFigure 35 shows a map of spot

elevation and contour lines produced by the modified CONTUR program.

Generally, it can be said that CONTUR can produce results
similar to those of a draftsman for drainage areas whose slopes are
less than 7 per cent., More spot elevation data are needed for areas
with a rapid change in slopes, i.e., a valley or a mound, in order

to obtain more accurate contour lines,

4.2 Advantage of the computer-aided
drafting system

DSDP and DSLP programs provide a faster way to design a
drainage system and prepare the designed system plans. It was

realized that many advantages can be gained by using a computer-aided
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Figure 35, Spot elevation topographic and contour map
produced by modified CONTUR program.
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drafting system in subsurface drainage system design., The most

distinct advantages are:

1. The speed of the drafting was increased. The author
experienced that the speed of computer plotting is very much
faster than manual drawing. Although some engineering consulting
firms claimed that computer drafting systems could cut map-drawing
man-hours from 2 1/2 man-years to 1 man-week (Civil Eng. ASCE,
1977; Computer Data, July 1978), it is the author's observation
that computer drafting can speed up work by only 5 to 10 times,
depending on the size of the jobs. Table 3 compares the time
spent by conventional manual drafting methods and computer drafting
methods developed in this study for the same drainage area.
Appendices Gl, G2 and H1, H2 show plans done by a draftsman and
computer plotter, respectively. WNote in Appendices H1 and H2 that
the lists of materials needed in the designed systems were presented

by computer.

It can be seen in Table 3 that more time can be saved in
steps 1 and 5 if the spot elevation data were recorded on a recording
device and an interactive screen terminal were used to edit the

data or generated results.

During the development of the DSLP program, it was found
that some of the irregular shapes and lines or curves are extremely
difficult to express in mathematical forms. Those irregular shapes

or lines may be drawn by draftsmen. However, a light pen
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TABLE 3, Comparision of time spent for manual and computer-aided
drafting methods

Step Manual drafting Computer drafting

1 Writing spot elevations at Punching spot elevation data
appropriate positions on a’ on cards (using IBM 029 kay-
master plan: 2 hours punch machine with drum

contral): 2 hours

2. Interpolation for spot Contour lines drawing and spot
elevations and drawing elevations lettering: 31 minutes
contour lines: 3 hours

3. System design parameters determined by designers

L, Design and draw the first Design and draw the first draft
draft of designed system on of designed plan by using DSDP
the tracing paper and obtain and DSLP : 1.5 hours
a blueprint: 8 hours

5. Modifications on the first Modifications on the first draft:
draft: 3 hours 3 hours

6 Draw the complete drainage Replot drainage plan: 52 minutes
plan on a master sheet:
24 hours

7 Contingencies: 1 hour Contingencies: 1 hour®

Total : 41 hours Total : 9 hours

*Including system downtime and data handling.
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or digitizer can be used together with a CRT screen terminal to trace
special lines or draw irregular shapes. The digitizer manufactured
by Hewlett—~Packard has demonstrated its applicability in handlipg the
task mentioned above. Due to financizl constraints, it was impossible
for the author to set up such an integrated system in this study. It
is suggested that further investigation for an integrated system
should be carried out when financially feasible; for example, when

the computer-aided drafting of plans becomes a commercial operationm.

2. The cost of the drafting can be reduced. By using
computer drafting systems, less drafting time is required for each
drafting job. This not only results in labour-saving but also
reduces space costs per job. By providing good draftspersons and
technicians with computer-aided drafting tools, the drafting group of
a company can produce plans for more land per year, with less time
delay and costs for the clients - in this case for the farmers and

the people who buy food.

A comparison between costs for the same job as discussed in

Table 3 is listed in Table 4.

3. Errors are reduced. It can be said that when drawings
are made and calculations done manually, errors are occasionally
made in looking up trigonometric functions, pressing wrong keys on
calculators, or on the drafting table in plotting wrong grades or

elevations. Since the computer is an error-free machine, the errors

can be reduced to a minimum when it is used for computing and
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TABLE 4. Cost comparison between manual and computer-aided drafting
methods

Item Manual drafting Computer-aided drafting
1 2 hr x $8/hr*= $ 16.00 2 hr x $8/hr = $16.00
2 3 hr x $8/hr = 24,00 Execution charges#=* = 9.90
156 min plotting x $20/hr***= 5,33

3 w-w===SAME -~ -~

4 8 hr x $8/hr = 64.00 DSDP execution charges = 3,71
DSLP execution charges = 6.06
18 min plotting x $20/hr =  6.00
5 3 hr x $8/hr = 24,00 3 hr x $8/hr = 24,00
6 24 hr x $8/hr = 192.00 Execution charges = 12,64
51 min plotting x $20/hr = 17.00
7 1 hr x $8/hr = 8.00 1 hr x $8/hr = 8.00
Total $328.00 Total $108.64

* The pay for drafting work varies with skill and may range
between $6 and 510 per hour. $8 per hour is the average pay.

*%* See Table 5 for the execution charges.

*%% McGill Computing Centre charges $20 per hour for Calcomp
plotting jobs.



TABLE 5, Samples of execution charges®

TOPMAP DSLP DSLP
Chargeable and CONTUR DSDP (first (complete
items program draft) plan)
€)) (%) ($) ($)

CPU 5.38 0.50 2,47 7.24
I/0 0.42 0.05 0.46 0.89
U/R 1.30 2.36 0.33 1.71
Setup 2.00 - 2.00 2.00
landling 0.80 0.80 0.80 0.80
Total 9.90 3.71 6.06 12.64

* Based on McGill University Computing Centre commercial charges.
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plotting under instructions from bug-free (or debugged) programs.
Quinn (reported by Godfrey, 1977) states that computer drafting cuts

off errors by 90 per cent.

4,3 Discussion of features of
programs and nomographs

It should be mentioned that all subprograms in DSLP developed
in this study were generalized. They can be used in DSLP as well as
in other standard Fortran programs where the Calcomp software package

is accessible.

In addition to DSDP and DSLP, two short programs, i.e., HYCONS
and PROFILE, were written. HYCONS was used to compute the hydraulic
conductivity (K) and drain spacing (S) between laterals from auger
hole measurement data. PROFILE was employed in drawing the profiles
0f collectors or laterals of the drainage system. Their functions

and examples were given in sections 3.5.1 and 3.5.4, respectively.

Since the single auger hole equation and the Hooghoudt
equation were  utilized 1n the HYCONS for K and S computations, the
equivalent depth (de) should be defined when using HYCONS. In this
report, nomographs for obtaining de for some commonly used drain
tube outside diameters, i.e., 100 mm, 120 mm, 150 mm, 175 mm, 240 mm,

300 mm, and 360 mm, are presented (see Figures 8 to 14, inclusive).

When K is obtained by other methods rather than auger hole
test, one may get the drain spacing from the multiple correlation

graph which has been developed and is given in Figure 36.
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Figure 36 is based on Hooghoudt's equation for a homogeneous
soil yse, h = H - 0.40 m, The 0,40 m in this case is the desirable
water table depth below the soil surface. For example, when design
drainage rate (R) = 12 mm/day, K = 0.5 m/day and de = 1 m, Figure 36
gives the drain spacing (S) of 22 m for a drain depth (H) of 1.4 m,

a spacing of 15 m when H is 1 m.

Another new multiple correlation graph (Figure 37), which
shows the relations between the areas drained (A), maximum allowable
length of the lateral (L), drain spacing (S), drainage rate (R),
slope of the drain line (SL), drain tube inside diameter (ID), and
drain tube hydraulic capacity (Q) was developed. Figure 37 provides
an easier and faster way to obtain certain numbers when other
parameter numbers are known. For example, if ID, S, R, SL are knowm,
L or A can be obtained from the graph immediately, i.e., ID = 100 mm,
SL = 0.1%Z, S = 30 m and R = 12 mm/day, L and A are found to be 300 =

and 0,95 ha respectively.

In general, it can be concluded that all the programs and
nomographs developed in this study give benefits of reducing the

time and cost of producing drainage plans per unit of land area.
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CHAPTER V

SUMMARY AND CONCLUSIONS

The design of subsurface drainage systems is a complex of
multi~disciplinary activities requiring both time and money. To
operate successfully, the designer needs to understand the process
of design and its component parts in order to be aware of the full

range of activities necessary for the satisfactory execution of the

project.

The principal objectives of this study were to develop
computer programs for drainage design calculations and for producing

drainage maps by computer controlled plotters.

The conclusions of this research work are summarized as

follows:

1. Adequate design drainage coefficients for different areas
in different regions can be obtained by using the computer drainage
model developed by Chieng et al. (1978). The model can be used to

run with as many years of weather data as are available for a
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particular region for different soil parameters. The recommended
drainage coefficients presented in Table 1 are based on the 35 years

of weather data from the Ste, Hyacinthe, Quebec, area.

2. The topographic mapping program developed by Murphy (1978)
was modified to prepare the spot elevation topographic maps from
survey data. The program can produce maps with different scales and
orientations as required. It was found that the program can prepare
good topographic maps with less time and cost compared with manual

drafting methods.

3. The contouring program developed by Kok and Bégin (1979)
was modified and used to draw contour lines from the spot elevation
data obtained in part 2. The program is able to produce contour
lines similar to those drawn by draftsmen. However, it was found
that more spot elevation data are required to cbtain more accurate

contours for those areas where the slopes change rapidly.

4, Programs DSDP and DSLP were developed for drainage systems
design and produce the plans of those designs with the aid of
computers and computer plotters. The additional two programs, HYCONS
and PROFILE, were written. HYCONS can be used to obtain hydraulic
conductivity and the drain spacing between laterals from auger hole
tests and design parameters. PROFILE is used to draw the profiles
of a collector or lateral when required. Both DSLP and PROFILE
conform to Fortran language and Calcomp software. These programs can

produce drawings in any desired scale.
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5. A list of materials needed for the drainage system can be
provided by one of the subprograms in DSLP. It lists the lengths of
laterals and collectors as well as their diameters alongside the
drain lines and in tables. The lists of materials needed can be
printed on separate paper by a line printer or plotted on the drainage

plan.

6. Samples of some designed drainage system plans produced
by the developed programs are given. All the necessary symbols and
figures such as slopes, flow directions, positions of laterals and
collectors, lengths and sizes of the drain lines, locations of fence
Jlines, streams and roads; north arrow and other key notes are pro-
vided. It is found that the drafting done by computer plotters is
faster and cheaper than by manual drafting methods. However, the
use of a light pen or digitizer may increase the speed in drawing
irregular shapes or lines which cannot be easily expressed in

mathematical forms.



CHAPTER VI

RECOMMENDATIONS FOR FURTHER RESEARCH

The following topics related to the work of this dissertation

are considered important for further investigations:

1. The spot elevation mapping programs need to be further
modified in order to provide an easier access for users who have
little programming experience. It should be modified to suit

surveying methods other than the stadia survey method.

2, An integral computer system containing a card reader,
line printer, disk and tape drives, CRT screen graphic terminal with
a light pen or digitizer is believed to be an ideal drafting system
for drainage design works. The performance of this sort of integral
graphic system should be investigated, when financially feasible;

that is, when production scale mapping is organized.

3. Methods other than stadia survey to obtain spot elevation
data should be studied. Electronic surveying instruments may be

investigated. Surveying work is considered to be an important but
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time~consuming and costly activity in drainage system design
processes., New electronic instruments may be able to help to speed

up the work and reduce cost.

4. New methods of survey data handling such as recording the
survey data directly onto a recording device during the field work
should be investigated. This should be able to reduce greatly the
time and effort in transferring data from notebooks to punched cards

as currently required.

5. Methods for obtaining hydraulic conductivity other than
single auger hole method should be investigated in order to obtain
the data when the field conditions are not suitable for use of the
auger hole method. Methods like the air entry permeameter test or
soil cores for laboratory measurement of hydraulic conductivity; and
correlation of qualitative field observations of soil texture and

structure with hydraulic conductivity should be considered.
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APPENDIX A

LISTING OF COMPUTER PROGRAM FOR HYDRAULIC CONDUCTIVITY
AND DRAIN SPACING CALCULATIONS, HYCONS
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OO0 OO0 0000000000000 000On
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30
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et ek s s e o e e et s e ok o st sl e s ok e sl 3ol e sk Rk SR Rl e e sk sk ok s o i el R R o o e ek
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wHE # %k
ek %
R X PROGRAM  HYCONS X 350k
ek X X RY X X L
®AHE X X STE-TAN CHIENG X X Aok
®%% X DEC.X X 179 X k%
wxx X X AGRICULTURAL ENGINEERING DEPARTMENT X X
R X X X X e
bk X MACDONALD COLLEGE,., MCGILL UNIVERSITY X ekt
ek %%
ek o
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PROGRAM FOR CALCUILLATING THE HYDRAULIC CDNRUCTIVITY FROM THE
FIELD MEASUREMENTS ( AUGER HOLE METHOD ).

AFTER THE K HAS BEEN CALCULATED, THE NRAIN SPACING OF THAT
FIELD WILI, BE COMPUTED BY USING THE HOOGHOUDT EQUATION FOR
HOMOGENEQUS SOIL DR TWO LAYERED SOIL WHATEVER [S APPIICARLE,

R = DESIGN DRAINAGE RATE,
AWT = ALLOWARLE WATER TABRLE DEPTH FROM SOIL SHRFACE.
H = WATER TARILE HEIGHT ABRNVE DRAIN CENTER,

ND = DRAIN NDEPTH,
DE = EQUIVALENT DEPTH,
WT = WATER TARLE RELOW SOIL SHURFACE,

D = DEPTH TN HOLE'S BOTTOM FROM WATER TARBRLE,
QAN = RADIUS NF THE AUGER HOLE,

DELT = DIFFERENCE IN TIME.

DELY = CHANGE IN WATER TARLE,

HK = HYDRAULIC CONDUCTIVITY,

AN T SRS i e A . — T U — s T — —— Y T — ——— — " — — W — T —— T . ——— A" T — — —— A " m— o = T " — b

DIMENSION T(30),Y(30),DELY(30)
INTEGER HOLE

READ IN DESIGN PARAMETERS.
REAN(5,2,ENN=550) R,AWT,DD,DE
FORMAT(F10,.4,3F5.1)

H=DD=-AWT

READ IN AUGER HOLE NIMENSTONS.,
READ(5,10,END=551) WI,D.RAD
FORMAT(?2F5,2,F10.5)

HW=D=WT

REAN(5,30.END=553) HOLE,JOB
ENRMAT(12,2X,.T1)



40

50

OO0

650
70

80

90

110
120

100

130
135

140

150

L L

WRITE(6,560)
nO %0 1=1,30
YiIr=0,0
T(I)=0.0
DELY(1)=0,0
CONTINUE
ND=1

CaTAa INPUT,
T N COL, 1-5. Y IN COL,

READ({5,70) T(ND)Y,Y(NOY,ID
FORMAT{2FS.1,4X,T1,4X,11)
NO=NO+1

IF(ID.EQ.1Y GO TO 80

G T0 60

NO=N{O=~1

YO=Y{(1)=WT

DY= Y(1})=Y (N
YY=Y(=DY/2 .0

CHK=Y0D/4,0

IN=0

SUM=0,0

No 100 1=2,N0
OBS=Y(I-1)=Y{1)
IF(NRS.GT.CHK)Y GO TO 110
DELY({T11=0RS
SUM=SUM+DELY (1)

GO TO 100

6-10.

+LAYER

WRITE(A,120) HOLE JOB,Y(I-1),Y(I},CHK

FORMAT(1X,*THE ORSERVATION
11X, "MDELYY GREATER

LISTED RELOW GI
THAN (YO*®1/4).

1X,*THE ILAST OBRSERVATION, IT WIII
1X,*USEN IN THE COMPUTATION FOR K

SXQIHO'_E: *,I12,2X, v J0OR=

V,I12.2X. /o

BXe'Y{T)= ' FTL2.3XtY {141 = 1V, FT.2./.5%,

IF(T.LT.NOY GD T0O 90
[N=TN+]

CONTINUE
DELT=ABS(T{1)y~T (N}
IF(INJNE.O)Y DELT=ARS(T(1)-
AVE=SUM/DELT

A=4000 ,%RAN®%D

FiNO-1))

Bz (HW+2N  %RAD Y% (2.0=YY/HW)&YY

HK=AVE*®A/R
[F{JOR=-1) 130,140,150
WRITE(6.,135} HOLE

VES A '/,

106

ID IN COL. 15. LAYER IN COL. 20,

IF IT IS '/,

NOT RE ', /,
HARW

VOCHK =YL /4= 4, FR .G, // /)

EDRMAT(2X,* J0OR # 1S 0, ==> CHECK INPUT DATA FOR HOLE

GO TOo 500

HK 1 =HK

GN TO 230

HK 2 z=HK
SA=(R,0%HK2%NE%xH) /R
SB={4,0%HK1%H%x%x2) /R
SPACE=S0QRT(SA+SR)

NO'»12.//)
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C PRINT OUT RAW DATA AND COMPUTED RESULTS.
WRITE(6.242) HOLFE,JOR
WRITE(6,244)
WRITE(64245) (I,T(I),Y (1) .DELY(I),T=1.ND)
WRITE(6.246) DELT,SUM
WRITE(6.,247) YO NY,YY D WT  HW
WRITE(A248) RLAWT,DDLNE M
WRITE(6,250) HK1,HKZ ,SPACE
242 FORMAT(// 5XYHOLE N L', I2,3X.,17J0R NO,',124//)
244 FORMAT(/ 4SX 3 "NO " eSX, 1T, 00X 1Y ! AX 'DELY N 4 /45X 428 (V=1),/)
245 FORMAT(5X,1243X,F5.1,5X,F5.1,4X%X.F5.1)
246 FORMAT(/ 45X, "DELT=",F5,1,5X,'SUM=DELY="?,F5.1,//)
247 FORMAT (/7 IX,'RESULTS 1,//, SX,'Y0 = 1 ,F6.2+/

* 5X"DY= 'vF\"oZv/o SXQ. Y = '9F6¢2v/0 SX" n = 'vF()-?’/v
 S5XLIWT = ' ,FbH.24/0 BXy'HW = Y ,FH.2,//)
248 FORMAT (5X,*'NESIGN DRAINAGE RATE = V,F7.4,' M/NDAY!',/,
* 5X, Y ALLOWARLE WATRER TABLE= ' ,F5.2,! MT o/
* 5X,'DRAIN DEPTH = 1,FS5,2,41 M1y /o
® SX,*EQUIVALENT DEPTH = 1 ,F5.2,° MY/
® S5X,'WATER TARLE HEIGHT = VL,F5,2,! Mre/)
250  FORMAT(///.5X," THE HYDRAULIC CONDUCTIVITY :1,/,
% 5X,'JPPER LAYER K = 1,F5.241  M/DAY',/,
x 5X, LOWER LAYER K = 1 F5.2,t  M/DAY',/,
=/, 5X+'DRAIN SPACING = 1 ,F5.2,! MY/ /o
* 5X, tx%k%kx FIEILD WITH TWO LAYERED SOTIL =x:t,///)
GO Tn 1
230 SPACE=SORT ({4, %MK 1% (2,%DExH+H*®%2) ) /R)
C PRINT 0QUT RAW DATA AND COMPUTED RESULTS.
WRITE(6.242) HOLE,JOB
WRITE(6,244)
WRITE(6,245) {(I1,T(1)Y(I).DELY{I},I=1,.NO)
WRITE(6,246) DELT,SUM
WRITE(6.247) YD,DY,YY, D ,WT  HW
WRITE(6.248) RLAWT,DD,NE,.H
ITF(LAYER . NE,.2) WRITE(6,260) HK1,SPACE
IF(LAYER,.EQ.2) WRITE(6,270) HKI1
260 FORMAT(///,5X."HYDRAULIC CONDUCTIVITY = 1',F5.2,' M/DAY',/,
/o 5X 4 'NDRAIN SPACING = 1 ,FE5.2,40 MY, //.

36

5X, tdkx THE FIELD WITH HOMOGENEQUS SOTIL ==&k ,///)

270 FORMAT(///,5X,"HYDRAUVLIC CONDUCTIVITY = '4,F5.2,1 M/DAY',/,
/o 55X,V TWO LAYERED SOIL === DRAIN SPACING',/,

/e 55X, "WILL BE CALCULATED IN NEXT STERP.Y,///)
[F{LAYER,EQ,2) GO TO 20

G TO 1

500 WRITE(6,.510) HALE

510 FORMAT(// 1%, t%%xERROR=H%x JOR # = O FOR HOLF #1,12,/)

551 WRITE(H.552)

* 3%

552 FORMAT(1X, 'MISSING DATA FOR WT,D,RAD =~ CHECK STATEMENT 51,/)
0 TNO 550

553 WRITE(6,554)

554 FARMAT(1X, 'MISSING DATA FOR HOLE,JOR —= CHECK STATEMENT 201',/)

550 WRITE(A.560)
560 EARMAT(*1)
STOP
=ND
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ENTIRE PACKAGE CMONSISTS QOF:
MAINLSLOPELALIGN,TORITE,TOLEFT,AXX,DRATINTDRAINZ,
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S e e e s st sk ROl sl skl s ool s e sl sk ol sk ok oK e e e sl o el sl SRk o el o s e e ke ol SR
e e s sl sl sl sk okl el s el e ket oot s ok i ol i e o o ok e St ok sk o sk o sk ook e sk sk sk s
s * %%
H3 3k H3 %
e 3 21 X PROGRAM  DSNP X 2ok
wEx X X RY X X okak
wxE X X SIE-TAN CHIENG X X kEx
%% X DEC. X X 179 X ¥ux
R AGRICUILLTURAL ENGINEERING NEPARTMENT X X sk
%k sk X X X X % %
Tk X MACDONALD COLLEGE, MCGILIL UNIVEZRSITY X e
SR Hesk e
3% % Ak
3 o o e e e ol ool R o e R R o e ol ol e el o ok o s e s S o ok sk sk
A0 4 o e e o o ook St i sl S R0 g i o o e ke e e i e oo R Bl ol el sl ok 3Rl o s 3 3 30 el ok s e e
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C
c
C
C
C
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CCCCCCCCCCCCCCeeaccCCCeCClCClClClttCCeCChCrCChCtCCaCCCOCCCOCLLTCe
NB (]2) =——m——— # NF FIELD BOUNDARY,
BX4BY (2F10,2) ==e=——- CO-0ORDINATES OF FIELD RMOUINDARY.
SPLRETA,DSCALE (3F10,2) ——————- SPACING,ANGILE BRETWEEN LLATERAL
AND COLLECTOR, AND THE SCALE OF THE DRAWING Pi_AN.
NC (12) === # 0OF BOUNDARY FOR DRATNAGE SUR~AREA.
CX+CY (2F10.2) =~————em COORDINATES NF SUR-AREA ROUNDARY.
IOUT JOINT,JUNO (1242X,11+4X,11) —=== # 0OF COORDINATES OF COLLECTOR

I[F JOINT=1 CONNECTING POINTS EXIST FOR CODLLECTOR & OHUTLET,
JNO TS THE # NF CONNECTING POINTS.
X DY (2F10,2) ==w=== CO-0ORDINATES OF COLLECTOR,
PIX.PJY (2F10.2) =====-= CO-ORDINATES 0OF CONNECTING POINTS.

DIMENSTION BX(10),8Y(10),CX(10,10),CY(10D.,10)
+X1{10,50),Y1(10+50),X2(10,50).,Y2(10,50)
+X3(10450),Y3{10.,50) XLEN(10,50)sXI.MIN(10)
+OX(10,10),0Y(10,10},0X1(10),0Y1(10),0%X2(10),0Y2(10)
+PIX{10.5)4PIY(10,5),_INE{10),S(10,10),SPAC(10)
+NONC(10),SECLEN(10),COSEC(10,5)yTLSUM(10)
+BANGLE(10),NOUT(10) ,JOINT(10)

INTTIALTZATION OF ARRAYS,

DO N4 I=1,10

LINE({T)=0

SECLEN(T)=0.0

XKLMIN({T)=999,0

DO 03 J=1.50

X1(I..))y=0.0

YI{I,J)=0.,0

X2(T1.J)=0.0



03
04

OO0

1000

1050

1100
1150

1155

1200

1300

1400

1500

1600
1800

Y2(T..J) 110
X3(1,J}

Y3(Il,J)=
CONTINUR
CONTINUE
RAD=3,1415926/180.0

SUMLEN=Nn,0

IDA=0

LTSUM=0D

IG0D=0

NR = # 0OF BRDUNDARY CORNERS.

[COPY BRRANCHING DECISINN, ICOPY=1 COPY RESULTS TO NISK.
NN COPY TO DISK FILE WILL RE DONE IF ILOPY NOT =1.

[WRT = DISK 0OR TAPE DEVICE UNIT #,

REAN(5,1000) NR,ICOPY,IWRT

FORMAT(312)

READ(5,1050) RX(1l).RY(1)

BXL=RX(1}

BXS=8X%{1)

3YL=RY(1)

BYS=RY (1)

nno1100 1=2,N8

REAN(5,1050) RX{I),.,BY(I)

~ORMAT{2F10.2)

IF(RX({I),GE.RXL) RXL=RX(I)

[TF(BX{T).LE.RXS) BRXS=BX(I)

IF(RY({I).GE,RYL) RYL=RYI(I)

EF{BY(I).,_E.RYS) RYS=BYI(I)

CNNTINUE

INA=IDA+1

REAN(5,1155,END=6A500 ) SP,RFTA,DSCALE

SEORMAT(3F10.2)

BANGLE(IDA)=RETA

IF{SP.EQ.O.O.AND.RETA,EQ,.D.0) GO TO 6500

READ(5,1200) NC

FORMATLITI?)

SUM=0.0

NONC({ IDAY =NC

READ(54+1300) (CX(INALIVLCY(INA,TI),I=1,.NC)

FORMAT(2F10.2)

CALL SLOPE(INALNC.CX,CY,.S)

READ(5,1400) NDUTLIDAY,L,JOINT({IDA)

FORMAT(I2,1X,12)

IOUT=NOUT{IDA)

REAND(5,1500) (OX(IDA,I).OY(INA,I},I=1,10UT)
SARMAT(2F10.2)

IFCIOUTWNEL2Y GO TD 1600

OXL(INAY=0DX{1IDA, 1)

OY1(IDAY=OY(INA,1)

NX2{INAY=0X{IDA,?)

OY2(IDAY=0Y{(INA,2)

50 TO 1800

CALL ALIGN (0OX.0Y.IDAL,IOUT,0X1,0Y1,0X2,0Y2,RETA,RAD, W, W1, W2)
[F(JOINT{INDAY.FQ.D)Y GO TO 2000

JNO=JOINT({INA)

i

0.0
0-0
.0



1900
2000

2200

2300
2400

2500
2600

2800

2900
2910

2920

101

2950
3000

READ{5,1900) (PJIX(IDA,I1),.,PUY(IDA,T},I=1,JN0D)
FORMAT(2F10,2)

CONTINUE

TL = SORT{(O0OX2{IDA)=OXL(IDA))*%x2 + (OY2(IDA)=0OYL1({INA))*%kD)
TF{IOUT.NEL?2) GO TO 2200

TLSUM(INA)Y =TI,

50 T0 2400

TLSUM({IDA}Y=0.0

DN 2300 1=2,10UT
TL1=SORT{(OX(IDA,I)-0OX(IDA,I-1))*%2 +
# (OY(INA, D) =0Y(INA,I=1))%%2)
COSEC(IDA,I-1)=TL1
TLSUM(IDAY=TLSUMIIDAY+TL]

CONT INUE
DELC=SP/{DSCALE%*2,0%SIN(RETA%RAD))
DELC=ABS({DELC)

NOL=TL/{2.0xDELC)

[F(NDOL=%2=DELC.EQ.TL)Y GO TGO 2600
AN=TL/(2,0%DELC)

NX=TL/(2.0%DELC)

DIFF=XN=NX

IF(DIFF.EQ.0.0) GO TO 2500

NOL=NX+1

GO TO 2400

NDL=NX

DELC=TL/(2.0%NDL)

SPAC(IDA)Y= ARS(NELC*2.,0%SIN(BETA%RAD})
LINE(IDA)Y=NOL

TO GET THE TOTAL # 0OF LATERALS .
LTSUM=LTSUM+NNL

IF(IOUT.EN.2) GO TO 2800

TLA= SORT({OX(INA,2)=0X(IDA,1}}*%2 + (OY(IDA,2)=0Y(IDA,1))*

NOLL=(TLA=-DELCY/(2.0%DELC)Y + 1
NOLZ2=NOL=NOL 1

NDLS=NOL1+1

XCHK=0X2( IDAY-0OX1({IDA)

YCHK=0Y2 (IDA}=0Y1({IDA)

WRITE(6.2900)

FORMAT(t11')

WRITE(A.2910) (T.RX{1},BY({I).I=1.NR)
FORMAT(1X.,I2.3X,s '(BX,RY) = ',2F8.2)
WRITE(6.2920) BXL.BYL,RXS,RYS
FORMAT(/,2X,"RXI_=",F8,2,T23, 'RYL=t,FR.2,/,
* 2X,'RXS=',F8,2, T23, *BYS=1',F8.2,/)
IF{TOUT.EQ.2} GO TO 2950

111

*2)

WRITE(A.101) OX1(IDA),OYL(IDA).DX2(IDA),OYZ(INA),y WoW1,W2,BETA

FORMAT (11X, (OX1,0Y1)=t,2F8,2,2X,' (0X2,0Y2)=1432F8.2,/,

BOIX "W =1 FT,2,2X "W =1 3 FT.2,2X, W2 =V ,F7.2+2X,'RETA= ,FT7.24/)

WRITE(6,3000) IDALNC,RETA,DELC,.SPAC(INA)Y,SP,TL,NOL
FORMAT(2X,YINDA=Y 17, T23, 'NC=',17./,

L 2X, '"RETA=1,F7,2, T23, 'NDELC=',F7.3,/,

22X+ 'SPACING=',F6,2, T23, 'IJRIGINAL SPACING=',FT7.2.,/,
3 2X. 'TL=',F7.2, 23, 'NDL=', 17,/)

WRITE(K.3100)



3100 FORMAT( 2X,' INPUT FIELD ROUNDARIES :') 112
NN 3500 1=1,.NC

3500 WRITE(6,3600) I.CX{IDAI).CY(IDA.I),S(IDA,T)

3600 FORMAT(2X,13, 3X, ' (CX,CY) =%, 2(FT7.2,3X)+2X,'SLOPE=!,F7.2)
WRITE(6,3R00)

3R00 FORMAT(/,2X,'COLLECTOR CN=-ORDINATES :t',/)
WRITE(6,4000) (INDALI,OX(IDA,I),INDA,I,OY(INA,I),I=1,INUT)

4000 FORMAT(2X,'OX(*, 12,%4'y T1, ) =',F7.2,3X,

* MY, 12, 'yt Il V) =V,FT7.247)
[FCIOUT,.EN.2) GO TO 4200
ITS=101IT=-1
WRITE(6,4100) (I.COSEC(INDA.I),I=1,1ITS)
4100 FORMAT(2X,' COSECY,I1, "=',F7.2,/)

4200 WRITE(A.4300) IDA,TLSUM(IDA)
4300 FORMAT(2X,'TLLSUM(Y,I2, ¢ )=',FR.2./)
TFCJOINTOIDAYLEDLD)Y GD TO 4700
WRITE(6,4500)
4500 FORMAT('0O',' COLLECTOR CONNECTING=POINTS CO-0ORDINATES :t,/)
WRITE(64,4600) (INA,T,PIX(IDA,I),.IDA,IPIY(IDAST)+I=1,+JNOD)
4600 FORMAT(2X,'PIUX(',12, '4', 11, Y=',F7,.2,3X%,
OIRSY (VT2 "5V, 01,1 )=V, F7.2,./)
50 TO 5000
4700 WRITE(H,4800) 1IDA
4800 FORMAT('O',* MAIN: FIELD #',12, ', JOINT=1 NOT ENCNUNTERED.',/,
# v ND CONNECTING POINT FOR CODLLECTOR FOR THIS ARFA.!',/)
5000 TF(8ETA,L.T,0.0) GD TN 5100
CALL TOLEFT (NC, IDABETALS+CX+CY 4 X1,¥Y14X2+Y2+X3,Y3,DEILC,
# OX1.0Y1,0X2,0Y2,0X0Y,LINEXL_EN,SPAC ,XCHK s YCHK yNOI_y ALLPHA,
® SLaDELXDELY WL W2,W ,NOLS, IOUT,RAD)
G0 TO 5500
5100 CALL TORITE (NCoIDALRETA,SCX W CY o X1 oY1 X24Y24X34Y3,DELL,
B OXL.OY1,0X2,0Y2.0X,0Y LINE ¢ XLENLSPAL SXCHK YCHK o NDL 4 ALLPHA,
# SL,DELX NDELY W1 ,W2,W,NOLS, IOUT,RAD)
5500 LCONTINUE
[F{IGO.EQ.1) GO TO 1150
WRITE(6,5600) ALPHA,SL DELX (DELY
5600 FORMAT(2X,"ALPHA=! ,F7,2,10X,'SL=1, FT.2,/+
L va‘DEl_X='v F7.2,10X,DELY=',FT7,2./)
LINE(TDA)=NOL
WRITE(A.57T00) LINE(INDAY,IDA
5700 FORMAT(2X,'THE TOTAL NUMBER QF LATERAL ISt',14,
1 FOR FIELD ND, 'v,12.//,
22X INOY G TX G TXL o TX VYL G TX X2, TX, Y2, TX, P X3, 7X, Y3,
3 AXGIXLENT . /.2X,67(v=1),/)
DN 5900 J=1.N0OL
SUM=SUM+XLEN({IDA,. )
IF(XLMINCIDA) JGTOXLEN(CIDALJY) XLMIN(INDA)Y=XLEN(IDA,J)
WRITE(A,5800)1J.XLIIDALJ)Y W YL(IDA,J) X2{IDALJYY2{IDA,J),
L X3(IDA,J)ZY3(IDAJY XLEN(IDA,.))
5800 FORMAT(IX,I3,4X,7T(F7.2,2%X),/)
5900 CONTINUE
WRITE(A.H000)
6000 FORMAT(2X,67('=1),//)
SECLEN{ IDA)=SUM
WRITE(6.6100) SECLEN(IDA) XLMIN(IDA)



113

6100 FORMAT(2X,'THE TOTAL LENGTH OF ALLL THE ILATERALS FNR THIS SECTION !
* 5, VIS ¢V, FRL2./7.2X,
# VTHE SHORTEST LATERAILL IN THIS SECTION IS ¢ ',F9.2,/)
SUMLEN=SUMI_EN+SECILEN({ IDA)
6200 CONTINUE
GO TO 1150
6500 IDA=IDA~]
C PRINT QUT THE TOTAL LENGTH OF PIPE NEEDED FOR THIE FIELD. C
WRITE(6,6600) LTSUM,SUMLEN
6600 FORMAT(2X,67('=1), //, 2%, 'THIS FIELD HAS ',13.,* LATERALS AND?,
 VOTHE TOTAL LENGTH IS 1V ,Fl4a.,2, //e2Xa6T(V=1) )

@]

[F{ICOPY.NE.1} GO TO 9999

WHEN TCNOPY=1 THAT MEANS ALL DATA SHOULD RE COPIED TO DISK
OR TAPE FDR FUTURE PLOTTING PURPOSES,

THIS WILL BRE DONE IN THIS SECTION

COPYING DATA TO DISK FOR FUTURE PLOTTING P{JRPOSES.
IWRT IS THE UNIT OF THE NDEVICE USED .

OO0 00

WRITE(IWRT,8000) NB,IDA
8000 FORMAT(212)
DO R1H0 I=1,NR
8100 WRITE(IWRT,B8200) AX{I).RY(I)
8200 FORMAT(2F10.2)
WRITE(TWRT,B8300) RXL,BYL,BXS,RYS
8300 FORMAT({4F10.2)
00 90N0 I=1,1DA
WRITE(IWRT,8400)SPAC(I)BANGLE(I)YNONC{T)LLINE(T)Y NOUT(T),JOINT{I)
8400 FDORMAT(?2F10.3.415)
IOUT=NOUT( 1)
WRITE(IWRT,8200) (OX(1,J),0Y(1,J),J=1,.I00UT)
LN=LINE(TI)
B30 8500 K=1,LN
J=LN=({K~1)
8500 WRITE(IWRT,8600) X1{I,J) YL(Tad}aX20Ted)eY2(I ) +X3(1,0),¥Y3(1,J),
1 XLEN(TI,J)
8600 FORMAT{T7F10.2)
IF(JOINT(T).EQR.O) GO TO 8800
JNO=JDINT ()
WRITE(IWRT8200) (PJX(I.J).PUY(I,.J},J=1,JND)
8800 WRITE(IWRT,8200) XLMIN{(I),SECLEN(I)
000 CONTINUE
WRITE(IWRT,9100) SUMLEN
8100 FORMAT(F10.2)

C
C END OF COPYING DATA TO DISK=FILE.
9999 STOP

END
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CCCCCCTCCCCLrrnCCClCLCCCCLCCCCCCLCCLLCLCLLLCCCOCLOLCLnCiCCLOtLCCCCCCLCCEe
C C
C SUR~PROGRAM  ALLIGN

c THIS SURRODUTINE ALIGNS THE COLLECTDR-SEGMENTS INTO OME MATN C
c LINE., AFTER LOCATES THE (X1,Yl) POINTS ON THE MAIN LINE, c
C PROGRAM WILL PROJECTS THE POINTS BACK TO THE DORIGINAL C
C COLLECTNR-SEGMENT, C
C C
CCCCCLCCCCCLreCeceCttlCClCCClCCLLCCCCCLCOCCCLLLLLCCantCCOLaCiCtCCCCCCLee

SUBROUTINE ALIGN (0X,0Y,INA,IOUT,0X1,0Y1,0X2,0Y2,RETA,

B RAD,W.W].;WZ)

DIMENSION OX{10,10},0Y(10,10),0X1(10),0Y1(10),0X2(10),0Y2(10)
XA=0X{IDA.2)=DX{TDA,1)

YA=OY{IDA,2)=-0Y(INDA,1)

[F(XA.EQ,0,0.AND,YAL.EQ.0.0) GO TO 10

W1=ATAN2 (YA ,XA)/RAD

[F{XALLT.0.0.AND,. YA, LT,0,0) WI=ATANZ{ARS{YA),ARS{XA))}/RAD
GO TN 20

10 W1=90,0
20 XB=NX(IDA,3)=0X(INA,2)

YB=0Y(INA,3)Y=-0Y(IDA,2)

[F(XB.EQ.0.0.AND.YB,ER.0.0) GO TOD 30

W2=ATAN2(YB, XRB}/RAD

IF{XB.LT.0.0.AND.YR.L.T,0,0) W2=ATANZ2(ABS{YR),ARS(XR))/RAD
50 TO 40

30 W2=90.0
40 [F{(BETA-0D.0) 45,50,55
45  IF{ABRS(RETA).EQ.W1) W=0.0

[F{ARS(RETA) .LT.W1l) W=W1-ARS(RETA)}

IF(ABS(RETA).GT.W1l) W=W1+180.0-ARS(RETA)

50 TN 100

50 WRITE(6.47)
47 FORMAT('0','RETA=0.0., CHECK #50 TN ALIGN?)
GO T 100
55 TESTW=180,0~ARS(RETA)

[F(TESTW.LT,W1) W=W1-TESTW

IF(TESTW.EQ.W1) W=0,0

IF(TESTW.GT.WY1) W=W1+ARS(BETA)

100 TFRIW.EQ.90.0) GO TO 105

AX = (OY(IDA,1)=OY({IDA,3)=OX{IDAL1)*TAN{WI*RAD) +
* OX(IDAL3)#TAN(WHRAD) )/ (TAN(W*RAD)=TAN(W1%*RAD) )
GO 70 110

105  AX=0X{1DA,3)
110 AY = OY(IDA,1)+TAN(W1*RAD)*(AX=0X(IDA,1))}
DX1LIDAY=0X(IDA,1)
OYL(IDA)=0Y(INA,1)
NOX2{IDA)=AX
OYZ{IDA)Y=AY
RETURN
END
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CCCCCLLCCCCCrnnCCrCCCLLCCCCCCCLCCLCLCLOCCCOCCOCCCCCLanccCCrCCCCCCCCCCCLCl
C C
C SURROUTINE  SILOPE C
C C
C THE SUR-PROGRAM SiOPE COMPUTES THE SILOPES OF AlLL THE ROUDARIES C
C OF THE DRAINAGE FIEELD, SIDE #1 IS THE ONE THAT THE OUTLET C
c LTES IN IT, C
c C
CCCCCLLCCCCCCcoccoccrceceeccLccceeccceeccecrecceccceccrentcceccroccccocccocceecee
SURRONTINE SLOPE(IDALNC,CX,CY,S)
DIMENSION CX(10,10),.,CY(10,10),5(10,10)
DO 10 I=2.NC
DY=CY(IDA,I}=CY(IDA,I-1)
DX=CX(IDA,I)=-CX(IDA,I-1)
IF(DX.EQ.0.0) GO TO 20
S(INA,1)=DY/DX
50 T0 10
20 S(INA,1)=999.0
10 CONTINUE
DY=CY(IDA,1}=CY(IDA,LNC)
DX=CX{IDA,1}=-CX(IDA,NC)
[F{NX.EQ.0,0) GO TO 30
S{INA,1L)I=DY/DX
GO TN 40
30 S(IDA,1)=999.0
40 RETURN
END

CCCCCCCCCLCCCcCecCcCcCcoCccecoccccecececeecaccceccceccoccaccccecaccoccoceoeccecccrcccccecce

a0 00

FUNCTION  SUBROUTINE  AXX

THE FUNCTION SUR-PROGRAM CALCUILLATES THE ANGLE 0OF AX1.
AX1 IS THE ANGLE FORMS RY THE LINES ({(X1,Y1)=(CX1,CY1l) AND

(X1.Y1) = (0OX2,0Y2}.

FIRST FTELD ROUDARY,

START IN SECOND FIELD ROUNDARY,

C

C

C

C

C

C

[F AX1 < BETA THEN THE FIRST {X2,Y2) POINT WILLL BRE LTED IN C
IF AX1 > RETA THE (X2.Y2) POINT WILL C
C

C

ccce

CCCCCTCCCCCCCLCCCCCCCCCCCCCCCCCCCCLCCCCCCLCCCCOCCCLOCnCCLCCLCOrClCl

FUNCTION  AXX{IDAJCX,CY,X1.Y1.0X1,0Y1.0X2,0Y2)
DIMENSION CX(10,10},CY{10,10).X1{10,50),Y1(10,50),0X1{10},
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* OY1L(10),.,0X2(10),0Y2(10)
SA=SORTI(CX(INAL LY =XT(IDA, 1) Y *x2+(CY{IDA,1)-YL(IDA,1)}*x2)
SB=SORT((X1(INAL1L)-0X2(IDA))*%2+ (Y1{INA,1)~-0Y2{IDA))**2)
SC=SORT({CX(INDA,L}~OX2(INA))Y%x2+(CY(INA,L)=0Y2(IDA))*%2})
AXX=(SA®&H2+SR®=x2=-SC*%2)/{2.0%5A%SR)

RETURN

END

CCCCCCCCCCCCroceccoecceLececeeccoecrecccececececceccecocecoccoccoccoccecccccccececc

SURROUTINE  TOLEFT

THIS SUB=PROGRAM ( TOLEFT ) WILL BE CALLED TN DESIGN THEM,

OO0

C
C
C
C [F THE '_ATERAILLS ARE ON THE ILLEFT HAND SINDE OF THE MAIN COLLECTOR
C
C
C

CCCCCCLLCCCcoceocncecoocccccecceccecccceecoccececcrececcccceccceececcceeecececceccececcece
SURRCTINE TOLEFT (NC,IDA,RETAS+CXsCYeX1sY1X24Y2,X34Y3,DELL,

* 0X1.0Y1,0X2,0YV2.0X,0YLINEJXLEN,SPAC,XCHKsYCHK,NOL+ALPHA,

* SL,DELX,DELY,W1,W2,W.NOLS,IOUT.RAD) '
DIMENSION O0X(10,10),0Y(10,10)

NDIMENSION CX(10,10),CY(10,10}),%1(10,50),Y1{10,50),X2{10,501},

1 Y2(10,50)+X3(10450),Y3(10,50),.5(10,103,0X1{(10),0Y1(10},

2 0X2(101,0Y2(10).LINE(10),XLEN(10,50),.SPAC(10)
IF({YCHK.EQ.0.0) ,OR,{(ABS{YCHK).LT,.0,001)} GO TO 100
[F{(XCHK,EQ,D0,0) ,O0R,{ABS{XCHK) .LT,0.001}) GO 7O 200
ALPHA=ATANZ (YCHK,XCHK}/RAD
TF{ALPHALILT,0.0) ALPHA=180,0-ABS{ALPHA)
DELX=SPAC(IDA)Y*COS (ALPHA=RAD) /(2.,0%SIN{RETA*RAD))
NELY=SPAC{IDA)*=SIN{ALPHA*RAD)/(2,0%SIN(RETA®RAD))
DELX=ABS(DELX)

DELY=ARS{DELY)
IF(ALPHA,GT.90.0) GO TO 110
GO TO 118
110 THF(OX1{IDA).LT.OX2{IDA)Y. AND.OYLI(IDA) .GT.OY2(IDA)) GO TO 111l
NO 112 I=1,NDL
X1{IDA,T)=0X1(IDA)=DELX*(2%][~1)
112 YI(IDA, D) =0YL{IDAY+DELY*(2%]-1)
60 TO 115
111 N0 113 1=1,N0O4L
X1{(IDA,I)=0X1{IDA)+DELX*(2%I=-1)
113 YI({IDA,I)=0YL(IDA)-DELY*(2%I-1)
115 IF(IOUT,.EQ.2)Y GO TO 125
N 116 1=NOLS,NOL
X1(IDAL,IY= (YI(IDALT)=-OY(IDA,2)+TAN(W2XRADY*OX(IDA,2) -
* TAN{WHRAD)I=X1(INALIY Y/ { TAN(W2=RAD)-TAN (WX*RAN))
116 Y1I(IDA,I)=0Y(IDA,2)+TAN{W2x=RAD) = (X1 (INA,IY=OX(INDA,2))
50 TO 125
118 TIF(OX1{IDA) LT.OX2(IDA) AND.OYLI{IDA), . T.OY2{INAY)} GO TD 119



DN 120 I=1,N0L 117
X1(INA,T)=0X1(INA)=DELX*(2%1-1)
120 Y1(IPA,I)=0YL(IDA)=DELY*(2%1~1)
6N TO 115
119 00 121 I=1,NOL
X1(IDA,1)=0X1 (IDA)+DELXs%(2%I~1)
121 Y1(IDA.T)=0Y1({IDA)+DELY*(2%I~1)
GO TO 115
125 AX=AXX(IDAJCX(CYoX1sY1.0X1,0Y1.0X2.0Y2)
AX1=ARCNS (AX)%(1.0/RAD)
WRITE(6,126) AX1
126 FORMAT(/+2X,'AX1=' F7.2.1 AFTER STATEMENT #125 IN TOLEFT.',/)
[F(ALPHA+RBETA~180.0) 130,140,150
130 [F((ALPHA+BETA).F0.90.0) GO TO 135
SL=TAN( (ALPHA+RETA}%RAD)

GN TO 160
135 SL=999.0

GO TA 160
140 SL=0.0

GO TO 160

150 TF{(ALPHA+RETA)Y,.EQ,270.0) GND TO 135
SL=TAN{{ALPHA+RETA=180.0)*RAD)
160 IF(AX1.GELBRETA) GO TO 170
CALL  DRAINI (IDA,CX.CYWaX1aY1oX2,Y2.X3.,Y3,5,0X1,0Y1,
2 OX2.0Y2.XLEN,SPAC,BETA,AILPHALNC S ,AX1,NOL,RAD)
GO TO 350
170 CALL DRAINZ (IDALCXsCY s X1 aY1eX2:Y¥2+,X3,Y345,0X140Y1y
#* OX2,0Y2 XLEN,SPAC ,BETA,ALPHANC,SL,AX1 .NOLsRAD}
50 TO 350
100 ALPHA=0.0
NELX=NEI_C
DELY=N,0
TFRF{OX1{IDAY JLT.OX2(IDAY LAND.OYL(IDA) LEQ.OY2(INAY) GO TO 212
DO 210 T=1,NOL
X1{IDA,I)=0X1({IDAY=-DEILLX*x(2*x]I-1)
210 Y1{IDA,T)=0Y1(IDA)
50 T0 214
21z DO 213 I=1.NOL
X1T{INA, T)=0X1{IDAY+DELX={2%x]=1)
213 ¥YI(IDA,T)=0Y1(IDA)
214 [F(IOUT.EQ.2) GO TO 218
NO 216 T=NOLS ,NOL
X1{IDA,I)= (YL(IDA,IY=DY(INDA,Z2)Y+TAN{WZ2ERAD)IZOX(IDA,?) -
® TAN(WXRAD)®X1(INDALI) }/( TAN({WZ2HRAD)~TAN{WXRAN))
216 Y1{IDA,I)=0Y{INA.2)+TAN{(W2RRADIR(X1(IDA,I}=-NX{INA,2))
218 IF(BETA.EQ,90.0) G0N TO 220
[F{RETA,GE.89,95 . AND,RETA,LE.S0,N5)Y GN TO 229
GO TO 125
220 AX=AXX({IDA,CX,CY.X1.Y1,0X1,0Y1,0X2,0Y2)
AX1=ARCNDS(AX)Yx(1.0/RAD)
WRITE(/,221) AX1
221 FORMAT (/42X VAX1I=?t ,FT.2,' AFTER STATEMENT #220 IN TOLEFT.'!'./)
[F{AX1-RETA) 230,240,240
230 CALL DRAIN]1 (IDALCX CYXT,YL X2,Y2,X3,Y3,S5,0X1,0Y1,
= OX2.0Y2XLEN,SPAC,BRETA,AL_PHANC,SL,AX1.NOL.RAD)



C
C
c
C
C
C
€

240

200

260
261

262
2A3

266
268

270

271

280

G0 TO 350
CALL  DRAINZ (IDA,CX.CYWX1,¥Y1.X2.Y2.X3,¥Y3,5,0X1,0vY1,

* OX2.0Y2,XLEN,SPAC ,BETA,ALPHALNC,SL,AX1,NOL,RAD)

50 TO 350
ALPHA=9N,.0
DELX=0.0
DELY=DEIC

118

TRF(OXL(IDA) JEQ.DX2(IDAY JAND,OYL(IDAY.GT.OY2(INAY)Y GO D 261

RO 260 TI=1,NDI,

X1(IDA,T)Y=0X1(IDA)

Y1(INA,T)=0YL(INA)+DELY=(2%]-1)

50 TO 263

DO 262 T1T=1,N0L

X1(IDA, 1)=0X1(1IDA)

YI{IRA,,T)=0YL(IDA)Y=-DELY®{2%]I=1)

IF(INUT.EN.2) GD TO 268

DN 266 I=NDLS,NOL

XT{INA, T)= (YLUIDA,I)=DY(IDA2Y+TAN(W2=RADYHOX(INDA,2) ~

# TAN(WHRAD) XY (IDA,LT) Y/ TAN{W2=RAD)-TAN(WHRADN))

YI(IDA, I)=0Y(INA,2)+TAN{W2=RRAD)=(XI(IDA,I)~-0X(IDA,2))
IF(RETALEQ.90.0) GO TO 279

IF{RETA.GE.R9,95 ,AND.,RETA.LE.S0.05} GO TO 270

G0 TN 125

AX=AXX({IDA,CX,CY.X1,Y1,0X1.0Y1,0%X2,0Y2)
AX1=ARCOS{AX)=*{1,0/RAD)

WRITE(A.271) AX1

FORMAT (/42X PAX1=" ,F7.,2,% AFTER STATEMENT #2700 IN TOLEFT,

TF{AX1-RETA) 280,290,290
CALL DRAINL (IDALCX,CYsX1aY1eX2,Y2,X3,Y3,5,0X1,0Y1,

® OX2,0Y2,XLEN,SPAC.,RETA,ALPHA,NC,SLLAX]T,NOLLRAD)

G TO 350
CALL  DRAINZ (IDALCX,CY X14Y1eX2,Y2.X3,Y3,5,0%X1,0Y1,

®* 0OX2,0Y2,XLEN,SPAC ,BETALALPHA NC,SL.AX 1 NOL4RAD)

RETURN
END

/)

CCCCCCCCCLeLrcoccccccccoccececceccecceeeceeceecececececcecneccecccccececcecececceccee

P
b4
st
Er4

SURROUTINE  TORITE

IF THE 1_ATERALS ARE 0ON THE RIGHT HAND SINE OF THE MAIN COLLECTOR
THIS SUR-PROGRAM ( TORITE ) WILL RE CALLED TO NESIGN THEM,
CCCCCCCCLCCCOCCCCCCCCCCCCCCCCCCCCCCCCCCOLCaCoCCCocccccoceencoceccceecece
SUBRAOUTINE TNRITE (NC,INDAGBRETASOCX,CY X1eY1LsX2,Y2:X3,Y3,NFLC,
NXT,0YL,0X2.0Y2,0X+0YLINEGXLEN,SPAC , XCHK»YCHK NOL cAIPHA,

SLWDELX,DELY WL W2,W NOLS, TOUT,RAD)
DIMENSION O0X(10,10),0Y(10.10)

OO0

P

-
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DIMENSTION CX(10410),CY{10,10),X1(10,50),YL(10,50),X2(10,50),
1 Y2(10,50),X3({10.50),Y3(10,50),5(10,10)},0X1L(10).0Y1(10),
2 DX2(10),0Y2(10)LINE(10)XLEN(10,50),SPAC(10)
RETA=ARS (RETA)
[F{(YCHX.EQ.0.0),0R, (ARS(YCHK) ,LT,0,.001)) GO TO 100
IF({XCHK.EQ.D0.0).ORL(ARS(XCHK).LT.0.001)) GO TO 200
ALPHA=ATAND { YCHK , XCHK ) /RAD
IF(ALPHA,LT,0.0) ALPHA=180.0-ABS (ALLPHA)
NDELX=SPAC (IDA)Y*COS(ALPHA%RAD) /(2. 0%SIN(RETA%RAN))
DELY=SPAC(INA)*SIN(ALPHA®RAD) /(2 .0%SIN(RETA%RAD))
NDELX=ABS (NDELX)
DELY=ARS(DELY)
[FALPHA,GT.90,0) GO TN 110
60 TN 118
110 TF(OX1L(IDA) LT, OX2(INAYJAND,AYL(IDAY.GT.OY2(INAY)Y 60 TO 111
DO 112 I=1,NNL
X1(INDA, TY=0X1(INA)Y=DEL X
112 YL(IDA,T)=0YL(INA)+DEI Y=
50 T 115
111 DO 113 I=1,NOL
X1(INA, T)Y=OXT(INA)V+DFILX*(2%T=1)
113 YI(INA,D)=0YL(IDA)=DELY%(2%I~1)
115 I[F(INUT.ER.2) 6O TO 125
DO 11A I=NOLS .NOL
X1(IDA,T)= (YL(INA,I}=0OY(INDA,2)+TAN(W2%XRAN)*OX(TIDA,2) -
* TAN{WHRADI®X1(INALI) )/ ( TAN(W2%RAD}=TAN{WHRAD})
116 Y1(IDA,T)Y=0Y(IDA,2)+TAN(W2%RAD)#(X1{(INA,[)=DX(INA,2))
GO TOo 125
118 IF(OX1L({IDA) LT, OX2(IDA) AND.OYI{IDA).LT.OY2(INDAY) GN TN 119
DO 120 TI=1,NNL
X1(IDA, [)=0XL(INAY=DELX%(2%]~1)
120 YI(IDA,T)=0YL(INA)=DELY%(2%I=1)
50 TO 115
119 DN 121 I=1,NOL
XKY{IDA, 1) =0OX1(IDAY+DELX*(2%[=1)
121 YI{IDA,I)=0YL(IDA)+DELY®(2%]1-1)
50 TO 115
125 AX=AXX(IDA,CX,CY.X1,Y1,0X1.0Y1,0Xx2,0Y2)
AX1=ARCNS({AX)*(1.0/RAD)
WRITE(6.126) AX1
126 FORMAT(/.2X 'AX1=',FT7.2,' AFTER STATEMENT #125 IN TARITE.?!,/)
IF(ALPHA-0.0) 12R.130.130
128 ALPHA=180.0+ALPHA
130 IF{ALPHA-RETA) 135,140,150
135 [F(({ABS(ALPHA-BETA)).EQ.90.0) GND TN 138
SL=TAN{(AI_PHA=BETA)*RAD)

(2%]=1)
{2%I~1)

50 TO 1A0
138 5L=999.0

50 T0O 160
140 SL=0.0

50 T0 140

150 IF((ALPHA=-RETA).EQ,.90,0} GO T 138
SL=TAN{ (ALPHA-RETA)*RAD)
150 TF(AX1.GELRETA) GO TO 170
CALL  DRATNL (IDALCX.CYeX1,Y1loX2,Y2.X3,Y3,5,0X1.0Y1,



120

# OXZ2,0Y2XLEN,SPAC ,RETAALPHANC .S AX 1 NOL,RAD)
50 70 3%0
170 CALL DRATNZ (IDALCXWCYaX1aY1eX24¥2.%X3.Y3,5,0X1.0Y1,
* OX2.0Y2,XUEN,SPAC,RETA,ALPHALNC,SL,AXT,NOLSRAD)
GO T 350
100 ALPHA=0.0
DELX=DELC
NDELY=0,.D
TF(OXT(TIDAY JLT,OX2{IDA) AND.OYL(IDAYEQ.QY2(IDAY)Y GO TO 212
DD 210 1=1,N0OL
XL{IDALIY=0XL(IDA)Y=DELX*%(2%]=-1)
210 Yi(IDA,TY=0YL(IDA)
GO TO 214
212 NO 213 TI=1.NOL
X1OIDA,1)=0X1(IDA)Y+DEL X% (2%I-1)
213 YL(IDA,I)Y=0Y1(INA)
214 IF(IQUT.EQ.2) GO TO 218
NO 216 T=NOLS,NDL
X1(IDA,I)= (YI(IDA,I)~OY(IDA,2)+TAN{W2=RAN)IZOX(TDA,2)~
#* TAN{(WHRAD)=X1(IDA,TY Y/ ( TAN(W2ZHRRAD)«TAN(WXRAN))
216 YI(IDA,T)=0Y(IDAL2)+TAN{W2XRADI=(X1(INA,I)=0X{IDA,2))
218 1IF(RETA,EN,90.0) GO TGO 220
IF(RETA,GE.B9.95 ., ANDBETA,LE.90.05) 0 TO 220
50 TN 125
220 AX=AXX(IDA,CX.CY.X1.,Y1,0X1.0Y1,0%X2.,0Y2)
AX1=ARCOS{AX)Y*({1.0/RAD)
WRITE(H.,221) AX1
221 FORMAT{/.2X s *AX1=t ,FT7.2,' AFTER STATEMENT #220 IN TORITE.Y, /)
IF(AX1-RETA) 230.240,240
230 CALL DRAINT (IDA.CXWCY,X1eY1aX2.Y2,X3,Y3,5-0X1,0Y1,
# NDX2.0Y2 XLEN,SPAC.BETALALPHA ,NC,SL «AX1,NOLyRAD)
50 TO 350
240 CALL DRATIN? (IDALCX W CYoX1 YL oX24Y2,X3,Y3,5,0X1,0Y1,
# NXZ2,0Y2.XLEN,SPACBETALALPHA,LNC,SL «AXL,MOL ¢RAD)
GO TN 350
200 ALPHA=9N.0
DELX=0,.N
NDELY=DELL
IF(OXL(IDA)LED.OXZ(IDA) LANDL,OYI(IDA).GT.OY2(INA)) 60O TO 261
N0 260 I=1,NOL
X1(IDA,I)=0X1(IDA}
260 YL(UIDA,D)=0YL(INA)Y+DELY*(2%1-1)
GO TO 263
241 DO 262 I=1,NNL
X1(IDA,T)Y=0X1(1IDA)
262 YIL(UIDA.T)=DY1{INAY-DELY*(2%1-1)
263 IF{INDUT.EQ.2)Y GO TO 268
DO 266 T=NOLS,NOL
XI{IDALT)Y= (YI({IDA,I)=OY({IDA,2)+TAN(W2XRAD)XNIX(INA,?)-
= TAN(WRRAND)I=XI(INALT)Y Y/ ( TAN(W2XRAD)Y=-TAN(W=RAN))
266  YL(IDA,I)=0Y(IDAL2Y+TAN(W2=RADY (X1 (INA, I)-OX(IDA,?))
268 [F(RETALED,S0.0) GO TO 270
IF(RETA.GF.89,.95,AND ., RETA.LFE.Q0.N5) (N TN 270
50 T 125
270 AX=AXX{IDA,CX.CY.X1l.Yl,0X1,0Y1,0%X2,0Y2)



121
AXL=ARCOS{AX)=*®(1.0/RAD)
WRITE(6.271) AX1
271 FORMAT(/,2X,'AX1=',F7,2.' AFTER STATEMENT #270 IN TARITE.'./)
IF{AX1=-RETA) 280,290,290
280 CALL DRAINL (INDACX,CYWsX14Y1,X2,Y2,X3,Y3+5,0X1,00Y]
£ NX2.0Y2,X_EN,SPAC ,RETA,AILPHALNC,SL,AX1,NDOL,RAD)
50 70 350
290 CALL DRAINZ2 (IDA,.CX,CYWX1WY1,X2,Y2,X3,Y3,5,0X1,0Y1,
# OX2,0Y2.X_EN,SPAC,BETA,ALPHA,NC,SILL,AX1,NOL,RAD)
350 RETURN
END

cCceecaecececeeeenceecccececeaccecececceccceceeoceceecacecaecccececcceccceceoccececccececccecc
F

C C
C SUBRDUTINE DRAINI C
C C
C SURBPRNGRAM DRAINL IS USED TO DESIGN THE SYSTEM WHEN aX1 < BETA. C
C C
CCCCCCCCCCCLCoocecceecccccecececececceceecoceecccececceccceccceccceccccceccoccecccccccccce
SUSROUTINE DRAINT (IDALCXeCYsXLaY14X2,Y2+4X3,Y3,5,
% OX1.0Y1,.0X2,.0Y2,XLEN.SPAC,BRETALALPHALNC,SL,AX1,NOLyRAD)
DIMENSION CX(10,10),CY(10,101,X%X1(10,50),Y1{10+50)+X2(10,50)+
1 Y2(10,50).X3(10,50)1,Y3(10,50),5(10,1N),0X1(10},.0Y1(10),
2 NX2(10),0Y2(10) LLINE(10),XI_EN(10,50).5PAC{10)
MS=1
NL=1
KD=1
TS= S{IDA,.KD)
TX=0X1(1Da)
FTYy=0Y1(1DA)
TTS= S{IDA,.KO+1)
TTX=CX{IDA KM
TTY=CY{IDA,KO)
101 BL=SORT((TTX-TX)#xu=2+(TTY=TY)}=%2)
CALL D1P2 (ALPHALBETALAXY IDANLTSsTX,TY TTS,TTX,TTY,
#® X1 eX2,¥Y1,Y2,.SL,NOXY2)
SEGL=SORT{((TX=X2{IDANL)Y=*2+(TY=Y2(INASNL))**x?2}
TE(NL.EQ.NQL)Y G} TO 210
NL=NL+1
CALL DILP2 (ALPHA,BETALAXLWIDAWNL, TS, TX,TY,TTS,TTX,TTY,
w X1 eX2,Y¥1.Y2,SL .NOXY2)
DELR=SART({(X2(INANL)=X2(IDA,NIL=1})%%2+
2 (Y20 IDAGZNLY=Y2(IDALNL~1))=®%2)
SEG=SORT({X2({IDALNL)=TX 1%&2+(Y2(INAN_)=TY)**3)
102 IF(RL-SEG) 100,110,120
100 [F(NL,ED.2)} GO 7O 103
IF(RL-SEGN)Y 130,140,150
103 [F{RL=-SEGL)Y 130,140.150



122
130 WRITE(6K.135)

1235 FORMAT(3X,' ERRMNR === NO LATERAL IS NEEDED FDR THIS FIELD',
xt, PROGRAM TERMINATED AT STATEMENT #1100 IN DRAIN]',/)
[60=1
GN TO 260

140 NL=NL+1
X2(IDA,NL}=TTX
Y2(IDANLY=TTY
200  XMZ=SL
XML=TS
IF(XM2,EQ.999,0) GO TO 201
IF{XM1,FN.999.0) GO TD 202
GN TO 203
201 H=SPAC({TIDAY/2.0
GO TO 205
202 91P2=SORT((XL{INANL)=X2{INANL) %2+ (Y2 IDASNL)Y=Y2({ IDA,NI_ ) )%k3x2)
H=SPAC (IDAY:PIP2/(2,0% (XL {IDAJNL)Y=X2(IDA,NL) )}
G0 TO 205
203  BX=ATAN( {XM2=XM1)}/(1.0+XM1%XM2))
BX=ARS(RX)
H=SPAC(IDA}Y/(2.0%SIN(RX))
205 CALL D1P3 (ALPHA,RETA,AX1,MS,NL,X1sY14X2,Y2,H,SL,SPAC,
%  INALX3,Y3,XLEN,NOXY3)
[FINOXY3,EQ,0) STOP
NL=NL+1
MS=NL
[F(NL.GT,NOL) GO TO 260
K0=K0+1
TS=TTS
TX=TTX
Ty=TTY
[F{KD.E0.NC) GO TO 145
TTS= S{IDA,KO+1)
FTX=CX(INALKOY
TTY=CY(IDA LKD)
50 TN 101
145 TTS= S(IDA,1)
TTX=CX{TDA,KM
TTY=CY{IDA,K0)
50 TO 101
150 60O 70O 200
11D X2(IDANIL)=TTX
Y2{IDANL)=TTY
NL=NL+1
GN TO 200
120 [F{NL.LT.NOL) 6N TO 170
210  XM2=SL
XM1L=TS
IF{XM2.F0.999.0) GO TN 211
[F{XM1,F0,999.0) GO TO 212
GO TO 213
211 H=SPAL(IDAY/2.0
GO IO 215
212 ©1P2=SORT((XL(INANLY=X2(INDANLYYE=2+ (Y2 (IDAGNLY=Y2(IDANL) ) %F%2)
H=SPAC (IDA)YRPLP2/(2,0%(X1(IDALNL)=X2(INA,NL)))
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50 70 215

213  BX=ATAN{{(XM2-XM1)/(1.0+XM1%XM2))
BAX=ARS(RX)
H=SPAC(IDA}/(2.0%SIN{RX))
215 GCALL D1P3 (ALPHALRETA,AXL,MS,NL,X1,Y1.X2,Y2+sHsSL,SPAC,
% IDALX3,Y3,XLENJNOXY3)
IF{NOXY3.EQ.0) STOP
GN TO 240
170 IF(RL-SEG-DELR) 230,240,250
230 GO 10 200
240 NL=NL+1
X2{IDAGJNLY=TTX
Y2{IDAJNLY=TTY
G0 T 200
250 NL=MNL+1
catlL DLP?2 [(ALPHA ,RETAAXL,INDANL TS, TX,TYTTS,TTX,TTY,
% X1leX2.Y1l.Y2,.SL,NOXY2)
SEGD=SEG
SEFG=SORT((X2{INAMNLY=TX)yx%x2+(YZ{IDAMNI)-TY) %%®2)
TF(NLLLT.NOL)Y GO TQ 102
50 TO 210
260 RETURN
=ND

CCCCCCCCCCCCCreLCCcCeceCcCececCaceacececcceeacencecaceaccaccceccceccccccccceceec

SURRMDUTINE DRAINZ

OO0 0

C
C
c
c SURPROGRAM DRAIN? IS USED TO DESIGN THE SYSTEM WHEN AX]1 > RETA,
c
C

CCCLrLCCCCCCOCCCCCACCOCCCCCooeceeaceeeceaccccccceccccencccccaccceceernccecee
SUBROUTINE DRAINZ (IDALCXeCYX1a¥Y14X2.Y2:X3,Y3,S,
£ 0X1,0Y1.0X2,0Y2,XLEN,SPAC,BETA,ALPHA,NC,SLsAX14NOL,RAD)
DIMENSTON CX(10,10),LY(10,10),X1(10,50),Y1(10+50)+X2(10,50),
L Y2(10450)4X3(10+50),Y3(10,50),5(10,10),0X1{(10),0Y1(10),
2 OX2{10),0Y2(10)LINE(10).XLEN({10,50).SPAC(10)
NL=1
MS=1
KN=1
rS=S{INA,KD)
TX=CX( INALKO)
FY=CY(IDA,KD)
TTS= S(IDALKN+1)
TTX=CX{ IDA.KMN+1)
TTY=CY(INDA,KN+1)
101 AL=SORT({TTX=TXY%%2+{TTY=TY)x%x2)
CALL D2P2 (ALPHA.BETALAXL IDAGNL, TS, TX, TY,TTS,TTX,TTY,
% X1 ,X2.Y1.Y2,SL NOXY2,S5.K0)
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SEGL=SQRT{{TX=X2(IDANL))Y*=%2+(TY=Y2(IDA,NI)}*%2)
IF{NL.EDO.NDLY GO TD 210

NL=NL+1

CALL D2P2 (ALPHARETAAXLIDAWNL TS TX TYSTTS,TTX,TTY,
X1+X2+Y1.Y2,SL,NOXY2,5,K0)

DELR=SORT{(X2(INANL)=X2(IDA,NL=-1))*x2+

(Y2{IDASNLI=Y2{IDANL=1))*%2)

SEG=SORT{(XZ2(IDANLY=TX )*%x2+(Y2(IDA,NL_)-TY)*%2)
[F{RL-SEG) 100.110,120

[FINL,ER,2Y GO TN 103

[F{RL=-SEGD) 130,140,150

TF(RL=-SEG]1) 130.140,150

WRITE(6.135)

FORMAT(3X,' ERROR === NO LATERAL IS NEEDED FOR THIS FIELD',
'y PROGRAM TERMINATED AT STATEMENT #1000 IN DRAINZ',/)

1GN=1

GO TO 240

NL=NL_+1

X2{IDANL)=TTX

Y2(IDAGNLY=TTY

XM2=S L

XML=TTS

TF(XM?2 ,F0,.999.0) GO TO 201

[F{XM1,F0,999.0) GO 7O 202

GO TA 203

H=SPAC{IDAY/2.0

GO Th 2n5

PIP2=SORT((XL{INANL)=X2(IDANLY)XE2+(Y2{INANL_I=YZ2(INDA,NI))%**%2)

H=SPAC(IDAY%P1P2/(2.0% (X1 (INDANL)=X2{IDASNL)}))

50 TO 205

BX=ATAN{ {XMZ2=XM1)/ (1 .0+XML%XMZ))

3X=ARS(RX)

H=SPAC(IDAY/(2,0=SIN(BRX))

TALL D1P3 (ALPHA,L,RETALAXT ,MS.NIL,X1,Y1 «XZ2+Y24HsSLLSPAC,
INA G X3,Y3 ,XLENJNOXY3)

[FINOXY3,EQ0.D) STOP

NL=NL+1

MS=NL

IF(NLLGT.NAOLY GO TO 260

L{=KD+1

T5=TTS

TX=TTX

Ty=TTY

TF(KOLEQ.NCY GO TO 145

TTS= S(IDAKO+1)

FTTX=CX{INA,KD+1)

TTY=CY(IDALKO+1)

30 TN 101

TTS= S(IDA.1)

FTX=CX({INA,1)

TTY=CY{IDA,1)

S0 TO 101

GO T 200

X2(IDAGNI_)=TTX

YZ{IDANL)Y=TTY



NL=NL+1 123
GO TN 200
120 [F(NL.LT.NOL) GO TA 170
210 xM2=5L
XM1=TTS
IF(XM2.F0.999.0) GO TO 211
[E(XM1.E0.999.0) GO TO 212
G0 TO 213
211 H=SPAC(IDA}/2.0
60 TO 215
212 P1P2=SORT((XL(INANLI=X2(INANLY ) H%24 (Y2 ( IDASNL) =Y2{ INA,NL})#%2)
H=SPAC (IDA)%P1P2/ (2.0% (X1 (IDA.NL)=X2(IDALNL) )
50 TO 215
213 BX=ATAN( (XM2=XM1)/(1.0+XM1%XM2})
3X=ARS (BX)
H=SPAC (IDA) /(2. 0%STIN(RX))
215 CALL DLP3 (ALPHAAETALAXL o MSNL,X1,Y1sX2,¥Y2,H,SL,SPAC,
% IDALX3,Y3,XLEN,NOXY3)
[F(NOXY3.EQ.0) STOP
60 TN 260
170 [F(BL=-SEG-DELR) 230,240,250
230 GO TO 200
240 NL=NL+1
X2 (INA NI} =TTX
Y2({ IDALNL) =T TY
60 TO 200
250 NL=NL+1
CALL D2P2 (ALPHALRETA JAXLHINA ML TS, TX,TY,TTS, TTX, TTY,
% X1 aX24Y1.Y2+SL o NOXY2,S,KD)
SEGN=SER
SEG=SORT( (X2(INANLY=TX)%%2+(Y2({IDANIL)=TY)%%2)
IF(NL.LT.NOL) GO TO 102

50 70 210
260 RETURN

=ND
CCLCCrCcCLCCccereeceecccecccecLcccccceeocecceccecceneccocccecaccccccccccocccccecccec
C C
C SUBROUTINE N1P2 C
C C
c SURPRMNGRAM D1P2 COMPUTES ALLL THE (X2.Y2) POINTS FOR DRAIN1. C
C "
CCCCCocCCClocercececeoccececcecececeLcccecccacceccececccoccocccccccecrccccoecccccccccceec

SUSROUTINE N1IP2 (ALPHA,BETA,AXLIDALNL TS, TX,TY,
% TTS.TTX.TTYLX1,X24Y1,¥2,SL,NOXY2)

DIMENSTAN X1{10.50),Y1(10,50).5(10,10)¢X2{10+50),Y2(10,50),
% SPAC(10),XLEN(10,50)

RAN=3,1415926/180.0
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IF{(ALPHA,EQ,0.0) ,AND,(RETA,E0,90,0) LAND.(AX1.ILT.RETA)) GO TO 100
[FOCALPHALEQ.O0.0) LANDGIRETALEO,90.0) JANDL{AX1.LTLRETAYIGN TN 200
IF{(ALPHANE.GL.O) JANDL(BETALNE,180.) JANDGEAXTIWLT.RETA) )Y GO TO 300
NOXYZ2=0

WRITE(H.50)

FDRMAT{' ERRDR===NO (X2,Y2) POINT —==~ CHECK D1P2 SURPROGRAM', //)
GO TO 500

[F(TS.EN,999,0) GO TO 110

XZ(IDALNL)Y=X1(INA,NL)

YZUIDAGNILI=TY+TSH(X2(IDANIL)=TX)

GO T 500

WRITE{A.120)

FORMAT (' ERRNR==— LATERAL IS PAREILILEL TD ROUNDARY RUT 1,
LHINTERSECTION OCCURS, CHECK STATEMENT NO. 100 IN D1P?2,1')

G0 TO 500

[F{TS.E0,999,0) GO TQ 210

YZ(IDALNLY=YL(IDA,NL)

X2UIDALN_)Y=TX+{Y2{IDANL)=TY) /TS

GO TO 500

Y2{IDA,NiLY=YL1({IDA,NL)

X2{IDANL)=TTX

50 TN 500

IF{TS.EN.999.0.0R.SL.ENQ.999.0) GO TN 310

XZ{IDAGNLY={ YL (IDAMNLY=TTY+ TSI TX=SI_ %X (IDALMNILY)/{TS=SL)
Y2UIDALNE)Y= TTY+TSH(X2(IDANLY=-TTX)

50 TN 500

IF{SL.NE,999,0}) GO TN 330

WRITE(A.320)

FORMAT (! IMPOSSTRLE OQUTCOME OCCHRS ! St & TS ARE VERTICAL LINES
*=== CHECK STATEMENTS 300-310 IN D1P2')

G0 TN 500

TF({ALPHA+RETA) ,E0,180,0) GO TD 350

X2(IDANL)=TX

YZUIDAGNL)Y =YL (IDANL)+SLA(X2(IDANL)=X1(TDA,NLY)

GO TN 500

X2{INA,NEL)=TX

Y2({IDALNLY=Y1 (IDALNL)

RETHRN

END

CCCCCLCCCCLCARCCOCCLNCCCLCCCCCCCLCCLLLOCLOCOLLLOCLLOORtOnNCnCOCLCCCCCCLe

c
C
C
c
C
C

CCCCILLCCoCrne

SURROUTINE N2P2
SURBPRAGRAM D2ZP2 COMPUTES ALL THE (X2,Y2) POINTS FOR NDRAIN?,

CCCOCCCCCCCLCCCCCCCCCCCCCCLCCCCCCeCcacrCoCeCCrnCcCCCCCecee
n2pP2

C
SUBRMAITTNE (ALPHARETALAX]T JINAMNLL.TS, TX,TY,

OO0,



eNeNeNeNeRe!
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CCCLoCCCCLLerecceeeLeccceececcecceceoccececacccooncccccccococcccecccecrncccccecce

Pe
k=4

e

R

L

TTSeTTX TTYLX14.X2,¥Y1,Y2,SL.NDOXY2,5,K0)

DIMENSTON X1(10.,50),Y1{10,50}.S(10,10),X2(10,50),Y2(10,50),
564C(1N)Y . XLEN{10,50)

RAD=3,1415926/180.,0

[TFOALPHALEQ.OL.D) JANDL{RETALEQ.90,0) . AND. (AX1.GELRETA)) GO TN 100
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IF({ALPHALEQ.90.0) JANDL{RETA,EOQ,90.0}.ANDJ{AXT1.GELRETA)) GO TO 200

TF((ALPHANE 0,0) . AND.(BETANELL180.) AND. (AX1.GERETA)) GN TO 300

NOXY2=0
WRITE(A,50)

FORMAT (! ERROR===NO (X2,Y2) POINT === CHECK ND2P2 SURPROGRAM!',//)

TE{TTS.FN,999,0) GO TO 110

X2{INALNLY=XT1{IDA,NL)
YZUIDAGZNL)=TYRTTSR(X2(INALNI_Y=TX)

GO T0O 500

WRITE(A,120) ,
FORMAT(' ERRNR——~ LATERAL IS PARELILFEL TO RNOUNDARY RUT 1,
VINTERSECTINN OCCHRS. CHECK STATEMENT N0O. 100 IN D2ZP2,1)
60 T 500

TF{TTS.FN,996,0) GO TO 210

Y2(INALNLY=YL(IDAJNL)
X2(IDALNL)Y=TX+{Y2(IDANL)Y=-TY)/TTS

G T 500

Y2( IDALNL)Y=YYI({INALNL)

X2({INDAGNL)=TTX

50 TN 500

IF{TTS.EQR.999,.0) GO TO 310 ,
XZ{IDAGNLY=S(YI{INAMNL)=TY+TTSHTX=SL X1 {IDALNLYY/(TTS=SL)
Y2(IDA NL)=TY+TTS%(X2{IDANL}=TX)

50 TO 500

IF{SL.EQ.999.0) GO TN 350

ITF{SL.EQ.0.D)Y GO TO 340

X2({INDAGNL)=TX

YZ{IDAGNL ) =YT(IDANL)Y+SL=(X2(IDANLY=X1T(IDAJNLY)

GO TO 500

X2{IDALNL)=TX

Y2Z(IDANL)Y=YL{ IDALNL)

50 TO 500

X2(INAGNLY=X1(IDA,NL)
Y2{IDAJNLY=TTY+{X2(INANLY=TTX)% S(IDA,KN+1)

RETURN

END

SUBRMUTINE D1P3

SURPRNGRAM D1P3 COAMPUTES THE POINTS (X3,Y3) WHICH ARE HALF
SPACING RACK FRMNM THE FIELD ROUNDARY,

[N e

[ I IS N
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C

SUBROITINE N1P3 (ALPHA,RETAAXT sMS NI 4X14Y14X2,Y2,HaS1L,SPAC,
£ INALX3.Y3 L XLEN ,NDXY3)

DIMENSINN X1(10,50)4Y1(10,50).5(10.10),X2(1N,50),Y2{10,50),
% SPAC(LN) WXILEN{10,50}.,X3(10,50),Y3(10,50)
RAN=3.,1415926/180.0

TF((ALPHALEQ.0,0) . AND,{RETA,£0,90,0)) G TO 100
IF((ALPHA,EQ.90,.0) (AND.(RETA.EQ,90.0}) GO TN 300

[F((ALPHA NE.O.O).AND.L(RETALNE,180.)) 60 TO 500

NOXY3=0

WRITF(A,50)

FORMAT (' ERRNR===NQO (X2,¥2) POINT === CHECK D1P3 SURPROGRAM',//)
50 TO 800 '

DO 200 [=MS,NL

X3(IDA,T) =X1(INA,T)

Y3(INA,T)= Y2(INA,I)=SPACI{IDA}/2.0

CLEN(IDA,T)= SQRT{{Y3(INA,I)=YL{INA,T))*%k7+
* (X3(IDA,I)=X1(INA,T))%%2)

G0 TN 700

DO 400 T=MS ,NL

X3(IDA.T)= X2(IDA.T)=SPAC(IDA}Y/2.0

Y3(IDA,T)= YL(INDA.T)

KLEN(TIDA,T)= SORT((Y3(IDA,I)-Y1(IDA,T))**x24+
8 (XB3(IDALIY=XL(INA,T))*%x2)

50 TN 700

IF{(ALPHA+BETA) .E0.90..0R{(AL_PHA+BETA).EQ,270.,) G TN 100
IF({ALPHA+BETAY ,E0,180.0) GO TD 300
FACTOR=SORT (H*x=2/(1.,0+SL%%2))

ASL=ARS(SL)

IF(X2(INAMS)=XTI(INDAL,MS)) 510,520,530
TF(YZ2({INA,MS)=YI(IDAMS)) B10,620,630

DN 640 T=MS NI

X3(IDALTY=X2(IDA,I}Y+FACTOR

Y3(INDA,TY=Y2( IDALTY+ASLH(X3(IDA,I1=X2(1INALT))
XLENM{IDA,T)= SORT((Y3(INA,I}=YL(IDA,TI))=*2+
* (X3(IDA,IY=-X1(IDA,T))*xx2)
GO TN 7N0

DO A5N F=MS, NI

X3(INA, 1)Y=X2(INA,TI)+FACTOR
Y3(IDA,TIY=Y2(TNA,T)

XLEM(IDA,I)= SORT((Y3(IDA,I)=YL(IDA,T))%*%2+
* (X3 (IDALI)=X1(IDALT) ) %*%2)
50 TN 700

DO AHK0 T=MS N

X3(IDA,TY=X2(IDALI)+FACTOR
Y3(INDA,T)=Y2(IDA.I)=ASLE(X3(IDA,I)=X2(INA,T})
XLEN{IDAL,TY= SORT((Y3(IDA,I)=YL(IDA,T))**¥2+
# (X3(IDALI)=X1(INALT})=*%x2)
50 TO 700

IF(Y2L{IDA,MS)=-Y1{IDA,MS)) 710,720,730

DA T&0 T=MS NI

X3(INDA,T=X2(1DA.1)
Y3(TIDA,I)=Y2(INALTY+ASL=(X3(IDA,TY=X2(INA,T))
XKLEN(TDA D)= SORTO(Y3(IDALII=YL{IDA,T) }k2+
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% (X3(IDA,IY=X1(INA,T ) )=xx2)
Gy TO 700

NN 750 1=MS, NI

X3(INA,T)=X2(INALT)

Y3(IDA,T)Y=Y2(IDA,T)

XLEN{TDA,T)= SORT({(Y3(IDA,I)=Y1(IDA,T))*%k2+
% (X3(IDA,1}Y=X1({IDA,T))*%2)
Gn TN 700

NN 740 1=MS, NI

X3(INALI)=X2(IDA, 1)
Y3(IDA,TY=Y2{IDA, I} =ASL*({X3{IDA,I}~-X2(INA,I))
XLEN(TIDA,I)= SORT((Y3(INA,I)=-Y1(IDA,I))*x%2+
% (X3{IDA,IY=X1(INA,T))%%x2)
GO TO 700

IFIY2(IDA,MS)=-Y1({INAL,MSY) 810,820,830

DAY R4 T=MS, NI

X3(IDA,1)Y=X2(INA,T)=FACTOR
Y3(IDA,I)=Y2(INALT)-ASLE(X3(IDAL,I)=X2({INA, 1))
{LEN(CIDA,T)Y= SORT((Y3I(INA,TY-YL(IDA,T))Yxx2+
* (X3(IDALIY=X1(INA,I))*x%x2)
50 TN 700

DO R8N T=MS,NL

X3(TNA,T)Y=X2{INA,1)Y=FACTOR
Y3(INDA,T)=Y2(IDA.T)

KLEN(INA,T)= SORT((Y3(INA,1)=Y1(INA,I))%%2+
* (X3(INA,1)=X1(IDA,T))%x2)
50 TN 700

DO RBN [=MS NI

X3(IDA,T)=X2(IDA,I)-FACTOR
Y3(IDALT)=Y2(IDA, 1) +ASL*(X3(INA,I)=X2(INA, 1))
XLEN(IDA,T)= SORT({Y3(INDA,I)=YL(INA,T)) %%+
* (X3(IDA,I)=X1(IDA,I))#%2)
NOX Y3999

RETURN

SN



APPENDIX C

LISTING OF COMPUTER PROGRAM FOR DRAINAGE SYSTEM LAYOUT
PROGRAM, DSLP
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OROGRAM npSIL_pn (DRAINAGE SYSTEM LAYOUT PROAGRAM) [S WRITTEN
FOR DRAWING ALL THE INFORMATION AND SYMROLS FOR A NRATMAGE
SILAN,

THE ENTIRE PACKAGE CONSISTS NF A MAIN PRNGRAM AND

TWENTY=FIVE SURBPR{IGRAMS,

SURBPRNGRAMS ARE: ARDOl. NDXY, MULTI, RUIILNZ2, ROUND3., CNLENS,
NRAWS, FLNWA, FLOWR, ELE6, FENCE7., GRANESR.,
MARSHO9, PKFY10H, PDUT11, RATIL12. REF13,
ROAD14, STM15, TAR14&, TRILK17, TREELS,
XTOY19, RM20, WRIT21., NUT22.

DIMFNGIQN X1010.50) ,Y1({10.50)X3{10,5N1,Y3{1N.+50)X_EN(10,50)
WPUIX{10,5),PIY{10,5)XLMIN(LO)sSECLEN(IN)
LBX{10)Y,RY(10),SPAC{10),RANGLE(I0)NOUT(1N) NONC(1D)
LLINE(IN) GJOINT(IN) «X2(10,50),Y2(10,50),0%X{10,5)
LOY(10,5),8S31(10.50)

INTEFFR 2 LARLLARAL(15)
DATA  LARAL/Y Av_ r By v Cry gt Dy, Frgd Fryr G, HYy, b gt
R L Kl'l Ll,l MI'F NI,IOF,! Dl/

MATN PRNGRAM

CALL PLOTNON

AFAD(5,7700) IRNDLIWRT,IGRID, IFLOLNGRINDX,,MGRIDY
FORMAT(412,2T73)

QEAN(S,7800) NSCALECHHLCHC.DW,,DH WP L,CEM

FORMAT(7F10,4)

TiW=5.9

TF(NDH.GT.15.0) TwW=7,0

RAN=3,1415926/180.0

X0 = 0.0

Yo = 0.0

XL1=1.0

YLl=1.0

XL 2=NW=TW

YLZ2=DNH=1,.0

XP1=DW+0,1

wooan AL ar
Pl S |
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YPL=DW+0,1
CALL PLTS7E(XP1,YP1)

READ IN DATA FROM CARDS OR STORAGE NDEVICE

OO0

REAN{IRD,RO00) NR,IDA
RO0OND  FORMAT(212)

DO R10N T=1,NAR
8100 RFAD ( IRD,B8200) RX(I).RY{I)
8200 FORMAT(2F10.2)

READ { IRN,B8300) BXL,BYL.,BRXS.RYS
8300  FORMAT(4F10,2)

N0 9000 I=1,1DA

READ { IRND,8400)SPAC{1),BANGLE (1) NONC(T) LINECT),NOUT{T) »JOINT(L)
R400 FORMAT(2F10.3.415)

INUT=NOUT( T)

READ [ TRD,8200) (OX(T1,4),0Y(I.J),)=1,.10UT)

LN=LINE(T)

DO R’500 Jd=1,1N
8500 RFAN { TRD,LB8600) X1{(I1.J).YL(T4J)oX2(T+d)s¥Y2(T+d)eX3{TsJ)s¥Y3{1sJ),

L XLEN{T,.)
8600 FNRMAT(7F10.2)

[FJOINT({T),.EO,0) GO TN 8800

JNO=JOINT(T)

READ ( IRD,LB200) (PUX(I.).PIY(T.J).J=1.,INO)
8800 READ ( TRN,8200) XLMIN(I),SECLEN(T)
9000 LCONTINUER

REAND ( IRD,9100) SUMLEN
9L00 FORMAT(F10.2)

DN 9500 J=1.1DA

LN=LINE(S)

DO 9400 JJd=1.I.N

READ(5,9250) S31(.4,J0)
9260 FORMAT(F1I0.5)
93400 CONTTINUE
9500 CONTINUE

C S === PENSTZFE R CHARACTER HEIGHT FOR FILOW ARROW PLOTTING
PS=0.10

[ o e e i 2 ot et et e e

C DECTISION AND RRANCHING TO DIFFERENT SURRNOUTINES.

£ e e e e e o e o e o e e e e o o e T

300 REAND(5,310,END=000)L1.L2.L3,L4,DATALDATA2,DATA3.DATASL,
% DATAS ,DATAA,DATAT,NDATAR,NMO]
310 FORMAT(2T1,12,I1.5X.8F7.2.4%X.12)
IF(L1.EO0.0.AND,L?2,EQ,0) GO TO 902
IF(L3,EQ.0) GN TO 300
[F{L2.ED.2)Y GO TN 400
GO TO (401,402,403 ,404,405,406,407.408,4N9,410,411+:412+413,414,
% 415,416,417 ,418,419,420,421,422),.1.3
GOTN 300
C CHANGE THE PLNTTFR PEN SIZE.
400 CALL PLOAT(0.0,0,0,=3)
30 TN 300
401 CALL ARNI{L3 L4 XL1 YLL +XL2,YL2,DATAL,.DATA2,DATA3,NATAL)
50 TO 300
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402  CALLL BRUTLD2({L3,L4.,DATAL,.DATAZ,DATAZ)

50 T0O 3nD
403 CALL ROUNDI (L3 L4 XL2,DW,DH,DATAL,DATAZ,DATA3,DATAL)
50 TN 300
404 CALL COLENA{1_3,.4,DATAL.DATAZ2,DATAZ,10)
50 TO 300
405 CALL DRAWS( (X 40Y X1 ,YL, X3 ,Y3 . XLEN,NOUT,LINE,INDA,PS,531,
% XN.YO,RAD,RXARY.NR,L_ARAL ,DSCALE,IFLD.CEM)
G TN 300
406 CALL ELFA  (L3,L&4.NDATAL,DATA2,DATAZ,DATA4,NOL)
GO TN 300
407 CALL FENCET(L3,L4,DATAL,DATAZ2.DATABDATA4L,DATAS)
G0 TO 300
408 CALL GRADES(I1L3,L4,DATAL.DATAZ,NDATA3DATAL,DATASNO1)
GN TO 3100
409 CALL MARSHO(13,L4,DATAL.DATAZ,DATA3)
6N TO 300
410 CALL PKEYIO(L3,L4,DW,DH,TW,NDATAL)
GO TO 300
411 CALL PDUTLIL(L3,L4.DATAL,DATAZ2,NDATA3DATAL,DATAS ,DATAR)
6N TN 300
£12  TALL QATL12{L3,.4,DATALL,DATA2,DATAZ,DATA4,DATAS)
GO TO 300
413 CALL REFLI3 (L3 ,14,NDWDH,TW,NDATA1,DATA2,DATA3,NOL)
GN 1O 300
414 TALL ROADI4{1L3,L4.NATA1,DATA2,.DATA3,DATAL,DATAS)
6N TO 300
415 CALL STM15 (L3, 4,DATAL,DATAZ,DATA3,DATA4,DATAS,DATAR)
G0 TO 300
4le  TALL TAR1A{CHH,CHC +DSCALENH.XO,YD.LAB,LARAL ,IDA,
% LINFE,XIL_FN,SUMLEN,CEM,DATAL)
50 TO 300
4l7  CALL TBLKIT(L1.L2.L3,L4,DW.DH,TW,.XL2)
50 TN 3n0
418 CALL TRFE18(L3,L.4,DATAL.DATAZ,NDATA3)
50 T0 300
419 CALL XTOY19(L3,.4,DATAI,DATAZ.DATA3ZNDATAL)
50 TO 300
420 CALL RM20 (L3 ,L4,DATA1,DATA2,DATA3)
30 TO 300
421 CALL WRITZ21(L3,L&.DATAYL,DATAZ,DATA3)
30 TN 300
422  CALL DUT22(L3,1.4.,DATAL,DATA2,DATA3R)
50 TO 300
900 WRITE{6.,901) L1..2,1.3,.4,DATAL1.,NDATA2,DATAZ,NDATAL,

*® DATAS5 ,NATAA.DATAT,DATAR,NDY
901  EORMAT(*Nt,' UNIT 5 ENCOUNTERED., LAST CARD READ WAS 7./,

* 1X,211.12,1145X,8F7.2,4%X,12)
902 TF({IGRID.,NEL1)Y G TO 905

TFINGRIDX(LELOLORNGRIDY,LE.NY GO TO 903

CalLL GRID(1.0,1.9.1.041.0,NGRIDX.NGRINDY)

500 TD 905
903 WRITE({A.,904)
9064 EARMAT(/, ' GRID # IS LESS OR EQUAL TO 0 FOR X/Y DIRECTION',/)
Q05 CONTINUE
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CALL ENDPLT
STOP
END

SURRDTINE ARDL (L3 ,L4 X1, YLLaXL2.YL2,X14Y1,N14AY)

A - —————  — T " — A — — . —— — A " T — o " " - A W A o ————— " T T T ol TS R s AP AT WP i o

ARRMAW : TO DRAW A NORTH ARRDOW

X1sYlL —== CO=-NRDINATES OF THE LOCATINN FOR NNRTH ARRNW,
D] —————— TOTAL LENGTH OF THE ARROW,
A] == ANGIE DOF THE ARROW WITH RESPECT TN X-AXIS.

. —— ———— — ] — — T ——— " Y o Y D YED T T A  — —  —— — ——— —— Yol VY D AP T ] T oy W ol AN R AL S S T WS v - — ——

DIMENSIMNN A{?2,19)
DATA A/ 0.4375, 0.0250, 0.5000, 0.025N, N.4500,=0.0250,
0.5000,-0.07250, D.4375,-N,0N250, N.4875, 0.0250,
N.3750, 0.0 . D.1000, 0.0250, N,1250, 0.0 +
N0.1000,=0,0250,-0,4375, 0.0 =0.4625, 00250,
-0,2125, ND,0250,~0,1875, 0.0 «e=0a2125,4=0,0250,
~0.4625,=-0,0250, 0.0 « 0,0750, 0.0 +1=0.0750,
0.0 « 0.0/
TF{XY1.LT.XLTI.OR.U X1 L.GELXL2)GD TO 07
TF(YL LT.YL1.NR,YL.GE,YL21GD TN 07
N0 01 J=1,19
DO N1 I=1.2
A(T.d) = DI=A(T,d)
01 CONTINUE
Nno 02 J=1.19
CALL DDXY(A(1+J),A{2,J) XM, YM,AL)
A{l,J) = XM
A{2,d) = YM
02 CONTINUE
DO 03 J=1.19
ALY = A(1.0)Y + X1
A(2,8) = A(2.,0) + Y1
03 CONTINUE
XR1 = 0.0188=N1
XR2 = 0,0375=D1
CALL DASH{A(LI 1)+ A{(2+,1),A(1,2),A(2+42).0.0)
CALL MULTI(A(L,2)4A(2+2) A(1eA)yA(Z2+6)YsA(193),A(02,3),
1 Al1.,5)Y4A(2.5).4)
CALL DASHIA(1¢5) eA12.5)A{1.4),A(2,4),0.0)
CALL MULTI(A(L+8)2A(2,8)1A(1,9),A(2+9) A(127)+A(2+7),
1 A{T1.7Y.002,7T).5)
CALL DASH{A(T+7) A (271 yA{1,10)A({2,101},0.0)
CALL DASH{A(L1.9),A({2.9)A[1,8),A(2,8).0.0)
CALL DASH{A{I+49),A(2:,9),A{1,14),A(2.14),0.0)
CALL DASHA(L117T) A{2.1T7T),A(1,18),8(2.,18),0.0)

O I L SV R
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CaLL
TALL
CALL
CALL

SALL
caLt
CALL
CALL
caLL
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DASH{A(1.10),A(2,10),A(1,9),A(2,9).0.0)
CIRCLE(A(Y1,19),A(2,19),%XR1)
CIRCLE(A{1,19}Y,A(2,19),XR2)
MULTT(A(L1414),A(2414),A(01,15).8(2,15)9A(L011) 802,110,
All1,16),A02,16),5)
DASH{A[1.16V.,A(2,16),A01,11).4{(2.,11)+0.0)
DASH(A(1,11),A(2,11) ,A(1,12),4(2,12),0.0)
DASH{A(1,12),A(2.,12),A(1.13),A4(2.13)+0.0)
DASH{A(1,13),A{2,13),A(1,14),A(2,14),0.0)
DASH{A(1.,14).A(2,14),A{1,15),4(2,15},+0.0)

G0 TO 15
WARITE(A.17)
GO TN 15

FORMAT (101, ARRDW:

RETURN

END

SURROUITINE DDXY( XY, XM,YM,AL)

o T ——— —— — ——— — - . T WS TS UAE MER TS N WD W T A TS e T TS WP D - - VU e AL D AR B4 L M M S o S (T S0 o 49 i

DOXy:

THIS SURRDUTINE CALCULATES THE NEW X=Y CONRNDINATES OF A

AOTATED COUNTER-CINCKWISE ARQUT ITS NORIGIN.

———— o . —— — " — ——— ] i _——— T iy oy b et ity o ey i e o A AR B L W S ———— U D T R T T G NS S S e e S N s T -

IF(X.EN,0.0.AND,.Y, EQ,.0,.01G0 TO 01
R = SORT(X=*=2 + Y**k2}

A = ATANZ{Y,.X)

A = A + A1%3,1415926/180.0
XM = R&COS(A)

YM = R=SIN(A)

50 TN 02

XM = 0.0

YM = N,0

CONTINUFE

RETURN

END

SURRNUTINE MULTTI(X1.Y1aX2,Y2,X3,Y3,.X4.Y4.N)

R e e D e ke i D S S S — T —— T " T - S T TED W S S S D S W POV S S R S RS W R S T S e W ks oy S L S

SHADED AREA PLDTTING SECTINN, THE FIRST LLINE IS DRAWN RETWEEN
1 AND 3, INCREMENTATION TS FROM 1 TN 2 AND FROM 3 TO 4,

——— . ——— o — S — A} " — D T g ————— ———————— Y " 7 ] D okl AL . U D AP S ok Gl T P D " S D T o e .y

NORTH ARROW FALLS NUYTSINE OF MAP ROUNDARY.!

)

POIN

POIN
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T2 = Y1 - Y2

XA = T1/N

YA = T2/N

Tl = X3 ~ X&

T2 = Y3 - Y4

XB = T1/N

YB = T2/N

K = N+1

DO 03 I=1,K

XS = X1 = ([I=-1)%XA
¥YS = YL = {(I=-1}%xvaA
XF = X3 - {[-1)%XR
YF = Y3 - (I-1)%YR
CALL DASH({XS,YS . XF.YF,0.0)
CONTINUE

RETLRN

AED)

SURRDUTINE RBUILD2(L3.L4.X0,Y0DWH)

A Ay ot i e i ke e A i L Al A B b b ek ik i e e ek e A il ol ol o e e ol o ek o ek e o b o o i WAR i e A i

SURPROGRAM BLNCK IS USED TO DRAW THE SYMROL OF THE RUTLDING
X0+¥) === THE X=¥Y POSITION DOF THE CENTER 0OF THE BUTILDING

H ~=—~= THE HEIGHT OR WINTH 1NF THE RUTLDING

I# H IS A POSITIVE NUMBER LHEIGHT WILIL RE GREATER THAN WIDTH.
IF H IS A NEGATIVE NUMBER LHEIGHT WILL BE SMAILLLER THAN WIDTH,

IF(H.LT.0.0) GO TN 20
XL=H/4,0

YL=H/2.0

X1=XD+X_

Y1=Y0O+ YL,

X2=X0D=XI_

YZ2=Y0O+YI,

X3=X0=XI_

Y3=Y0O=-YI,

X4=X0D+X1,

Ya=YO=Y!,

50 T 30

H=ARS(H)

XL=H/2.0

YL=H/4 .0

G0 T 10

CALL PLDTIXI,Y1.3)
CALL PLNT{X2.Y2,2)
CALL PLOT(X3,Y3,2)
CALL PLNT(X4.Y4,2)
CALL PLOT(X1,Y1,2)
RETURNM
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END

SURRNDUTINE BROUND3 (L3 ,1.&4,%X2,DW,DH, XL YL.XR,YR)

———— — —— ———— e o i i o Tt D o i o D Ul S Bl St e Sty S . iy et e T ey S il D s il A W D s PAD S TS T > T o A Yl M TS Ty uan

SOUND3 ¢ FIELD BOUNDARY PLDTTING,
TF{XLL,ED.O0,D.OR,YL.ED,N,0.0R.XR.EQ.O.O0ARLYRLEQ.QLO)Y GO TO 10
X22=XR=XI_

CALL PLOT(XL ., YL+D,01.3)
CALL PLOT(XL.YR,2)

CALL PLOT({XR,YR,2)

CALL PLOT(XR,YL+0.01,2)
CALL PLOT(XL ,Y_+0,01.2)}
CALL PLOT(X22,YL+0.01.3)
CALL PLOT(X22.YR,.2)

GO TO 20

CONTINUE

CAaLL PLNAT{0.0.0,01,3)
CALL PLOT(0.0,.DH,.2)

CALL PLOT(DW.DH,.2)

caLlL PLAT(NDW,0.01.2)
CALL PLOT(0.0,0.01.2)
CALL PLOT(X2.0.01,3)
CALL PLNOT{X2,DH,2)
CONTINUE

RETURN

END

SURRNDUTINE COLEN&(L3,L44X1,Y1,DLENJNT)
SUBPROGRAM IS DESIGNED TO CONSTRUCT A TARLE FOR LENGTH OF
COLLECTNR,

X1sYl —=——= THE LLOWER LEFT CONRDINATES OF THE TARIE.
DLEN —==—= I_ENGTH OF THE TARLFE
Nl ===— NN, 0OF ROW NF THE TARLE

A A il Ml ek o e e e A ek e A AR S Y Al il b el ik ok ek it e s ikl S o N M S A P S A M o — T 0 s e SO D S

DIMENSTION DIA(S)JLAB(1D)

NDATA DIA/1I00..150..200.4250.,300./

DATA LAR/TA V0B 1 00 V0D 1018 1 R 0 010G 1,01 v, bt 1Y
NR=1D

TF(NT,GT.NR) NR=N1
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50

NX=DLEN/K.3

H=DX/10.0

X2=X1+Nt_EN
Y2=¥Y1+4.0%0.3+NR%0 .25

CALL PLOT(X1,Yl,3)

CALL PLOT(X2,Y1,2)

CALL PLOT{X2.Y¥2,2)

CALL PLOT(X1,Y2,2)

CALL PLOT(X1,.Y1.2)

CALL PLOT{X1+1.3%DX.Y2-0.3,3)
CALL PLOT(X2,Y2=-0.3,2)

CALL PLOT(X1,Y1+0.3,3)

SALL PLOT(XZ2,.Y1+0.3.2)

CALL oLNT{X1+1,.3%DX,Y1+0.3,3)
CALL PLOT({X1+1.3%DX,Y¥2,2)
CALL SYMBOL(X1.Y2-0.4, H," COLILECTOR!',0.0,10)

CALL SYMROL(X1+1.3%DX+10%H,Y2-0,23.H,'DRAIN TURE REQUIRED®,0.04+19)
CALL SYMROL{X1+1.3%DX+32=%H,Y2-0.,23,.H*0.85.,' FEET

CALL SYMBOL({X1+3%H,Y1+0,39.H,'TOTAL',0.0,5)}

CALL SYMRUL (X14+3%H,Y1+0.09,H, '"OVERALL TOTAL:',0.0,14)

NDRMALLY . IGHT CHACTERTER STRING AND LINES.

X=X1+H+1.5%DX

CALL NUMBER({X,Y2-0.55,H,DIA(1),0.0,-1)

CALL SYMBOL{X+H%3,2,Y2-0.55,H%0.8%, MM!',0.0,2}
DO 20 1=2.5

X=X+DX

CALL NUMBER({X,Y2=0.55,H,DIA(I},0.0.,~1)

CALL SYMBOL ( X+H*3,2,Y2~0.55,H*0,85, MM} ,0.0,2)
CONTINUE

X=X1+H+1,5xNX

DO 25 J=2,5

X=X+DX

CALL PLOT{X~=H=-0,2%DX,Y2-0.30,3)

CALL PLOT({X=-H=0,2%DX,Y¥1+0.3,2)

CONTINUE

Y=¥2=-0.,h

CALL PLOT(X1.Y,3)

CALL PLOT(X2,Y,2)

Do 30 I1=1.NR

Y=Y-0.25

CALL SYMROL(X1+4+5,0%H,Y+0.,05,H.LAR(T).0.0,1)
CALL PLOT{X1,.Y,3)

CALL PLOT(X2.:Y,.2)

CONTINUE

CALL SYMBOL(X1+5,0%DX,Y1+0,05,H*0.9,! FEET ',0.04+6}

QRETURN
END

Y90.046)
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SUBROUTINE DRAWS(OX DY, X14Y1,X3,Y3,XLEN,NOUT,L_INE,IDA.PS,531,
% X0,YN,RADLRX ,BY NBR,LARAL,NSCALE,IFLO,.CEM)

DRAW IS USED TO LAREL THE LATERALS!' LENGTH

WHEN THE DIRECTINN OF THE FLOW IS NEEDED, FLDWA § FLOWR ARE CALLED
DIMENSION X1(10,50).Y1{10.,50).%X3(10,50),Y3{10,50) X _EN(10,50)
% LBX(L0).BY{10).,SPAC{10).BANGLE(LIO}NOUT(10),NONC{10)
% LLINE(LO)Y L JOINT(10) ,0%(10.5),0Y(10,5),S31(10,50)
INTEGER#%2 ILAR,ILARAL(15)

D112 1=1.1DA

[NUT=NOQUT{T)

LNz INE(T)

IF{IOUTL.EQ,2) GO T 110

CALL PLOT(OX(T,.1),0Y{I.1),3)

CALL PLOTIOX{T42),0Y(1,2)42)

CALL PLOT(X1(I.1).YL{I,1).,2)

GND TN 113

CALL PLOT(OX{(T,1).,0Y(I.1).3)

CALL PLOT{X1(I,1),YL(I,1),2)

DO 111 Jd=1,IN

CALL PLOT(XI(I,.J)4Y1(I,d)43)

CALL PLNT(X3(I,J).Y3(1,4),2)

CONTINUF

CONTINUE

SLAR=16%PS

nn 200 1.C=1,10A

LN=LINE(LC)

LAR=LARAL (LLC)

IF(X3(LEL1Y=-X1(LC.1)) 120,140,160
IF(IY3{1.C,1Y=-Y1{LC.1)).EQ.0.0) GO TO 125

ANGLE=ATAN ((Y3(LC,1)=Y1({LC,1)})/{X3(LC.1)=X1(LCy1))}/RAD
50 TO 130 '

ANGLE=9N .0

500 TO 130

ANGLE=0.0

COSX=PS=COS{ANGLE®RAD)

SINY=PS%SIN{ANGLE#RAD)

N0 135 I=1,0.N

A==T

XA=X3{LC,1)+2%C0OSX

YA=SY3(LO,I)+2%SINY

TALL SYMRNDL(XA,YA,PS,_AB,ANGIE.2)

XR= x3(Lc.I)+4 5 (15X

YR=Y3 (LN, I)+4.5%SINY

[F(XLEN(LC.I).LT.SLAB) GO TO 135

XC=X3 (L0, T1+11%COSX

YC=Y3 (Lo, 1)+11%SINY

CALL NUMRER (XC YL PS.XLEN(LC I)*DSCALE/CEM,ANGLE.1)
X0=X3{LN,1)1+17.5%C08X

YO=Y3(LO 1Y +1T7.5%SINY

CALL SYMROL_{XD,YN PSS tFT! ,ANGILE,2)

CONT INUE



140
50 TO 200

140 IF(Y3(LC,1)=-YL(LC,1)) 122,150,165
150 WRITE(AL1I55)XL(LC,1Y.YL(LC,1) W X3(LC,1).Y3(LCH1)

155 FORMAT(IX,'#xxERROR#%*%x (X1,Y1l) = (X3,Y3)., TERMINATION OCCURRED',
AT #3150 TN MNDRAWN L./,
*O2XG M (XTLLYL) = V,2F8.2,3X,'(X3,Y3) = ',2F8.2)
5N TO 200

160 IF{(Y3(LC,1)=YL{LC,1)).EQ.,0.0) GO TO 180
ANGLE=ATAN ((Y3(LC,1)=YI{LC,1Y}/(X3{LC,1)Y=X1(LCs+1)))/RAD
GO TN 190
145 ANGLE=90.0
GO TO 190
180 ANGLE=0,D
190 COSX=PS%COS{ANGLE*®RAD)
SINY=PSxSTN({ANGLEXRAD)
DO 195 I=1,LN
A==1
XA=X1{LC,I1}+2.0%CNSX
YA=YI{LC,I)+2.0%SINY
CALL SYMBROL(XA,YA,PS,LAB,ANGI_E,2)
XB=X1(LL,1)+4,5%C08X
YB=YL(LC,I)+4 ,5%STINY
CALL NUMBER{XR,YR,PS. A ANGLE.,-1)
IF(XLEN(LC,. D) . LT,SLAR) G TO 195
XC=X1{LL,T)+11%#CNSX
YC=YL(LC,TI)Y+11%SINY
TALL NUMBER{XCYC PS XLEN({LC,IV*DSCALE/CEMyANGILE 1)
XD=X1(LC,TY+17.5%C0SX
YD=YL{LC,I)+17.5%SINY
CALL SYMBOL(XD,YD,PS,'FT!1 ,ANGLE,2)
195 CONTINUYE
200 CONT INUE
IF{IFLO.NE,1) GO TGO 310
DRAWING ARROW TO SHOW FLOW DIRECTION,
DN 300 Jl=1,1IDA
LN=LINE(J1)
NO 290 J2=1,0LN
IF(XLEN(JL+Jd2).LT.(PS+N.80)) GO TO 290
XT1=X1(J1.J2)
X33=X3(J1,J2)
Yil=Y1l(Jl..42)
¥33=Y3(.41.J2)
CALL FLOWA{X11,Y11.X33,Y33,PS,RADWRX1,RY1.+RX2,RY2,
# RX3,RY3,RX4,RY4,AN}
CALL AROHNDI(RXZ2.RY2.,RX1,RY1,0.10.,0.06.16)
IF(S31(J1,J2).EQ.C.0) GO TO 280

CALL SYMROL(RX3,RY3,PS,VS= %' AN, R)
CALL MNUMBER(RX4,RY4,PS,.531(J1,42),AN,2)
50 TH 230

280 CALL SYMBOL (RX3.RY3.PS, 1S= N.G.',AN,7)
290 CONTINUE
300  CONTINUE
50 TO 330
310 WRITE(6.320)
320 FORMAT(/.! FLOW DIRECTION NOT SHOWN—— IFLO=1 NOT ENCOUNTERED!', /)
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RETURN
END

SURROUTINE FLOWA(X11,Y11,X33,Y33,PS+RANDRXLIRYI+RX2:RY2,
RX3,RY3,RX4,RY4%4 AN

e R N Sk e i Al Al e A Sl D D A e . N L S AT AR S SR e e S il vk A WA D A . D L . . g S . ) g, . . i S . Tt VU Yl W W A S s e

FLOW & FLOWR : DNRAW THE ARROW TO SHOW THE DIRECTION OF THE FLOW
X33,¥33 == X1-Y1 0OF THE LATERAL

X33,Y33 == X3-Y3 0OF THE LATERAL

PS == PEN SIZE OR CHARACTER HEIGHT

ALL RX=RY § VALUES ARE X-Y COORDINATES 0OF THE ARROW

AN «~—= ANGLE 0OF THE ARROW WITH RESPECT TN X=AXIS

- — 7% T " —— v - YD A o — " S — — — ——— T . T T A I DU T P i oy, ey s e e A el e D . ks e M S o

[F(X33=-X11) 40.,50.,60

RR1=PS

RRZ2=RR1+0.40

RR3I=RRZ2+9%P§

RR4=RR3-2%PS

50 TH 90

IF(Y33,1.T.Y11l) GO TO 40

RR1=PS

RRZ2=RR1+0.40

RR3=RR2+P§

RR4=RR3+2,0%PS

CALL FLOWR(X11,Y11.X33,Y33,RR1,PS,RADX+Y+AN)
RX1=X

RYl=Y

caLi FLOWR{X11,Y11,X33,Y33,RR2,PS,RAD,X+Y+AN)
RXZ2=X

RYZ2=Y

CALL FLOWRB({X11,Y11,X33,Y33,RR3,PS,RAD+XsY+AN)
RX3=X

RY3=Y

caLL FLOWB{X11,Y11,X33,Y33,RR4,PS,RADX+Y+AN)
RX4=X

RY4&4=Y

RETURN

END

SURBROUTINE FLOWB(X11.Y11,X33,Y33,RR,PS,RADsX,Y,ANGLE)
DX=x33~-X11
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NDY=¥33-Y11
DL=SQRTI{DX%%k2+NY*%k2)
IF(DX.ED.0.,0)Y GO TGO 200
IF(DY.EQ.0.0) GO TO 300
AN=ATAN2{DY,.DX)/RAD
ANGLE=AN
ANN=AN
IF(ANN.AT,.90.0) ANGLE=ANN-=-180.0
TF{ANN,LT.=90.0) ANGLE=ANN+180.0
AN=ARS { AN}
TF{AN.GT.390.0) AN=180,0-AN
DINX=1.2%PS/SIN(AN%RAD)
DINY=1.2%PS/COS{ANXRAD)
ARD=0,60%DI_-9,0%PS+RR
FX=ARDXRCODS (AN%ERAD)
FY=AROXSIN[AN%RAD)
[F{ARD.LT.0,0) FX=0,0
IF(ARDILT.0.0) FY=0.0
TF{X33-X11} 100,200,150
100 IF(Y33-y11l) 105,300,125
105 X4=X11
Y4=Y11=-DINY
X=Xb=FX
Y=Y4—=FY
50 TO 500
125 X4=X11-DINX
Yé=Y11
X=X4~FX
Y=Y&+FY
GO TN 500
150 TF{Y33-Y11l) 155,300,165
155 X&4=X11
Y4=Y11=-DINY
X=X4+FX
Y=Y&-FY
GO TO 590
165 X&=X11+DINX
Y4z=Y11l
X=X4+FX
Y=Y4+FY
50 TO 500
200 ANGLE=9S0.0
N=1.,2%PS
AR{I=DL/2.0-9.N%kPS+RR
[F{Y33-Y1l) 210,220,230
210 X4=X11+D
Y4é=Y11
X=X4&
Y=Y4~AR
GO TO 500
220 WRITE(/H,225) X11,.Y11,X33,Y33
225 FORMAT{IX ' (X1 Y1) =(X3,Y3)===1,2FT7.2:2%X+2F7.2»
# VOHECK #200 IN FLOW! /)
GO TO 500
230 X&4=X11+D
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Ya=Y11
X=X&
Y=Y4+ARD
50 T0 500
200 ANGLE=0.0
ND=1.2%P%
ARD=NL/2,0=-9,N%PS+RR
[F{X33-X11) 310,220,330
310 X4=X11
Y4=Y11~-D
X=X4-ARMN
Y=Y4
50 TN 500
330 X4=X11
Y4=Y]1=D
X=X&+ARMN
Y=Y&
500 RETURN
END

SURROUTINE ELES (L3414 ,X.Y.NDD,RELN)

ROUND === SURPROGRAM TO NDRAW SYMBOL SHOWING DRAIN DEPTH §
DRAIN'S BOTTOM-ELEVATION,
Xe Y === POSITIMN OF THE POINT
N -—-= QUADRANT OF THE CIRCLE TO BE DRAWN, 1 = 1ST OHAD.
2 = 2ND QUAD, 3 = 3RD QUAD. 4 = 4TH QUAD,
IF N HAS A VALVE WHICH IS NOT 1,2,3 0OR 4 SYMBOILL WILL BE PLOTTED
AT THE X=Y POINT GIVEN ({CENTERED AT X-=Y}.
PO === DNRAIN DEPTH
3F === DRAIN ROTTOM ELEVATION
G0 TO {(10.20.30,40),N
XC=X
YC=Y
GO TN 50
10 XC=X+n.251
YC=Y+n,251
50 T0 50

20 XC=%x-0.251
YC=Y+N.251
GO TN 50
30 XC=X-0N.751
YC=¥-0,251
50 TO 50
40 XC=X+n,251
YC=Y=-0N.251
50 [IF{NN.EN.0.0.ANDLRELEQ.O0.0)Y GO TO A0
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Cati, CIRCLE(XC.YC.0,.250)
CALL DASH{XC~0,2.YC,XC+0.,2.YC,0.0)
CALL NUMRER(XC=0.090,YC+0.06,0.,08,0D,0.0,1)
CALL NUMBER(XC-0.158,YC-0.127,0.08,RFE,0.0,1)
50 T 760
CALL CIRCLE(XC,YC.0,20)
RETURN
END

SURROUTINE FENCET(L3,L.4,XA,YA.XB,YB,S)
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FENCE IS WRITTEN FOR DRAWING THE FENCE 1LINE

XA, YA, XB,¥YR ——-=— TWO POINTS , STARTING & ENDING POINTS, OF
THE FENCE LINE ARE GIVEN
S == THE SPACING BETWEEN CROSSES.

- —— . N —— T ————— A —— —— T ———— T ——— T - " " - — - — . - - ——— - - — T - ——

DIMENSION X(100),Y{(100)
AL=SQRT((XA=XRB)xx2+(YA-YR)}*%k2)
XN=AL/S

TF{XN,GT,.100.0) XN=99,0

NO=XN

IF{ND.GT.1N0) NO=99

IFINDLEQLXNY GO TO 10
[FIXN=NO,LE.0.5%S) NDO=NO+1
SS=AL/NN

RAD=3,1415926/180.,0

DX=XA=XR :

NDY=YA-YR

IF(NDX.,EN.0.0) GO D 100
TF{DY.EQ.D0.0) GO TDO 200

AN=ATAN (DY/DX)/RAD

DDX=ABS {SS*HCNS{ANxXRAD) )
DNDY=ARS(SS*SIN[AN®RAD))

TF(XA, LT XR.AND,YA,GT,.YRY GO TO 20
IF{XA.GTXB,AND,YALT.YR) GO TOD 30
TFIXALT.XBLAND ,YALLTL.YRY GO TO 40
[FIXALGT.XBJANDLYA GT,YR)Y GO TD 50
50 TO 90

X{1)=XR

Y(1)=Y8

X{ND+1)=XA

Y{NMN+1)=YA

GO T 33

{{L})=XA

Y{1)=YA

X{NO+1)=XR

Y{NO+1)=VYR

N0 35 [=2,N0



35

40

50

55
60

90
95

100

101
105

110

200

201
205

210

300

310
350

X(I)=X(I-1}-DDX
Y{I)=Y(I-1)+DDY
GO TN 300
X{1)=XA

Y{l)=YA

X {NO+1)Y=XR
Y{ND+1)=YR

50 TN 55
X{1)=XB

Y{1}=YR
X{NO+1)=XA
Y{NO+1)=YA

DN 60 I=2.N0O
X{1)y=X{I-1)+DDX
Y{(I)=Y{I-1)+DDY
0O TO 300

WRITE(6.95) XA,YAXB,YR,S
SORMAT('0',*NO FENCE

GO TO 350
AN=90.0

IF(YA.GTLYR) GO TC 110

X{1)=XA
Y{1l)=YA
X{NO+1)=X8
Y{NO+1)=YR

N 105 1=2,N0O
X(I)=XA
Y{L)=Y{I=-1)+55
GO TO 300
X{1)=X8
Y(1)=YR

X {NO+1)=XA
Y(NO+1)=YA

50 T0O 101
AN=0,0

[FIXA,GT,XR)Y GO O 210

X(1)y=XA
Y(1)=YA
X{NO+1)=XB
Y{ND+1)=YR

DB 205 T1=2,.,NN
X{TY=X{T1=-1)+SS
Y(I)=YA

50 TO 300
X{1)=X8B
Y{1})=YR
X{NO+T Y=XA
Y({NO+1)=YA

GO TO 201

CALL PLOT(XA.YA,3)
CabLl. PLOT(XB,YR,2}

M=NM+T
DO 310 1=1,M

SALL SYMBOL({X{I).Y(I).0.10,

RETHRN

——==1,5FR.2)

4QA‘\!"’1)

145
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END

SURRDUITINE GRADER(LI L4, XYL ANGLELALLDIR,ITEM)

SYMRNL TO SHOW THE CHANGE 0OF GRANDE OR PIPE=SI7E OF A LLINE.
X,¥Y ~= CODRDINATES OF TRIANGLE TIP ON THE L INE

ANGLE ~- THE SLOPE DF THE LINE (IN NDEGREE)

AL == THE HEIGHT 0OF THE TRIANGLE SYMROL

DIR —=— DIRECTION NF THE TRIANGLE PNINTING

I[F DIR > 0O SYMROL PLOT ON THE L EFT  HAND SINDE OF THE 1L INE
TF DIR < O SYMBOL PLOT NN THE RIGHT HAND STDE DF THE LINE
[TEM === CONTROL NO,. ITEM=1 V-SHAPE SYMROL IS PLOTTEN FOR
CHANGING PIPE-ST7E. OTFHERWISE SOLID TRIANGLE SYMROL
IS PLOTTED FOR GRADE CHANGE.
R4N=3,1415926/180,0
AN=ANGLEXRAD
[FIDIR.GELO.OY GN TO 200
PLOT TRIANGLE SYMBOL ON LEFT HAND SIDE OF THE LINE.

IF(ANGLE.EQ.0.0 ) GO TO 220
[FIANGLE,EQ,.1R0,0) GO TO 210
IF{ANGLE.EQ. 90.0) GO TO 240
TF{ANGLE,EQ.-90.0) GO TO 250
CN=1.0/TAN{AN)
TF{ANGLE LT 0.0 AND  ANGLELGT.=180.N) GO TO 150
XA=X=SORT(AL*=2/(1.,0+C0*%2)}
YA=Y+CD*{ X=XA)
GO TO 300

150 XA=X+SQRT{AL®%x2/{1.,0+C0D*x%2))
YA=Y+COPR( X=XA)
50 T0O 300

200 IF(ANGLE.FO.0.0) GO TO 210
[FIANGLE,ED,180,0Y GO TO 220
IF{ANGLE.ED, 90,00 GO TO 250
IFIANGILLE,EQ.~-30.0) GO TO 260
CO=1.0/TAN(AN)
[F{ANGLE,GT.0.0.AND ANGLE.LT.L180,0) GO TO 230
XA=X=SORT{AL*=2/(1.0+L0N%%x2))
YA=Y+CN%k{ X=XA)
GO TO 300

230 XA=X+SQRT{ALx%2/(1.,0+CN#*%2})
YA=Y+C (% { X=XA)
50 TN 300

210 XA=X
YA=Y—AL
GN TO 3n0

220 Xa=X
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YA=Y+AL
G0 TO 300
XKA=X+AL
YA=Y
GO TO 300
XA=X=~AL
YA=Y
CONTINUE
IF(ITEM,EQ,1) GO TO 310
CALL ARDHD (XA, YALX YL AL AL,14)
0 T0O 320
CALL AROHDI(XAYA..X,Y AL, AL, 14)
RETURN
=ND

SUBRDUTINE MARSHI(L3,L&4.X Y H)}

MARSH : FOR MARSH OR SWAMP SYMROL,
X,Y ===—= X=Y PAOSITION NE THE TREE,
XY === X=Y COORDINATE O(OF THE CENTER 0OF THE MARSH,
H =--=  RADIUS 0OF THE MARSH,
H=ARS(H)

ANGLE=0.0

DG 10 1=1.7

A=ANGLE=3,1415926/180.,0

NX=Hx=COS{A)

DY=HxSIN(A)

X1=X+DX

Yi=Y+DY

CALL PLOT(X,Y,.3)

cCaLlL PLOT(X1.Y1,2)

ANGLE=ANGLE+30,0

CONTINUE

RETHRN

END

SUAROUTINE PKEYL1O(L3,1.4,NW,DH,TW,Y1)

SUBRNUTINE PKEY1H ==== PLOTS THE LEGEND OF THE PILAN,

i S i e A . A i S T L ek ek il b Rl Al WA ik WA D il S U ok bk ek i ol S W ok WAl T e ok e ik o Al kb i o i e ke e VB W M D Tt 4 i o
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D=0,12%24+0,20%8

IF(N.GT.TWY GO TOD 50

X2=DW-TwW

YZ2=Y1-0.25

CALL SYMROIL(X2+12%0,1,Y2+0.07.0.2,'KEY TO PLAN',0.0,11)
CALL DASH{X2+12%0,1=0.02,Y2+N,04,X2+12%0,1+11%0.2,Y2+0.04+0.0)
CALL DASH(XZ+12%0,1~0,02,Y2,X2+12%0,1+11%0.2,Y2,0.0)
X2=X2+0,12

Y2=Y2-0,30

CALL SYMROL{(X2,Y2,0.,12,'RELATIVE FLEVATIONS',0.0,19)
CALL SYMBOL(XZ2427%0.12,Y2,0.14,'98.6'0.0+4)

Y2=Y2-0.23

CALL SYMROL(X2,Y2,0.12, 23HCONTOURS (11 INTEFRVAILLS). N.0,23)
CALL SYMBOL{X2+27%0,12,Y2,0.12,'288',0.0,3)

CALL DASH(X2+24%0,12,Y2+0.07 X2+26.8%0,124Y2+0.07+0.0)
CALL DASH(X2+30.,2%0,12,Y240.07,X2+33%N,12,Y2+0.07,0.0)
Y2=Y2-0,23

CALL SYMBOL (X2,Y2.0.12.'FENCES AND ROUNDARIES',0.0,21)
XXA=X2+0,12%24

YYA=Y2+0D,07

XXB=X2+0,12%32

CALL FENCET(T+4.XXAYYALXXB,YYA,0.3)

Y2=Y2-=0.23

CALL SYMBOIL{X2,Y2,0.12,'LENGTH & SI7E OF DRAIN',0.0,22)
CALL SYMBOL{X2+24.0%¥0.12.Y2+0.03.,0.10."AROVE DRAINS' +0.0,12)
Y2=Y2-0.23

CALL SYMBROIL{X2,Y2.0.12,'GRADES?,0.0,6)

CALL SYMROL (X2+24,0%0,12,Y2+0.03,0.10,'RELOW NDRAINS',0.0,12)
Y2=Y2-0.23

CALL SYMBOL({XZ.Y2,0.12,"NATURAL GRADE!' ,0.0,13)

CALL SYMROL(X24+27%0,12,Y2,0.134'N,Ge! +D.N+4)

¥Y2=Y2~-0.23

CALL SYMBOL(X2,Y?2.0.12,'CHANGE IN DRAIN SIZE',0.0,20)
CALL DASH(X2+24%0,12,Y2,X2+32%0.12.Y2.0.0)

CALL GRADEB( 8.4 .X2+28.0%0,12,Y2,0.0,0.169=141)
Y2=Y2-0.28

CALL SYMBOL(X2,Y2,0.12,'CHANGE IN DRAIN GRADF',0.0.21)
CALL DASH(X2+24%0.12,Y2+0.16,X2+32%0,12.,Y2+0.16,0.0)
CALL GRADEB(R,4 ,X2+2B%¥0.12,Y2+0.16,0.040416+1+0)
Y2=¥2-0,23

CALL SYMRDL(X2,Y2.0.12,'BENCH MARK' ,0.0,10)

CALL SYMBOL{X2+25%0.12.Y2+0.02.,0.12,'B M1 ,0.0,4)

CALL SYMROL{X2429.5%0.12.Y2+0.07+0.16+1.0.04~1)

CALL SYMROM. (X2+29.5%0,12.Y2+0.07,0.16,3,0.0,-1)
¥2=Y¥2-0.23

CALL SYMBROIL{X2,Y2,0.12.'HUR STAKE!',0.0,9)

CALL SYMRDIL(X2+25%0,12,Y2+0.02.0.124'HoSe?30D.0+4)

CALL SYMROL(X2+29.5%0,12,Y2+0.07.0.16,1.0.0,-1)

CALL SYMRNDL(X2+29.,5%0.12.Y2+0.07,0.16.+3,0.0,=1)
Y2=Y2-0.30

CALL SYMBMI{X2,Y?+0.05,0,12,'TRERE1,0.0,4)

CALL TREE18{18.4,X2+28%0,12,Y2+0.10,0,.18)

Y2=Y2-0.28 ‘

CALL SYMRDL(X2,Y2,0.12,'RUILDING?,N,.0.8)

CALL RUTED2(2,4,X2+28%0,12,Y2+0.06,-0.2)
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Y2=¥2-0.25
CALL SYMBOL(X2,Y2.0,12,'0PEN DITCH!',0.0,10)
CALL STMIS5 (15,4.X2+32%0,12,Y2+0.07X2+24%0,12,Y2+0.07,0.24,0.06)
¥Y2=¥2~-0.23
CALL SYMROL(X2,Y2,0.,12,'DITCH ROTTOM ELFEVATION!',0.0,22)
CALL SYMROL(X2+26%0.12,Y2,0.14,'B98,21,0.0,5)
Y2=Y2-0.,28
CALL SYMBROL{X2,Y2-0.01,+0.12,'DEPTH NF TRENCH BOTTOM! ,0.0,22)
XXA=X2+27.5%0.12
CALL ELEA(H,4.XXA,¥Y2-0.02,4.5,93.5,5)
Y2=Y2=-0.28
CALL SYMROL(X2,Y2+0,06,0,12,'TRENCH RDTTOM ELEVATION',0.0,23)
Y2=Y2~0.26
CALL SYMBOL(X2,Y2,.0,12,'0UTLET NOL*',0.0,10)
CALL SYMBOL(X2+27%0.12=0.01,Y2-0.03.0.00,131,0.,0,1)
CALL SYMROL{X2+27%0.12,Y2+0.01,0.40.53,0.0,+1)
CALL SYMBOL(X2+27%0.124,Y2+0.01,0.40,54,0.041)
Y2=Y¥2-0.28
CALL SYMROL(X2,Y2.0.12,'RAILROAD',0.0,8)
XXA=X2+24%0,172
XXB=X2+32%x0,12
YY=Y2+0.07
CALL RATLIZ2(12,4,XXA,YYXXB,YY,0.13)
Y2=Y2-0,30
CALL SYMRDL(X2,Y2,0.12,'ROAD AND LANE',0.0,13)
YYA=Y2+0,08
CALL ROADI4(14+4.XXA,YYALXXB,YYA,0.72)
50 RETURN
END

SUBROUTINE POUTIL(L3,1.4.X1,Y1,X2,Y2,SLLOPE,PEN)
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SUBROUTINE PMHUT11 ===—= DRAWS THE FLOW DIRECTION AND LARELS
THE SLOPF OF THE COLLECTOR

X1,¥Y1l === CNORNDINATE OF THE ARROW'!S TIP,

X2,YI --= COORDINATE OF THE ARROW'S TATi,

SLOPE -== SINPE NF THE COLLECTOR,

PEN === CHARACTER HEIGHT NR PENSTZF

D e Y e — S D P D D T T . D T S . R e A T R T W — —— —— " ——— ———— —— W — o - —— o~ — o

IF(L3.NF.11)Y GO 1D 10

RAN=3,1415926/180.0

IF(PEN,EQ,0,0) PEN=0,10

CALL FLOWA (X1.Y1.X2,Y2,PEN,RADLRX1,RY1.RX2,RY2,RX3,RY3,
® RX4,RY4,AN)

SALL ARNHD(RX2,RYZ2,RX1.RY1,PEN (N.0A,15)
IF(SLOPE,EQ.N,.0) GN TO 5

CTALL SYMROL{RX3,RY3,PEN,!'S= Z1 ,ANLB)

CALL NUMBER(RX&4,RY&4 ,PEN.SILOPELAN,2)
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50 T0O 1n
5 CALL.SYMROL(RX3,RY3,PEM, 1S= N,G.!',AN,7)
10 ZONTINUE
RETURN
ZND

SUBROUTINE RATLIZ(L3,L4,X1,Y1.X2,Y2,D)

RATLWAY SUBPROGRAM IS CALLED WHEN YDOU WANT TN NRAW A RAIL ROAD.
WO POAINTS COORDINATES ARE NEENED ===> START A/ END PNINTS
SPECIFY THE DISTAMT RETWEEN THE TIES ===> D.

. ta —— — — - . T — — T - T T S ————— A {— — - " o — - . > o Lo ———— o —— AN, . Y i . Lo i L

DIMENSTION A(200),B(200)
RAND=3,1415926/180.0
IF(D.ERLC.O) N=0.20
NX=X2~=X1
Dy=vy2-Y1
[F(DX.EQ,0.0,.8ND DY .EQ,0.0) GO TN 500
DD 90 1=1,200
ALT)I=0.0

90 B{I)=0.0
ABLEN =SORT{DXxx2+DY*x*2)
ND=ARLEN/D
[F{NO,GE,200) NO=199
A(1)=X1
B(L)=Y1
A{ND+LY=XP
BIND+1)=Y?2
IF(NX.EQ.0.0) GO TO 300
IF(DY.E0,N.0) GO TO 400
WHEN DX AND DY ARE NOT = 0.0 ====> ANGLE=ATAN2(DY,DX).
AN=ATAN2 (DY ,NX)
ANGLE=AN/RAD
FA=ARS(DNXCOS{AN))
FB=ARS{D*SIN{AN})
[F{X1.6T.X2) GO TNO 200
IF(YL.GT.Y2) GO TO 150
NN 110 1=2.ND
A{T)=A(TI-1)+FA

110 3(I1)=R({T1=1)+FR
50 TH 610

150 DN 140 T=2,NN
A{T)=A(]-1}+FA

140 3(1)=R(1~1)=-FR
G TO 6N0

200 IF(Y1.GT.Y2) GN TN 250
DN 210 I=2.NN
A{T)=A{T=1)=F4
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210 B(I)=R(T-1)+FR
50 TN 600
250 DN 260 1=2,ND
A(T)=A{I~-1)=FA
260 B({I)=R(I=1)=FR
50 TN A00
c WHEN DX=0.0 ====> ANGLE=90.0
300 ANGLE=90.0
IF(YL,GT.Y2) GO TO 350
DN 310 T=2,N0
A(T)=X1
310 AB{I)=B{I-1)+D
GO TO &00
350 NN 360 [=2,NN
A(T)=X1
360 3([)=R({I~-1)-D
GO TN 600
C WHEN DY=0,0 ====> ANGLE=0.0
400 ANGLE=0.,0
[F(X1.6T.X2) 60 TN 450
DO 410 T=2,N0
ACTI)=A(T=1)+D
410 B{I)=Y1
50 TN /00
450 DO 460 I=2,N0
A{TY=A(T1=-1)=D
460 B(I)=v]
50 TO /600
500 WRITE(A.510) X1.Yl.X2,Y2
510 FORMAT(1X.! SINGLE POINT DATA ==> N0 RATL LIME CAN BE PLOTTED',
# 2X 4(FT7.2,2%X),/)
50 TN 700
600  NN=NO+1
CALL PLOAT(X1,Y1,.3)
CALL PLNT(X2,¥2.2)
N0 A10O J=1,NN
610 CALL SYMROL (A(J) 4 R{J).DN%0,80.13,ANGILE.=1)
700  RETURN
END

SUBROUTINE REF13 (L3,L4.NDW,DH,TW,,X1.Y1.H1,NO)

£ e e e e e o et 7 o s o e o o e e
C REFL3 1 TO LLAREL THE SPECTAIL MNOTES 0OR L_ARELS ON THE PI_AN

C X1,Yl ~— CNNRDINATE 0OF THE LOWER ILEFT CNRNER NF THE START POINT
C OF THE LABEL,

c Hl == CHARACTER HEIGHT (n.2" IS RECOMMENDEN}.

C Al == ANGLE NF THE LAREELLING WITH RESPECT TD X=AXIS (N.0D DEGRFE)
c

LEN —=  TOTALL NUMRER OF CHARACTERS DF THE ARFL,
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DIMENSION A{10)

RAN=3,1415926/180.0

A1=0.0

[F{H1.EQ,0,0) H1=0,15

IF(NDL.EQ.O) ND=40

DI=H1x%NO

IF(X1.EQ.0,0) X1=NW-TW

[F{YL.EO.D.0) Y1=DH-0.50

REAND(5,10,END=20) L1.L.2,L3.L4.4A
SORMAT(271.12.11.5%X,1044)

IF(L3.NF.13) GO TO 6

ITF(L4 ,NE, &Y GO TN A8

X2=X1+D1=C0OS{AL1XRAD)

Y2=Y1+D1HSIN(AL%RAD)

IF(X1.LT.0.0.NR . X1.GE.NDW) GO TO 11
TF{YL.LT.ON.0R.YI.GELDH) GO TO 11
IF(X2.LT.00.NR.X2.GE.NW)Y GO TO 11
IF(Y2.LT.0.0.0R,.Y2,GE.DH) (N TH 11

CaLL gYMROL(Xl"FO.Q*HloYI'H}.vAvA]_9Nﬂ)
Y1=Y1-1.8%H1

GO TN 4

WRITE(A.12)

FORMAT(10', ' REF13: LABEL EXTENDS REYOND MAP ROUNDARY.!')
G0 TN 4

WRITE(A.T)

ENRIMAT(10Y, + REF13: CONTROL L3=13 NOT ENMCOUNTERED.')
GO TO 20

WRITE{A.,9) L1.L2.L3,L4,A

FARMAT('0*,' REF13: CONTROL L4=4 NOT ENCOUNTERED.' s/,
% 1X,VLAST CARD READ WAS ¢ v ,211.,12.11.5%X,1044)
GN TN 4

LETURN

END

SUBRNUTINE ROADI&S{L3 L4 ,X1,Y1,X2,Y2,W)

RNAD === A SURPRAGRAM TO NRAW ROAD NOR LLANE SYMBOL

(X1+Y1) & (X2.Y2) ——= STARTING & ENDING POINTS 0OF THE ROAD
( TTS CENTER-t INE. )

W ——— WIDTH NE THE ROAD

RAD=3,1415926/180.0

[F(W.EQ.N.DY W=0.725

DX=X1-X2

NY=Y1=-Y2

IF{(NX.E0.N.0) GO TO 20

[F(DY.EN,0.0) GO TO 30
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IF(DY.EQ.0.0Y GO TO 30
GN TO 40

AN=90,0

X3U=X1+0.5%W

X3 =X1=-0,5%W

CALL PLOT(X3U,Y1.3)
CALL PLOT(X31),Y2,2)
CALL PLOT(X3L.Y2.3)
CALL PLOT(X3L.Y1,2)
CALL SYMBOL{X1+0.25%W,{Y1+Y2}/2.=W,0.4%W, 1ROAD AN, 4)
50 T3 100

AN=0.N

Y3U=Y1+0.5%u
Y3L=Y1=0.6%W

CALL PLOT(X1.Y3U.3)
CALL PLNOT(X2,Y3U,.,2)
CALL PLOT(X2,Y3_.3)
CALL PLOT(X1,Y31..2)
CALL SYMROL{ {X14+X2)/2.-W,Y1~-0.25%W,0,4%k, ' ROAD' s AN, &)
GO TO 100

AN=ATAN (DY/DX)/RAD
IF(X1.6T.Xx2) GO TO 50
G0 TO 70 ‘
IF(YL.GT.Y2) GO TO 60
X={X1+X2)/2,0-W

 PDX=X=-X2

DDY=TAN{ ANXRAN) %DDX
DDY=4ARS(DNNY)
Y=Y2-0,25%W=-DDY

50 TN 99
X=(X1+X2)/2.0-W
DDX=X=X2
DDY=TAN{AN%RAD}%DOX
DDY=ARS(DDY)
Y=Y2-0,252W+DDY

GO TO 9n
[F{Y1.6T7.Y2) GO TO 80
X=(X1+X2)/2.0=W
NDX=X-X1
DDY=TAN{ANx=RAD)*%DDX
DDY=ARS(DDY)
Y=Y¥Y1=0,25%W+DNY

50 TO 90

Xz (X1+X2)}/2.0-W
DDA=X-X1

DDY=TAN{ ANXRAD }=NNX
NRY=ARS (DDY)
Y=Y1-0,25%W=-0DY
Y3L=Y1=0,.5%W
Y3U=Y1+0,5%W

Y4l =¥2=0,5%0
Yall=Y2+0 .5%W

CALL PLOT{XL.Y3U,3)
CALL PLOT(X2,Y4U,2)
CALL PLOT(X2.Y41,3)
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CALL PLAT(X1.Y31L.2)
CALL SYMBOL{X,Y.0,4%4,ROADY L AN, 4)

100  RETURN
END

SURRDUTINE STMI5 (L3,L4,XS.YS.XE.YELARDIL ,ARDS)

SUBRPRNGRAM STREAM IS USED TN NRAW A SERIES OF ARRNW 7O SHOW
THE DIRECTION OF A STREAM 0OR CHANNEL.

XS,YS —~—= X=Y COORDINATE OF THFE POINT AT NOWNSTREAM END

XE,YE == X=Y COORDINATE OF THE POINT AT {JPSTREAM END

ARDL == LENGTH 0OF THE ARRDW,

ARQ}S —-— SPACE RETWEEN THE ARROWS,

s o ———— A —— T~ — ] —— T A . T — —— — - —_ — ——— —— S " T - — - —— — - s T S T — o — ——— - " —r "

DIMENSION RX1(100)RYL({100),RX2(100),RY2{(100)
TF(ARDOL,EQ.N.0) ARDOL=0.30

IF(ARDS.EQ.0.D) ARDS=0.150

nnoo1e 1=1,100

RX1(11)=0.0
RYL(I¥=0.0
RX2(1)=0,0
10 RY2({1)=0.0
AL =SORT{(XS=XE)®%2 +(YS=YE)*%x2)
NOARD = AL /{AROL+AROS)
IF{NDARD.GT.100) NOARO=100
DX=XE=-XS
DY=YE=-YS
RXVLELY=XS
RYl(1)=

AXZ{NNARD) =XE
RYZ{N{ARND)=YE
[F(NDX.ENQ.0.0.AND DY EQ.0.0) GO TO 800
IF(NX,EN.0.,0) GO TO 100
[F(DY.EQ0.0.0) GO TO 200
GO T 300

100 ANGLE=90.0
IF(YS.GT,YEY GO TO 150
0 110 T1=2,NNARD
RX1L{I)=RX1(I-1)
RYL(I)=RYI(I=-1}+{AROL+ARDS)
RXZ2(1=-1)1=RX1(1I-1)

110 RY2{I=-1)=RY1(I-1)+AROL
GO TN 700

150 NN 160 T1=2,.N0OARD
RXL(T)=RX1({I-1)
RYLII)=RY1{I-1)=(AROQL+ARNS)
RXZ2(I-1)=RX1(I-1)
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260
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400
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500

550

A00

650
700
750

800
801
850

RYZ2{I=1)=RYL({T~1}—-ARDOL
GN TN 700

ANGLE=0.0

IF{(XS,.GT.XE) GO TN 250
DN 210 I=2,NDARD
RXL(TY=RX1{I=-1)}+(ARDL+ARDS)
RYL(I¥=RYL{I-1)
RX2{I=1)=RX1L(I=-1)+AROL
RYZ2(I-1Y=RY1(I-1)

GO TN 700

DN 260 1=2.NNAR(
RXL(I)=RX1{I-1)=(AROL+AROS)
RYL(IY=RY1(I-1)
RX2(1=1)=RX1(I-1}—-AROL
RY2{TI=1}Y=RY1(I-1)

GN TN 700
ANGLE=ATANZ2{DY,.DX)
FA=ARS{ (AROL+AROS)*=COS(ANGLE))
FB=ARS{ (AROL+ARDOS)Y:SIN(ANGLE))
FAA=ARS (AROL=*COS{ANGILE))
FBR=ARBS (ARCL*SIN(ANGLE))
TF(XE.GT.XS) GO TO 500
IF(YE,GT,.YSY GO TO 400
DO 350 [=2,NNARD
AXLEIY=RX1{I~1}—-FA
RYL(I)=RY1(I-1)~FR
AX2(I=11=RX1{I-1)-FAA
RY2(I=-1}=RY1{I-1)—-FB8
50 10O 700

DO 450 [=2,NNARD
RAL{TY=RXL{I-1)~FA
RYI{I)=RY1{I-1)+FR
IXZ2{T-11=RX1{I-1}-FAA
RYZ2{I-1)=RY1{I1-1)+FRR
50 TO 700

IF{YE.GT.YS) GO TO 600
DN 550 I=2,NNARQ
RX1(TI}=RX1(I-1)}+FA
RYL(I)=RY1({I-1)-FR
RX2{I=1)=RX1{I=-1)+FAA
RY2(I-1)Y=RY1{1-1)-FRR
G TO 700

DG 650 T1=2,NOARD
RXL(T)=RX1({I~1)+FA
RYL(IY=RY1(I-1)+FR
RXZ2(I=1}=RX1{I=1)+FAA
RY2(I[-1)=RY1(1-1)+FBR
DO 750 J=1,N0OARO
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CALL AROHD(RX2{J)RY2(J) 4RX1I(J)WRYL{J),0.12+0.08,14)

G0 70O 850 .
WRITE(A,801) XS,YS.XE,YE
FORMAT (1 X, *STNGLE POINT X,Y === NO STREAM
QFETHRN

END

LINE CAN

BE PLOTTED', /)
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SUBROUTINE TAR16(CHH,CHC,DSCALE,DH,XO,Y0,LAR,I_ARAL ,IDA,
® LINE,XILEN,SUMLEN.CEM.Y2)

———— . — e — ——— - —— " —— T —— - — — - o > —— T —— T — " _— " —— — Y — T — ——_ > > T _— o —— - ——

D s o —— A —— — ———— . — — T ——— — " T — . — . — T — — —— — — T — " T o — T " — — — - 7 T — ——

DIMENSTION XLEN{10.50).,LINE(1D)
INTEGER:? LAR,,LARAL{15)
MAXL=(DH=1.0=~5%CHH)/(1.5%CHC)
X1=X0+N.5
Y1=YD+0.5
TF(Y2.EN0.0.0) Y2=YTI+MAXL %1 .5%CHC+5%CHH
J1=0
NO 90 J=1,1IN0A
LN=LINE{J)
S0 J1l=J1+1N
NCOL=1
IF{J1I.GCT MAXL AND . UL LT, 2%MAXL)Y NCOL=?
TF(J1GTL2%MAXL JANDJJT LT 3MAXL) NCOL=3
CALL PLOT({X1,Y2,3)
CALL PLOT{X1+NCOL#*18%CHH,Y2,2)
CALL PLOT(X1,Y2=2%CHH,3)
CALL PLOT{X1+NCDL_*Y8%CHH,Y2=-2%CHH,2)
T1=X1+CHH
T2=Y2=-1.5%CHH
DO 100 TI=1.NCOL
TA=T1+(I=1)%18%=CHH
CALL SYMROL(TA,TZ2,.CHH, 'LAT,NO LENGTH',0.04+14)
CaLL SYMBOL(TA+15%=CHH,T2,CHH®0.B0,'FT*,0.0,2)
100 CONTINUE
X3=X1+CHH
Y3=Y2=-2%( HH
K=0
SUMLEN=0.,0
DO 140 K1=1,1DA
LN=LINE(K1)
LAR=LARAIL(K])
NN 120 K2=1,I.N
SUMLEN=SUML_EN+XLFEN{K] ,K2)}
¥3=Y3-1,5%LHC
K=K+1
==K2Z
I=LN={K2=1)
CALL SYMBOL{X3.,Y3.CHC,LAR,0.0.2)
X4=X3+ 3=CHC
CALL NUMBER({X&4,Y3.CHC,A,0.0.-1)
X5=X3+7xCHH
TX=XLEN(KL . K2)*®DSCALE/CEM
ITF{TX.LT.10.0) X5=X5+3.0%CHH+3,0%CHC
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IF({TX.GE.IN,C.AND.TX.LT,100.0) X53X5+3,0%CHH+2.0%CH"
IF(TX.GE.100,0.AND.TX,LT.1000.0) X5=X5+3.0%CHH+CHC
TF{TX.GE.,1000.0) X5=X5+3,0%CHH
CALL NUMBER(X5,Y3.CHC +TX,0.041)
[F(K.LT.MAXLY GO TO 120
IF(I.FEQ.1.AND.KL1.EQ.IDAY GO TO 150
X3=X3+18%CHH
Y3=Y2-2=*CHH
<=0
120 CONTINUE
Y3=Y3-1,5%CHC
140 CONTINUE
150 X6=X1
CALL PLOT(X6,Y3,3)
CALL PLOT(X6.,Y2,2)
00 160 T=1,NCOL
CALL PLOT(XA+T.5%CHH,Y2,3)
CALL PLOT(X6+7.5%CHH,Y3,2)
CALL PLOT(X6+18%CHH,Y3,3)
CALL PLOT(X6+18%CHH,Y2,2)
X6=Xh+1 RECHH
140 CONTINUE
CALL PLOT(X1,Y3,3)
CaLL PLOT(X1,Y3=-2%CHH,2)
CALL PLOT(X1+NCOL%18%CHH,Y3=2%CHH,2)
CALL PLOT(X1+NCOlL*%18%CHH,Y3,2)
CALL PLOT(X1,Y3,2)
CALL SYMBOL(X1,Y3=1.5%CHH,CHH," TOTAL!',0.0,6)
CALL NUMRER({X1+8.5%CHH,Y3=1,5%CHH,CHH,SUMIEN*DSCALE/CEM,0.0,1)
CALL SYMBOL(X1+16%CHH.,Y3=1.5%CHH.CHH®=D .R5,'FT1,0.0,2)
RETURN
END

SUBRDUTINE TRLKL7{L1,L.2.L3,L4.,DW,DH,TW,X2)

T i A W ————— T —— T———— — T —— T " iy o o T S > — T N T SR e Y W oy T D S . T At — T TS —— - ——— o — o

TTLRLK : DRAWING TITLE=-RLOCK

X2 -— THE STARTING POSITION OF THE TITLE=BLNCK

DW ~- WIDTH OF THE PAPER

TW == WIDTH OF THE TITLE-RLOCK ( MINIMUM 4. 5" FOR 11" PAPER,
7" FOR 30" PAPER IS THE BEST ).

T == THE TITLE OF THE JOB ( 3 LINES )

SCALE —- THE SCALE USED FOR THE J0OR

DWG == THE DRAWING NUMBER OR REFERENCE NUMRER NF THE JNA

A A . S Sl UMD st TR D A T TP TS T TS T T —— ————— 1~ Y - — . . s s " — — S S W — —— . — — " —_— o

DIMENSTION T(9),.SCALE(3),DWG(3)
£ = TW/7.0

IF(L1.EQ.B)Y G TOD 5

NORMALLY HEAVY LINES,
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CALL DASH(X2+F%2,7,F%3,8,X2+F%2.7,F%3,1
CALL DASH(X2+F%1.5,F%3,1,X2+F%1,5,F%3,8,
CALL DASH(X2.,F*3,5,DW,F%3,5,0.0)
CALL DASH(DW,F*3,1,X2,F%3,1,0.0)
CALL DASH(X2,F%2,4 ,DW.F%x2,4,0.0)
CALL DASH(DW,F*2,0,X2,F%2,0,0.0)
CALL DASH(X2,F%1.0,DW,F*1,0,0.0)
CALL PLOT(X2,0.01.3)
CALL PLOT(X2.,F%3,8,2)
CALL PLOT(DW,F%®3.8,2)
CALL PLOT(DW,0.01,2)
CALL PLOT{X2.,0.01.2)

NORMALLY FINE LIMES AND CHARACTER STRINGS.

CALL DASH(X2+F%2,3,F*1,00,X2+F%2,3,0,0 + 0.0}

Call DASH(X2+F%3,2,0.0 21 X2+F%¥3,2,F%1.00,0.0)

CALL DASH(X2+F#4,2,F%1,00,X2+F%4,2,0.0 +0.0)

CALL DASH(X2+F%5.2,0.0 ¢ X2H+FH5,24,F%1.00+0.0)

CALL DASH({X2+F=5,2,F%0,75,X2+F*2,3,F%0.75,0.0)

CALL DASH(X2+F%2,3,F%D,50,X2+F%5,2,F%0.50,+0.0)

CALL DASH({X2+F%5,2,F*%0.25,X2+F*%2.3,F*N.25,0.0)

CALL SYMBOL(X2+F%3,3,F%0,825,F%0.1,.,'DATE?*,0.0+4)

CALL SYMBOL(X2+F#%4 ,3,F*%0,825.,F%0.1,.'PERSON'y 0.0,6)

CALL SYMBOL(X2+F%2,4,F%x0.,575,F*0.,1,'DRAWNT, 0.0,5)

CALL SYMBOL (X2+F%2,4,F*%0.,325,F%0.14'CHECKED',0.0,7)

CALL SYMBOL(X2+F%2,4,F*0.,075+F*¥0,1,'REVISED'y0.0,7)
NORMALLY MEDIUM CHARACTER STRINGS.

CALL SYMROL(X2+F%0,15,F%3,225,F%0,15,'REVISION',0.0,8)
CALL SYMBOL {X2+F*] ,65,F%3,225,F%0.15+'DATE"y0.0+4)

CALL SYMBROL(X2+F%2,85,F%3,225,F%0,15, 'DESCRIPTION' ,0.0,11)
CALL SYMBOL(X2+F*0.76,F%2.825,F%0.15,'AGRICULTURAL ENGINEERING
LEPARTMENT',0.0,37)

CALL SYMBODL(X2+F%2,18,F%2,525,F%0,15,'MCGILL UNIVERSITY',0.0,18)
CALL SYMBOL(X2+F*%0,53,F%2,125,F%0,15,'80%X 950, MACDNANALD COLLEGE,
LOUE. HOX 1C0',0.0,40)

NDRMALLY HEAVY VARIABLE CHARACTER STRINGS.

CALL SYMROL(X2+F*%0,15,F*0.775,F*0.15,'SCALE" 10.0,5)

CALL SYMBOL(X2+F%5 ,35,F%0,.T775,F%0.15, *DWG. NO.'30.0,8)

GO TO 30

nog 8 I=1.3

READ(5.7) L1,L2,L3,L4,T

FORMAT(211,12,11,5X,8A4,A1)

CALL SYMBOL(X2+F%0.,24,F*(2,0-1%0,3),F*0.20,T +0.0+33)
CONTINUE

READ(5,9) 1L1.L.2,1.3,L4,SCALE,DHWG
FORMAT(2T1412,1145X4284,A2,2A4,A2)

CALL SYMBROL(X2+F*0.15,F*0.2,F*0.20,SCALE,0.0,10)

CALL SYMBOL(X24F%5 35 ,F%D,2,F%0.16.,DWG.0.0+10)

RETURN

=ND

D
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SURROUTINE TREEIB(L3 L44X,Y . H)

TREE : TO DRAW THE SYMBROL OF THE TREE 0OR RUSH,

XY === THE POSITION (F THE TREE ( X=Y COORDINATE )
H === THE HEIGHT 0F THE TREFE (0.3" IS RECOMMENDED)
DIMENSIDON X1 (6).Y1(6)X2{6),Y2(6)

[F{H.20.0.0) H=0.20

AN=0Q.D

3N=30.0

RAN=3,1415926/180,0

DO 20 1=1,6

A=ANx=RAD

B=RN&%RAD

X1{TY=X+HxCOS (A}

YL{T)=Y+H%=SIN{A)

X2{1)=X+0.7%H%C0OS (B)

Y2{I)=Y+0,.TxHxSIN(R)

AN=AN+60

BN=RN+60

CONTINUE

CALL CIRCLE(X,Y,0.03)

CALL FITUX2(6)4Y2(6) X114 YLLL1) X2(1),¥Y2(1) )

No 30 J=1.5

CALL FITUX2(J),Y2(3) o XL (J+L) YL {J+1)X2(J+1)aY2(J+1)
CONTINUFE

RETHRNM

=ND

SURROUTINE XTOY19(L34L44X1,Y1leX2,Y2)

XTOY1L9 --— SURROUTINE TO JOIN TWO POINTS .
{XL+.YL)e (X24,Y2) ~=—= POINTS TO BE JOINED

L3 ——— CONTROL NO, L3=19 IN THIS CASE.

L4 —=— PLOTTING COMMAND L4=4 IF PLOTING REQUIRED,
IF(L3.,NELLI9)Y GO TO 10

IF(L4JNEL&4)Y GN TO 15

CALL PLOT{X1,Y1.3)

CALL PLOT{X2.,Y2,2)

50 T 20

WRITE(6,11)

FORMAT(10OY, ' XTOY19 : L3=19 NOT ENCOUNTERED®)
GO T 20 '

WRITE(A,16)
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FORMAT ('Q', ' XTOY19 : L&=4 NOT ENCOUNTERED!')
RETURN
END

SUSROUTINE RM20  (L3,L4.X,Y,ELE)

SUBRPROGRAM BM20 NRAWS THE SYMBOL FOR A RENCH MARK
XsY === THE EXACT LOCATION OF THE RENCH MARK.
IF(L3.,NE.20) GO TO 20

IF(L&.NEL4Y GO TO 20

CALL SYMBOL(X.Y.0.18,1,0.0,-1)

CALL SYMBOL(X,Y,0.18,3,0.0,~-1)

CALL NUMBER({X+0,43,Y-0.09,0.18.,ELE,0.0,-1)

50 TO 30

WRITE(6.25)

FORMAT(1X,'1.3=20 OR Lé4=4 NOT ENCOUNTERED',/)
RETURN

END

SURRDUTINE WRIT21(L3.L4.X.Y,H)

B LTS S L SR S ey o T T T TR — - VA — U — T o 1 W Al Sl il il Yk T Y EUT U e " . T S ol

WRITE IS PREPARED TO LABEIL A CHARACTER STRING

XsY —== COORDINATE QF THE LOWER LEFT HAND CORNER 0F THE FIRST
LETTER 0OF THE CHARACTER STRING.,

H ——== HEIGHT OF THE LETTER,

L3 —-—-= CONTROL NO, L3=21 IN THIS CASE.

L4 === PILOTTING COMMAND., 1L&4=4 IF PLOTTING NEEDED.

S D, S ot e it ST YR MAS e T T S W D S AR TS S T Y P U VAD — ——— . T Tl Ty T A LD W D Sl e ol o ey g Y R TP TER e AN T vl A S . o A0t

DIMENSINON A{13)

IF(L3.NF.21) GO TO 20

[IF{L4.NEL4Y GD TN 30

IF(H,EQ.0.0) H=0.22
READ(5,10,END=30) L1.L.2,1.3,.4,A,A1,N
FﬂRMAT(?.Il.IZ'Il.5X.13A4.3X,F5.1.I2)
[FIN,EQ.0) N=50

CALL SYMBOL(X,Y,H,A,A1,N)

50 70 30

WRITE(6.25)

FORMAT( ' 1L3=21 NUT ENCOUNTERED!',/)
RETURN
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END

SUBROUTINE 0OUT22 {(L3,L4,X%X.Y,XND)
SUBPROGRAM IS PREPARED FOR PLOTTING THE SYMROIL NF THE OUTLET.
Xe¥Y === POSITION DF THE QUTLET.

XN -— NUMBER OF THE OQUTLET. E£EX. 1,2 DR 3
IF(L3,NE.22) GO TO 10

CALL QECT(X"O.Z-Y“'O.1;0.2,0.400.013)

CALL NUMRBRER{X,Y=-0.05,0.1.XNC,0.0,~-1)

50 TO 30

WRITE(6,20)

FORMAT(1X,11.3=22 NOT ENCOUNTERED,.',/)
RETURN

END
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L SETUP FNR PRNOGRAM NSNP

TR A e ———— 508 ‘—— — T o - —t S —— - — s —

A, FNOR A SOURCE PROGRAM,

THE COMPLETE SET (OF JCIL STATEMENTS FOR RUNNING PROGRAM NDSHP
USTNG THE FORTRAN IV ( G-=LEVEL ) =

//DSDPCARD 0B (AE33,000,010,0100,0000,22,1) 4'NDRAINAGE! ,MSGIEVEL =1
//E=PASSWORD=XX XXX

//  EXEC  FARTGCILG
/A/FORTL,SYSIN NN %

FORTRAN SNURCE NDECK
{ DSNP PROGRAM [N THIS CASE )

/%

//GD.SYSIN DD %
NATA CARDS

/*

/7

B. FNR A LOAD MODULE,

THE SAME PROGRAM, DSNDP, IF IT IS STOREN AS A LOAD MODULE IN
THE PARTITINNED DATA SET  M"AE33,MAP"  CAN RE EXECUTED RY SIMILAR
JCL SETUP, HERE THE NAME ON THE JNR STATEMENT HAS REEN CHANGED T0
BNSNPLAADY T INDICATE THAT A LOAD MONDULE. RATHER THAN A SMUIRCE
PROGRAM, IS REING EXRFCUTERD.

//DSNRILNAR g0’ (AE33,000,010,0100,0000,22.1),'DRAINAGE JMSGILEVEL =1
//EPASSWORD= XX XXX

//  EXEC  PGM=DSDHP

//STEPILIR DN NSN=AE33 MAP,DISP=NLD

//ETOAFONT DD SYSNUT=A

//FTO5FODL DD %

DATA CARDS

/ %
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JCL SETHP  FNOR  PROGRAM  DSILP

- —— S —— " T . i il ol TP S S ——— ——— " . S T 7o

A, FOR A SMHIRCE PRNGRAM,

THE COMPLETE SET 0OF JCIL STATEMENTS FOR RUNNTING THE PRNGRAM NSILP
USING THE FORTRAN TV { G=i_EVFL )1

//DSLPCARD J0OR (AE33,000,010.0100,0000,22,1),'NRAINAGE! JMSGILEVEL =1
//%PASSWORD=XXXXX

/7 EXEC  SETUP

//SETUP.SYSIN DD %

TB=PILNTTP(RI,SIL.30" PILAIN PAPER, PENS: (0.2MM AT #003 START)

( CONTINUATINN.. 0.4MM AT #004, AND 0O,8MM AT #005. THANKS)

/7 EXEC  FORTGOLG

//FORTLSYSIN DD %

FORTRAN PILOT PROGRAM
{ DSLP PROGRAM IN THIS CASE )

//7GO.SYSIN DD %

DATA CARDS

e
>

//

B. FOR A LLOAD MODULE,

[F DSILP IS STOREN AS LOAD MONLE IN THE PARTITIONEN DATA SFET
MAE33 . MAPY  THE FOILILOEING JCL STATEMENTS SHOULD RE 1JSED @

//NSL2LOAD JOR (AE33.000.010.0100,0000,22,1)'DRAINAGE Y ,MSRILEVEL =1
//=PASSWORD=XXXXX

TR=PLOTTP(RT.SI_.30" PILATN PAPER, PENS: 0.72MM AT #003 START)

( CONTINUATION,. 0,4MM AT #004, AND 0.8MM AT #005. THANKS)

//SETHD  EXEC  PGM=RSLP

//STEPLIR DD DISP=SHR,DSN=AF33 ,MAP

//FTO5FONT DD =%

NDATA CARDS

//FTNAENNT DD SYSOUT=A,

/7 NCR={RENFM=FARILKSIZE=133,RUFND=1)

//PLOTTAPE DD UNTT=TAPER,VAL=SER=PLOTTP ,NISP=NEW,NCR=RILKSTI7F=8300
/%

/7
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j TNPUT FORMATS FOR NSNDP

TN e A i e T S T — ————— —— . — 7 — — T — . 1 . iy L], s S5 Uil Mk g e TP R N W W T T e S . S AW St S i S v e s > e o

THE FOLLOWING INPHUT FORMATS SPECICATIONS MUST BF HSED FNR
PREPARING THE DATA CARNDS TN RUN DSNDP  PROGRAM,

————— FIELD 3NUNDARY AND OPTION CARD,

=—=——= FIELD ROUNDARY POINT COORDINATES (ARD

T —— DESIGN PARAMFTERS CARD.

—~—==  DESIGN=-AREA CORNRFRS CARD,

----- CONRNDINATES DF NFESIGN-AREA CORNERS CARD,
————— NOL. NFE OUTLLET AND SPECTAL JOINT.

————— COLLECT POINT AND COORNDINATES,

————— SPECTAL JOINT POINT COORDINATES,

REPEAT STEPS 3 TO 7 INCLUSIVE IF THERE IS ANY OTHER NDESIGN=-
AREA TO RE NESTGNEN TN A SINGLE RUN,

T e s e et S e s g S AR AR s AMYD B il i iy~ . Ml e e St T - o . Y U — ] Y - —— T Y - ot S e S —— T — o — .

I. FIELD ROUNDARY AND OPTINN CARD,

1. NR: NOD. OF BMUINDARY ([2) =memee e e e COL.
2. ICAPY: TF ICOAPY=1, ALL RAW DATA AND COMPUTED RESIITS

WILL RFE WRITTEN ONTO DISK NR TAPE AS

SPECTFIEN FNR IWT ([2) me—meee e cmoeee o COL.3-4.
3. [WT: UNTT NO, NOF STORAGE DEVICE (DISK NR TAPE) (I2)1-=CNL.5-5.

IT.  BNUNDARY POINT COORDINATES CARD.
BOUNDARY POTINT X.Y COORDINATES ( AS MANY AS NR )} ONF

O0INT PFR GARN (PF10.2) me—memm e o e COL.1-20.

17T1. DESIGN PARAMETERS CARD.

1. SP: DRATN SPAGCING (F10,?) =mmeeececccccccce e e e 0L 4 1=10
2. BETA: ANGLE BETWEEN LATERAL AND COLLECTOR (F1N.2) === COL.11-20.
3, DSCALF: SCALE USED IN NESIGN (FI1N,?) —memem—meemmmeem COL.21-30.

IV, DESIGN=AREA CORNER (CARD.

NC: NO, NF CNRNER FOR THE NESIGN=ARFA ([?) —————mmeee COL.1



Vo CONRDINATES OF NESTGN-AREA CNRNERS,
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CX,CY: COORDINATES OF DESIGN=-AREA CNRNERS (AS MANY

AS NC SPECIFIFD ), OME POINT PER CARD, (

NOUT: NOL DOF COLLECTOR POINT (12} —=—=—=

JOINT: NOL OF SPECTAL JOINT POINT (12)

COLLECTOR POINT COORNDINATES,

axX,nY : CODRNDINATES NF COLLECTOR POINTS
AS NOUT SPECTFIED )y, NNE POINT PER CARD
SPECTAIL JOINT CONRDINATES.

PIX.PHY ¢ CONRNDINATES OF SPECTAILL JOINTS
AS JOINT SPECTFIEDY. NNE POINT PER CARD

2F10.2) —===—- COL.1=-20.

NO, OF CNLILECTNR PAIINT AND SPECTAL JDINT.,

—————————————— COL.1-2.
—————————————— r_‘.nl_ 04—5 .
{ AS MANY
(2F1042) ===— (COLs1-20.
{AS MANY

{?2F1N.2) ==—= COLL1-20.




| INPUT FORMATS FOR NDSLLP |

T s b e il i Al i D il U T AR T W R _— Y ————— T ——— —— — . T T —— T~ W ————— " _— — ——————— T ————

FALLOWING NDATA CARDS MIST RE SUPPLIEND FOR THE DSLP
PRMOGRAM TN RUN,

“““““ NPTINONS SPECIFICATINONS CARD,

————— PLOTTING PARAMETERS CARD.

—=-—=  BOINDARY AND NDESTGN=AREA,

————— BOUNDARY POINT COORNINATES,

—————  UPPER AND LOWER L IMITS FOR ROUNNDARY POINTS.
————— NESIGN PARAMETERS,

————— COLLECTOR POINT CODRDINATES.

----- START AND END POINT AND LENARTH 0OF LATERAL,
————— SPECTAIL. JOINT POTNT CNNRDINATES,

————— SHORTEST LATERAL AND SUBRTOTAL ILATERAI-LENGTH,.
————=  T0OTAL 1 ENGTH 0OF ILATERAILLS FOR ALL DESTGN-AREAS.
————— ANDTTINNAL DATA FOR SPECIAL SYMBOLS PLOTTING,

MOTE :
[# THE FIELD HAS MNRE THAN ONFE DESIGN-ARFA, STEPS
A TO 11 INCILUSTVE WILL BRE REPRATED FOR ALL DESIGN-
ARFAS, GENERALLY, DATA FROM STEPS 3 TO 11 ARE
GENERATED AND STORED ON DISK NR TAPE ARY PRMNGRAM
" DSHP 1M, THE PROGRAM DSLP SIMPLY RFADS THE STORED
DATA FROM THE STORAGE DEVICE BY USING THE SAME
FARMATS THAT USED RY DSNDP DURING THE STORING
PRACESSES.  DATA TN STEPS 1.2. AND 12 ARE PUNCHED

NN CARDS,
1. NPTINNS SPECIFICATINNS CARD,
1. IRD: UNIT NO, FNR READER (I2) =mm———m—mmmmmmm e CoL.1=-2.
2. IWRT: UNIT NO, FMR PRINTER NR STORAGE NDEVICE(I?) ==== COL.3-4,
3. IGRIND: [F IGRIND=1. A GRIN WILI. BE NRAWN 0N THE

DRATNAGE PILAN (12} =—memem o o e COL.5=6,
. IFLA: [F IFLO=1, FLOW DIRECTINNS FOR ALL LATERALS

ARE DRAWN (]2} = oo e e e e COL.7-8.
5. NGRINX: NO, OF GRIN ALONE X=DIRECTINN (I3} =—=m—m——e———— COL.9-11.
6. NGRTNDY: NO., NF GRIN ALOME Y=DIRECTIAN ([3) —mmem—ee—o COL.12-14.
Ii. PLOTTING PARAMETERS CARD,
1. NSCALE: DRAWING SOALE (F10.4) ==—m————m e COLe1-10.
2. CHH: HEIGHT NF CHARAGCTER (HEADING) (F1N.4) —mm——————m LOL.11=20.
3. CHC: HEIGHT 0OF CHARACTER (CONTENT) (F10.4) —mm—mm————e L0L.21=30.
4. NW: DRAWING WINTH (F1l0.4) —mm—m————emo— e CNL.31-40.
5. DH: DRAWING HEIGHT (F1N.4) mommecoo e COL.41=50.
6. WP: WIDTH NF PAPER REQUIREN (F10.4) =m——m—me—m——mmem——m COL.51=-60.
7. CEM: CONMVERSINN FAGCTAR (FROM IMPERTAL HINTT T0)

METRTC UNIT) (F10,4) =m—m—— e e COL61=T70.
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BANUINDARY AND NESIGN-AREA,

NR: NO, NF ADUNDARY NF THE FIELD ([?) —mme—em———————— COL.1=2.
INA: NO. OF THE NDFESIGN=ARFA (I?) ——c—m e COL.3-4,

BAUNDARY POINT COORDINATES,
BROUNDARY PATINTS X,Y CNORNDIMATES ( AS MANY AS NR

SPECIFIRD), NNE POTINT PER CARD (2F10,7) =—mmmemmem e COL.1-20.

UPPER AND LOWER ILIMITS FOR ROUNDARY POINTS.

BXL: LARGEST RX (F10.2) ——mmm e e COL.1-10.

RYL: LARGEST RY (F10,2) === GNL.11-20.
BXS: SMALILEST BX (F10.?) ~—em e e COL.21-30.
RYS: SMALILEST BY (F10.2) =mm——— e COL.31-40.

NESTAN PARAMETERS,

SPAC: DRATIN SPACTING (F10N.3) mmemmeme e e COL.1-10,
BANGLE: ANGLE RETWEEN LATERAL AND CNLLECTNOR (F10.3) — COL.11=20.
MANC: NN, DOF CORNER NOF THF DESIGN=ARFA {[5) ——eememeae— COL.21=-25.
LINE: NO, OF LATERALS (I5) =eem—— e e COL.2A=-30,
NOUT: NAO, OF COILLECTOR POINTS (I5) —=—emem e e COL.31-35,
JOINT: NOL OF SPECTAL JOINTS ([5) —mmm e COL.36=40.

CALLECTAR PNINT COANRNDINATES,
CNLLECTAR PAOTNTS X,Y COORNDINATES (AS MANY AS NOUT
SPECIFIEN), ONE CARD PER PNINT (2F10.2) =—————m——m—emee £OL.1-20.
START AND END PAINT AND LENGTH NF LATERAL,
(X1.Y1)e (X2,Y2). (X3,Y3) POINTS X=-Y CONRDINATES
(AR D) e e e e CAL.1-A0.
XLEN: LENGTH NF LATERAL (F10.2) —me—meo o LOL.AL=70.

SPECTAIL JNINT PNINT CNORDINATES,

PAXWPIOY POINT X~=Y COORDINATES ( AS MANY AS
JOINT SPECIFIFD )} (2F10.2) =—mmme———m e e COL.1-20.
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X o SHORTEST LLATERAL AND SIJRTATAL ILATERAL ~I_ENGTH.
1. XLMIN: 1 ENGTH NF SHORTEST LATERAL (F1N.?) —memme—————— COL.1-10.
2. SECLEN: TOTAL ILENGTH (OF LATERALS FAR NNE NESIAN-

AREA (F,O.Z) ________________________________________ Cn'_011—20-
XT. TOTAL L ENGTH OF 1LLATERALS FOR ALL DESTGN-AREAS,

SUMLEN:TOTAIL LENGTH OF ALL LATERALS FNR ALL

THE DESTGN=AREAS (F1N.2) =omommm oo COL.1-10.

XI11. ADDITIANAL NATA FOR SPECTAL SYMROLS PINTTING,

SEE STATEMENT NO, 300 ANPD 310 IN THF MMATNN
PROGRAM NF NDSILP,




APPENDIX E

LISTING OF COMPUTER PROGRAM PROFILE
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PROGRAM PRNFTILE
OLLEGE,

STE-TAN

C
IS WRITTEN FOR DRAWING

AILLECTOR OF THE SUBSHURFACE DRAINAGE

AGRICULTURAL
MACDONALD
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"PROFTLED
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PRNOGRAM
LATERAL DR

Py

COLLOLLULCLLOOLLLOLLLLOLOY

JOR.

-’

ALES

SC
AND TITLE NF

CNRNER NF THE PROFILE PLAN.

(PAPER)
VERTICAI

AND

LEFT HAND

WINDTH
OF CO-NRDINATES
OF THE CN-NRNDINATES.

LOWER
ELEVATION DATA

JOR,
HORTZONTAY

NRAWING

MIN.,

ORIGIN
HS o VS o X0, YD W TW ,NDHLTITILE, I TTL

-
-

SCALE
&

RLOCK'S WINTH

HEIGHT QOF THE

MAX,
X(ICY.Y{IC).,TENDI1

TITLE OF THE

COORNINATE 0OF
ARRAY NF SI_OPE

TITLE
FIELD ELEVATION DATA,

FROM CARDS

ARRAY OF FIELD

HORTZNONTAI

LAYNUT PACKAGE,
TN

=X{1)

=Y{1)

=Y (1)

L\LL. P|_ﬂT(0.0.0.5.*3)

RAN=3,1415926/180.0

DIMENSTON X(100).Y(100),TITLE(6),PX(5.,15)4PY(5,15),HN(S,100)
READ IN

*eDATAL(5) JNSTR{10) XLAB(5,100),SEGL(10)AN(1N)+S{10) sXKEY(13)

FORMAT(2F5,1,4F5,2,6A4,5%X,11)

IT IS CNNSIDERED AS A

FORMAT(2F10.2.11)

CALL PLOTON
X MA X

AND FIND THE

1C
[C=1C+1

REAND(5,5)

AEAD(5,20)
XMIN=X (1)

YMA X

TITLE

X, Y0}
S

AND
HS
TwW
DH
XY
READ
YMIN

5
20
10



OO0

30

40

60

10
80

90

100
120

READ(5,20) X(IC).Y(IC).IENDI1
TFOXUIC) 6T XMAX) XMAX=X{IC)
FFIYLIC) JGTLYMAX)Y YMAX=Y(IC)
TROXTIC)Y LT OXMINY XMIN=X(IC)
TFIY(IC) L TOYMIND YMIN=Y(IC)
[FITENDL.EQ,1)Y GO TO 30

GO T 10

CONTINUE

NO, OF SEGMENTS 0OR TURNING=-POINTS TO RE DRAWN,

I[F NTP=1 === MAIN LINE HAS A SINGLE SEGMENT ONMLY.
[F JOINT=1 === NO LINE JOINS TO THE MAIN LINE.

CALL PLTSZE(XMAX+10.0,NDH+1,0)

REAN(S5+40) NTP,JOINT

~ORMAT(2T1)

READ IN : CONRDINATES OF SEGMENTS ANM THEIR SLNOPES,
NN A0 I=1,NTP

REAN(S5,50) PX(T431)WPY(T,1)4PX{I42)4PY(T42),S(1)
FORMATI4F1I0,2.F5.2)

F1=PX(I1.2)=-PX{I,1)

F2=PY(I.2)=PY(I,1)

SEGLIT)=SORT(F1l%x2+F2%%2)

Fl1i=F1/HS

FZZ:FZ/VS

ANCTY=ATANZ(F22,F11)/RAD

CONTINUE

TF(PXINTP,L2) .GT.XMAX) XMAX=PX{(NTP,2)
TRIPX(141) LT XMINY XMIN=PX(1,1)

[FOIOINTLEQ.LY G TO 120

DO 100 I=1,NTP

N1=1

HD TS THE ARRAY (OF HORIZONTAL DISTANCFE.
XLAR IS THE 1LLAREL FOR THE JDINING SEGMENT,
READ(5,80) HD{T,N1),XLAB(I,N1).IEND?
FORMAT(F10,2,A4,5X,11)

[F{TENDZ2.OEOD, 1Y G} TO 90

N1=N1+1

50 TN 70

NSTR{T)=N1

[F(HD{TI.N1),EN,~999,0) NSTR({I)=0

CONTIMUE

EFIPY (L, 1) TOYMENY YMIN=PY(1,1)
MINY=YMTIN=-1,0

[FEYMIN,LE,L,0) MINY=YMIN

YMIN=MINY

DETERMINE THE ND, OF GRIDS FOR X=Y NIRECTIONS.

NX={ XMAX=XMIN) /HS+1 .5
NY=(YMAX=YMIN) /VS+1.5
TRINX LT, 5) NX=5
ITF(NMY.LT.4) NY=4
XL=NX#*1,0

YL=NY:*1.0

172
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CALL GRID(XD,YD,1.0,1.0,NX,NY)

CALL AXS(XD, YO, '"HORIZONTAL DISTANCE. FT1, =23,XL40.0,0e0,10,
® =1,0.0,1.0)

CALL AXS(XD. YO, YELEVATION, FT G.S.C. DATUM!'y 26,YL,90.0,
#YMINGVS,=-1,0.0,1.0)

DRAW THE FIELND ELEVATION ( A SMOOTH CURVE ).

OO

TX=XO+F (X 1)=XMIN) /HS
TY=YO+(Y{1)}=YMIN)/VS
CALL CIRCLE(TX,TY,.0.03)
CALL SMOOT(TX,TY,0)
DN 130 I=2,1C
TX=XO0+ (X {T)Y=XMIN) /HS
TY=YD+(Y(I)=YMIN) /VS
CALL CIRCLE(TX,FY,.0.03)
CALL SMNOT(TX,TY,=2}
130 CONTINYE
CALL SMANT(TX,TY,=24)

C LABELLLING THE CURVE,

XRT=X(IC-1)+(X(IC)=X(IC=1))/2.0
YRT=Y(IC-1)+(Y(IC)=Y(IC=1)})/2.0
XRS=XRT+0,5%CNS(60,0%RAD)
YRS=YRT+0,5%SIN(A0,0%RAD)
XRT=XN+ { XRT=XMIN) /HS
YRT=YO+{YRT-YMIN) /VS
XRS=XN+ [ XRS=XMIN) /HS
YRS=YN+ ( YRS=YMIN} /VS
SALL AROHD{XRS YRS XRT,YRT ,N.15.0,08,16)
CALL SYMROL(XRS=0.70,YRS+0.05,0.14.'FIELD ELEVATION!,0.0,15)
N0 140 T=1,NTP
TX1=X0+(PX{T+1)=XMIN}/HS
TYL=YO+{PY(I,1)=YMIN)/VS
TXZ2=X0+(PX(T+2)=XMIN) /HS
TYZ=YO+{(PY(T,2)=YMIN)/VS
CALL PLOT(TX1,TY1l,3)

CALL PLOT(TX2,TY2,2)
IF(I.GT.1) CALL CIRCLE(TX1,TY1.,0,03)
140 CONTINUE

C FLOW DIRECTION & SLOPE ASSOCIATED,

C
STORE=PX(1.1)

NN 250 T=1.NTP
IF((SEGL(T)/HS).LE.0.90) GO TD 250
DA=(SEGIL{T)/HS=0,70=-T%0.10)/2.0
XA=X0+PX(T41)/HS+NAXCOS(AN({I)=RAD)
YAA=PY{T,1)+DAXSTN(AN{T)%RAD)

YA=YN+ (YAA-YMIN) /YVS=0,12
XB=XA+0 , TOXCNS AN (1) #RAD)
YB=YA+D,7ORSTIN(AN (T )%RAD)

TALL ARDHD(XR,YR,XA,YA.0,10,0.06,14)
CALL SYMROL {XR+0D,N5,YR=0.05,0.10,1!S= ZVsANLT) 4 8)
XC=XRB+2 ,8%0, 1NxCNS{AN(I)=RAD)
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YC=YR+2.,8x0,10%STN(AN(I)*RAD)-0D,05

CALL NUMBER(XC,YC.0.10.S(T),AN(T),2)
DRAW THE JOINTS FOR THE LLATERAL 0OR CNLILECTOR

N3=NSTR(1I)

ITF{N3,EQ,.0) GO TO 250
SLOPE=(PY(I.2)=PY{I,1})/(PX(I,2)=PX{1,1)}

NN 240 K=1,N3

DX=PX{(141)+(HN(T,K)=STNRE)

RX=XO0+(DX=XMTIN) /HS

DY=PY({T,1)+{HD(I,K)=STORE }%=SI_NPF

RY=YO+{NDY=YMIN) /VS

RXX=RX

RYY=RY+N,50

CALL ARDHND{RXXRYY,RX,RY,0.10,0.06,16)

CALL SYMROL{RXX=0.10,RYY+0.08,0,10,XLAR{T+K)s 0O,0,4)
CONT INUE

STNRE=PX(T1,2)

CONTINUE

XT=X0+{(X_=24%0,20)/2.0

YT=YO+YI_+0,5

CALL SYMBOL (XT,YT,0,20.TITLE.N,0,24)

CALL SYMROL{0.5,0.75,0.12, 2AHHORIZONTAL SCALE: 1"= 'y0.0,26)
XXS=22.,n%0,12+0,50

CALL NUMBER([XXS,0.75,0.12,HSsN.0,~1)

CALL SYMROL{0D.5,0.40,0.12, 25HVERTICAL SCAILF: 1v= 'e0.0425)
CALL MUMBER(XXS,0.40,0.12,VS,0.0,=1)

X2=XL+X0O+1,0

DW=X24+TwW

[IF{ITTL.EQ.N) GU TO 300
oA TTIRLK (X2 ,Du, TwW)
CALL PLOT(0,0,0.0,3)

LALL PLOT(0,0,YT+0,5,2)
CALL PLOT(DW.YT+N,5,2)

CALL PLAT(NW,0D.0.2)

CALL PLOT(D.0,0.0.2)

G0 TO 350

CALL PLAT(O,N.0,N.3)

CALL PLOT{0.0,YT+0.5,2)

CALL PLOT{XL_+XD+1,0,YT+0.5,2)
C/-\-LL PLﬂT(Xl_+Xr)+1.0.0.0,2)
CALL PLNTI(N,0,0.0,2)

CaLL ENDPIT

STOP

END
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DIMENSTON T(9),SCALE(3) JNWG(2)

E o= TW/ 7,0

CALL DASH(X2+F#2 .7 F%3,8,X2+F %2 ,7,F%3,1.,0.0)

CALL DASH(X2+F%1.5,F%3,1 X2+F%],5,F%3,8,0.0)

caLl DASH(XZ.F*3.5,DN.F*3.5.O.O)

CALL DASH({DW,F%3 ,1,X2,F%3,1.0.,0)

CALL DASH(X2.F%2.4 DW,F%2,4,0,0)

CALL DASHIDW.F%2,0,X2.F%2,0,0,0)

CALL DASH(X2,F%1.0,0W,F%1.0,0.0)

CALL PLOT(X2,0,0.3)

CALL PLOT(X2,F%3,8,2)

CALL PLOT({NW,F%3,8,2)

CALL PLOT(DW,0,.0,2)

CALL PLOT(X2,0,0,2)

CALL DASHIX2+F%2,3,F%1.00.X2+F%2,3,0.0 s 0.0

CALL DASH{X2+F%3,2,0,0 $X2+F%3,2,F%1,00,0.0)

CALL DASHIX2+F#4,2 ,F%]1,00,X2+F%4,2,0.0 1 0.0}

CALL DASH(X2+F%5,2,0,0 P X24F%5 ,2,F%1.00,0.0)

CALL DASH(X2+F%5,2,F%0,75,X2+F%2 ,3.F%0.75,0,0)

CALL DASH{XZ+FR2,3,F%0,50,X2+F%5.2,F%0.50,0.0)

CALL DASH{X2+F%5,2 ,F%0.25 X2+<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>