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ABSTRACT 

SIE-TAN CHIENG 
Ph.D. Agricultural Engineering 

CO}WUTER-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 DSLP 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. 
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Ph.D. 

RESUME 

SIE-TAN CHIENG 

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

Genie rural 

L'utilisation des ordinateurs et des appareils a dessin auto­

matiques pour concevoir et tracer les plans de systemes de drainage 
souterrain est l'objet de cette etude. 

ete developpee. 

Une approche systematique a 

Deux programmes deja existants, TOPMAP et CONTUR, legerement 
modifies ant ete utilises pour produire des cartes avec lignes de 
contour a partir de releves topographiques. 

Quatre programmes principaux, HYCONS, PROFILE, DSDP et DSLP, 
ant ete developpes pour la conception et le dessin de systemes de 
drainage. HYCONS utilise les resultats des tests du trou de tariere 
et d'autres parametres de conception pour calculer la conductivite 
hydraulique et l'espacement des drains. PROFILE dessine les profils 
des collecteurs ou des lateraux du systeme de drainage au besoin. 
DSDP et DSLP font la conception et le trace de plans des systemes 
ainsi caucus. 

Des nomogrammes ant ete formules pour obtenir la profondeur 
equivalente de debit sous les drains pour les sept diametres de 
drains utilises couramment. Un autre nomogramme a ete developpe 
pour relier entre elles les variables de debit de drainage, de 
profondeur equivalente, d'espacement des drains, de conductivite 
hydraulique et d'espacement des drains entre les lateraux. Un 
nouveau graphique a correlation multiple pour determiner le diametre 
et la longueur maximale permise pour les tubes de drainage a egale­
ment ete developpe. 

ii 



ACI<NOWLEDGEMENTS 

The author wishes to express his sincere thanks and appreci­

ation to Dr. R. S. Broughton, Professor of Agricultural Engineering 

and supervisor of this project, for his invaluable continued 

guidance, assistance and encouragement throughout this research and 

in the preparation of this thesis. 

The author wishes to express his appreciation to Dr. R. Kok 

for his many useful and thought-provoking suggestions and his help 

with arrangements for computer facilities. 

Dr. D. Burrage of the School of Computer Science is 

acknmvledged for his helpful discussions and suggestions 'V"ith respect 

to some computer matters. 

During the course of this work, many useful discussions took 

place between the author and some staff members and graduate students 

of the department. The author wishes particularly to thank Dr. E. 

McKyes, Dr. V. Ra8havan, Professor P. Jutras, Dr. E. R. Norris, 

Dr. S. Negi, Mr. P. Richard, Mr. S. Ami and Mr. G. Wall. 

The financial support of the Quebec Agricultural Research and 

Services Council and the McGill University Summer Research Fellmvship 

are gratefully acknowledged. 

I shall remain indebted to my parents, brothers, sisters and 

fiancee for their blessings and encouragement in completing this lvork. 

Special thanks are extended to Mrs. H. Couture for the great 

care she has taken in typing the manuscript. 

iii 



CONTRIBUTIONS 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 

INTRODUCTION 

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 

is desirable that the design drainage coefficient (drainage rate) be 
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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 ~· (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. 

2 

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. If 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, con tour 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). TI1e 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 

3 

The objectives of the present study are: 

1. To use the computer drainage model suggested by Chieng ~ 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. 



3. To use a contouring program to draw topographic maps with contour 

lines based on the field spot elevations. 

4. To develop programs to instruct the computer to obtain different 

possibilities of the subsurface drainage designs and produce 

plans of those designs with a high speed computer plotter. 

5. To develop programs for the computer to produce lists of materials 

needed for each drainage system designed. 

6. 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. 

4 



CHAPTER II 

REVIEH 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, 
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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 ~vater surface by applying the equation of continuity to 

the water in a vertical column 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: 

= • • • (1) 

where S = spacing between drain laterals, m 

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

R drainage rate, m/day 
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de = equivalent depth of impermeable layer below drain 

centre, m (de is a function of d and S (Luthin, 

19 73)) 

Ka,Kb = hydraulic conductivities of the soil layers above 

and below the drain, respectively, m/day. 

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

Kb, the equation may be simplified to: 

• . • (2) 

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 Ka and Kb. 

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 

7 



(a) 

------------------------------------K, 
·-----------------~ -------------------~ 

( c ) 

Figure 1. Ora i nage System in 

Case (a) Homogeneous 
Case (b) Two layered 
Case (c) Two layered 
Case (d) Two layered 
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- -- - - - - - - - - - - - - --- .,. ----------------- -~ ------------------------------------~\Cl --------------------

---------------------~----~---_-________________________ -

(b) 

------------------------------------·K ------------------· a ---------------------------------------
-:-:-:-:-:-~--------~-=-=-=-=-=-=--~=:=:=: 

-:-:-:-:-:-:-:-_-_ --------------------------------l_---------------------------------------~ 
----------------------------------------~ 
.-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-

(d) 

Homogeneous and Layered Soil . 

so i 1. 
soil with drains at layer interface. 
so i 1 with drains In the 1 Olver layer. 
so i 1 with drains in the upper layer. 



laboratory and field experiments that, for a homogeneous soil, the 

formula is applicable within reasonable limits. Aronovici's spacing 

formula may be written as: 

where S 

K 

= spacing between laterals, m 

hydraulic conductivity, m/day 

R = drainage rate, m/day 

. . . (3) 

a,b = limits 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 S 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. 

9 
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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 (Lagace 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. 



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 

11 

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. They did not apply any 

particular spacing equations, but had proposed regression equations 

between water table depth and time. 



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 meteorological 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. 

12 

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 observations 

were used to verify the model by comparing the predicted and observed 

water table depths. Good agreements were found (Chieng ~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 contour map is prepared. Possible 

outlet locations and controlling elevations are noted. 



4. 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 

soil structure and experience with drainage performance on 

similar soils. 
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5. 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. 

6. 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. 

7. 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. 



Survey 
Data 

Topographic 
Mapping 
Program 

( TOPMAP 

Contour 
Program 
(CONTUR) 

Design 
Program 

( DSDP ) 

Layout 
Program 

Ka, ~, R, 
de, D, DWD 

Hydraulic 
Conductivity 
& Spacing 
Program 

Punched 
Cards 

Figure 2. Sequences in Computer-aided Subsurface Drainage 
System Design and Layout. 
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2.4 Computer graphics for drafting 
and drainage system layout 

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 years, men and women have 

used computer systems to teach, contribute to knowledge and improve 

our environment, solve highly tecr~ical 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~ al., 1967). 

Recently, lvith 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 

17 

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 ~~/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 



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 Begin (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. 
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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 
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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 (OS) 

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 



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 FORTR&1 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 

21 



-,..... 

J~ 

:E 
0: 
a: 
0 

:: w VO 0 X 
(Y) ....... I'-?' 

lL. 

1r 
L-1-

Y-OIRECTION 

I 
~ "goo 

z 
w . ()(. )'} 
0-

l 
C~UNTERCL~CKWISE SIDE 

j ... 
CJPERRTOR'S 

CJR1G1N 

CLCJCKWISE SIDE 

MCJVEMENT ~ 

go X-DIRECTIO N 

FIGURE 3. PL~TTING C~NVENTICJNS CIF CALCCJMP 663 PLCJTTEA. 
N 
N 



23 

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 
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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 at a time when vegetation and snow cover do not interfere with 

the observation of ground points. Experience has shown that the 

stadia survey is a sound 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 follmving 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. 
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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 station. All the numeric, 



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 

DRAIITNG-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. 
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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 Begin (1979) point out that contour drawing in agri­

cultural industries is usually done by drafts.persons. 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 ~~· 

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 ~~ (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 
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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~~·, 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 (S2 = (8 Kbdeh + 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 froE this figure 

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

= + • . • ( 4) 

where DD depth of drain, m 

DWD = minimum desirable water table depth from ground 

surface, m 

Other symbols have been defined in equation (1). 
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In the design program developed in this study, the elements in 

equation (4) are determined in the following ways: 
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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 vrater 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. From 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 

Drain 
depth 

(m) 

1.0 

1.4 

1.8 

using St. Hyacinthe, Quebec, weather data for the 35 years 1941 to 1975 

Drainable 
porosity 

(m3!m3) 
Upper Lower 
zone zone 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

o.os 

Successive 
days 

duration 

4 

3 

2 

4 

3 

2 

4 

3 

2 

Region A 

Condition I 
(mm/day) 

10.5 

12.0 

14.5 

10.5 

12.0 

13.4 

9.0 

10.5 

12.0 

Condition II 
(mm/day) 

12.0 

15.5 

19.0 

12.0 

14.0 

16.4 

12.0 

13.8 

16.0 

Region B 

Condition I 
(mm/day) 

6.0 

7.0 

9.0 

5.1 

6.0 

7.3 

3.5 

4.0 

5.0 

Condition II 
(mm/day) 

9.0 

10.5 

12.0 

6.0 

7.3 

9.0 

5.0 

6.0 

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 is 30 em 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 em or less for not more than 
the indicated number of successive days duration for a once-in-S-year return period. 

w 
w 



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 Drill> 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 smaller than 0.8 m, 

economics may cause the designers to accept DHD values as low as 

200 mm. 
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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 mm, 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 de from d and S are presented for these drain diameters 

(see Figures 8 to 14, inclusive). The values of de 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 

de 
d 8 d -1 = [1 + -(- ln-- a)] ·d S 1T r • • • (5) 

when 0 < % < 0.3 

where a 3.55 - d d 2 1.6·s- + 2(s) • • • ( 6) 

8 s -1 and de = [-(ln(-) - 1.15)] ·S 
1T r • • • ( 7) 

d 
when S > 0. 3 

where de = equivalent depth, m 

S = spacing between lateral drains, m 

d = depth of impermeable layer below drain centre, m 

r = radius of the drain tube, m 
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For many farms in the St. Lawrence Lowlands, it appears that 

de of 1m is an acceptable value (Broughton, 1972; Chieng, 1975). 

For the sake of simplification, de 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 (Ka, Kb).--Ka and Kb are the 

hydraulic conductivities of the soil above and below the drain, 

respectively. If Ka = Kb, then the soil 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 Aptil, 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 one 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 construction 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; soil 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 

where K = 

DH 

y = 

~y = 

~t 

r = 

_______ 4_0~0~0_r~2 _______ .~Y 

(DH + 20 r)(2- _!)•Y ~t 
DH 

hydraulic conductivity, 

depth of hole below the 

distance between ground 

m/day 

ground water table, 

water level and the 

level of the water in the hole for the time 

~t, em 

• • . ( 8) 

m 

average 

interval 

change in ground water level in time interval ~t, em 

time interval, sec. 

radius of the hole, em 



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: 

where 

3 em < r < 7 em 

20 em < DH < 200 em 

Y > 0.2 DH 

d > DH 

and 6Y < 1/4 Y
0 

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, em. 

The sy~bols 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. 
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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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Figure 15. Definition Sketch for Auger Hole Method 



Input: 
Auger-Hole 
Tests' Data 

Input: 
Assigned 
Design 

Single Auger­
Hole Method 

( Equation 8 ) 
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Hooghoudt's Hooghoudt's Equation for Equation for Layered soil.r-----~~------~--------~------~ Homogeneous 
Soil. 

Figure 16. 

Output: 
K and Drain 

Spacing (S) 

Stop 

Generalized Flow Chart for Program HYCONS. 



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 t.;ras made to 
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Figure 17. 

Call 
TOLEFT 

Generalized Flow Chart for Drainage 
System Design Program. 

Input from card deck: 
X-Y coordinates for 

1. Field corners 
2 •. Design-area boundaries 
3. Outlets, and 

values of ,Scale,S. 

Initialization of 
all Arrays 

Call SLOPE to 
compute the slopes 
of design-area's 
boundaries . 

Yes 

Compute: 
No. of Connect 
-ions of Lat. 
and collector. 

Call 
ALIGN 

Call 
TORITE 
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Figure 17. Continued 

On- (2) 
Line 
Disk 

Call 
AXX 

Call DRAINl 
to compute 
( xl ' Y 1 ) 
points. 

Call DlP2 

Call DlP3 to 
compute ( x 3 1 Y3 ) 
points and the length 
of each lat~rzll. 

Yes 

Stop 

Call DRAIN2 
to compute 
( xl ,Yl ) 
points. 

Call D2P2 
to compute 
( x2 I Y2 ) 
points. 

Note: 
@ & Q) 

or @ & @ 
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or @ & G) & @) 
may be performed 
simultaneously. 
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locate the general slope and the outlet by using a gradient searching 

program. Due to 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 corners can then be expressed by the 

appropriate coordinates of the grid. The origin of the X-Y coordinate 

is at the lower left corner 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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Figure 19. Number Convention of the Corners of Design-area. 



Referring to Figure 19, 0 1 and 02 are the start and end points 

of the collector. Beta (S) 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 S is greater than zero and on the 

right when S is smaller than zero. If S = 0, the program will issue 

a warning and stop execution since laterals will run on the same path 

as the collector does. 
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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 S has a negative 

sign, corners are numbered counter-clockwise, otherwise corners will 

be numbered clockwise. However, corner 1 is adjacent to point 01 all 

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

It should be noted that 0 1 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 01 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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Figure 20. Location of Outlet and the Type of Collector. 
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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. CX1, Y1) points in Figure 21). The following 

equations were developed for determining the (X1, Y1) points. 

ox1 + ~X·(2i- 1) for 0° < e ~ 90°, i=l,N 

= OX1 - ~X·(2i- 1) for 90° ~ 8 ~ 180°, i=l,N 

(Yl). = OY1 + ~Y·(2i- 1) for 0° < 8 < 180°, i=l,N 
~ 

where 

and 

8 .cos 8 
sin S 

8
.sin e 
sin S 

S = spacing between laterals, m 

S = 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.) 

(9) 

• . . (10) 

• • • (11) 

• . . (12) 

. . . (13) 

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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y 

----------------------------~----------~x (0,0) 

Figure 21. Definition Sketch for De-sign Program. 



N 
j (OX2 - OX1) 2 + (OY2 - OY1) 2 ·Sin S 

s 
• • • (14) 

where (OX1, OY1) and (OX2, OY2) are the X-Y coordinates of the points 

01 and 02 and S and S as defined before. 

In the case where N is not an integer number, the next larger 
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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 (Xl, Y1) points have been computed, straight 

lines will be extended from (Xl, Y1) to the design-area boundaries 

with an angleS (lines are imaginary and not actually drawn). All 

lines will be ended at points (X2, Y2) at the boundaries as shown in 

Figure 21. Points (X2, Y2) can be calculated by the following 

equations: 

x2 = • • • (15) 

(16) 

where M1 slope of the boundary, i.e., M1 

in this case. 

M2 = slope of the lateral, i.e., M2 = tan(e + S) in this 

case. 

coordinate of the corner C1. 
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Note from equations (15) and (16) that (CX1, CY1) lvill be 

changed to (CXz,CYz) if the point (Xz,Yz) falls on the second boundary 

and to (CX3,CY3) if (Xz,Yz) is on the third boundary. The slope of M1 

will be changed when (CX1,CY1) 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 (X2,Y2), are calculated. The following 

equations were used: 

= 

= 

= 

= 

Xz 

s 
Yz - 2 

s 
Xz- 2 

Yz 

1vhere F = tan(e + S) 

s 
2· Sin a 

and a = 

• • • (17) 

for 
(18) 

• • • (19) 

• • • (20) 

. . . (21) 
8 + s = 180° 

. . . (22) 

• • • (2 3) 
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S drain spacing between laterals 

M1,M2 = slopes of field boundary and lateral, respectively. 

If the boundary is parallel toY-axis, i.e., M1 oo, then 

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

w = . . . (24) 

where 

Finally, straight lines joining the points (Xl,Yl) 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 section. 

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 



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, 

where 

A c 

= 

0.311685 . (DIA)8/3(SL)l/2 . 86400 
n R . . . (25) 

maximum 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 

= • . . (26) 
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Generalized Flow Chart for Drainage System 
Layout Program. 
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where ~ = m~m~ areas drained by a given size of drain line, 

m2. 

L = length of the drain line, m 

s = spacing between laterals, m. 

If the drain pipe capacity is not to be exceeded, the areas 

A1 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 
C=) 

80 t 

100 * 
150 t 

200 * 
250 * 

300 * 

Manning's n value 

0.0167 

0.0160 

0.0160 

0.0190 

0.0180 

0.0220 

t After Broughton ~ ~· ( 1971) . 

* After Irwin ~ ~· ( 1979) . 
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to exemplify the flexibility and applicability of the subprograms in 

DSLP. Input 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. 
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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, Ill and E2. 

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. Hith the following JCL statements, the plottape is mounted 

and the message concerning the pen sizes is displayed at the console. 

DSLP itself will then execute. 

II EXEC SETUP 

IISETUP.SYSIN DD * 
T8=PLTTP(RI,SL,30" PLAIN PAPER. PENS: 0.3mm AT START 0003,) 

(CONTINUED. O.Smm 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 5000 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 



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 units, the conversion from Imperial 

to Metric units was found to be impractical because of the rounding 

error performed by computer during the computation and conversion. 

However, the programs developed in this study can be used with minor 

modifications, i.e., changing the labels from feet to meters, etc., 
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if the plotters used are designed in metric specifications. Currently, 

new machines manufactured by Calcomp (Guardado, 1979) and Hewlett­

Packard (Casola, 1979) are designed in metric specifications. The 

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



m 

(\J 

u 
w 
0 

0 
w 
::3: 

LL 
0 
cc 
Q_ 

0 
0 
0 
(I) 

(I) 

w 
IT 

m 
Lf) 

(\J 

(\J 

,----------------------------

I­
LL 

(.0 

(\1 
(\1 

lf) 
(\1 
(\1 

(\1 
(\1 

"(\1 

z 
0 

l­
IT 

\J 
> ..--. 
w<"' 
~ (\1 

w 

0 
(\1 
(\1 

...... 

/ 
1/ 

t--

~~ 

I 

~- 1 -. F 1 
L. 

l I 

J ~ -- S== 0. 1 

~ 2 

I ~ 

? E-11 

!. 

H~RlZ QNT A L SCALE: 1"= 10 0' 

VERTI CAL SC ALE: 1"= 1 ' 

~---

I 

I 
' l --

',~ 

: 
I 

! 

I 

; 

I 
I 
i 
I 
I 

I 

I 
I 

E- 1b E-9 E- 8• 
I I 

l l I I 
l~U ---.j.. 

I i 

I 
I 

I 
3 lj 

------

7 E-6 
I 

~ 
<-10 '/. 

---

5 

·'1 ~ 
U1 

<' (7\ l I r- " 1 (7 I ' L u _ L c : _ . ,_) r1 

~'--------

I 

~- / 
~ 

/ 

I 
I I 

t:-3 E-21 
E-5 E-4 

I i I 
I -------I ! 

i J_ ~ t I -e----

:='5::: c . 1. 5 1"/. -- I 
I 
I 

1--

I 

I 
6 7 8 9 

H 0 R I Z CJ N 1 R I_ 0 J S 1 R ~J C E • F 1 

.-----~ 

I 
I 

Fll 
i 
I 

~~ 
./ 

I v /r i 

~ 
I 
I 

! 

I 
I 

I 
I 

I 

! 
i r 
I 
I ----,-

I ---t-· 
~--------

l---~ 2 I I 1-S== Q . ' 

I J 

I I 
I I 
I 

--~: 
i 

I 

i 
I 
I 

10 11 , ,? 

EL EVRTI~ N 

_l 

-

13 14 

I I 
REV 1 SI ~N I DATE I DESCRJPTI~N 

AGRICULTURAL ENGINEERING DEPA RTMENT 
MCGILL UNIVERSITY 

B~X 950. MACDONALD CCLLEGE. QUE. H9X !C O 

PROFILE OF C~ L LECTO R E 
BRSEO ~N PLRN N0.0-1 2-N-3 58 

NC C JOB OTTRWR, CRN ROR 
SCA LE f----+-o_A_i E_-+P_E_Rs_tlN_ ow c . N e . 

DRAWN 

1---=c~HE:.::.c:.:..KE~:.:..o +-- - +-- - 0 1 2 N 3 58 
REVJSEO 

H 
0 

4-1 

Q) 
.-I 
·.-l 
4-1 
0 
H 
p., 

co 
N 



:\.1 
_j 

:J 
:J 
:J 
) 

) 

_j 

L 

\,{) 

;::-.------.-----,---~ --~-T 

--t--i 
I ! 

+----+-- ---+------+-

\ ! 
I 

-0 -

u I 

0 I 
C) 

~+--------1--------+--­
r-~ 

LL 

}' 
------/-t 
/i 

i 
I 
I 

;:::: ~-.If=~-----<~==---+----+-----+--

~ I R~S I 
_j R-91 ! I 
W I I 71~//s~ 

~-+-----!-------1"rt-.,...,....---+-+--7 - -

%~ ' 
I I 
I I 

I 
---+---L 

I 
I 

~~----+-----4-----~-----4--(Do 2 3 'l 

H~RJZ~ NIRL SCALE : 1"= 50 • 

VER11CRL SCALE: 1"= 2 ' 

'----------------- --------- --

----------------------------------------------------~ 
(J .-·· (' 01 I ' I r' < (7\ r• 

1 '-'UL_L __ r::~~lul\ R 

-r----T [ I -----,-1 -------,--------,-- --- --.,- ------,--------,------.---
! I ' I i I I 

i I I i I II I I 
( I - r --~ I ---+

1

--+-----+-----l--

i I L- I c=-L1 __ Jl==~~~d===t===t==1~ 
-l_l--~~L ____ r _ _j __ l_ _ ---~-~--+----+--~~rv:::::l=== 

? t- I ~s o.tto I. 
/I R- 2 I --~~-+----r 

' ~--
1 A- 3 I ~---- I 

----~--~~- ~ ~ i r-- , 5 · ~l--J/~ , 1 1 

-1~' /~- I I --+-~-+-------+--! --+----+---+----+-- +--i --+----+--+-----t----i 

//~,/----_./ I I I II I II 

i'· I I I I I 
t~T i I -~,1--~~- -~~-~-~-~-~-, 
I i I I 
I -----l------+----+------+-----+----+-----+--

1 I 
~---~~--~--~---~~ --~' ---4---4----~--+---~---+---~~~~--±---~--~--~ ' 15 16 17 18 19 20 21 22 5 6 7 8 9 10 11 12 13 14 

VATI~N 

I V 
I ~~ i-------+--
T 

+----+----+-+---+-----1 

--+-- ----+----+-----+-------t--------J 

H6RJ Z ~NTRL 0 151RNCE. FT 

------------------------------

DE SCAIPTl~N 

AGRICULTURAL ENGINEERING DEPARTMEN T 
HCGJLL UNIVERSITY 

B~X 950 , MRCO~NRLD C~LLEGE , QUE .. H9X ICO 

PR~FJLE ~F C~LLECT~R A 
BASED ~N PLAN 0-12-N-760 1 

19TH TEE DRIVJNG RANGE 
SCALE 1---4- .:::_DA.::_:l r~--t-:-r.:..::£fi::;;:!II!I:;_;_N ---j D W G • N eJ • 

[Jfi/IWN 

~C:_::ttf.::.::CK~E0=-+---1----l 0 1 2 N 7 6 0 1 
REVlSCD 

~ 
0 
'H 

QJ 
ri 
· rl 
'H 
0 
~ 
p., 

0'1 
N 



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 elevations 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 11 inches (28 em) 
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<D 0 
Use TOPMAP & CONTUR Use HYCONS to 
to draw a spot 
elevation topographic 
and contour map with 
or without a grid. 

obtain the hydraulic 
conductivity and 
drain spacing from 
auger-hole test data 
and design parameters 
chosen. 

( surveying data are 
used ) . 

Keep data 
file for 

I 
I 
I 

0 
Select outlet, 
collector, (3 , from 
plan obtained in {1). 
Use DSDP to design 
the system by using 
the results obtained 
in (D. 

0 
Use DSLP to lay out 
the computer designed 
drainage system plans 
by using the ~sults 
obtained in \2) . 
Additional data may be 
added, if neeaed. 

Yes 

L ___ _ 
Make corrections 
and re-run the 
DSLP program. 

Figure 30. Steps' Functions in Computer-aided Design 
and Layout System. 
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high with a scale of 1 inch to 100 feet (1:1200). Figure 32 was 

plotted on 30-inch (76 em) 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 elevations of the 

ground from Imperial to Metric units. Since there is a scale factor 

involved in drawing drainage plans, a small deviation in 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 to 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 Begin 
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THE 19TH TEE DRIVING RANGE 

10~ 

Figure 33. Contour map produced by program CONTUR 
( The 19th tee driving range ) . 
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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. Figure 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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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 Hl, H2 show plans done by a draftsman and 

computer plotter, respectively. Note in Appendices Hl and H2 that 

the lists of materials needed in the designed systems were presented 

by computer. 

84 

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 

2. 

3. 

4. 

5. 

6 

7 

Manua 1 drafting 

Writing spot elevations at 
appropriate positions on a· 
master plan: 2 hours 

Interpolation for spot 
elevations and drawing 
contour 1 ines: 3 hours 

Computer drafting 

Punching spot elevation data 
on cards (using IBM 029 key­
punch machine with drum 
control): 2 hours 

Contour lines drawing and spot 
elevations lettering: 31 minutes 

System design parameters determined by designers 

Design and draw the first 
draft of designed system on 
the tracing paper and obtain 
a blueprint: 8 hours 

Modifications on the first 
draft: 3 hours 

Draw the complete drainage 
plan on a master sheet: 
24 hours 

Contingencies: 1 hour 

Total 41 hours 

Design and draw the first draft 
of designed plan by using DSDP 
and DSLP : 1. 5 hours 

Modifications on the first draft: 
3 hours 

Replot drainage plan: 52 minutes 

Contingencies: 1 hour* 

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 handling the 
' 

task mentioned above. Due to financial 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 operation. 

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 



TABLE 4. 

Item 

1 

2 

3 

4 

Cost comparison between manual and computer-aided drafting 
methods 

Manual drafting 

2 hr x $8/hr*= $ 16.00 

3 hr x $8/hr = 24.00 

Computer-aided drafting 

2 hr x $8/hr = $16.00 

Execution charges** 
16 min plotting x $20/hr***= 

9.90 
5.33 

- - - - S A M E - - - -

8 hr x $8/hr = 64.00 DSDP execution charges 
DSLP execution charges 
18 min plotting x $20/hr 

= 

= 

3. 71 
6.06 
6.00 
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5 3 hr x $8/hr = 24.00 3 hr x $8/hr = 24.00 

6 24 hr x $8/hr = 192.00 

7 1 hr x $8/hr = 8.00 

Total $328.00 

Execution charges 
51 min plotting x $20/hr 

1 hr x $8/hr 

Total 

= 
= 

= 

12.64 
17.00 

8.00 

$108.64 

* The pay for drafting work varies with skill and may range 
between $6 and $10 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 j cbs. 
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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/O 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 

Handling 0. 80 o. 80 o. 80 0.80 

Total 9.90 3. 71 6.06 12.64 

* Based on McGill University Computing Centre commercial charges. 



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, bvo 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 

of 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 in the HYCONS forK 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 use, h = H- 0.40 m. The 0.40 min 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. 
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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 known, 

Lor A can be obtained from the graph immediately, i.e., ID = 100 mm, 

SL = 0.1%, S = 30 m and R = 12 mm/day, L and A are found to be 300 m 

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 Begin (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 obtain more accurate 

contours for those areas where the slopes change rapidly. 
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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. 



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 
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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 

lines, 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 

W4 
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****************************************************************** 
****************************************************************** 
****************************************************************** 
*** 
*** 
*** X 

*** X X 

*** X X 

*** X Dr:c.x 
*** X X 

*** X X 

*** X 

*** .............. 
~.,..,. 

PROGRAM HYCONS 
p,y 

S I E-TAI\1 CHI EI\IG 

AGRICUI_TURAL ENGINEERING nEPARTMENT 

MACfJONALfJ COLLEGE. MCGII_I_ UNIVERSITY 

*** 
X *** 

X X *** 
X X *** 

X 1 7g X *** 
X X *** 

X X 
X *** 

*** 
*** 
*** 

**********************************************~~******************* 
****************************************************************** 
****************************************************************** 

PROGRAM FOR CALClii_ATING THE HYDRAlJI_IC CONfJlJCTIVITY FROM THE 
FIELfJ Mt:ASUREMENTS ( AllGER HOLE METHOI) l. 
AFTER THE K HAS BEEN CALCULATED. THE !)RAIN SPACING OF THAT 
FIELfJ WII_I_ BE COMPUTED RY USING THE HOOGHOlJIH EOlJATION FOR 
HOMOGENEOUS SOIL OR TWO LAYEREfJ SOIL WHATEVER IS APPliCABLE. 

R = DESIGN DRAINAGE RATE. 
!\WT = AI_I_OWARU::: WATER fARI_E fJEPfH FROM SOIL SIJRFACE. 
H = WATER TARLE HEIGHT ABOVE DRAIN CENTER. 
DD = DRAIN DEPTH. 
DE = EOlJTVALENT OEPTH. 
tH = lr-JATER TARLE RELOW SOIL SIJRFACE. 
D = DEPTH TO HOLE'S BOTTOM FROM WATER TARLE. 
qAD = RADIUS OF THE AlJGF:R HOLE. 
DELT = DIFFERENCE IN TIME. 
DELY = CHANGE IN WATER TARLE. 
HK = HYDRAlJUC CONOUCTIVITY. 

DIMF:N<;ION T(30l .Y(30l .nELY!30l 
INTEGER HOLE 

C READ IN fJESIGN PARAMETERS. 
1 ~EA0(5.2.END=550l R.AWT.DD.fJE 
2 FDRMAT(Fl0.4.3F5.1l 

H=DD-AWT 
C REAO IN AUGER HOLF: fJIMF:NSIDNS. 

5 ~F:AD(5.lO.ENf1=55ll Wf.D.RAD 
10 FORMAT(?F5.2.Fl0.5l 

HW=fJ-WT 
20 REAn(5.30.ENf1=553l HOLE.JOR 
30 CORMAT( !2.2X.Ill 



1-JR!TE(6,560l 
40 00 50 I=1.30 

Y(Il=O.O 
f(Il=O.O 
O!==LY( I l=O.O 

50 CONTINUE 
NfJ=l 

c 
C DATA INPUT. 
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C T I f\1 C 0 '- • 1- 5 • Y I 1\1 C 0 L • 6- 1 0 • I 0 TN C 0 I_ • 1 5 • I_ AYE R I N C 0 L • 2 0 • 
c 

60 qEA0(5,70) T(NOl,Y(NOl,ID ,i_AYER 
70 FORMAT(2F5,1,4X,T1,4X,I1l 

NO=N0+1 
IFIIO.E0.1l Gn rn RO 
GO TO 60 

flO NfJ=N0-1 
YfJ=Y(l)-Wf 
DY= Y(ll-Y(N(l) 
YY=YO-OY/2,0 
CHK=Y0/4,0 
r f\I=O 
StJM=O.O 
00 100 I=2,NO 
OBS=Y( I-1 l-Y( I l 
IF(fJBS.GT,CHKl GO TO 110 

90 DELY(Il=ORS 
StJM=SlJM+OEI_ Y (I l 
GO Tn 100 

110 I~RITE(6,l?.Ol HOI_E.JOB.Y(I-ll.Y(Il.CHK 
120 FORMAT(lX,•THE OBSERVATION LISTED BELOW GIVES A •,;, 

* 1X, 111 0ELY" GREATER THAN (YO*l/4), IF IT IS 1 ,/, 

* lX,ITHE I_ASf OASERVAfiON, IT WII_I_ NOT BE •,;, 
* lX, 1 lJSED IN THE COMPtiTAfiOf\1 FORK :•,;;, 
* 5X.'HOLE= •.Iz.zx. •JOB= •.Iz.zx. 1. 
'~ 5X,'Y(Il= 1 ,F7.2.3X, 1 Y(I+ll= 1 ,F7,2,/,5X, •CHK=YO*l/4=',Ffl.4,///l 

IF( I.L T .NO) GO TO 90 
IN=IN+1 

100 CONTINUE 
I) E L T = AB S ( T ( 1 l- T ( 1\10 l l 
IF( IN.NE.Ol OELT=ARS(T(l l-f(t\.10-1 l l 
-\ VE=SlJM/0!==1_ T 
A=4000.*RA0**2 
~=(HW+ZO.*RAOl*(Z.O-YY/HWl*YY 
HK=AVE*A/R 
[F(JOB-ll 130,140,150 

130 WRITc(6.135) HOI_E 
135 FORMAT(2X, 1 ,lOA ii ISO.==> CHECK INPIIT DATA FOR HOt_E NO.'.IZ,/Il 

GO TO 500 
140 HK1=H'< 

GO TO 230 
150 HK2=H'< 

SA=(8.0*HKZ*DF*Hl/R 
SR=(4,0*HKl*H**2l/R 
SPACE=SQRT(SA+SRl 



C P~INT OUT RAI-l DATA AND COI--1PUfED ~EStJLTS. 

WRITE(6.242l HOL~.JOR 
14 R IT!=' I 6 , 2 44 l 
W~ITE(6.245l I I,T( Il,YIIl .DELYI II ,I=l,NOl 
'.4RITE(6.246) I)ELf,StJt"1 
WRITE(6,247l YO,OY,YY,I),WT,HW 
WRITE16.24Rl R,AWT,DD,I)E,H 
l~RITE!6,250l HKl,HK2 ,SPACE 

242 f=O~MAT(!I,5X, 1 HOLE NfJ.',I2,3X, 1 JOR t\JfJ, 1 ,I2,1/l 
2 44 FO~MA T ( I. 5 X • I NO. I • 5 X. I T I • 9X. I y I • 6X. I DE'- y I 'I' 5 X' 2 9 ( I- I ) ' I) 
245 FORMAT(5X,I2,3X,F5.1,5X,F5.1,4X,F5.ll 
2 46 FORMAT (I '5 X. I DEL T = I • F 5. 1 • 5 X. I s tJM-OE L Y= I • F 5. 1 ' I I) 
247 FOC{MAT(!I,lX, 1 REStJLTS : 1 ,11, 5X, 1 YO = 1 ,F6.Z,I, 

>:< 5X,'DY = ',Fh.2,1, 5X, 1 Y = 1 ,F6.2,1, 5X, 1 D = •,F6.2,1, 
'~ 5X, 1 WT = 1 ,F6.2,1, 5X, 1 HW = 1 ,F6.2,11l 

24R FORMAT (5X, 1 DESIGT\J DRAINAGE RATE= •,F7.4, 1 MII)AY 1 ,1, 
* 5 X ' I td_ '- 0 WAR L E w A T E R TAB'- E = I ' F 5 • 2 • I ~11 ' I ' 
* 5X, 1 0RAIN DEPTH = •,F5.2,• M1 ,1, 
* 5X, 1 EQIJIVALENT DEPTH = 1 ,F5.2,' M1 ,/, 

* 5X, 1 WATER TABLE HEIGHT = •,F5.2, 1 M•,ll 
250 i=ORMAT(!II,5X,IfHE HYDRAULIC CONOtJCTIVITY :•,1, 

* 5X, 1 UPPER LAYER K = 1 ,F5.2, 1 M111AY 1 ,/, 

* 5X, 1 LfJWER LAYER K = •,F5.2, 1 MIOAY',I, 
* 1. 5x,•nRAIN SPACING = • ,F5.2,• M•.11, 
* 5X, '***FIELD WITH TWO I_AYEREn SOIL ***',1111 

GO TO 1 
230 SPACE=SORT((4.*H~l*IZ.*DE*H+H**2ll/Rl 
C PRI"-IT fJUT RAW OATA Af\10 COMPUTED REStJLTS. 

WRITE16,2421 HO!_E,JOB 
WRITE I 6, 2 44 l 
14 R IT E I 6 , 2 4 5 l I I , T I I l , Y I I I , nEt_ Y ( I l , I = 1 , NO l 
I>IR ITE I 6, 246 l DELT, SlJM 
WRITE16.2471 YO,DY,YY,n,wr,Hw 
WRITE(6.24Rl R,AWf,DD,nE,H 
!FILAYER.NE.21 WRITE(6,260l HK1.SPACE 
IFILAYER.E0.2l WRITE(6,270l HK1 

260 FOC{MAT(!II,5X, 1 HYI)RAUUC CONIJlJCTIVITY = •,F5.z,• MIDAY 1 ,1, 
*I, 5X, 1 1)RAIN SPACING = t,F5.2, 1 M1 ,ll, 
* 5X, '***THE FI~i_D t~IfH HOMOGENEOIJS SOli_ *'~*',1111 

270 FORMAT(//1,5X,•HYORAIJUC CONDUCTIVITY= 1 ,F5.2, 1 MIOAY',I, 
*I, 5X, 1 TWO LAYERED SOIL--- DRAIN SPACING•,;, 
*I, 5X, t!,JILf_ RECALCULATED IN NEXT Sf~P. 1 ,11/l 

l F I I_ AYE~ • E 0. 2 I G 0 TO 2 0 
GO TO 1 

500 W~ITE(6,510l HOLE 
510 FORMATIII,IX,'***I"RROR*** JOB#= 0 FO~ HOLE # 1 ,(2,11 
551 WRITE(6,5521 
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552 FORMAT11X, 1 MISS!NG DATA FOR 1..JT,O,RAD -- CHI"CK STI\TJ"1'<1ENT 5 1 ,1) 
GO TO 550 

553 WR!TE(6,554l 
554 I=ORMATilX, 'MISSING DATA FOR HOL!=',.JOR -- CHEC'< STAT~MEI\IT 20',/l 
550 WRITE(h,560l 
5AO i=ORMAT( I 1 1 ) 

STOP 
;:: i\1 f) 
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LISTING OF COMPUTER PROGRAM FOR DRAINAGE SYSTEM DESIGN 
PROGRAM, DSDP 
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c ****************************************************************** 
c ****************************************************************** c ****************************************************************** c ~~;:~* *** 
c *** *;~* 
C *** X PROt;RAM DS[)P X *** 
C *** X X RY X X *** 
C *** X X SIE-TAI\1 CHIENG X X *** 
C *** X DFC.X X '79 X *** 
C *** X X AGRICIJI_ TlJRAL '=~J(;li\IEER !f'-IG IJEPARTMENT X X '~** 
C *::::C~< X X X X *** 
C *** X MAC[)ONAI_[) COLI_Et;E, ,-.,Cr; II_ I_ lJI\1 IV":RS I TY X *** 
c *** *** c ~::c** *** 
c ****************************************************************** 
c ****************************************************************** 
c ****************************************************************** c c cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c c 
C ENTIRE PACKAGE CONSISTS OF: C 
C MAIN,SLOPE,ALit;N,TORITE,TOLEFT,AXX,[)RAIN1,DRAIN2, C 
C D1P2,D1P3,[)2P2. C 
c c cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc c 
Cl 
C2 
C3 
C4 
C5 
C6 
C7 
CR 
C9 
C10 
c 11 
c 

NR !I?l -------#.OF FIELD BOUNDARY. 
.-3X,F\Y (2F10.2l -------CO-ORDINATES OF FIEI_D FlOlJNDARY. 
SP,RETA,DSCALE (3F10.2l ------- SPACING,ANGLE BETWEEN LATERAL 

AND COLLECTOR, AND THE SCALE OF THE DRAWING PLAN. 
NC !I2l -------#OF BOUNDARY FOR DRAINAt;E SlJR-AREA. 
CX,CY !2F10.2) -------COORDINATES OF SUR-AREA ROlJNnARY. 
IOUT,JOINT,JNO (I2.2X,I1,4X,I1l ----#OF COORDINATES OF COLLECTOR 

IF JOINT=1 COf'-INECTING POINfS EXIST FOR COtU:CTOR & OIJTt_ET. 
JNO IS THE # OF CONNECTING POINTS. 
OX,OY !2F10.2l ------ CO-ORDINATES OF COLLECTOR. 
PJX,PJY !JF10.2l ------- CO-ORDINATES OF CONNECTING POINTS. 

DIME N S I 01\1 R X ( 1 0 l , R Y ( 1 0 l , C X ( l Q , 1 0 l , C Y ( l Q , 1 0 l 
1 .xu 10,501 ,YI< 10.501 .xz< 10,501 .Y?< 10.50l 
2 , X 3 ( 1 0 , 50 ) , Y 3 ( 1 0 , 50 l , XI_ EN ( 1 0 , 50 ) , X I_ M IN ( 1 0 ) 
3 .OX(10,10l,OY!10.10),0Xl!l0l,OYl(lQl,OX?(lOl,OY2(10) 
4 ,PJX(l0,5l,PJY(l0,5),LINE!li)J,S(10,10l,SPAC!l0) 
5 ,NONC( 10) .SECLEN( 10) ,COSEC! 10,5 l ,TI_StJ"''( 10) 
6 ,BANGLE!10),NOlJT(10),JOINT(10l 

C INITIALIZATION OF ARRAYS. 
DO 04 I= 1, 10 
Uf\JE(IJ=O 
St:CLEN ( T) =0 .o 
XLMIN( I 1=999.0 
[)O 03 J=l.50 
Xl(I •. Jl=O.O 
Yl (I ,J )=0.0 
X2(I,Jl=O.O 



Y2(I,Jl=O.O 
X3(I,Jl=O.O 
Y3(I,Jl=O.O 

03 CO".!TINUF: 
04 CONTINUE 

~AD=3.l415926/180.0 
SUMLEf\1=0,0 
!D<\=0 
LTSlJM=O 
IGD=O 

C NR = ti OF ROIJI\IOARY CORNERS. 
C !COPY RRANCHING DECISION. ICOPY=l COPY RESIJI.TS fO rlTSK. 
C NO COPY TO DISK FILE WILL RE DONE IF TCOPY NOT =1. 
C !WRT =DISK OR fAPF: DEVICE UNif #, 

READ(5,l000) NR,ICOPY,IWRT 
1000 ~ORMAT(3I2l 

REA0(5.1.050) RX(l),RY(1l 
t3XL=RX(ll 
BXS=RX(ll 
t3YL=RY(ll 
BYS=RY(ll 
DO ll 00 I= 2, NR 
REArl(5,10?0) RX(f),RY(I) 

10?0 ~ORMAT(2Fl0.2l 

IF(FlX(Il.GE.RXLl RXL=RX(Il 
[ F ( R X ( I l • I.E. R X S ) R X S = R X ( I l 
IF(RY( Il .GE.RYU RYL=RY( I l 
[F(RY(Il.i_E,RYS) RYS=RY(Il 

1100 CONTI ~llJE 
11?0 fDA=IDA+l 

READ(?,l155,ENO=A500 ) SP,REfA,DSCALE 
11?5 ~ORMAT(3Fl0.2l 

RANGLE(IDAl=RETA 
fF(SP.EO.O.O.AND.RETA.EO.O.Ol GO TO 6500 
READ(?,l200l NC 

1200 ~oq_MAT( I?l 
SUM=O.O 
'\JONC ( TD'I l =NC 
READ(?,l300) (CX!IDA,Il,CY(IOA,Il,I=l.NCl 

1300 ~ORMAT(ZF10.2) 
CALL SLOPE( IDA,NC,CX,CY,Sl 
READ( 5, 1400) I\IOIJT( IDA) ,JOINT( IDA l 

1400 FORMAT(IZ.lX,IZl 
I OUT=f\JQlJT ( IDA l 
READ(5.1500l (OX(IDA,Il,QY(IDA,Il,I=l,IOlJT) 

1500 ~ORMAT(2F10.Zl 

IF(IOIJT,i\tE.Zl GO TO 1600 
!lXl( IDAl=OX( IDA,l l 
OYl(IDAl=OY(IrlA,ll 
OXZ( IDAl=OX( IDA,?l 
OY2( IDAl=OY( IDA,2l 
r;o TO 1800 

110 

1600 CALL ALIGN (OX,OY,IrJA,IOlJT,QXl,OY1,0XZ,OYZ,RETA,RArl,l>i,Wl,l-12) 
1 R 0 0 I F {,J 0 I NT ( Hl A l • E 0 • 0 l GO T Q 2 0 0 0 

JNO=.J 0 If'\IT ( IDA l 



~cll.D(5,l900l (PJX(IDA,Il.PJY(IDA.Il,T=l.,JNOl 
1900 FORMAT(2Fl0.2l 
2000 CDNTINUF: 

TL = SORT((0X2(IDAl-0Xl(I0All**2 + (0Y2(T0Al-0Yl(I0All**2l 
IF( !OUT .f\11':.2) GO TO 2200 
TLSU1\1( IDAl=TI_ 
r;o Tn 2400 

2200 TLSUM(IDAl=O.O 
Oil 2300 !=2, !OUT 
T L1 = S CJ R T ( ( 0 X ( I D A • T l -0 X ( I 0 A , I- l l l * * 2 + 

'~ (0Y(IDA,Tl-0Y(IDA.I-lll**2l 
COSeC( IDA, I-ll=TU 
r l S lJ M ( I D A l = T I_ S l J M ( I D A l + T Ll 

2300 CONTINUE 
2400 DELC=SPI!DSCALE*2.0*SIN(RETA#RAOll 

DELC=ABS(DELCl 
~llL=TLI(2.0*DELCl 
IF(NDL*Z*DELC.EO.Tll GO TO 2600 
XN=TL/ ( 2 .O*DELC l 
NX=TLI(Z.O*DELCl 
OIFF=XN-NX 
IF(OIFF.EO.O.Ol GO TO 2500 
NOL=NX+l 
GO TO 2rSOO 

2 500 '\Jill=NX 
2rSOO DELC=TLI!2.0#NOll 

SPll.C( IDAl= ARS(11EI_C*2.0*SIN(BETll.*RADll 
LINE ( IDA l =NO!_ 

C fO GET THE TOTAL i OF LATERALS • 
LTSUM=LTSlJM+NOL 

c 
IF(!OIJT.E0.2l GO TO 2800 

111 

fLA= SORT((0X(IfJA.2l-OX(!DA,lll**2 + (OY(lOA,2l-0Y(IfJA.lll**2l 
NOLl=(TLA-DELCli(2.0*DELCl + 1 
i\JOL2=NOI_-NOI_ l 
NOLS=t'-JOU+l 

2800 XCH~=OX2( IOAl-OXl(IDAl 
YCH~=OY2(!DAl-0Yl(IDAl 
',) R I TE ( 6 • 2 9 0 0 l 

2900 FORMAT( 1 1 1 l 
WRTTE(rS.2910l ( I.RX(!l.RY( Il ,I=l.NRl 

2910 FORMAT(lX.I2.3X, I (BX,RYl = I .2F8.2l 
~RITE(6.2920l RXL.BYL,RXS.RYS 

2920 FORMAT( I .2X. I RXI_= I .FR.2. T23. I RYI_= I .FR. z. I, 
* 2X. 1 RXS= 1 ,FR.2, T23. 1 BYS=•.FR.2,/l 

IF(!OlJT.EO.Zl GO TO 2950 
I~RITE(rS.lOll OXl( IDAl,OYl( IDAl.OX2( TDlll,OY2( lOll), 1~,\.Jl,WZ,Bf:TA 

101 FORMAT( IX,' (0Xl,llYll= 1 ,2F8.2.2X, 1 (0X2,0Y2l='•2FR.2,1. 
* lX,'l,J = 1 ,F7.2,2X.•Wl = 1 ,F7.2,2X, 1 W2 = 1 ,F7.2,2X, 1 RETA=',F7.2,1l 

2950 WRITE(6,3000l IDA.NC,BETA,fJELC,SPAC(IOAl,SP,TL,NOL 
3000 t=rNMli.T(2X, 1 IOll= 1 .!7. T23. 1 i\!C=•,I7,1, 

l 2X, 1 RF:TA= 1 ,F7.2. T23, 1 0ELC= 1 ,F7.3,/, 
2 2X. 1 SDACING= 1 ,F6.2, f23. 1 11RIGINli.L SPACI11JG= 1 ,F7.z,;, 
3 2 x • • Tl_ = • • F 7 • 2 • r 2 3 • • N n '- = • • I 7 • 1 l 

'·IR!TE(6,3100l 



3100 FflRMAT( 2X, 1 INPlJf FIELD ROUNOARIES :•) 
[)() 3500 I=l,NC 

3500 WRITE(6,3600l I,CX(IDA,IJ,CY(IOA,IJ,S(IDA,I) 
3600 FORMAT(2X,I3, 3X, 1 (CX,CYJ = 1 , 2(F7.2,3XJ,2X, 1 SI_nPE=',F7.2l 

WRITE(6,3ROOJ 
3ROO F()RMAT( /,2X, •Cf)I_I_ECTOR CO-ORDINATES :I,/) 

!<l R I T E ( 6 , 40 0 0 l ( I 0 A , I , 0 X ( I D A , I ) , I D A , I , 0 Y ( I 0 A , I l , I = 1 , I 0 t J T l 
40oo FORMAT(2X.•ox(•, Iz.•.•. I1. • J =•,F7.z,3x, 

* •nY(', I2, '•'• Il, • J =•,F7.2,/l 
!F( IOUT.E0.2l GO TO 4200 
ITS= I OI.IT-1 
~~ R I T E ( 6 , 4100 l ( I , C 0 SEC ( IDA , I l , I = 1 , I T S l 

4100 FORMAT(2X, 1 CflSEC 1 ,I1, 1 = 1 ,F7.2,1J 
4200 '..JRITE(6,4300l IDA,TLSIJM( IfJAJ 
4300 FORMAT(zx.•TtStJM( • .I2. • J=',FR.2,/l 

[F(.JDINT(IDAJ.EO.OJ GO TO 4700 
WRITE(6,4500J 

4500 FORMAT( 1 0 1 , 1 COLLECTOR CONNECTING-POINTS CO-ORDINATES :•,/) 
l..JR IT E ( 6, 4600 ) ( I D .A , I , P J X ( IDA , I l , IDA , I , P .J Y ( I D .A , I l , I = 1 , ,J NO l 

4h00 FORMAT(2X,•P,JX( 1 ,I2, 1 , 1 ,I1, 1 l= 1 ,F7,2,3X, 
* •P,JY(•.Iz. •.•.I1.• J=•,F7.2./l 

GO TO 5000 
4700 WRIH(6,4ROOJ IDA 

112 

4ROO FORMAT( 1 0 1 , 1 "''AI~l: FIEU) # 1 ,I2, '• JOINT=1 NOT ENCOIJI\JTEREO.•,;, 
* 1 1\JO C()NNECTING POINT FOR COLLECTnR FOR THIS AREA.',/) 

5000 IF(RETA.LT.O.Ol Gn TO 5100 
CALL TDLEFT (NC,IOA,RETA,S,CX,CY,Xl,Yl,X2,Y2,X3,Y3,DELC, 

* OX1,0Y1,DX2,0Y2,0X,OY,LINE,XLEN,SPAC,XCHK,YCHK,NOI_,ALPHA, 
* SL,DELX,DEI_Y,Wl,W2,W,NOLS,IOIJT,RA0) 

GO TO 5500 
5100 CALL TORITE (NC,IDA,RETA,S,CX,CY,Xl,Yl,X2,Y2,X3,Y3,DELC, 

* OX1,0Yl,OX2,0Y2.0X,OY,LINE,XLEN,SPAC,XCHK,YCHK,NOL,ALPHA, 
* SL, OF: LX, DEl_ Y, ~Jl. W2 ,tv ,1\JOLS, IOIJT, RA[)) 

5500 CnNTINUE 
IF(IGO.F.O.ll GO TO 1150 
WRITE(6,5h00l ALPHA,SL,DELX,DELY 

ShOO FORMAT(2X, 1 AI_PHA= 1 ,F7.2.10X, 1 SL='• F7.2,/, 
l 2X, 1 DEI_X= 1 , F7.2,10X, 1 0EI_Y= 1 ,F7.2,/l 

LII\JF( IDAl=NOI_ 
WRITE(6,5700l UNE(IDAJ,IDA 

5700 FnRMAT(2X, 1 THE TOTAl_ NlJMRER OF LATERAL IS 1 ,T4, 
l I FOR FIELD NO. I .I2.//, 
2 zx.•No• ,7X,'X1•.7x,•v1•.7x,•xz• .7x.•vz•,7x,•x3•,7x,•v3•, 
3 6X, 1 XLEN 1 ,/,2X,67( 1 -'),/l 

DO 5900 J=1,NOL 
SUM=SIJM+XI_ EN (IDA, cl l 
IF ( XL MIN ( IDA ) • G T. XL EN ( IDA , ,) ) ) X I_ M I 1\J ( Tf1A l =XL EN ( IDA , J ) 

1.~ R IT E ( A , 5 R 00 l J • X 1 ( IDA , J l , Y1 ( I 0 A , J ) , X 2 ( I 0 A , J ) , Y 2 ( Tf) A , J ) , 
1 X3( !DA,Jl ,Y3( IOA,,J) ,XLEN( IOA,J) 

5ROO Ff)RMAT(lX,I3.4X,7(F7.2,2X),/) 
5900 CONTINUE 

1.4R IT E (A, 6000 l 
6000 FrJRMAT(2X,67( 1 - 1 l ,//) 

SECLEN( IDA l =SUM 
I..JRITE( 6.A100) SF.'CI_EN( IDA l ,XLMIN( IDA) 
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6100 ~O~MAT(~X, 1 THE TOfAL LENGTH OF All THE LATE~ALS FO~ THIS SECTION • 
* , •Is : •, Fs.z.;;,zx. 
* 1 THE SHORTEST LATERAL IN THIS SECTION IS : •,FQ.2,/l 

SUMLEN=SUMLEN+SECLENIIDAJ 
6200 CONTINUF: 

GO TO ll 50 
6500 IDA=IIJA-1 
C PRINT OUT THE TOTAL LENGTH Of PIPE NEEOF:O FOR THIE FIEr_o. C 

'rJR I TEl 6,6600 I l TSlJM, SUM LEN 
6600 FORMAT(2X,67( 1 - 1 ), //, 2X, lfHIS FIELD HAS •,13, 1 LATERALS AND 1 , 

*I THE TOTAL I_ENGfH IS : 1 ,F14.2, //,ZX,67( 1 -1) ) 

c 
IFI ICOPY.NE.11 Gfl TO 9999 

C WHEN ICOPY=1 THAT MEANS ALL DATA SHOULD RE COPIED TO DISK 
C OR TAPE FOR FUTURE PLOTTING PURPOSES. 
C THIS WILL BE DONE IN THIS SECTION 
c 
c 
C COPYING DATA TO DISK FOR FIJTIJRE PLOTTING PURPOSES. 
C IWRT IS THE lJNIT fJF THE DEVICE: lJSEO. 
c 

WR!Tt( IWRT,8000l NB,IfJA 
8000 FORMATI~I2l 

DfJ 8100 I=1,NR 
8100 'I'IRITEIIWRT,8200l RXIIJ,BYIIJ 
8200 FORMAT(2F10.2l 

WRITt([WRT,83001 AXL,BYL,BXS,BYS 
8300 FORMAT14Fl0.2l 

DO 9000 I=l,I11A 
WRITE I I WR T, 8400 l SPA C ( I l , A A.NGL E ( I l , NONC ( I l , liNE ( I l , NOU T ( I l , J 0 INTI I l 

8400 FORMAT(~Fl0.3,4I5l 

IOUT=NOUTIIl 
~~RITE ( I 1.-JR T, 8 200 I I OX ( I • J l , 0 Y I I , J l , J = 1 , I 01 J Tl 
LN=LINEIIl 
DO 8500 K=l,LN 
J=LN-(K-11 

8500 1-IRITEIIWRT,86001 Xl1I,JJ,Yl(I,JJ,X2(I,JJ,Y21I.Jl,X3(I,JJ,Y31I,Jl, 
1 XLENII,Jl 

8600 FORMATI7Fl0.21 
IF I JOINT I I l .ECJ.Ol GO TO 8800 
JNO=JDINT( Il 
WRITEI!t.IRT,8200l (PJX(I,Jl,PJYII,JJ,J=l,JNOJ 

8800 I.JRITEIII-.I~T,8200) XLMIN(Il.SECLENIIl 
9000 CONTINUE 

1.-./RITEI IWRT,9100l SIJMLEN 
9100 FORMAT(Fl0.2l 
c 
C END OF COPYING OAfA TO DISK-fiLE. 
9999 STOP 

END 
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc c c 
C SIJR-PROGRAM AI_ IGN 
C THIS SlJRROlJTII\IE ALIGNS THE COLLECTOR-SEGMENTS INTO ONE MAIN C 
C LINE. ~FTER LOCAfES THE (X1,Y11 POINfS ON THE MAIN LINE, C 
C PROGRAM WILL PROJECTS THE POINTS RACK TO THE ORIGINAL C 
C COLLECTOR-SEGMENT. C 
c c cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

SIJRKOUTINE ALIGN (0X,OY,If1A,IOUT,OXl,QYl,OP,OY?,RETA, 
)~ t~AfJ.tA/.Wl.W2) 

D I MENS I 01\1 0 X I 1 0 , 1 0 I , 0 Y I 1 0 , 1 0 I , 0 X 1 I 1 0 I , 0 Y 1 I 1 0 I , 0 X 2 I 1 0 I , 0 Y 2 I 1 0 l 
XA=OX( IDA.21-0X( TI1A,1) 
YA=DY( IDA,Zl-OY( IOA.l l 
IF(XA.EO.O.O.ANO.YA.EO.O.OI GO TO 10 
W1=ATAN21YA,XA)/RAD 
I F ( X A • I_ T • 0 • 0 • AN 0 • Y A • L T • 0 • 0 I W 1 =A TAN ;;> ( A R S ( Y A ) , A P, S I X A l ) I R A f) 
GO TO 211 

10 1>/l=gO.O 
20 XR=OXIIDA,3l-0X(JnA,2) 

YB=OYI IDA,31-0Y( IDA,21 
IFIXR.EC.O.O.AI\IO.YB.EO.O.Ol GO TO 30 
~2=ATAN?.IYB,XBJ/RAI1 
IF(XR.LT.O.O.ANO.YR.LT.O.OI W2=ATAN2(ARSIYR),ARS(XP,))/RAO 
SO TO 40 

30 W2=gO. 0 
40 !F(RETA-O.Ol 45,50,55 
45 IFIARSIBETAl.EO.W1l W=O.O 

[F(ARSIRETAI .LT.Wll W=W1-ABSIREfAI 
IF(ARSIRETA).GT.W11 W=W1+180.0-ARSIRETAI 
SO TO 100 

50 WR IT E I 6. 4 7 I 
47 FORMAT( 1 0 1 , 1 RETA=O.O. CHECK #50 TN ALIGN') 

GrJ TO 100 
55 TESTW=lRO.O-ARS(RETAI 

IF!TESTW.LT.W11 W=W1-TESTW 
IF(TESTW.EQ.Wll W=O.O 
IFITESTW.GT.W11 W=W1+ARS(BETA) 

100 fF(W.EQ,gO.OI GO TO 105 
AX= 10Y(If)A,li-OY(IDA,3l-OX!IOA,1l*TAN(W1*RAOI+ * OXII11A,31*TAI\I(W*RADI J/(TAN(W*RAI11-TANIW1*RAI11 I 
GO TO 110 

105 ~X=OXIIDA,31 
110 AY = OYIIDA.ll+TANIWl*RADI*(AX-OXI!DA.lll 

OX l ( IDA I =OX ( IDA, 1 I 
OYl ( IDA l =OY ( I f) A, 1 l 
f)XZ (IDA I =AX 
OY21IDAI=AY 
~F::TlJRI\1 

END 
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c c 
c SlJ~ROlJTTI\!E SI_OPF= c 
c c 
C rH~ SlJP,-PROGRI.IM SI_OPE COMPUTES THE SI_OPES OF 1.11_1_ THF= ROUIJI.IR T~S C 
C OF THE IJRAINAGE FIELD. SIDE #1 IS TH!== 01\JE THI\T THE OlJTLET C 
C LTES IN IT. C 
c c 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

SUP,R()IITINE SLOPE( IOA,NC,CX,CY.Sl 
I) I MENS IflN C X ( l 0 , 1 0 l , C Y ( 1 0 , 1 0 l , S ( 1 0 .1 0 l 
DO 10 I=~. NC 
0 Y = C Y ( I D A , I l -C Y ( T ll A , I -1 l 
DX=CX( IDA, I l-CX( If)A, I-1 l 
TF(IJX.EQ.O.Ol GO TO 20 
S(Ini.I,Il=DY/IJX 
r;o TO 10 

20 S(IIJI.I,Il=999.0 
10 CONTINU~ 

DY=CY( IDA .I l-CY! TOA,NCl 
DX=CX( IDA,ll-CX! IDA,NCl 
IF(f1X.EO.O,Ol GO TO 30 
S( ID/.1,1 l=DY/DX 
GO Tfl 40 

30 S!IDA.ll=999.0 
40 RETURN 

~NO 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c c 
C FlJNCTTON SlJRROlJTINE AXX C 
c c 
C THF: FlJNCTION SUR-PROGRAM CAI_ClJI_I.ITES THE /.INGLE OF AXl. C 
C ~Xl IS THE /.INGL~ FORMS RY THE LINES !Xl,Yll-!CXl,CYll ANIJ C 
C (Xl,Yll- (0X2,0Y2l. C 
C IF I.IX1 < BETA THEN THE FIRST (X2,Y~l POINT WILL RE LIEIJ IN C 
C F I R S T F T E I_ rJ R OllrJ A R Y • I F A X l > R E T A THE ( X~ , Y 2 l P 0 I 1\1 T W I L I_ C 
C SHRT IN SECONIJ FIEI_IJ ROlJNO/.IRY. C 
c c 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

FlJ,\JCTTON /.IXX(IOA.CX,CY,Xl.Yl,OXl,OYl,OX2,0Y2l 
0 I MENS I 01\1 C X ( 10, 10 l , C Y ( 10, l 0 l , X l ( l 0, 50 l , Y 1 ( l 0, '50 l , 0 X 1 ( 10 l , 



'~ 0Yl(l01,0X2(101,flY2!101 
SA= S OR. T ( ( r: X ( IDA, 1 1-Xl ( In A, 1 1 1 **2+ ( C Y ( ID .A, 1 1-Yl ( In A, 1 1 1 *"~ 2 1 
SB=SOR.T((X1(!DA,l1-0X2(IOA11**2+ (Yl(IDA,l1-0Y2(IDA1l**2l 
S C = S OR. T ( ( C X ( I OA , l l-0 X 2 ( IDA l 1 ** 2+ ( C Y ( IDA, 1 l-OY 2 ( IDA l 1 ** 2 l 
AXX=!SA**2+SR**2-SC**21/(2.0*SA*SBl 
·~ETURf\1 

E!\JD 
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cccccsccccccr:scccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c c 
C SUF\R.OIJTINE TOI_EFT C 
c c 
C IF THE ~ATERALS ARE ON THE ~EFT HAND SIDE OF THE MAI!\J COLLECTOR. C 
C THIS SUR-PROGR.AM ( TOLEFT 1 WILL BE CALI_ED TO DESIGN THEM. C 
c c 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

SIJBROUTINE TO!_EFT (NC,IDA,RETA,S,CX,CY,X1,Y1,X2,Y2,X3,Y3,DELC, 
* OXl,OYl,OX2,0Y2,0X,OY,LINE,XLEN,SPAC,XCHK,YCHK,NOL,ALPHA, 
* SL,DELX,DELY,W1,W2,W,NOLS,IOUT,RAD1 . 

DIMENSION 0X(10,101,0Y(10,101 
f)JMEN5ION CX( 10,101 ,CY( 10.101 ,Xl( 10,50l,Yl( 10,501 ,X2( 10,50), 

l Y2(10,501,X3!10,50J,Y3(10,501.S!10,10l,OX1(101,0Yl(10l, 
2 OX2( 101 ,OY2 ( 101 .LINE< 101 ,XU:Nr 10,501 ,SPAC( 101 

IF((YCHK,E0.0.01,0R,(ABS<YCHK1.LT.0.001ll GO TO 100 
!F((XCHK.EQ,0,01,0R.,(ARS(XCHKl.LT.0.0011l GO TO 200 
ALPHA=ATAN2(YCHK,XCHKl/RAD 
IF(ALPHA.~T.O.Ol ALPHA=1RO.O-ABS(ALPHA1 
DELX=SPAC(IDAl*COS(AI_PHA*RAOJ/(2,0*SIN(RETA*RADll 
DELY=SPAC(IDA1*SIN(AI_PHA*RAD1/(2,0*SIN(RETA*RADll 
DELX=ABS<DELX1 
nELY=AB S ( OEL Y 1 
!F(ALPHA,GT,90,0l GO TO 110 
GO TO llR 

llO IF(OXl<IDAl.LT,OX2<IOAJ.ANO,OYl<IDAJ.GT.OY2<IDA11 r;o TO 111 
DO ll2 I=l,NOL 
X 1 ( IDA , I l =OX 1 ( I OA 1 -DEl X* ( 2 *I -1 1 

112 Yl(IDA,Il=OY1(IDAl+DELY*<2*I-11 
GO TO 115 

111 DO 113 I=1,NOL 
X1(IDA,I1=0Xl<IDA1+DELX*<2*I-1l 

113 YlC IDA,Il=OY1( TDAl-OELY*C2*I-1l 
115 IFCIOIJT.E0.2l GO H1 125 

DO ll~ T=NOI_S,NOL 
Xl(IOA,I1= (Y1(IDA,Il-OY!IDA,21+TAN(hi2*RADl*OX(IDA,2l­

* TANCW*'UDl*Xl(InA,Il )/( TAN(I.-J2*RAD1-TA/\J(W*R.ADl1 
11 6 Yl ( I D A , I l = 0 Y ( I D A , 2 l +TAN ( W 2 * R 1\ D l '~ ( X 1 ( If) A , I l -0 X ( If) A , 2 l l 

GO TO P5 
118 IF(0Xl(IDAl.LT,OX2(IDA1.AND.OYl(IDA1.1_T,OY2(If)A)) GO TO 119 



f)n 120 I=1,NOI_ 
X 1 ( If) A , I l =OX 1 ( If) A l -DEL X* ( 2 *I -1 l 

120 Yl( II!A.Il=OYl( II!Al-DEI_Y*<Z*I-ll 
GO TO 115 

119 00 121 I=1,NOL 
Xl(IDA,Il=OXl(IDAl+DELX*(2*I-1l 

12 1 Yl ( IDA, T l = OYl ( IDA l +DE I_ Y * ( 2 *I -1 l 
GO TO 115 

125 \X=AXX(TDA,CX,CY,Xl,Y1.0X1,0Y1.0X2.0Y2l 
AXl=ARCOS(AXl*(l.O/RADl 
1t1RITE(6,126l AXl 
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126 FORMAT(I,2X, 1 AXl=',F7.2, 1 AFTER STt\fEMENT #125 IN TOLEFT. 1 ,/l 
IF(ALPHA+BETA-180.0) 130,140,150 

130 IF((ALPHA+RETAl.E0.90.0l GO TO 135 
SL=TAN( (ALPHA+RETAl*RADl 
GO TO lAO 

135 SL=999.0 
GO TD lAO 

140 SL=O.O 
GO TO lAO 

150 IF( ( ALPHA+RETAl .E0.270.0l GO 10 135 
SL=TAN((ALPHA+RETA-180.0l*RAf)) 

lAO IF(AX1.GE.RETA) GO TO 170 
CALL DRAINl (IOA,CX,CY,Xl,Y1,X2,Y2,X3,Y3,S,OX1,0Yl, 

* OX2,0Y2,XLEN,SPAC,REfA,ALPHA.NC,SL,AXl,NOI_,RAnl 
GO TO 350 

170 CALL DRAIN2 (IOA,CX,CY,X1,Yl,X2,Y2,X3,Y3,S,OXl,OY1, 
* OX2,0Y2,XLEN.SPAC,RETA,ALPHA,NC,SL,AXl,NOL,RAIJ) 

r;n TO 350 
100 ALPHA=O.O 

f)Ei_ X=IJEt_C 
DELY=O.O 
!F(0Xl(IDAl.I_T,OX2(I0Al.AND.0Yl(If)Al.EO.OY2(If)A)) GO Tn 212 
on 210 T=l,Nnl_ 
X1 (IDA, I l =OX1 (IDA l-DEI_X*( 2*I-1 l 

210 Yl(IDA,Tl=OYl<Jf)A) 
GO TO 21.4 

212 DO 213 I=1,NOL 
X l ( IDA, I l = 0 X 1 ( I f) A l +DE 1_ X* ( 2 *I -1 l 

213 Yl(II!A,Tl=OY1(IDAl 
2 14 I F ( I 01 JT • E 0. 2 l G 0 TD 218 

DO 21A T=NOLS,NO_ 
X 1 ( T D A , I l = ( Y l ( I n A • I l -0 Y ( I 0 A • 2 l +TAN ( t,J 2 * R A f) l *0 X ( I D A , 2 l -

* TAI\I(W*RADl*Xl(II!A,Il )/[ TAN(W2*RAf)l-TAN(IN'<RAIJ)) 
2 16 Yl ( IDA , I l = OY ( TO A , ;:>) + fAN ( t,J 2 * R All l * ( X 1 ( I 0 A , I l -n X ( 10 A , 2 l ) 
218 IF(BETA.EQ,90.0l GO TO 220 

!F(RETA.GE.89.95.AND.RETA.LE.90.05l GO TO 220 
GO TO 125 

220 \X=AXX(IDA,CX.CY,X1,Yl,OX1,0Yl,OX2,0Y2l 
AX1=ARCOS(AXl*(l.O/RAf)) 
'~RITE(6,22ll AX1 

221 FfJRMAT(I,2X, 1 AX1= 1 ,F7.2,' AFfER STATEIVIENT #?20 IN TOLEFT. 1 ,/l 
IF(AXl-qETAl 230,240,240 

230 CALL DRAINl ( IDA.CX,CY,Xl,Yl,X2,Y?,X3,Y3,S,OXl,OY1, 
* OX2,0Y2,XLEN,SPAC,REfA,ALPHA,NC,Sl.AX1,1\10L,RAf)) 



240 

200 

260 

261 

262 
263 

2A6 
268 

270 

271 

280 

290 

c 
350 

GO TO 350 
~ALL DRAIN2 !IDA,CX,CY,X1,Y1,X2,Y2.X3,Y3,S,OX1,0Y1, 

* OX2,0Y2,XLEN,SPAC,BETA,ALPHA,NC,SL,AX1,NOL,RAO) 
r;n TO 350 
ALPHA=90.0 
OELX=0,0 
DELY=DEI_C 

118 

!F(OXl( IDA I .EO,fJX2( IDA) .AND.OYl( IDA) .r;T.OY2( InA I I (;() rn 261 
DO 260 I=1, NOI_ 
Xl( IDA, T I=OXl( IDA) 
Yl ( In A , I I= OYl ( WA l +DEL Y* ( 2 *I -1 I 
GO TO 263 
DfJ 262 T=1,NOI_ 
X l( T D A, I l =OX l< IDA l 
Yl ( IDA, I I =OYl ( IDA l -DE I_ Y* ( 2 *I -1 l 
IF( IfJIJT .E0.2) (;0 TO 2A8 
On 266 I=NfJI_S.NOL 
X 1 ( I D A , I l = ( Y 1 ( I 0 A , I l -0 Y ( I D A , 2 l + TAN ( ~~ 2 * R AD l *0 X ( I 0 A , 2 l -

'~ TAI\I(W*RAOl*Xl(IOA,IJ )/( Tfi,\I( 1,J2*RAD)-TA~I(W;'<RAnll 

Y1 ( InA, I I =OY ( In A. 2 I+ TAN ( W 2 *R AD I* ( X 1 ( IDA, I ) -0 X ( T n !>., 21 ) 
IF(RETA.E0.90.01 GO TO 270 
IF(RETA.(;E.R9.95.AND.RETA.LE.90.05l (;0 TfJ 270 
Gn TO 125 
AX=AXX( IOA,CX,CY.X1,Yl,OX1,0Yl,IJX2,0Y2l 
l\Xl=ARCOS(AXl*!l.O/RADl 
1-/RITE(6.27ll AXl 
FDRMAT(!,2X, 1 AX1= 1 ,F7.2. 1 AFTER STI\TE!~EI\IT #270 IN TOLEFT.•,/1 
!F(AXl-RETA) 280,290,290 
CALL DRAINl !IOA,CX,CY,Xl,Yl,X2,Y2,X3,Y3,S,OX1,0Yl, 

* OX2,0Y2,XLEN,SPAC,RETA,ALPHli,NC,SL,AX1,NOI_,Rllnl 
Gil TO 350 
CALL DRAIN2 (!OA.CX,CY,X1,Y1,X2,Y2.X3,Y3,S,OXl,fJYl, 

* OX2,0Y2,X!_EN.SPAC.RETA,ALPHA,NC,SL,AXl,NOL,RAfll 

RETURN 
E 1\tn 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c c 
C SIJRROIJT INE TOR I TE C 
c c 
C IF THE I_ATERALS ARE ON THE RIGHT HAND SIDE OF THE MAII\1 COLLECTrlR C 
C T H I S S lJ R- P R 0 GRAM ( TOR I T E l 1N I L L R E C ll I_ I_ En TO n E S I p,J T H F M • C 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccr.ccccc 

SI.JRROUT INE ffJR I fE ( 1\JC, IDA ,RE fA. S ,CX ,CY, X1, Y1, X2, Y2 ,X3 ,Yj ,!IEt_C, 
* 0 X 1 , rJ Yl , 0 X 2 , fJ Y 2 , (J X , 0 Y , L IN E , X I_ EN , SPA C , XC H K , Y C H K , I\ I fJ L , At_ PH A , 
'~ SL.DEI_X,f)EI_Y,W1,1AI2,W,NOI_S. !I)IJf,RAf)) 

O!MEi\JS!OI\t OX! 10,101 ,fJY!10.10l 



119 

I) I 1"1 EN 'i I ON C X ( 10 , 10 l , C Y ( 10 , 10 l , X 1 ( 1 0 , 50 l , Y 1 ( 1 0 , 'i 0 l , X 2 ( 1 0, '50 l , 
1 v 2 1 1 n , '50 l , x 3 1 1 o • 5o l , v 3 1 1 o , 5o l , s 1 1 o , 10 l • n x 1 1 1 o l • n Yl 1 10 l , 
2 0 X 2 ( 1 0 l , 0 Y 2 ( 1 0 l , I_ I N E ( 1 0 ) , X I_ EN ( 1 0 , '5 0 l , S P A C ( 1 0 l 

FIF:TA=ARS (FlETA l 
IFIIYCH'<.EO.O.Ol.OR.(AFISIYCHKl.U.0.001ll GO Tn 100 
IFIIXCHK.EO.O.Ol.f1R,(AfiSIXCHKl.U.0.001ll GO TO 200 
\LPHA=ATAN2(YCHK,XCHKl/RAD 
IFIALPHA,LT.O.Ol ALPHA=1BO.O-ARS(AlPHAl 
OELX='iPACIIDAl*COS(AlPHA*RAOl/(2.0*SIN(FIETA*RADll 
DELY=SPACIIDAl*SINIALPHA*RAOl/12.0*SINIBETA*RADll 
!) E I_ X = A F\ S ( DE I_ X ) 
OELY=.ARSIDELYl 
[F(AlPHA.GT,90,0l GO TO 110 
GO Tn 118 

11 0 I F ( 0 X l( I 0 A l • I_ T , 0 X 2 ( I D A l • AND , 0 Yl ( I D A l • r, T • 0 Y2 ( I f) A l l G 0 TO 1 11 
DfJ 112 I=1,NfJI_ 
X11 IDA, I l=OXJ.( IDAl-DEI_X*( 2*I-1 l 

112 Y 1 ( I D A , I ) = 0 Y 1 I IDA l +DE I_ Y :!; ( 2 * I- 1 l 
r;o TO 11'5 

111 DO 113 I=1,NOL 
>(1 ( I 0 A , I l = 0 X 1 ( I D A l +DE I_ X* ( 2 * I -1 l 

113 Yl(IDA,Il=DYliiDAl-DEI_Y*I2*I-1l 
11'5 IFITrJUT.E0.2l GO TO 125 

DO llf:> I=NOLS,NOI_ 
Xll IDA, I l= ( Yl( InA, I l-OY( InA,2l+TAN(W2*RAOl*OXI If1A,2l­

~; TAN(W*RAOl*XliiDA,Il )/( TAN(W2*RADl-TANIW*RADll 
116 Yl I I D A , T l = OY I IDA , ?. l + TAN I W 2 * R A 0 l * I X 1 I I n A , I l -0 X ( I D A , 2 l l 

GO TO 125 
118 IFIOX11IDAl.LT.OX21IDAl.AND.OYliiDAl.LT.OY21IDAll GO TO 119 

DO 120 I=1,NOI_ 
X 1 I IDA, I l =OX 1 I IDA l -DE I_ X* ( 2 *I -1 l 

120 YliiDA,Il=OY11WAl-DELY*I2*I-1l 
r;o TO 115 

119 DO 121 I=1,NOL 
X l ( IDA , I l = 0 X 1 I I D A l +DE I_ X* ( 2 * I -1 l 

121 YliiDA,Il=0YliiDAl+f1ELY*I2*I-1l 
r;o TO 115 

125 AX=AXXIIDA,CX,CY,X1,Yl,OX1,0Y1,0X2,0Y2l 
AXl=ARCOSIAXl*I1.0/RA[)) 
WRITE16.126l AX1 

126 FORMAT(!,2X, 1 AX1= 1 ,F7.2,' AFTER STATE~~ENT #12'1 IN TfJRITE. 1 ,/l 
IFIALPHA-0.0) 128.130.130 

128 ALPHA=lRO.O+AlPHA 
130 IFIALPHA-RETAl 135.140,150 
135 [F((AF\S(AI_PHA-REfAll.E0.90.0l GO TO 13R 

SL=TAN((AI_PHA-RETA)*RADl 
r;n TO lf:>O 

138 SL=999,0 
'70 TO lf:>O 

140 SL=O.O 
r;o TO lf:>O 

150 IFIIALPHA-RETA).F:0.90.0l GO TO 138 
SL=TAN( ( AI_PHA-RE r A l *RAD) 

lAO TFIAXl.GE.RETA) GO TO 170 
CALL DRAINl IIDA.CX,CY,Xl,Y1,X2,Y2,X3,Y3,S,OX1,0Yl, 



* OX2,0Y2,XLEN,SPAC,RETA,ALPHA,NC,SL,AX1.NOL,RADI 
r;o TO 350 

170 CALL DRATN2 I IDA,CX,CY,X1,Yl,X2,Y2.X3.Y3,S,OXl,OYl, 
* OX2,0Y2,XI_EN,SPAC,8ETA,ALPHA,NC,SL,AX1,NOL,RaO) 

GO TO 350 
100 !\LPHA=O.O 

120 

DELX=DEI_C 
OELY=O.O 
IFIOX11IDAI.LT.DX21IDAJ.AND.OYl1IrlAI.i='CJ.OY21IDAII GO ro 212 
00 210 I=l,NOI_ 
X11 IDA, IJ=OX1 I IOAJ-DELX*I2*I-1 I 

2 1 0 Yl ( IDA, T l = OY 11 I I) A l 
GO TO 214 

212 DO 213 I=1,NOL 
X 1 ( I D A , I I = 0 X 1 I IDA I +DE I_ X* ( 2 ~' I -1 l 

213 YliiDA,Tl=OYliiDAl 
214 IFIIOlJT.ECJ.2l GO TO 218 

00 216 T=NOLS,NOL 
X 1 ( IDA , I ) = ( Y 1 ( I I) A , I ) -0 Y ( I 0 A , 2 l +TAN I t.l2 *R AD I * 0 X ( f 11 A , 2 ) -

'~ Tt.NIW*L<ADl*Xli!I)A,Il )/( TAN(I-J2*RAI1l-TAN(I>J>~RA0)) 
2 16 Y 1 ( IDA , I ) = 0 Y ( f 0 A , 2 I+ TAN ( ~.J 2 * R A 0 l * ( X 1 ( I 0 A , I I -0 X ( I 0 A , 2 I ) 
218 IF(Ri='TA.ECJ.90.0l GO TO 220 

IFIRETA.GE.R9.95.AND.BEfA.LE.90.051 GO TO 220 
r;o TO 125 

220 AX=AXX(f0A,CX,CY,X1,Y1,0X1,0Y1,0X2,0Y2l 
!\Xl=ARCOSIAXl*I1.0/RAOl 
WRITE I 6, 2 21 l A X 1 

221 ~'=ORIV1AT(!,2X, 1 AX1= 1 ,F7.2, 1 MTER STATEMENT #220 TN TORifE. 1 ,/) 

!F(AX1-RETAJ 230,240,240 
230 CALL DRA!Nl IIOA.CX,CY,X1,Y1,X2,Y2,X3,Y3,S.OX1,0Yl, 

* OX2,0Y2,XLEN,SPAC,BETA,ALPHA,NC,SL.AX1,NOL,RADI 
r;o TO 350 

240 CALL DRAIN2 ( IDA,CX,CY,Xl,Y1,X2,Y2,X3,Y3,S,OX1,0Y1, 
* OX2,0Y2,XLEN,SPAC,BETA,ALPHA,NC,SL.AX1,NOL,RAOJ 

GO TO 350 
200 \LPHA=90.0 

DELX=O.O 
I)ELY=DEt_C 
IFIOX11IDAl,EO.OX;:>(IDAl.AND.OY11If)Al.GT.OY21IfHll r;o TO 2A1 
0 0 2 6 0 I = 1 , N 0 I_ 
X11IDA,Il=DX1(IDA) 

2h0 YliTDA,Tl=OY11IOAl+DElY*I2*I-1l 
GO TO 2A3 

2nl on 2n2 I=1,Nnr_ 
X1 I IDA, T I =OX1 I IDA I 

262 Yll IDA,Tl=OYll IDAl-DEI_Y*I2*I-1l 
263 IFIIDlJT.ECJ.2l GO TO 26R 

DO 26n T=NO!_S,NOL 
Xl(IDA,II= (Yl(IOA,IJ-OY(IDA.2l+TANII.<I2*RAOl*OX(!OA,?I­

* Taf\l(ln*L<ADl*X1(!0A,Il )/( TAN(I>!Z*L<Af))-TAN(t,.J*RAD)) 
2 6 6 Y 1 ( I 0 A , T ) = 0 Y I I D A , 2 ) + TAN ( W 2 * R AD ) * ( X 1 ( I f) A , T ) -0 X ( T 0 A , 2 I l 
268 IFIRETA.E0,90.0l GO TO 270 

IFIRETA.GF.R9,95.ANO.RETA.LE.90.05l GO TO 270 
r;o TO 125 

270 AX=AXX(JOA,CX,CY,X1,Y1,0X1,0Y1,0X2,0Y21 



~Xl=ARCOS(AXl*(l.O/RADl 

i,./R IT E ( 6. ?71 l A X 1 

121 

2 7 1 ,:: n R MAr u • 2 x • I Ax 1 = 1 • F 7 • 2 • 1 A F T E R s TATE ME f\1 T # 2 7 n I f\1 rr1 R I T t' • 1 , n 
!F(AX1-~ETAJ 280,290,290 

280 CALL DRAIN1 (!OA,CX,CY,X1,Y1,X2,Y2,X3,Y3,S,OXl,OY1, 
* OX2.0Y2,XLEN,SPAC,BETA,ALPHA,NC,SL.AX1,NOL,RADl 

r;o To 350 
290 CALL DRAINZ ( IDA.CX,CY,X1,Y1,X2,Y2,X3,Y3,S,OX1,0Yl, 

* OX2,0Y2,XLEN,SPAC,BETA,ALPHA,NC,SL.AX1,NOL,RADl 
350 RETUR/\1 

t'ND 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c c 
C SUBROUTINE DR.A IN1 C 
c c 
C SU~PROGRAM ORAIN1 IS USED TO OESIGN THE SYSTEM I~HEf\1 AXl <BETA. C 

c c 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

SU~ROlJTINE DRAINl ( IOA,CX,CY,Xl,Y1,X2,Y2,X3,Y3,S, 
* OX1,0Y1,0X2,0Y2.XLEN,SPAC,BETA,ALPHA,NC,SL,AXl,NOL,RADl 

I) I i'4 ENS I ON C X ( 10 , l 0 l , C Y ( 10 , 10 l , Xl ( 1 0 , 50 l , Yl ( 10 , 50 ) , X 2 ( 1 0, 50 l , 
1 Y2(10,50J,X3(10.50J,Y3(10,50J,S(10.10l,OX1(10),0Yl(l0), 
2. 0 X 2 ( l 0 l , OY 2 ( l 0 l , LINE ( 1 0 l , X I_ EN ( 1 0 , 50 l • SPA C ( 10 l 

MS=1 
NL=1 
KO=l 
TS= S( JDA,KOl 
TX=OXl(IOAl 
rY=OYl( IDAJ 
TTS= S(IO.A,K0+1l 
TTX=CX( IDA,KOl 
TTY=CY( IDA ,KOJ 

101 8L=SORT((TTX-TXl**2+(TTY-TYl**2l 
CALL DlP2 (ALPHA,RETA,AXl,IOA,NL,TS,TX,TY,fTS,TTX,TTY, 

* Xl,X2.,Yl,Y2,SL,NOXY2.l 
SEGl=SORT( (TX-X2( IOA,NLl l**2+(TY-Y2( IDA,NLl 1**21 
IF(NL.EO.NOLl GO TO 210 
NL=NL+1 
CALL DlP2 (ALPHA,RETA,AXl,IDA,NL,TS,TX,TY,TTS,TTX,TTY, 

* Xl,X2,Yl.Y2,SL,NOXY2l 
f) E L R = S 0 R T ( ( X 2 ( I I) A , N L l -X 2 ( I D A , N I_ -1 l l * * 2 + 

'~ (Y2( IDA,NI_l-Y2( IDA,NI_-1 l l**Z.l 
SEG=SORT( (X2(10A,NLJ-TX l**2+(Y2(IOA,NLJ-TYl**?l 

102 IF(RL-SEGJ 100.110,120 
100 !F(NL.EO.?l Gn TO 103 

IF(RL-S~GOl 130,140,150 
103 !F(RL-SEGll 130,140,150 



130 WRITE(6,135l 
135 >'=O~MAT(3X, 1 ERROR NO LArERAL IS 1\!EEDEn FOR THIS FIELD', 

*'• PROGRAM TERMINATED AT STATEt-1ENT #100 IN DRAI~H 1 ,1) 

IG0=1 
GO TO 2<'>0 

140 1\1 l = Nl_ + l 
X2( IDA,NU=TTX 
Y2( IDA,NI_l=TTY 

200 XM2=Sl 
XMl=TS 
IF(XM2.E0.999.0l GO TO 201 
IF(XMl.E0.999.0l GO TO 202 
GO TO 203 

201 1-l=SPAC( TDAl/2.0 
GO TO 205 

122 

2 0 2 ° 1 P 2 = S Q R T ( ( X 1 ( I 0 A ,1\11_ l -X 2 ( I 0 A , N l l l * * 2 + ( Y 2 ( I 0 A , 1\JI_ l - Y 2 ( T f1 A , N I_ l l * * 2 l 

H= SPA C ( 1 [)A ) * P 1 P 2 I ( 2 • 0 * ( X 1 ( IDA , N I_ l- x;;> ( I [)A , N l l l l 
GO TO 205 

203 BX=ATAN((XM2-XMlll(l.O+XM1*XM2ll 
i3X=A!=\S(~X) 

H=SPAC( IDAli!?.O*SfN(RXl l 
205 CALL DlP3 (ALPHA,RETA,AXl,MS,N!_,Xl,Yl,X2,Y2,H,SL,SPAC, 

* IDA,X3,Y3,XLE~.NOXY3l 

[F(NOXY3.EQ.O) STOP 
NL=I\ll+1 
MS=NL 
!F(NL.GT.NOI_l GO TO 260 
-<O=I<O+l 
TS=TTS 
TX=TTX 
TY=TTY 
IF(I<O.EO.NC) GO TO 145 
TTS= S ( 1 D.!'l,KO+l l 
fTX=CX( TDA,KOl 
TTY=CY!IDA,KOl 
r;o TO 101 

145 TTS= S(JDA,1l 
fTX=CX( TDA,KOl 
TTY=CY( IDA,KOl 
SO TO 101 

150 GO TO 200 
110 X2( !DA,NI_l=TTX 

Y2(JOA,NL)=TTY 
1\ll=I\IL+1 
Gil TO 200 

120 !F(NI_.LT.NOLl GO TO 170 
210 XM2=SL 

XMl=TS 
IF(XM2.E0.999.0) GO TO 211 
!F(XMl.E0.999.0l GO TO 212 
GO TO 213 

211 1-!=SPAC( IDAl12.0 
GD TO 21. 5 

2 1 2 ° l D 2 = S Q C< T ( ( X 1 ( ]I) A , N I_ ) - X 2 ( I f) A , 1\jl_ ) ) * * 2 + ( Y 2 ( ID A , N I_ ) - Y 2 ( 1 D A , N I_ ) ) '~ '~ 2 ) 

H= SPA C ( I D.O. ) * P 1 P 2 I ( 2 • 0 * ( X 1 ( I 0 A , N I_ l-X 2 ( I 11 A , 1\1 I_ l l l 



r;o Tn 21.5 
213 BX=ATAN( ( XM2-XM1 l I ( 1.0+XM1*XM2 l l 

"lX=AI3S(13Xl 
H=SPACIIDAJ/(2.0*SINIRXJ l 

215 CALL DlP3 (ALPHA,13ETA,AXl,MS,NL,X1,Y1.X2,Y2,H,SL,SPAC, 
* IDA,X3,Y3,XLEN.NOXY3l 

[F(NDXY3.EO.Ol STOP 
Gn Tn 2AO 

170 !F(I3L-SEG-DELRJ 230,240,250 
230 GO TO 200 
240 NL=f\IL+l 

X2 ( [r)l\ ,NL l =TTX 
Y2( TOA,NI_l=TTY 
GfJ TfJ 200 

250 NL=NL+l 
CALL DlP2 (A!_PHA,RETA,AXl,IDA.N!_,TS,TX,TY,TTS,TTX,TTY, 

* Xl.X?.Yl.Y2.SL,NOXY2l 
SEGO=SEG 
SEG=SORT( (X21IfJA,NLJ-TXl**2+(Y21IOA,NLJ-TYl**2l 
IFINL.LT.!\IOI_l GO ro 102 
r;o TO 210 

2AO RETURI\J 
~ i\lf) 

123 

cccccccccccccccccccccccccccccccccccccccccccr.cccccccccccccccccccccccccccc 
c c 
C S U R R Ol J T I N E 0 R A I N 2 C 

c c 
C SU13PROGRAM DRAIN? IS USED TO DESIGN THE SYSTEM WHEN AX1 > RETA, C 
c c 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

SlJI3ROlJT!I\IE ORAIN2 I IDA,CX,CY,X1.Yl.X2.Y?,X3,Y3,S, 
* OXl,OYl,DX2,0Y2,XLEN.SPAC,R~TA,ALPHA,NC,SL,AX1,NOL,RAD) 

iJ I MENS I ON C X ( l 0 , 10 l , C Y ( 10, 10 l , X 1 ( 1 0 , 50 l , Yl I 1 0 , 50 l , P ( l 0, 50 l , 
1 v 2 1 1 o • so 1 , x 3 1 1 o • so J , v 3 1 1 o , 5o 1 , s 1 1 o , 10 1 • o Xl 1 1 n 1 , o Yl 1 1 n 1 , 
2 OX 2 ( l 0 l , OY? ( l 0 l , LINE ( 10 l • X U:N ( 10,5 0 l , S PAC ( 10 l 

NL=l 
i"1S= 1 
KO=l 
fS=SI IDA,KDJ 
TX=CX( IDA,KOJ 
fY=CY(IDA,KOJ 
TTS= S I J DA ,K0+1 l 
fT X= C X I I 0 fl , K fl+ 1 l 
TTY=CY( !DA,K0+1 l 

101 dl=SORT((TTX-TXl**Z+(TTY-TYl**2l 
CALL D?P2 (AI_PHA,RETA,AX1.IDfi,Nl,TS,TX,TY,rTS,TTX,TTY, 

'~ X l , X 2 , Yl • Y 2 , S I_ , N rJ X Y 2 , S , K CJ ) 



S E G l = S Q R T ( ( T X - X 2 ( I D A , N L l ) * * 2 + ( T Y- Y 2 ( I D A • 1\J I_ l l * * 2 l 

IF(NL.EO.NOll GO TO 210 
1\IL=NL+l 
CALL D2P2 (AlPHA,RETA,AX1,1DA,Nl,TS,TX,TY,TTS,TTX,TTY, 

* Xl.X2,Y1.YZ.SL,NOXY2,S,KOl 
OELP.=SQRT( (X2( IOA,Nll-XZ( !DA,NL-1l l**Z+ 

* (Y2(!DA,Nll-Y2(!DA,NI_-1ll**Zl 
SEG=SQRT( (XZ( lf)A,Nll-TX l**Z+(YZ( InA,I\11_)-TYl"~*Zl 

102 !F(RL-SEGl 100,110,120 
100 !F(NL.E0.2l GO TO 103 

!F(RL-SEGO) 1i0,140,150 
103 !F(P.L-SEG1l 130,140,1~0 

130 WR!TE(6.135l 
135 f=ORMAT(3X,' ERROR--- NO LATERAl_ IS Nt'EDEO FOR THIS FIELD', 

*'• PROGRAM TERMINATED AT STATEMENT &100 IN DRAIN2 1 ,/) 

lGO=l 
GO TO ZAO 

140 i\ll:l\ll+1 
X 2 ( I f) l\ , 1\ll) = TT X 
Y2( IDl\,1\II_)=TTY 

ZOO XM2=S L 
XMl =TTS 
!F(XM2.F0.999.0) GO TO 201 
!F(XMl.F0.999.0l GO TO 202 
GO TO 21)3 

201 H=SPAC(tDAl/2.0 
GO TO 205 
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2 0 2 P 1 P 2 = S 0 R T ( ( X 1 ( I D l\ , N l ) -X 2 ( I D A , N L l l * * 2 + ( Y 2 ( In l\ , 1\11_ l - Y 2 ( I D A , 1\11_ ) l * * 2 ) 

H= SPA C ( I D A l * P 1 P 2 I ( 2 • 0 * ( X 1 ( I D A , i\1 L ) -X 2 ( I D A , N I_ ) ) ) 
SO TO 205 

203 BX=ATAN( (XM2-XM1l/(1.0+XM1*X"12l l 
t3X=IIRS(RX) 
H=SPAC( TDA)/(?,O*SIN(RXl l 

20~ CALL 0lP3 (ALPHA,RETA,AX1,MS,i\IL,X1,Yl,XZ,YZ,H,SI_,SPAC, 

* IDA,X3,Y3,XLEN,NOXY3l 
!F(NOXY3.EO.Ol STOP 
NL=I\1L+1 
1'1$=1\IL 
!F(NL.GT.NOL) GO TO 260 
«O=KO+l 
TS=TTS 
TX=TTX 
TY=TTY 
!F(KO.F:O.NCl GO TO 145 
TTS= S(f0A,K0+1l 
rTX=CX( IDA,K0+1 l 
TTY=CY( TDA,K0+1l 
r;o TO 101 

145 TTS= S(TDA,1l 
rTX=CX(lD/1,1) 
TTY=CY( IOA.l l 
SO TO 101 

1~0 GO TO 200 
110 '\2( IDA,NU=TTX 

Y 2 ( I I) A, 1\ll) =TTY 



120 
210 

211 

212 

213 

215 

170 
230 
240 

250 

21SO 

:\Jl:i\ll+l 
Gf1 TO 200 
IFINL.LT.NDLI Gn TO 170 
Xl'vl2=SL 
X I'll =TTS 
IFIXM2.FC.999.01 GO TO 211 
IFIXMl.EC.999,01 GO TO 212 
GO TO 213 
1-i=SPACI !OAI/2.0 
GO TO 215 
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P l P 2 = S C ~ T I I X 1 I I n A , N L I -X 2 I I n A , i\1 L I I * * 2 + I Y 2 I In A , N '- I - Y 2 I I n A , N I_ I I ;'< * 2 I 
i-i=SPACIIDAI*PlP2/12.0*1XliiOA,NLI-X21If1A,NLI II 
GO TO 215 
13X=.liTANI ( XM2-XM1 I I I 1.0+XMl*Xi'l2 I I 
'3X=AF\S(F\XI 
H=SPAC( If1AI/12.0*SINIF\XI I 
CALL f1lP3 IALPHA,F\ETA,AX1,MS,NL,Xl,Yl,X2,Y2,H,SL,SPAC, 

* IDA,X3,Y3,XLEN,NOXY31 
IFINOXY3.EC.OI STOP 
GO Tn ZAO 
IFIF\L-SI:G-DELF\1 230,240,250 
Gn TO 200 
NL=Nl+l 
X21If1A,NLI=TTX 
Y2( If1A,i\I!_I=TTY 
Gn rn 200 
"il=t\!L+l 
CALL D2P2 IALPHA,F\EfA,AXl,If1A,NL,TS,TX,TY,TTS,TTX,TTY, 

* Xl,X2,Yl,Y2,SL,Nf1XY2,S,KOI 
SEGD=SEG 
SEG=SQRT( IX21 If1A,I\ILI-TXI**2+1Y21 IDA,f\IL)-TYI**21 
IF(f\ll.LT.NOLI GO TO 102 
Gf1 TO 210 
RFTURi\J 
;::1\JD 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c c 
C SlJF\ROlJTII\IE D1P2 C 
c c 
C StJF\PROGRAM DlPZ COMPUTES ALl_ THE (X2,Y21 POINTS FOR DRAif\11. C 
c c 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

S lJ 'i R 01 JT I N E n 1 P 2 ( A l PH A , R E T A , A X 1 , I n A , i\11_ , T S , T X , TY , 
* TTS,TTX,TTY,X1,X2,Y1,Y2,SL,NOXY21 

I) I ME f\1 S I nN X 1 I l 0 • 50 I , Y 1 ( 10 , 50 I , S I 10 , 10 I , X 2 I l 0, 50 I , Y 2 ( l 0, 50 I • 
* SPllC(101 ,XI_i=i\1110,501 
~AD=3.141592h/1RO.O 
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I F ( ( ALPHA • E Q. 0 • 0 l • AN 0 • ( P, E T A • E (.). 9 0. 0 l • il f\1 f). ( A X 1 • I_ T. R E Til l l r, 0 T 0 1 00 
( F ( ( t.\ L P 1-1 A • E Q • 9 0 • 0 l • AN 0 , ( R E T A • E Q • 9 0 • (I l • 1'1 N f) • ( A X 1 • I_ T • R E T ll l l r, 0 TO 2 0 0 
IF( (AI_PHA,NE.O.Ol ,Af\JD.(RETA.NE.1RO.l ,liNn. (AX1.1_T,RF:TI\)) GO TO 30() 

,\1 OX Y 2 =0 
WRITE!n.50) 

50 Ff)qMAT( 1 ERROR---NO (X2,Y2l POINT--- CHF:CK i)J.P2 SlJRPR0(;1<AM 1 ,1/) 
GO TO 500 

100 !F(TS.E0,999,0) GO TO 110 
X 2 ( I0 A , f\11_ l =X 1 ( I D.~'~ • N L ) 
Y 2 ( I D A , f\11_ l = T Y + T S * ( X 2 ( I D A , 1\ll_ ) - T X ) 
GO TD 51)0 

110 WRTTE(6,120l 
120 FllRMAT( 1 ERRilR--- LATERAL IS PAREI_I_EI_ TO ROI.JNIJL'IRY RIJT 1 , 

l 1 INTERSf:CTION OCClJRS. CHECK STAfEMf:NT f\JO, 100 ll\1 f)lP?, 1 ) 

GfJ TO 500 
200 !F(TS.ECl,999,0) r,o TO 210 

Y2 (IDA ,NI_) =Y1 (IDA ,1\11_) 
-< 2 ( I ll A , f\11_ l = T X+ ( Y? ( I 0 A , N I_ ) - T Y l I T S 
GO TO 51)0 

2 l 0 Y 2 ( I D A , f\11_ l = Y 1 ( I f) ll , N L ) 
X2(!f)A,NLl=TTX 
;o Tfl 500 

300 IF!TS.ECJ.999,0,DR.SL.E0.999,1)l GO TO 310 
X 2 ( I 0 A, 1\11_ l = ( Yl ( I D A, N I_ l - T TY + T S * r TX- S I_'~ X 1 ( If) A ,1\11_ l ) I ( T S- S 1_ ) 
Y2(IDA,NI_l= TTY+fS*(X2(IQA,NL)-TfXl 
r;o Hl 500 

310 IF!SL.NE,999,0l GO TO 330 
;>I R IT !=' ( n • 3 2 0 ) 

320 FORMAT( 1 IMPOSSTRLE OUTCOME OCCIJRS ! Sl_ f. TS liRE VERTICAL UNES 
*--- CHECK STATEMENTS 300-310 IN D1P2 1 l 

GO TO 500 
330 TF((AlPI-IA+RETA),I=Cl.lRO,Ol GO TO 350 

X2 ( IIJA ,f\.11_) =TX 
Y 2 ( I IJ A , N I_ l = Y 1 ( I 0 A , N L ) + S L * ( X 2 ( I D A , N I_ l -X 1 ( T n A , N '- l l 
GO Tfl 500 

350 '<2( TDA,f\!L)=TX 
Y2 (I OA, Nl_) = Y1 ( IDA, NL) 

500 ·~ ETI JRN 
EN f) 

ccccccccccccr.ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c c 
C SlJRROlJTINE 112P2 C 
c c 
C S U "\ P R flG RAM 0 2 P 2 C I lM P U T E S A 1_1_ THE ( X 2 , Y ;:>) P 0 I 1\JT S F 0 '-< 11 P A I i\1 2 • C 
c c 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

S lFW f1 l J TT f\1 E I) 2 P 2 ( A L PH A , R E T A , A X 1 , I llll ,1\J I_ , T S , r X , T Y , 
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* TTS,TTX,TTY,Xl,X2,Yl,Y2,Sl,NOXY2,S,KOI 
D!MENS!flf\J X1(10,'?01 ,Yl(10,501 ,5(10,101 ,X2(10,50),Y2(10,50l, 

,~ SPliC(li)),XI_EN(10,50) 
RAD=3.141592A/180.0 
!F((ll.lPI-!A.EQ.O,Ol.ANO.(RETA.Er:J.90.0).lii\IO.(liX1.GE.RET/\)) r;o Tn 100 
!F((ALPHA.EQ.90.0l.ANO.(REfA.EQ.90.0l.liNO.(AXl.GE.RETAll r;o TO 200 

IF((AlPHli.NE.O.OI.AND.(RETA.NF..180.l.ANf).(AX1.GF..RETA)) GO Hl 300 
NOXY2=0 
V>/I~ITE(A,501 

50 FORMAT(' ERROR---NO (X2,Y2) PO!I\IT ---CHECK D2P2 SlJRPROt,RAI.j',//) 
100 IF(TT~.EQ.999.01 GO TO 110 

XZ ( !f)A ,1\IL) =Xl (IDA ,NL l 
Y 2 ( IDA, 1\11_ I = T Y + T T S * ( X 2 ( IDA , 1\J I_ I - T X ) 
GO To 500 

110 ~RITF.(A,1201 

120 FORMAT( 1 ERROR--- LATERAL IS PARELLEI_ TO ROlJNDliRY RIJT 1 , 

l• INTER.~ECTION OCCIIRS. CHECK SfllfEMEI\IT NO. 100 IN 1)2D?,•) 
r;o To 5oo 

ZOO IF(TTS.E0.999.01 GO TO 210 
Y2 ( [f)ll ,NL l =Yl (IDA ,NL I 
X2( Inli,NI_l=TX+(Y2( TDA,NLI-fY)/TTS 
r;u To 500 

2 1 0 Y 2 ( I 0 ll , N I_ l = Y 1 ( I 0 A , N L ) 
XZ (I OA ,1\JI_) = TTX 
r;n To 5oo 

300 IF(TTS.E0.999.01 r;o TO 310 
X 2 ( I D A , N I_ l = ( Y 1 ( I 0 A , N l ) - T Y + T T S * T X- S I_* X 1. ( If) A , N L I I I ( T T S- S I_ I 
YZ( IOA,Nll=TY+TTS~'(X2( TOli,NI_l-fXl 
r;n To 5no 

310 IF(SL.Er:J.999.0l GO TO 350 
IF(SL.EQ.O.Ol GO TO 340 
XZ (TOll ,Ni_) =TX 
Y 2 ( I 0 l\ , N I_ I = Y 1 ( I 0 A , N I_ ) + S L * ( X 2 ( I D A , N I_ ) - Xl ( I f) A , N I_ I ) 
GO Tn 5oo 

340 X2( [1)[1,1\II_)=TX 
YZ( [f)l\,NL)=Yl ( IOA,NI_) 
r;n TO 500 

350 XZ ( ff)ll ,Ni_ I =Xl (IDA ,NL l 
Y 2 ( I D l\ , N I_ ) = T T Y + ( X 2 ( !f) A , N L I - T T X I * S ( l f) l\ , K 0 + 1 I 

500 RETURN 
!=:NO 

ccccc~cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c c 
c 
c 
c 
c 

SlJRRntJTINE f)lP"'l 

SIJRPROGRLIM f)1P3 CflMPIJTES fHt POINTS (X3,Y"'l) I~H!CH ARE HALF 
SPAC!N!, RliCK FROM THt F!Elf) ROUNf)ARY. 

c 
c 
r: 
c 
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c c 
cccccccccccccccr.cccccccccccccccccccccccccccccccr.cr,r,cccccccr.r,cccccccccccc 

50 

100 

zoo 

300 

400 

500 

510 
AlO 

A40 

620 

A 50 

630 

6.SO 

520 
710 

740 

S lJ F\ R U I JT I 1\1 F:: D l P '3 ( A L PH A , R E fA , A X l , M S , ~~~- , X l , Y l , X 2 , Y 2 , H , S I_ , S P II ( , 
* IDA,X3,Y3,XLEN,NOXY31 

DIMF::NSifJI\1 X1(10,501 ,Yl(l0,501 ,S(10,l_OI ,X2(lf"J,'JOI,Y2(10,'JI)I, 
* SPA C ( l 0 I , X I_ EN ( l 0 , 50 I , X 3 ( l () , 5 () I , Y 3 ( l 0 , 5 ()I 

RAD=3.1415926/1RO.O 

.c 
~ 

~ 

'" 

... 

.c 
'" 

··-~ 

l F( ( ALPHA.EO.O.OI .AND. ( RETA,f::Q,90,1)J I Gil TO 100 
IF( (ALPHA.EQ.90,1)J .AND. !RETtl .. EQ,90.01 I GO Tn 31)0 
!F((ALPHA,NE.O.OI.AND.!REfA,•\If::.180.11 GO Tn 500 
NOXY3=0 
14 R I T F:: ( A, 50 I 
FORMAT( 1 ERRilR---1\10 (X2,Y21 POINT--- (HECK DlP3 SIJRPROc;RAI-1 1 ,//) 

r;o TCJ 800 
DO 201) I=MS,NI_ 
X3!ID!I,II =Xl<IDA,II 
Y3(IIJA,II= Y2!IDA,II-SPAC!II1AI/?,0 
X I_ F:: 1\1 ( IDA , I I = S OR r ( ( Y3 ( IDA , I I - Yl ( I D ll , I I I * ~'? + 

(X3([0A,II-X1!IDli,I 11**21 
GO HJ 701) 
DO 4()0 I=MS,NI_ 
O!IDA.TI= X2!IOA,II-SPAC(IOAI/2,0 
Y3(TDA,IJ= Yl( IDA.IJ 
l(l_f::I\I(IDI\,II= SORT((Y3(!DA,II-Yl(I!Jfl,I11**2+ 

(X3(IDA,II-X1(IDA,I 11**2) 
GO TO 700 
IF((ALPHA+RETAI.EQ,90 •• 0R,(AI.PHA+BETAI.F::0.270,) r:;n Tn 101) 
IF((ALPHA+REfAI.F::0.1RO.OI c;o Tn 300 
FACTOR=SORT(H**2/(1.0+SL**ZII 
\ S I_= A R S ( S I_ I 
IF(X2( IDA,MSI-Xl( !IJA,MSI I 510,520,53!'1 
!F(Y2(!DA,MSI-Yl! IDA,MSI I A10,620,A30 
DO A40 I =MS ,1\11_ 
X3( If)A,TI=X/'( TDA,II+FACTOR 
Y 3 ( I D A , f ) = Y 2 ( I 0 A , T I +A S I_ * ( X 3 ( I D A , I I -X 2 ( I D A , I I I 
X Lf::i\1 ( IDA, I I= SOR f ( ( Y3 (I [)A, I I -Y 1 (I[) A, I I I **2+ 

(X3!IDA,II-X1(IIJA,T 11**2) 
GD TO 700 
DO 651) I=MS,NI_ 
0( I[)A, I I=X2( I[)A, II+FACfOR 
Y3( ![)A, I I=Y2( f[)t,, T I 
X L E 1\1 ( I [)A , I I = S 0 R f ( ( Y 3 ( I [)A , I I - Y 1 ( I 0 A , I I I * * 2 + 

(X3!IDA,Il-X1!IIJA,I )1**21 
sn TrJ 7oo 
DO A60 f=MS,!\11_ 
X3( IDA,! I =X2 (IDA, I I +FA.C fOR 
Y 3 ( I D A , I I = Y 2 ( T [)A , I I -A S I_* ( X 3 ( I 11 A , I I -X 2 ( I D 6 , I I l 
><LEI\!( IDA, I I= SORT( ( Y3 ( 1[)6, I I -Y1 (IDA,! I I *'~2+ 

(X3(I[)A,II-Xl(InA,I 11**21 
,.;n TO 7fl0 
IF!Y2( !116,,"1SI-Yl! f[)A,MSI I 710,720,730 
i) 1J 7 40 I = M S , 1\11_ 
X 3 ( !I) A , I l = X 2 ( T [) A , I I 
Y 3 ( I D A , I I = Y 2 ( T D A , I I +AS I_'~ ( X '3 ( I I) A , I I -X 2 ! !I) ll , I I I 
XLEf\I(!DA,II= SQRf!!Y'3(J[)6,II-Yl!IDA.Ill'~~'2+ 



'" ,, 

720 

750 
--,. 

730 

760 
--~ 

530 
810 

840 
* 

820 

850 
~:::: 

830 

81)0 

--~ 
700 
ROO 

Gf1 Tn FlO 
I) n 7 50 I = M S , N I_ 
X3( Tf1A,Il=X2( IDA,!) 
'1'3( IDA,Il=YZ( WA,IJ 

(X3( If)A,IJ-Xl( I11A,IJ l**Zl 

XLEN(ID~,Il= S0Rf((Y3(!0A,ll-Yl(IOA,Ill*'~2+ 

( X 3 ( IDA , I ) -X 1 ( I D A , I ) ) ** 2 ) 
Gn rn 100 
I) n 7 6 0 I = M S , N I_ 
X3( ff)A,[ l=X2( IDA, I) 
Y 3 ( IDA, I l = Y 2 ( IDA , I l -AS 1_ * ( X 3 ( I 0 A , I l -X 2 ( IDA , I l ) 
XLEf\1( IDI'l,Il= SQRr( (Y3(IDA,Il-Yl(IOA,Il 1**2+ 

(X3(!DA,IJ-Xl(IDA,IJJ**Zl 
Gil TO 700 
IF( Y2( If)A,MSJ-Yl( IDA,MSl) 810,820,830 
00 840 I=MS,NI_ 
0 ( Ii1 A, l J =X 2 ( IDA , I l -FAr; TOR 
Y3 ( I f) A , I l = Y 2 ( IDA • I l-AS I_* ( X 3 ( I 0 A , I l- X 2 ( !fl A , I l ) 
'<LEf\I(IDA,Il= SQRf((Y3(!0A,Il-Yl(IDt1,f)l**?+ 

(X3(IDA,Il-X1(IDA,I ll**2l 
sn rn 100 
Or) R51) I=MS,NI_ 
X3( TDA,ll=X2( HJA.Il-FACTOR 
Y3( IDti,Il=Y2( IDA.Tl 
:<I_ E i\1 ( IDA , I l = S OR r ( ( Y 3 ( IDA , I l - Yl ( I I) A , I l l ** 2 + 

(X3(IDA,Il-Xl(II)t\,Ill**2l 
r;r1 rn 100 
on 860 I =1\1S, f\11_ 
:<3 ( IDA, T ) =X 7 ( TD A • I J -FA C Tn R 
Y3 ( I I).~ , I l = Y 2 ( IDA , I l +AS I_* ( X 3 ( In A , I l- X 2 ( I I) .A , I l ) 
'< L E f\1 ( I IH , T ) = S OR f ( ( Y3 ( I I) A , I J - Y 1 ( In A , I ) ) * ~' 7 + 

-\JrJx Y3=999 
RFTIJRN 
.:: f\11) 

( X3 (!I) A, I J -X 1 (IDA, I ) l '~'~2) 
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APPENDIX C 

LISTING OF COMPUTER PROGRAM FOR DRAINAGE SYSTEM LAYOUT 
PROGRAM, DSLP 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

-·--~ 
:!C 

::::: 

-·--~ 

" c 

7700 

7ROO 
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****************************************************************** 
****************************************************************** 
****************************************************************** 

;:C** 
PROGRAi'1 flSI_P 

~y X X * *~' 
SIE-fAN CHIENG X X **~:~ 

;'!*~::: X r1t:C.. X X 1 7q X *''* 
*.::;c* X X A r; R I C l J I_ T U R A I_ t f'.J G I t\J E E R I 1\1 G 0 !" P !\ R T f,\ E 1\J T X X ;~:::::* 

•:o·,:::~): X X X X :;:::::~* 

X M A C fl flN A 1_1) C 0 I_ L:: r; E , ~I C G I I_ I_ 1. J f\Jl V E !:< S I T Y X 

*** 
****************************************************************** 
****************************************************************** 
****************************************************************** 

u R 0 G R A 1'1 11 fl S I_ P 11 ( f) R A I 1\1 AGE S Y S f EM L A Y 0 I JT P R 0 G R A~~ ) l S ~~ R IT T >: 1\l 

FOR DRAWING ALL fHE INFORMATION AND SYMROLS FflR A fJRATNAGE 
ui_~N. 

THI" ENTIRE PACKAGE CONSISTS OF A MAIN PRflGRAM ANfl 

TI~ENTY-F !liE SIIRPRCIGRAMS. 

SIJ~PRflGRAMS ARE: ARO 1, OflX Y, Mill_ f!, RIJ I l_fl2, F\Ollt\lfl3, Cfli_Ef\14, 

flRAW5, Fl_flWA, FI_OWB, Ei_E6, FENCE7, r;RAflER, 

r•IARSH9, PKEYlO, POlJTll, i:<AILl2• REt=n, 

ROAD14, STMl5, TAR16, TRLK17, TREElR, 

XTOYl9, R·"'20, i.-JRI f21· ntJr;>2. 

1) f 1•1 ENS I flN X l ( 1 0 , 50 l , Yl ( 1 0 , 50 l , X 3 ( 1 0 , 50 l , Y 3 ( l () , 5 () ) , X 1_ E i\1 ( l 0 , 50 l 

, P J X ( l 0 , 5 l , P J Y ( 10 , 5 l , X 1_1"1 IN ( l 0 l , SEC L 1'7 t\1 ( l n l 
, R X ( l 0 l , fl. Y ( 1 0 l , S P A C ( 1 0 ) , R AN G I_ E ( 1 0 ) , N fl II r ( 1 n ) , N n N C ( 10 ) 

, I_ IN F= ( l n l , J n IN T ( 1 0 ) , X 2 ( l 0 , 50 l , Y 2 ( 1 0 , 50 ) , n X ( l 0 , 5 ) 

• nv 1 1 o , " l , s 3 1 ( 1 o • 5o l 
INTEGER*? LAR,I_ARAL(15l 

1) A T A '- A p, A ,_ 1 1 A 1 • 1 R 1 , 1 c 1 , 1 n 1 , 1 E 1 , 1 F 1 , 1 G 1 , 1 H 1 , 1 J 1 , 

·'lA !t\1 PRflGRAM 
CALL PLflTflN 

I K I ' I I_ I ' I M I ' I N I ' I 0 I ' I p I I 

qf=~fl(5,7700) IRfl.IWRT,IGRIO,IFLfl,NGRIOX,NGR!OY 

FflRMAT(4!2,2T3l 
qEAfl(5,7ROOl flSCALE,CHH,CHC,fJW,OH,WP ,CEM 

FflRMl\T(7F10,4l 
fi~=5.1) 

IF(flH.GT.l5.0l TW=7.0 
~A0=3.1415Q2h/lRO.O 

xrJ = 0.0 
vn = o.n 
XLl=l.O 
YLl=1.0 
XL 2=fli,J- TI..J 
YL2=flH-l.O 
XPl=fl'•/+0.1 



c 
c 
c 

8000 

8100 
8200 

8400 

8500 

8h00 

8800 
9000 

9250 
9400 
9500 
c 

c 
c 
c 

c 

300 

310 

400 

401 

YPl=D\.1+0,1 
CALL PLTSlE(XPl,YPll 

READ IN DATA FROM CARDS OR SfDRAGE DEVICE 

READ(!RD,8000l NR,IOA 
i=ORMliT( n 21 
DO 8100 I=1,NR 
·~EAD ( IRD,8;;>00J RX(!),RY(Il 
FflRMAT(;;>FlO.Zl 
~EAD ( IRD,8300J RXL,RYL,RXS,RYS 
FDRI"1AT(4FlO.?l 
1}0 9000 I=l,JDA 
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REMl ( IRD,8400lSPACIIl,RANGLEIIl,NON((!l,I_INEII),NDIJT(ll,JDII\If(l) 
i=D~MAT(2Fl0.3,4T5l 

I OlJT=NOIJT (I l 
~EAD ( IRD,8200J (0X(I,Jl,OY(I,Jl,.l=1.IDIJT) 
Lf\I=LI NE ( I l 
n n 8 5o o J = 1 • '- N 
R E AD ( T R D , 8 6 0 0 l X 1 ( I , J l , Y 1 ( I , J l , X 2 ( I , J l , Y ;;> ( I , , l l , X 3 ( I , . J l , Y 3 ( I , ,J l , 

l XLEN(T,,J) 
FDRMAT(7Fl0.2l 
!F(.JOINT!Il.EP,Ol GO TO 8800 
,) 1\JD=.J f) I f\IT ( I ) 
~E:AD ( IRD,8/'00l IP.JX(I,,lJ,P.JY(I,.Jl,J=1 •. JNfJl 
RE.AD ( TRD,8200l XLMIN( I) ,SEGU7t<.J( I l 
CDi\ITTNlJI= 
READ ( IRD,9100l SlJMLEN 
i=ORMAT(Fl0.2l 
DO 9500 .l=l,TDA 
I_ N = L I N E ( J l 
on 9400 J.J=l,I_N 
~ E 11 n 1 5 • 9 2 5o 1 s 3 1 1 , 1 •• J.J 1 
FDRML\T(Fl0,5l 
CfJI\ITTNUF: 
CONTINUE 
PS --- PENSTZE flR CHARACfER HEIGHT FOR FLOW ARRfJW PLOTTING 
PS=O.lO 

DECISION AND RRMKHING TO DIFFERENT SlJRRDlJTTI\JES. 

.• . ,. 

* 

READ(5,310,END=9001Ll.L2,L3,l4,DATAl,DAfA2,DATA3,DATA4, 
0AfA5,1)AfAh,OAfA7,DATAR,NOl 

FDR"1ATI2Il,I2.Il.5X,8F7.2,4x.I2l 
l F ( I_ l • E: 0. 0 • A 1\ID • L 2 • E 0 • 0 l GO T D 90 2 
IF(l3.E:O,Ol GIJ TU 300 
IFIL2.E0.2l Gfl rn 400 
GO TO (401,402,403,404,405,40h,407,40R,409,410,4ll•412,~13,414, 

415,4lh,417,418,419,420,421,422l.L3 
r,n Tn 3oo 
CHANGE THE PLflTTER PEN SIZE. 
CALL PLOT(0.0.0.0.-31 
sn To 3no 
CALL AR0liL3,l4,XLl.Yll,XL2,YL2,0AfAl,DATA2,0ATA3,DATA4l 
GO TO 300 



40 2 C A I_ L Rl JI I_ D 2 ( I_':\ , I_ 4 , D A T A 1 , D A T A;? , D A T A 3 ) 
r;n TO 3no 

403 CALL flfJIIf\ID3(1_3,1_4,XL2,DW,I)H,DAfA1,0ATA2,DATA3,1)AfA4) 
:;f) TO 300 

404 CALL COI_Ef\14(L3,1_4,0AfA1,DAfA2,0ATA3,10) 
r;n Tn 3oo 
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40 5 C A I_ L 0 R A W 5 ( IJ X , 0 Y , X 1 , Y 1 , X 3 , Y 3 , XL t 1\l , N 0 lJ T , I_ I N E , I D A , P S , S 3 1 , 
* XfJ,YO,RAD,RX,RY.NR,I_ARAL,OSCALE,TFI_O.CtM) 

Gn Tr1 300 
406 CALL EltA IL3,L4,DAfA1,DATA2,DATA3,DATL\4,N01) 

GO Tn 300 
407 CALL ~ENCE7(1_3,1_4,DAfA1,DAfA2,DATA3,0AfA4,DATA5) 

GO Tn 300 
408 CALL GRADE8(1_3,1_4,DATA1,DAfA;?,DATA3,DATA4,DATA5,f\101) 

Gn TO 300 
409 CALL MARSH9(L3,1_4,DATA1,DATA2,0ATA3) 

Gfl To 300 
410 SALL P~EY10(L3,1_4,DW,DH,TW,OAfA1) 

GO TO 300 
411 C !\I_ L POl JT 11 ( I_ 3 , I_ 4 , 0 A T A 1 , ll A T A 2 , DATA 3 , DATA 4, D A Tt\ 5 , I) AT A A ) 

GO To 300 
412 CALL RAIL12(1_3,1_4,DATA1,1lATA2,0ATA3,DATA4,DATA5) 

GO TO 300 
413 SAI_L REF13 (!_3,1_4,DW,DH,TW,OATA1,DATA2,DATA3,N01) 

GO TO 300 
414 CALL ROAD14(!_'3,1_4.DATAl,OATA2,DAfA':\,DATA4,DATA5) 

GO TO 300 
415 CALL STM15 (1_3,1_4,DATA1,0ATL\2,0ATA3,DATA4,DATA5,DATAA) 

GO TO 300 
416 CALL TARlAICHH,CHC,DSCALE,DH,XO,YO,I_AR,I_ARAI_,TilA, 

* L I N E , X I_ E 1\1 , S lJ M L E 1\l , C EM , I) A T A 1 ) 
GO TO 300 

417 CALL TBI_K17(L1.L2.L3,L4,DW,DH,TW,XL2) 
r,o Trl 300 

418 CALL TREElBIL3,1_4,0ATAl,DAfA2,DATA3J 
r,n TO 300 

419 CALL XTOY19(!_3,L4,DAfAl,DATA2,1lATA3,1lATA4) 
GO TO 3()0 

420 CALL RM20 (1_3,L4,0AfAl,llAfA2,tlATA3) 
r;o TO 300 

421 CALL WRIT21(L3,!_4,DATAl,DAfA2,tlAfA3) 
r;o Tn 300 

422 CALL OlJP21L3,L4,1lATAl.DAfA2,DATA3) 
r,n Tn 3oo 

900 WRITE(6,901) Ll,L2.L3,!_4,1lATAl,llATA2 9 DATA3,DATA4, 
* DAfA5,nAfA6,DATA7,DATAR,NOl 

901 FORfv1ATI 1 0 1 , 1 IJI\ITf 5 ENCOIJNTERED. LAST CARll REAO WAS :•,;, 
* lX,2Il.I2.!1,5X,BF7.2,4X,J2) 

902 TFIIGRJO,I\IE,l) Gil TO 905 
(F(NGRIDX.LE.O.OR.NGRIIlY.LE.O) GO rn 903 
CALL GRTDI1.0,1.0.1.0,1.0,NGRIDX,NGRIIlY) 
r,n TO 905 

903 WRITE(A,904) 
904 CflQ.MllT(!, 1 GRin HIS I_ESS OR. EQlJAI_ TO 0 FOR X/Y lli'<.ECTIOI\J',!) 
905 Cni\ITII\IlJE 



C A I_ L f::I\JnPI_ T 
STOP 
f::i\10 

SIJ8R[JIJTINE 
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A R 01 ( L 3 , L 4 • X I_ 1 , Y I_ 1 , XL 2 , Y I_ ;;> , X 1 , Y 1 , n 1 , A 1 l 

c ------------------------------------------------------------------
c ARROW : TO DRAW A NORTH ARROW 
c 
C X1,Yl CO-OROINATf::S OF THf:: LOCATION FOR NORTH ARROW. 
C 01 ------ TOTAl_ Lf::NGTH OF THE ARROW. 
C A1 ------ANGLE OF THE ARROW WITH RESPECT TO X-AXIS. 
c 
c ------------------------------------------------------------------

OIMENSIOi\1 A(?,191 
DATA A/ 0.4375, 0.0250, 0,5000, 0.0?50, 0,4500,-0,0?50, 

l 0,5000,-0.0250, 0,4375,-0,0?50, 0.4875, 0.0250, 
2 0.3750, o.o ' 0.1000. 0.0250, 0.1?50, o.o 
~ 0.1000.-0.0250,-0.4375, o.o ,-0.4625, 0.0250, 
4 -0.2125, o.o250.-0.lR75, o.o .-o.?125,-o.oz5o, 
5 -0.46?5,-0.0250, o.o • 0,0750, o.o ,-0.0750, 
6 o.o • 0,0/ 

IF!X1.LT.XL1.0R.Xl.Gf::.XL2JGO TO 07 
IF(Yl.LT.Yll.nR.Y1.GE.YL21GO TO 07 
no 01 J=l,l9 
on o 1 I= 1 , 2 
'\(I,JI = Dl*A(I,Jl 

Ol CONTINUE 
1)0 02 J=l.l9 
CALL DDXY(A(l ,J) ,A(2,JI .XM,YM.Al l 
'\(l,Jl = XM 
A(2,J) = YM 

02 C.ONTINUf:: 
0[) 03 J=l.l9 
'\(l,Jl = A(l.JI + Xl 
A(2,J) = A(2,JI + Yl 

03 CONT II\IUE 
XRl = O.OlRR*fil 
XR2 = 0.0375*fll 
CALL DASH(A(l,lJ,A(2,ll,A(l,2J,A(2.2l.O.Ol 
CALL MlJt_ T I (A ( 1, 2 I , A ( 2, 2 l , A ( l, A I , A ( 2, 6 l , A ( 1, 3 l , A ( 2, 3 I , 

l A(l,5J,A(2,5J.4) 
>:A I_ L f) ASH ( A ( l , 5 l , A ( 2 , 5 l • A ( 1 • 4 I , A ( 2 • 4 I , 0 • 0 l 
C 6 L l M lJI_ T I ( 6 ( l , R ) , A ( 2 , R l , A ( 1 , 9 ) , A ( 2 , 9 l , A ( l , 7 ) , A ( 2 , 7 ) , 

l A!l.7J,A(2,7J,5l 
CALL IH S H ( .A ( l , 7 l , A ( 2 , 7 l , 6 ( 1 , l 0 l , A ( 2 , 10 l , 0. 0 ) 
C A I_ L nASH ( A ( l , 9 l , A ( 2 , 9 l , A ( 1 , R l , A ( 2 , R I , 0 • 0 I 
CALL f!ASH(A(1,9),A(2,9J,A(l,l4J,A(?.l41,0.0) 
CALL f!ASI-l(A(l,l7J,A(?,17J,A(1,1RJ,f!,(;;>,lRJ,0.0l 



CALL OASH(A(1.10l,A(2,10l,A(1,9),A(;>,9),(),0) 

': A I_ L C I ~ C I_ E ( II ( 1 , l 9 ) , A ( 2 , 1 9 ) , X R 1 ) 
C A L L C I R C I_ E ( A ( 1 , 1 9 ) , A ( 2 , 1 9 ) , X R 2 ) 
(:. ALL Ml J I_ f I ( A ( 1 , 14 ) , A ( 2 , 14 ) , A ( 1 , 1 5 ) • A ( 2 , 1 5 ) , A ( l , 1 l ) , A ( 2 , 1 1 ) , 

l A(1,1A) ,A(2,1A),5) 
CALL DASH(A(l,16l,A(2,1Al,A(1,lll,A(2,11),Q.Ol 
CALL DASH(A(l,1ll,A(2,1ll ,A(1,12),A(2,12),0.0) 
CALL DASH ( A ( 1 , 1 2) , A ( 2, 121 , A ( 1 , 13) , A ( 2 .13 ) , 0, 0) 
CALL 0ASH(A(l,13l,A(2,13),A(1,14l,A(2,14l,O.Ol 
CALL DASH ( A ( 1 , 14) , A ( 2, 14) , A ( 1, 15) , A ( 2 , l 5 ) , 0, 0) 
GO To 15 

07 f'/R!TE(A.1?l 
GO Tn 15 
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12 i=ORMt'.T( 1 0 1 , 1 ARRO\<I: NORTH ARROW FALLS ntJTSinE OF MAP RniJI\IDARY. 1 ) 

1<; RETURN 
~ 1\11} 

StJP,ROIJTif'.JE ODXY(X,Y,XM,Yt-1,All 

c ------------------------------------------------------------------
c DOXY: THIS SURROtJfiNE CALCULAfES THE NE\~ X-Y COnRDTNAfES OF A POIN 
C ~OTATED COlJNfER-CI_OCKWISE AROUT IfS OR!GII\1. 

c ------------------------------------------------------------------
IF(X.EQ.O.O.ANO.Y.EO.O.OlGO rn 01 
R = SQRT(X**2 + Y**2l 
\ = ATAI\12(Y,X) 
A = A + Al*3.1415926/lRO.O 
XM = R*COS(A) 
YM = R*SIN(A) 
GD To 02 

Ol XM = o.o 
YM = 1),() 

02 COi'H I 1\IUE 
·~ ETlJRN 
El\10 

SURROIJTINE Mtii_TI(X1,Yl,X2,Y2.X3,Y3,X4,Y4,N) 

c ------------------------------------------------------------------
( SHADED AREA PLOTfiNG SECfiON. THE FIRST LINE IS DRAWN RETWEEN POIN 
C 1 AN[) 3. INCREMENfATION IS f=Rm~ 1 TO 2 AND I=RnM 3 TO 4. 

c ------------------------------------------------------------------
Tl = X 1 - X2 
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f2 = Yl - Y2 
XA = Tl/N 
YA = T2/l\l 
Tl = X3 - X4 
T2 = Y3 - Y4 
XR = Tl/1\1 
YB = T2 /f\1 
K = N+l 
1)0 03 I=l,K 
xs = Xl - (I-ll*XA 
YS = Yl - (I-ll*YA 
XF = X3 - (I-ll*XR 
YF = Y3 - (I-ll*YR 
CALL I)ASH(XS,YS,XF,YF,O.Ol 

03 CfJNTINUI:' 
R. OUR. N 
~NI) 

SIJBROIJTINE RIJILD2(l3,L4,XO,YO,H) 

c ------------------------------------------------------------------c SlJBPR.OGR.AM BLOCK IS USED TO DRAW THE SYf-1ROL OF THE RlJil_DING 
C XO,YO THE X-Y POSITION OF THE CEI'HE~ OF THE RIJIU)TNG 
C H THE HE I G H T 0 R W I I) T H 11 F THE R I JI I_ D I N G 
C I F H I S A P 0 S I T I V E N lJ M R E R , HE I G H T I~ T L I_ R E G REA T F: R. THAN 1.-J I D T H • 
C IF H IS A NEGATIVF: NUMBER ,HEIGHT WILL F\E SMAlLER THAN WIDTH. 

c ------------------------------------------------------------------
IF(H.LT.O.Ol GO TO 20 
XL=H/4,0 
YL=H/2.0 

10 X l =Xfl+XI_ 
Yl =YO+ Yl_ 
XZ=XO-Xl_ 
Y2=Y!J+YI_ 
X 3= XO-Xl_ 
Y3=Y0-YI_ 
X4=XO+XI_ 
Y4=YO-YI 
sn Tn 3o 

20 H=ARS(H) 
XL=H/2.0 
YL=H/4.0 
SO TO 10 

30 CALL PLOT(Xl,Yl,3l 
CALL PLOT(X2,Y2,?l 
CALL PLOT(X3,Y3,2l 
CALL DLOT(X4,Y4,?l 
CALL PLOT(Xl,Yl,2l 
~ f:TlJRI\1 
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ENO 

S IJ .q R IJ lJ TT N E R IJIJ N [) 3 ( L 3 , I_ 4 , X 2 , 0 W , D H , X I_ , Y I_ , X R , Y R l 
c ------------------------------------------------------------------
( !11JUNIJ3 : FI EU1 RCIIINOARY PLOTTING. 
c ------------------------------------------------------------------

c 
c 
c 
c 
c 
c 
c 

[F(XL.EO.O.O.OR.YL.EC.O.O.OR.XR.EO.O.O.IJR.YR.EO.O.Ol ~n TO 10 
X22=XR-XL 
CALL PL1Jf(XL,YL+0.01,3l 
CALL PLIJT(XL,YR,~l 

CALL PLIJT(XR,YR,2l 
CALL PLIJT(XR,YL+0.01,2l 
CALL PLIJT(XL,YL+0.01.2l 
CALL PLIJT(X22,YL+0,01,3l 
CALL PLIJT(X22,YR,2l 
Gn Tn 20 

10 r:nNTINIJE 
CALL PLIJT(0,0,0,01,3l 
CALL PLIJT(O.O,OH,Zl 
CALL PLIJT(DW,IJH,2l 
CALL PLIJT(OW,0.01,2l 
CALL PLOT(Q.0,0.01,2l 
CALL PLIJT(X2.0.01,3l 
CALL PLIJT(X2,DH,2l 

20 CONTINUE 
RETURr--J 
Et\10 

SUR R 0 1.1 T I N E C n I_ E N 4 ( L3 , I_ 4 , X 1 , Y 1 , 0 I_ EN • N 1 l 

SUFlPROGRAM 
CIJLLECTIJR. 
X1, Yl ---­
!)LEN 
N1 

IS DESIGNED TO CONSTRUCT A TARLE FIJR LEN~TH OF 

THE LOWER LEFT COORDINATES OF THE TARLE. 
LENGfH OF THE TARLE 

Nn. IJF ROW IJF THE fARLE 

DIMENSIIJN OfA(5l,LAB(10l 
I!ATA I!IA/100,,150,,200.,250,,300,/ 
DATA LAR/ 1 A 1 , 1 R '•'C 1 , 1 0 1 , 1 E 1 , 1 F 1 , 1 G •,•H '•'·J '•'K 1 / 

NR=10 
[F(Nl,GT.NR) NR=Nl 



I)X=DLEN/6.3 
H=DX/1_0.0 
X2=Xl+Dt.Et\J 
Y2=Yl+4.0*0.3+NR*0.25 
CAll PLOT(Xl,Yl,3l 
CAll Pl0T(X2,Yl,2l 
CAll PLOT(X2,Y2.2l 
CAll PLOT!Xl,Y2.2l 
CAll PLOT(Xl.Yl,2l 
CALL PLOT(Xl+l.3*DX,Y2-0.3,3l 
CAll PLOT(X2,Y2-0.3,2l 
CALL PLOT(Xl,Yl+0.3,3l 
CALL PLOT(X2.Yl+0.3,2l 
CAll PLOTIX1+1.3*DX,Yl+0.3,3l 
CALL PLOT(Xl+l.3*DX,Y2,2l 
CAll SYM801.1Xl,Y2-0.4, H,• CO'-I.ECTOR•,O.O.lOl 
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CAll SYMRili_(Xl+l.3*DX+lO*H,Y2-0.23,H, 1 0RAIN TlJRE REQIJ!RE0 1 ,Q.O,l9l 
CALL SYMROLIX1+1.3*DX+32*H,Y2-0.?3,H*O.R5, 1 FEET •,o.0,6l 
CAll SYMBOL(Xl+3*H,Yl+0.39,H, 1 TOTAL 1 ,0.0,51 
CALL SYMBUL!Xl+3*H,Yl+0.09,H, 1 0VERALL TOTAL: •,n.O,l4l 

C NORMALLY LIGHT CHACTERTER STRING AND LINES. 
c 

X=Xl+H+l.5*DX 
CALL NUMRER(X,Y2-0.55,H,DIA1ll,O.O.-ll 
CALL SYMBOLIX+H*3.2,Y2-0.55,H*O.R5, 1 MM• ,0.0,21 
DO 20 I =2, 5 
X=X+DX 
CALL NUMRER(X,Y2-0.55,H,DIA!Il,O.O.-ll 
CALl SYMROL(X+H*3.2,Y2-0.55,H*0.85, 1 MM•,n.0,2l 

20 CONTINUE 
X=Xl+H+l.5*DX 
DO 25 J=2,5 
X=X+DX 
CALL PLOTIX-H-O.?*DX,Y2-0.30,3l 
CALL PLOT(X-H-0.2*DX,Yl+0.3,2l 

25 CONTINUE 
Y=Y2-0.6 
CAll PLOT!Xl.Y,3l 
CAll PLOT(X2,Y,2l 
OIJ 30 I=l,NR 
Y=Y-0.25 
CALL S YMR 01. ( X 1 + 5. 0 *H, Y +0. 0 5 , H ,1_4 R I I l , 0. 0, 1 l 
CALL PLOT!Xl,Y,3l 
CALL PLOT!X2,Y,2l 

30 CONT!t\IIJE 
CAll SYMROL!Xl+5.0*DX,Yl+0.05,H*0.9, 1 FEET 1 ,().0,6) 

50 ~ETURN 

I: NO 
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SU~ROUTINE ORAW51DX,OY,X1,Y1,X3,Y3,XLEN,NOlJT,LINE,IDA,PS,S31, 

* XO,YO,RAO,RX,RY,NR,LARAL,DSCALE.IFLO,CEMI 

c ------------------------------------------------------------------
c DRAW IS USED TO LA REI_ THE I_ATERALS 1 LEI\IGTH 
C ~HEN THE DIRECTION OF THE FLOW IS NEEDED, FLOW£\ ~ FLOWR AQE CALLED 

c ------------------------------------------------------------------
0 I 1'1 ENS I 0 f\1 X 1 I l 0 , 50 J , Yl I 1 0 , 5 0 I • X 3 I 1 0 , 5 0 J , Y3 I 1 0 , 5 0 I , X 1_ E N I 1 0 , 5 0 I 

;: , R X I l 0 I , R Y I 10 J , S PAC I 10 J , R.ANGL E I l 0 I, NntJT I 10) , ~,IQNC I 10) 
:~ • I_ I N E ( 1 0 ) , J 0 IN T ( 1 0 l , 0 X { 10 • 5 ) • 0 Y ( 10 , 5 ) , S 3 1 ( 1 () , 50 ) 

INTEGER*2 LAR,LARALI151 
on 112 I=l.IDA 
IOUT=NOUTIIJ 
LN=LINEI I J 
IFIICllJT.EO.ZJ GO TO 110 
C 1\ L L P '- 0 T I 0 X I I , 1 I , 0 Y II • l I , 3 I 
CHL PLDTIOXII,ZJ,OYII,2l.2l 
CALL P U1T I X l I I , l I • Y 11 I , ll • 2 J 
GO TO 113 

110 CALL PLOT(OXII,1J.OY(I,l),3) 
CALL PLOTIX11 I,11 ,Yll 1.11 ,2) 

113 1)0 lll J=1,1_N 
CALL PLOTIXlii,JI,Yl(I,,JI,31 
C.A L L D '- 0 T I X 3 I I , J I , Y 3 I I , J J , 2 J 

111 CONTI 1\llJE 
112 CONTINUE 

SLAR=l6~'PS 
1)0 200 I_C= 1, IDA 
Lf\!=LINEILCl 
LA~=LAf\ 1'.1_ I I_C l 

115 IFIX3(LC.1l-X11LC.111 120.140,160 
120 IF((Y3( 1.C.li-YliLC.1ll.EO.O.OJ GO TO 125 

ANGLE= .HAN ( ( Y3 ( '- C , 1 l- Y 1 I L C , l J ) I ( X 3 ( LC • 1 ) -X l ( l C , 1 ) ) ) IRA D 
so To 130 

122 I\NGLE=90 .0 
r;o TO 130 

125 I'.NGLI:=O.O 
130 COSX=PS*CDS(ANGLE*RADJ 

SINY=PS*SIN(ANGLE*RADJ 
I) 0 l 3 5 I = 1 • '- N 
A=- I 
XA=X3(LC,IJ+2*COSX 
YA=Y3(LC,Il+2*SINY 
CALL SYMRDL(XA,YA,PS,LAR.ANGLE.ZJ 
XK=X3(LC.IJ+4.5*CDSX 
YB=Y3(LC,Il+4.5*SINY 
CALL NlJMRER(XR,YR,PS, A,ANGI_E.-11 
TF(XLEN(I_C,II.I_T.SLARJ GO fO 135 
XC=X3(LC,Il+1l*CDSX 
YC=Y31LC.Il+1l*SINY 
C A L L N U M R E R ( X C , Y C , P S • X I_ EN I I_ C • I J * D S C A L E I C EM , A 1\1 G I_ E , 1 ) 
XD=X3(LC,II+l7.5*COSX 
YD=Y31LC,II+l7.5*SINY 
CAI_L SYMR[)I_( XO,Yn.PS,•FT 1 ,ANG!_E.2J 

135 COf\JTINUE 
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r;o To 200 
140 IFIY3(L~.11-Y11LC,111 122,150,165 
150 1 .• -JR.ITE16.1551X1(1_C,li,Yl1LC,11,X31LC,1l.Y311_C,1l 

1 5 s F n R. ~1 A T 1 1 x • 1 * ,, * E R R oR*** 1 x 1 , v 1 1 = 1 x 3 , v 3 1 • r E R. M I t\1 A rr oN occuR R E o 1 , 
,;, I AT #150 IN 11 0R.AW 11 , 1 ,/, 

* 2X, 1 1X1,Yll = 1 ,2F8.2,3X, 1 (X3,Y31 = 1 .2F8.21 
GO TO 200 

1 60 I F I I Y 3 I I_ C , 1 I - Y 11 L C , 1 I l • E Q. 0 • 0 l G 0 T 0 1 8 0 

'. N G L E =AT AN I I Y 3 I l C , 1 I - Y 1 I L C , 1 l l I ( X 3 I I_ C , 1 l -X 1 ( I_ C , 1 I I I I R 11 D 
GO TO 190 

16 5 ·~ f\1 G L I:= 9 0 • 0 
GO TO 190 

180 '.NGLF:=O.O 
190 COSX=PS*COSIANGLE*RADI 

SINY=PS*SINIANGLE*RADI 
DO 1 9 5 I= 1 , L N 
\=-I 
Xll=Xl1LC,II+2.0*COSX 
YA=YliL~.II+Z.O*SINY 

CALL SYMBDLIXA,YA,PS,LAR,ANGLE.ZI 
XR=X11LC,Il+4.5*COSX 
YB=YliLC,II+4.5*SINY 
CALL NIJMRER(XR.YP.,PS, A,ANGU:,-11 
IFIXLENILC.Il.LT.SLARI GO TO 195 
XC=XliLC.II+ll*COSX 
YC=Yt1LC,Il+1l*SINY 
CALL NIJMRERIXC,YC.PS,XI_ENILC,II*DSCAlE/CEM,ANGl_E,ll 

XO=Xl1LC,II+l7.5*CDSX 
Y0=Yl(LI,,II+17.5*SINY 
CALL SY~>'IROLIXO,YD,PS, IFT 1 ,ANGLE,ZI 

195 SONTII\IIJE 
ZOO CONTINUE 

IFI IFLO.I\IE.ll GO TO 310 
C DRAWING ARROW TO SHOW FLOW DIRECTION. 

Ofl 300 J1=l,IOA 
Lt\I=LI NE LJl I 
1!0 290 J2=1,1_N 
IFIXLENIJ1,J2J.I_f.(PS+0.80ll GO TO 290 
X1l=Xl(Jl,J2l 
X33=X31J1,J2l 
y 1 l = y l ( J 1 • ,J 2 ) 
Y33=Y3LJl,J21 
CALL FLOWA1Xll,Yl1.X33,Y33,PS,RAD,RX1,RY1,RXZ,RYZ, 

* RX3,RY3,RX4,RY4,ANI 
CALL AROHDIRXZ.RYZ,RX1,RYl,O.l0,0.06.161 
IFIS3li.J1,J2l.EO.O.OI (;0 TO 280 
CALL SYMP.OI_(RX3,RY3,PS,IS= %1,AN,81 
CALL 1\l U M R E R I R X 4 , R Y 4 , P S , S 3 1 I .J l , J 2 ) , AN , 2 l 
GO TO 290 

280 CALL SYMBOLIRX3,RY3,PS, 1S= N.(;. 1 ,AN,71 
290 CrJ1\JT I NUt== 
300 COI\ITINlJE 

GrJ TO 330 
310 WRITE(6.3?0l 
320 c:nRMAT(!, 1 FU1W fJIRECTION NOT SHOWN-- IFL0=1 f\J(JT ENCOI.JNTERFfJ 1 ,/I 



141 

330 RETlJR.N 
tl\10 

Sl J R R OI.J TINE Fl_ 0 WA ( X 11 , Y 11 , X 3 3 , Y3 3 , P S , R A IJ , R X 1 , R Yl , R. X 2 , R Y ;;> , 

* RX3,RY3,RX4,RY4,ANJ 
c ------------------------------------------------------------------
c FLOW & FLOWR : nRAW THE ARROW TO SHOW THE IJIR.ECTION OF THE FLOW 
C X33,Y33 -- X1-Y1 OF THE LATERAL 
C X33,Y33 -- X3-Y3 OF THE LAfERAL 
C PS -- PEN SIZE OR CHARACTER HEIGHT 
C ALL RX-R.Y S VALUES ARE X-Y COORDINATES OF THE ARROW 
C AN -- ANGLE OF THE ARROW WITH RESPECT TO X-AXIS 
c ------------------------------------------------------------------

IF(X33-Xl1l 40,50.60 
40 ~Rl=PS 

RR2=RR.1+0.40 
·~R 3=RR.2 +9*P S 
RR4=RR3-2*PS 
SO TO 90 

'50 IF(Y33,1_T.Yl1l GO TO 40 
60 ~R.l =PS 

RR2=R.R.l+0.40 
<R3=R.R.2+PS 
RR4=R R 3+2. O*P S 

90 CALL FLOWR(X11,Yl1,X33,Y33,RR1,PS,RAO,X,Y,ANl 
RX1=X 
'<Yl=Y 
CALL 
-<XZ=X 
RY2=Y 
CALL 
RX3=X 
·~ Y3=Y 
CALL 
-<X4=X 
RY4=Y 
-<ETURN 
END 

FLOWR(X11,Y11,X33,Y33,RR2,PS,RAO,X,Y,ANl 

FLOWR(X11,Yl1,X33,Y33,RR3,PS,RAO,X,Y,ANl 

FLOWR(X11,Yll,X33,Y33,RR4,PS,RAIJ,X,Y,ANl 

S lJR R OlJTT N E FlOW F\ ( X 11 , Y 11 , X 3 3 , Y 3 3 , R R. , P S, R. AD, X , Y, A NG I_ E l 
DX=X33-Xll 



iJY=Y33-Yl1 
DL=SQRT!DX**2+0Y**2l 
lF(DX.EO.O,Ol GO TO 200 
IF(iJY.EO.O.Ol GO TO 300 
AN=ATAN2(DY,f)X)/RAD 
l\NGLE=AN 
ANN=l\N 
IFCANN,i,T,90.0l ANGLE=ANN-180,0 
IFCANN.~T.-90.0! ANGLE=ANN+180.0 
AN=AF\S(ANl 
IF(AN.GT.90.0l AN=1RO.O-AN 
DINX=1.2*PS/SIN(AN*RAOl 
DINY=l.2*PS/COS(AN*RADl 
AR0=0.60*0L-9.0*PS+RR 
FX=ARO*COS(AN*RADl 
FY=ARO*SIN(AN*RADl 
IF!ARO.~T.O.Ol FX=O.O 
IF!ARfJ.I.T,O.Ol FY=O.O 
IFCX33-X11l 100,200,150 

100 IFCY33-Y11l 105,300,125 
105 X4=Xll 

Y4=Yll-DINY 
X=X4-FX 
Y=Y4-FY 
SO TO 500 

125 X4=Xll-DINX 
Y4=Yll 
X=X4-FX 
Y=Y4+FY 
GO TO 500 

150 lF(Y33-Y11l 155,300,165 
155 X4=Xll 

Y4=Yll-iJINY 
X= X4+F X 
Y=Y4-FY 
GO TO 500 

l.S5 X4=X1l+DINX 
Y4=Yll 
X=X4+FX 
Y=Y4+FY 
GO TO 500 

200 ANGLE=90.0 
1l=l.2*PS 
l\RD=Dl/2.0-9.0*PS+RR 
!F(Y33-Yl1l 210,220,230 

210 X4=Xll+il 
Y4=Yll 
X=X4 
Y=Y4-ARO 
r;n Tn son 

220 WRITE(.S,225l X11.Y11,X33,Y33 
225 F[)RMAT(lX, 1 (X1,Y1l=(X3,Y3l--- 1 ,2F7.2,2X.2F7.2, 

* 1 CHECI< it200 TN FI_O\.Jt ,/) 
GfJ Tn 500 

230 X4=Xll+fl 
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Y4=Yll 
X=X4 
Y=Y4+A.RO 
GO TO 500 

300 Ar--IGLt=O. 0 
O=l.Z*PS 
ARO=OL/2.0-9.0*PS+RR 
[F(X33-Xlll 310,220,330 

310 X4=xt l 
Y4=Yll-f) 
X=X4-ARIJ 
Y=Y4 
GU TO 500 

330 X4=Xll 
Y4=Yll-f) 
X=X4+ARO 
Y=Y4 

500 ~ ETIJRr--J 
EN[) 

SIJ>\ROIJT[r--IE EU'::6 ( 1_3 ,1_4,X,V,f)O,RE,Nl 
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c ------------------------------------------------------------------
( ROUr--.10 --- SIJRPROGRAM rn f)RA\-J SYMBOl_ SHOWING f)RA IN f)EPTH f. 
C [)RAIN'S BOTfOM-ELEVATIO~. 
C X,Y POSITION OF THE POINT 
C N OUA[)RM!T OF THE CIRCLE TO RE f)RAWN. 1 = 1ST OIIAO. 
C 2 = 2Nf) CJUAf). 3 = 3RD OlJAO. 4 = 4TH OlJAf), 
C IF N HAS A VALVE WHICH IS NOT 1,2,3 OR 4 SYMROL WILl RE PLOTTED 
C H THE X-V POTNf GIVEN (CENTERED AT X-Y). 
C DD ORATN f)EPTH 
C BE DRAIN ROTTOM ELEVATION 
c ------------------------------------------------------------------

GO TO (10.20.30,40\,N 
XC=X 
YC=Y 
GO TO 50 

10 XC=X+0.;15l 
YC=Y+0.?.51 
GO TO 50 

20 XC=X-0. 2 51 
YC=Y+0.?.5l 
GO Tn 50 

30 XC=X-0.?.51 
YC=Y-0,?51 
Gfl TD 50 

40 XC=X+IJ,25l 
YC=Y-0.251 

50 IF(Of).EO.O.O.ANO.RE.EQ.O.Ol GO TO 60 



CALL C!~CLEIXC,YC.0.250l 
CALL DASHIXC-0.2,YC,XC+0.2,YC,O.Ol 
CALL NUMRERIXC-0.090,YC+0.06.0.0R,~n.o.o,ll 
CAll f\llliV1RER(XC-0.15R,YC-0.127,0.08,RE,0.0,1l 
r;o TO 70 

60 CALL C!~CLEIXC,YC.0.20l 
70 ·~ ETIJRN 

ENIJ 

SURROIJTINE FENCE71L3,1_4,XA,Yl1 .• XR,YR,Sl 
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c ------------------------------------------------------------------
( FENCE IS WRITTEN FOR DRAWING THE FENCE LINE 
C XA,YA,XR,YR ---- TWO POINTS , STARTING & ENDING POINTS, OF 
C THE FEi\JCE 1_11\IE A~E GII!Ei\J 
C S THE SPACING BETWEEN CROSSES. 
c ------------------------------------------------------------------

DIMEf\ISION X1100l ,Y(100l 
~L=SCRTI (XA-XRl**2+1YA-YRl**2l 
Xf,l=liL/S 
IFIXN.GT.lOO.Ol XN=99.0 
f\10= X f\1 
IFINO.GT.lOOl N0=99 
IF(NO.EO.XN) GO TO 10 
IFIXN-NO.LE.0.5*Sl NO=i\JD+l 

10 SS=lll/NO 
~liiJ=3.l41592A/lRO.O 
DX=XII-XR 
i)Y=Yli-YR 
IF(I)X.EO.O.Ol GO rn 100 
IFIDY.Eo.O.Ol GO TO 200 
AN=liTI\N IDY/DXl/RliO 
I)DX=ARSISS*CDSIAN*RADll 
DDY=ARSISS*SINIAN*RADll 
IF(XA.LT.XB.AND.YA.GT.YRI GO TO 20 
IFIXA.GT.XR •. liND.YA.LT.YRI GO TO 30 
IF(XA.LT.XB.AND.YII.LT.YRI GO TO 40 
IFIXA.GT.XR.IIND.YA.GT.YBI GO TO 50 
r;o TO 90 

20 XI li=XB 
Ylll=YR 
X(Nfl+ll=XA 
YINO+li=YA 
GO TO 33 

30 '<lll=XA 
Ylli=YA 
l( ( i\Jil+l I =XR 
Y(Nil+li=YR 

3 3 1)() 3 5 I= 2, NfJ 



X ( I l = X ( I -1 l -0 0 X 
35 Y(Il=Y(I-ll+OIW 

GO TO 300 
40 X(ll=XA 

Y(ll=YA 
X{i\l0+1l=XR 
Y(tlln+1l=YR 
GO TO 55 

50 X(ll=XB 
Y(ll=YR 
X( t\10+1 l =XA 
Y(i\lfl+ll=YA 

55 DO 60 I=2.NO 
X(Il=X(I-1l+DOX 

60 Y(Il=Y(I-1l+OOY 
GO TO 300 

90 WRITE(6.95) XA,YA,XB,YR,S 
95 ;::nR.MAT( 1 0 1 .•NO FENCE i_INE ---- 1 ,5FR.2) 

GO Tn 350 
100 '\N=90.0 

IF(YA.GT.YB) GO TO 110 
X(ll=XA 
Y!ll=YA 
X(I\IO+ll=XR 
Y(NO+ll=YR 

101 nn 105 I=2,NO 
X(Il=XA 

105 Y!Il=Y<I-ll+SS 
GfJ TO 300 

110 X(ll=XR 
Y(ll=YR 
X(t\.IO+ll=XA 
Y (NO+ 1 l = YA 
r;n Tn 101 

200 AN=O.O 
IF( XA.GT .XRJ GO ro 210 
X(ll=XA -
Y(ll=YA 
X(Nfl+1l=XR 
Y(l\lfJ+ll=YR 

201 no 2os J=2.NO 
X( I l=X( T-ll+SS 

205 Y(Il=YA 
:;o TO 300 

210 X(ll=XB 
Y(ll=YR 
X(NfJ+1l=XA 
Y(NfJ+ll=YA 
GO TO 201 

300 CALL PLfJT(XA.YA,3l 
CALL PlfJT(XR,YB.2l 
'"'="lfl+1 
on 310 r = 1. M 

310 •::. I'> L L S Y MR Of_( X ( I l , Y ( I l , 0. lO • 4. Ai\l , -ll 

350 RETlJRf\1 
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S lJ P, R 0 t I T I N f: G R A DE 8 ( L 3 , I_ 4 , X , Y , ll N G I_ E , 1\ I_ , D I R , I T >: M ) 

c ------------------------------------------------------------------
c SVMROL TO SHOW THE CHANGE OF GRADE OR PIPE-SI7E OF 1\ LINE. 
C ~.Y COORDINATES OF TRIANGLE TIP ON THE LINE 
C ANGLE-- THE SLOPE OF THE LINE (IN DEGREE) 
C ~L THE HEIGHT OF THE TRIANGLE SYMROL 
C DTR -- DIRECTION OF THE TRIANGLE POINTING 
C IF DIR > 0 SYMROI_ PLOT ON THE U:FT HJ\;\\D SIDE OF THE UNE 
C TF DIR < 0 SYMROL PLOT ON THE RIGHT HAND STDE OF THE LINE 
C ITEM CONTROL NO. ITEM=1 V-SHAPE SYMROL IS PLOTTED FOR 
C CHANGING PIPE-SIZE. OTHERWISE SOLID TRIANGLE SYMROL 
C IS PLOTTf:D FOR GRADE CHANGE. 
c ------------------------------------------------------------------

qAD=3.l415926/1RO.O 
AN=ANGlf::*RAD 
IF(DIR.GE.O.O) GO TO 200 

C PLOT TRIANGLE SYMROL ON LEFT HAND SIDE OF THE LINE. 
c 

IF(ANGLE.EO.O.O ) GO TO 220 
[F(ANGLE.EO.l80.0) GO TO 210 
IF(ANGLF.EO. 90,0) GO TO 260 
IF(ANGLE.EC.-90.0) GO TO 250 
CO=l.0/HN(AN) 
IF(ANGLE.LT.0.0,AND,ANGLE.GT.-1AO.O) GO TO 150 
XA=X-SCRT(Al**2/(l.O+C0**2ll 
YA=Y+CO*(X-XA) 
GO TO 300 

150 XA=X+SCRT(Al**2/(l.O+C0**2l) 
YA=Y+CO*(X-XA) 
GO TO 300 

200 IF(ANGLE.EC.O.O) GO TO 210 
[F(liNGLE.EO.lRO.Ol GO TO 220 
IF(ANGLE.EC. 90,0) GO TO 250 
!F(ANGI_E,EC.-90.0) GO TO 260 
CO=l.O/TAf\1( AN) 
IF(ANGLE.GT.O.O.AND.ANGLE.LT.lRO.O) GO TO 230 
XA=X-SQRT(AL**2/(l.O+C0**2ll 
YA=Y+CO*(X-XA) 
GO TO 300 

230 XA=X+SCRT(AL**2/(l.O+C0**2)) 
YA=Y+CO*(X-XA) 
;o Hl 3oo 

210 XA=X 
YA=Y-AL 
GO TO 300 

220 XA=X 



YA=Y+AL 
GO TO 31'\0 

2'50 XA=X+AL 
YA=Y 
GO TO 300 

2~0 Xli=X-liL 
Yli=Y 

300 CONTII\IUt 
IF(ITEM.ECJ.1l GO TO 310 
CALL liROHO(Xli,YA,X,Y,AL.Al.1~l 

GO TO 3~0 
310 CALL liROHO(XA,Yli.X,Y,AL,AL,l4l 
320 RETlJRN 

F:NO 

SURROIJTTNE MARSH9(L3,1_4,X.Y,H) 
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c ------------------------------------------------------------------
c MARSH : FOR MARSH OR SWAMP SYMROL. 
C X,Y X-Y POSITION OF THE TREE. 
C X,Y --- X-Y COORDINATE OF THE CENTER OF THE M6RSH. 
C H RtiO IllS OF THE MARSH. 
c ------------------------------------------------------------------

c 
c 
c 

H=ARS(H) 
ANGLF:=O.O 
00 10 I=1.7 
A=ANGLE*3.141'592A/180.0 
OX=H*COS(A) 
OY=H*SIN(.t...) 
X1=X+OX 
Y1 =Y+DY 
CALL PLOT(X,Y,3l 
CALL PLOT(X1,Y1,2l 
'\ 1\11, lE=A NGI_ E+ 30,0 

10 COf\JT I 1\JUE 
~ ETlJRI\J 
Ef\10 

S I J') ROUT TN E P K F: Y 1 0 ( I_ 3 , 1_ 4 , QI,.J , OH , HJ , Y 1 ) 

PLOfS THE LEGEND OF THE PLAN. 



Q=O.l2*24+0.20*R 
IF!D.GT.TW) GO Tn 50 
X 2 = n\,1-HI 
YZ=Yl-0.25 
C.!ILL SYMROI_(X2+12*0,1.Y2+0.07,0.2,1KEY TO PI_AI\I 1 ,0.0,lll 
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C.I\LL DASH!X2+12*0.1-0.0Z,Y2+0.04,X2+12*0.1+11*0.?,Y2+0.Q4,0.0l 
C.I\LL 0ASH(X2+12*0.1-0.02,YZ,X2+12*0.l+ll*O.Z,Y2,0.0l 
X2=X2+0.12 
Y2=Y2-0.30 
CALL SYMROL!X2,Y?,0.12, 1RELAfiVE ELFVATIOI\JSI,O,O,l9l 
c A L L s Y M f\ n '- 1 x 2 + 2 7 * o • 1 2 , Y 2 • o • 14 • 1 9 R • A 1 , o • o , 4 l 
Y2=Y2-0.23 
CALL SYMROI_!X2,Y2,0.12, 23HCONrrJURS !1 1 It\IHRV.I\I_S), 0.0,23) 
C.!ILL SYMROL!X2+27*0.12,Y2,0.12, 12RBI,O,Q,3l 
CALL DASH!X2+24*0.12,Y2+0.07,X2+2A.R*O.l2,Y2+0.07,0.0l 
CALL DASH!X2+30,2*0.12,Y2+0,07,X2+33*0.l2,Y2+0.07,0.0l 
Y2=Y2-0.23 
CALL SYMBOI_(X2,Y2,0.12, 1FENCF:S AND ROIJNDARIF:S 1 ,Q.0,2ll 
XXA=X2+0.12*24 
YYA=Y2+0,07 
XXR=X2+0.12*32 
CALL FENCE7(7,4,XXA,YYA,XXB,YYA,0,3l 
Y2=Y2-0.23 
CALL SYMBOL!X2,Y2,0.12, 1LENGTH & SIZE OF DR4IN 1 ,Q.0,22l 
CALL SYMBOL!X2+24.0*0.12,Y2+0.03,0.10, 1AROVE DR4INS 1 ,o.O,l2l 
Y2=Y2-0.23 
C4LL SYMROL!XZ,Y2.0.12, 1GRADES 1 ,0.0,Al 
CALL SYMBOL!X2+24.0*0.12,Y2+0.03,0.10, 1RELOW DR4INS 1,0.0,l2l 
Y2=Y2-0.23 
CALL SYMROI_(X?,Y2,0.12,1f\IATlJRAL GR4DE 1 ,Q.O,l3l 
CALL SYMROI_! X2+27*0.12,Y2,0.13, 1N,l,, 1 ,Q,I),4) 
Y2=Y2-0.23 
C4LL SYMR0L(X2,Y?,O.l2, 1CHANGE IN DRAIN SIZE 1 ,0.0,20l 
CALL 0ASH(X2+24*0.12,Y2,X2+32*0.12.Y2,0.0l 
C4LL GRADES( R,4,X2+2B.O*O.l2,Y2,0.0,0.lh,-l,ll 
Y2=Y2-0.2R 
CALL SYMBOL!X2,Y2,0.12,1CHANGE IN DRAIN GRADE 1 ,Q.0,211 
CALL DASH(X2+24*0.12,Y2+0,16,X2+32*0.12,Y2+0.lA,O.Ol 
CALL GR4DER(R,4,X2+2R*0.12,Y2+0.16,0.0,0.l6,1,0l 
Y2=Y2-0.23 
C4LL SYMROI_(X/',YZ.O,l2, 1RENCH MARK 1 ,0.0,l0l 
CALL SYMROL(X2+25*0.12,Y2+0,02,0.12, 1R.M, 1 ,0.0,4l 
CaLL SYMR0L(X2+29.5*0.12.Y2+0.07,0.1A.l.O.O,-ll 
CALL SYMR0L(X2+29.5*0.12,Y2+0,07,0.1A,3,0.0,-1J 
Y2=Y2-0.23 
CALL SYMROL!X2,Y2,0.12, 1HUR STAKE 1 .0,0,9) 
CALL SYMR0L(X2+25*0.12,Y2+0.02,0.12, 1H.S, 1 ,0.0,4l 
CALL SYMR0L(X2+29.5*0.12,Y2+0,07,0.16.l,O.O,-l) 
CALL SYMROL!X2+29.5*0.12,Y2+0.07,0.16.3,0.0,-1J 
Y2=Y2-0.30 
CAI_L SYMROI_(X2,Y?+0.05,0.12, 1TREE1,Q,0,41 
CALL TREElB(lR,4,X2+28*0.1?,Y2+0.10,0.lRl 
Y2=Y2-0.2R 
c .!\ L L s y M R 0 '- ( X 2 • y 2 • 0 • 1 2 ' I R u I '- [) I N r; I • () • 0 • 8 ) 
CALL "llJII_D2( 2,4.X2+2B*O.l2,Y2+0.06.-0.21 



c 
c 
c 
c 
c 
c 
c 
c 
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YZ=YZ-0.2'5 
CALL SYMROI_( X;>,Y?.0,1;;>, 1 0PEN OifCH 1 ,0,0,101 
CALL STM15 (l5,4,X2+32*0.12,Y;>+0.07,X2+24*0.l;>,Y2+0.07,0.;:>,0.0A) 
Y2= Y2-0. ?3 
CALL SYMROL(X?,Y2,0.12, 1 8ITCH ROTfOM ELEVATION 1 ,0.0,?;>) 
CALL SYMRDLIX2+26*0.12,Y2,0.l4, 1 RQR,?',O.O,')) 
Y2=Y2-0.2R 
CALL SYMRDLIX2,Y2-0.01,0.12, 1 DEPfH nF TRENCH AOTTOM' ,o.o,ZZI 
XXA=X2+?7,'i*O.l2 
CALL ELE6(6,4.XXA,Y2-0.02,4,5,Q3,5,51 
Y2=Y2-0.2R 
CALL SYMR0L(X2,Y2+0,06,0.12, 1 fRENCH ROffOM ELEVATION' ,().0,231 
Y2=Y2-0.26 
c A L L s Y M A o 1_ 1 x z , Y 2 • o • 1 2 • • o u r 1_ E r No • • • o • o , 1 o 1 
CALL SYMROLIX2+27*0.12-0.01,Y2-0.03,0.0Q,•3•,n.O,ll 
CALL SYMROLIX2+27*0.12,Y2+0.01,0.40,53,0.0,ll 
CALL SYMROLIX?+Z7*0.12,Y2+0.0l,0.40,54,0.0,ll 
Y2=Y2-0.?R 
CALL SYMRDLIXZ,Y2,0.12, 1 RAILROA0 1 ,0.0,RI 
::<XA=X?+?4,~0.l2 

XXR=X2+32*0.12 
YY=Y2+0.07 
CALL RAIL12112,4,XXA,YY,XXR,YY,0.131 
Y2=Y2-0.30 
CALL SYMRDI_(X2,Y2.0.12, 1 ROAO MW LAI\IE 1 ,0.0.131 
YYA=YZ+O.OR 
CALL ROAD14(14,4,XXA,YYA,XXR,YYA,0.21 

'iO ~ r::TURI\1 
END 

S U ~ R Ol JT T N E P rll J fl 1 I I_ 3 , 1_ 4 • X 1 , Yl , X 2 , Y 2 , S L 0 P E , P E 1\J I 

S I J '\ R 01 JT T 1\1 E P fll J T 1 l ---- I) R A~~ S f HE F I_ 0 \·J 8 I R E C f T 0 N A 1\1 0 I_ A R E L S 
THE SLOPF OF THE CfllLECTOR 
Xl,Yl Cfl0R8INATE OF fHE ARROW 1 S TTP. 
XZ,Yl --- COORDINATE OF THE ARROW'S TAIL. 
SLOPE --- SLOPE OF fHE COLLECTOR. 
PEN--- CHARACTER HEIGHT OR PENSTlE 

IF(L3.NF.111 GO TO 10 
~A0=3,l4l5Q26/lRO.O 
IF(PEN.EO.O.OI PEN=O.lO 
CALL FLOWA (Xl,Yl,X2,Y2,PEN,RA8,RXl,RYl,RXZ,RY?,RX3,RY3, 

'~ RX4,RY4,AI\I) 
CALL A~OHD(RX?,RYZ,RXl.RYl,PEN ,0,06,1AI 
IFISLflPF,EO.O.OI Gfl TO 5 

·-: " '- L s v rvt R n 1_ 1 R x 3 • R v 3 • P E ~~ • • s = ?. • • A I\ I • A 1 
CALL NUMRERIRX4,RY4,PEN,SLOPE,AN,21 



r;n TO 111 
5 CALL SYMR0L(RX3,RY3,PEN, 1 S= N.G. 1 ,AN,7) 

10 ·:01\JTT1\IIJE 
RETURN 
:::Nn 

S I I 8 R 01 JT I f\1 E R A I L 12 ( L3 , l 4 , X 1 , Yl • X 2 , Y 2 , I! ) 
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c ------------------------------------------------------------------
( RATLI,JAY SIJRPROGRAtvl IS CALLED WHEN YOIJ WANT rn f)RAI.o A RAIL ROAD. 
C TWO POINTS CDORniNATES ARE NEEnED ===> START ~ END POINTS 
C SPECIFY THE DISTANT RETWiEN THE TIES ===> D. 
c ------------------------------------------------------------------

nrMENSIOf\1 A!?OOl.RIZOOl 
~Af)=3.1415926/1RO.O 
IF(n.Ec.O.Ol D=0.20 
OX=XZ-Xl 
DY=Y2-Yl 
!FIDX.EO.O.O.ANf).f)Y.EC.O.OI GO TO 500 
DO 90 I=l,ZOO 
'\III=0.0 

90 Bl Il=O.O 
'\BLEN =SCRT(f)X**2+DY**2l 
NO=ARLEI\1/n 
IF(NO.GE.200l NO=l99 
A(ll=Xl 
i-3(ll=Yl 
!\(1\lfJ+ll=X? 
R(NO+ll=Y? 
IF(nX.EC.O.OI GO TO 300 
!F!DY.EO,I),OI GO fO 400 

C WHEN OX AND ny ARE NOT= 0.0 ====> ANGLE=ATAN21nY,f)X). 
'\N=ATAN2(f)Y,f)X) 
4NGLE=.AN/RAD 
FA=ARS(f)*COS(ANll 
FR=A8S(f)*SIN(ANil 
l F I X l. G T. X 2 l GO TO 2 00 
IFIYl.GT.YZl GO TO 150 
1)0 1111 1=2,1\!0 
AI Il=AI I-1 l+FI\ 

110 i-3(!1=1'\(l-l)+FR 
Gfl TO 600 

150 on 160 T=z,Nn 
A( Il=A( I-ll+FA 

160 !3(Il=8(1-ll-FR 
r;n TO f:>I)O 

ZOO IFIYl.r;T,Y?l GO Tfl 250 
Of) 210 I=z.Nn 
'\I I l =AI I-1 1-Ft\ 



210 fl(Il=R(I-ll+FR 
';f) TO 11()0 

250 no 260 I=2,NO 
\( Il=A( I-ll-FA 

2110 fl(Il=fl(I-ll-FR 
GO TO 1100 

C WHEN OX=O.O ====> ANGLE=90.0 
300 \f\IGLI':=9(),0 

IF(Yl.GT.Y2l t,O TO 350 
00 310 I=Z,NO 
A(Il=Xl 

310 >1(Il=fl(I-ll+O 
GrJ TO AOO 

350 00 ~110 I=Z,NO 
A(Il=Xl 

3AO >3(£1=1'\(I-ll-n 
GO Tn 600 

C WHEN OY=O.O ====> ANGlE=O.O 
400 fl.~IGLE=O.O 

IF(Xl.GT.X2l \,0 TO 450 
DO 410 T=2,1\l0 
\(Il=A(I-ll+O 

410 B(I)=Yl 
GO TO 11()0 

450 on 4AO r=z,No 
\(I )=A( I-l)-0 

460 R ( Il =Yl 
GO TO A()O 

500 WRITI':(I1,510) Xl,Yl.X2,Y2 
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5 l 0 F 0 ~ M A T ( l X , 1 S I N G L t P 0 I N T I) A T A = = > N 0 R A T I_ I_ I 1\1 E r; AN fl f: P I_ 0 T T 1': f) 1 , 

* 2X,4(F7.?.,2X),/l 
GO TO 700 

AOO NN=NO+ l 
CALL PLOT(Xl,Yl.~l 
CALL PLOT(X2,Y?..?.l 
i)O AlO .J=l.NN 

AlO CALL SYMF3QI_(A(,Il ,R(J) ,f1*0.FlO,l3,1\N\,i_E.-l l 
700 q ETIJR!\J 

El\lfl 

SIJ"lROIJTTNE: REF13 (L3.1_4.f)I,J,I)H,fl.i,Xl.Yl,Hl,NO) 

c ------------------------------------------------------------------
c ~EFl3 : TO LAREl THE SPECIAL NOTES OR LARELS ON THE PLAN 
C Xl,Yl COORI)INATE OF THE LOWER LEFT CORNER OF THE START POINT 
C OF THE LABE:l. 
C 1-H -- CHARACTER HEJGHT (0.2" IS RE:COMMENf1Ef1). 
C \1 -- ANGlE OF THE LARElliNG WITH RESPECT TO X-AXIS (().() f1f:GREEl 
C I_Ei\1 TOTAl_ NlJNIRER OF CHARACTERS OF THE I_ARI"t_. 
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c ------------------------------------------------------------------

c 
c 
c 
c 
c 
c 

DIME!\I<;IOf\1 A(10l 
~AD=3.141592A/180.0 

Al=O.f) 
[F(Hl.tO.O.Ol Hl=0.15 
IF(f\IO,EO.Ol N0=40 
Dl=Hl*NO 
IF(Xl.EO.O.Ol X1=DW-TW 
!F(Yl.tO,O.Ol Yl=DH-0.50 

4 READ(5,10,EN0=20l Ll.L2,L3,L4.A 
10 ~O~MAT(2I1,I2.Il,5X,10A4l 

IF(l3,Nt.13l GO TO 6 
IF(L4,1\If:,4l GO TOR 
X2=Xl+Dl*CDS(A1*RADl 
Y2=Yl+Dl*SIN(Al*RA0) 
IF(Xl.lT.o.o.nR.X1.GE.DWl GO TO 11 
IF(Yl.lT.O.O.OR.Yl.GE.DHl GO TO 11 
IF(X2.LT.O.O.DR.X2.GE.DWl GO TO 11 
IF(Y2.lT.O.O.DR.Y2.GE.DHl GO TO 11 
CALL SYMA0l(X1+0.B*H1,Y1,H1,A,A1,N0l 
Yl=Yl-l.8*H1 
GO TO 4 

11 1<JRIH:(A.12l 
12 FORMAT( 1 0 1 , ' REF13: L!H~EL EXTENDS REYOND MAP ROIJI\InARY. 1 l 

GO TO 4 
6 l1R IT E ( 6, 7 l 
7 f=ORMAT( 1 0 1 , 1 REF13: CONTROl_ 1_3=13 NOT E~ICOIJI\ITERED. 1 l 

GO TO 20 
8 0RITE(6,9l L1.L2.l3,!_4,A 
g FORMAT( 1 0 1 , 1 REF13: CONTROL 1_4=4 NOT ENCDIJNTtREn.•,;, 

* 1X, 1 LAST CARD READ WAS : 1 ,2I1,I2.I1,5X,lOA4l 
GO TrJ 4 

20 ·~ ETIJRi\1 
1:1\1 D 

<; I J ~ R 0 lJ T T !\1 E R 0 A 0 l 4 ( I_ 3 , I_ 4 , X 1 , Yl , X 2 , Y 2 , 1<1 ) 

RDt>.O --- A SIIRPROGRAM TO DRAW ROAD OR I_ANE SYI'1F\01_ 
(Xl.Yll f. (X2,Y2l ---STARTING f. ENDI\1\, POINTS OF THE ROAD 

( ITS CENTER-LINE. l 
W --- WIDTH OF THE ROAD 

RIID=3.1415926/1RO.O 
[F(W.Eo.O.Ol W=0.25 
DX=X 1-X? 
IJY=Yl-Y::> 
IF(DX.EO.O,Ol GO TO 20 
[F(DY.EO.O.Ol GO TO 30 



IF(OY.~O.O.Ol GO TO 30 
GO TO 40 

zo 'IN=qo.o 
X3li=Xl+0.5*W 
X3L=Xl-O. 5*l.-l 
C.t.LL PLnT ( X3ll, Yl. 3 l 
CALl_ PI_OT(X3li,Y2,2l 
CALL PLOT(X31_,Y2.3l 
~ALL PLOT(X31_,Yl,21 
CALL SYMBOI_(Xl+0.25*W,(Yl+Y21/2.-W.0.4*W, 1R01'.01,AN,41 
SO TO 100 

30 AN=O.I) 
Y3U=Yl+0.5*W 
Y3L=Yl-O. 5*l~ 
CALL PI_OT(Xl,Y3lJ,31 
CALL PLOT(X2,Y3U,21 
CALL PI_OT(X2.Y3L,31 
CALL PLOT(Xl,Y31_,21 
CALL SYMFIOI_ ( ( x l+X2 1 12 .-t·l, Yl-O. 25*1·1, o .4*'·1, 1 ROAn 1 , AN, 41 
GO TO lflO 

40 AN=ATAN (OY/OXI/RAD 
IF(Xl.GT.XZI GO TO 50 
so ro 70 

50 IF(Yl.GT.Y21 GO TD 60 
X=(Xl+X21/2.0-W 

.DOX=X-X2 
ODY=TAN(AI\I*RADI*I)I)X 
DDY=AF\S(flOYI 
Y=Y2-0.I'5*W-OOY 
GO Tn go 

hO X=(Xl+X21/2.0-W 
DDX=X-X2 
ODY=TAN(AN*RADI*OOX 
OI)Y=AI'\S ( DDY I 
Y=Y2-0.25*W+DOY 
GO TO go 

70 IF(Yl.GT.YZI GO TO 80 
X=(Xl+XZI/2.0-W 
ODX=X-Xl 
DDY=TAN(AN*RAOI*ODX 
ODY=AI'\S(DDYI 
Y=Yl-0.25*W+DDY 
so TrJ go 

80 X=(Xl+XZI/2.0-W 
DDX=X-Xl 
DDY=TAN(AN*RADI*flOX 
OflY=AI'\S(DOYI 
Y= Yl-0. ;;> 5*W-DD Y 

go Y3l=Yl-0.5*W 
Y3U=Y l +0. 5*~1 
Y4L=Y2-0.5*W 
Y4li=Y2+0.5*W 
CALL DI_OT(Xl,Y3lJ,3) 
CALL PLOT(X2,Y4ll,21 
CALL PLOT(X2,Y4L,31 
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CALL PLOT(X1,Y3L.21 
CALL SY!V\ROI_I X,Y,0.4*t.J, 1 ROAD 1 ,At\1,41 

100 RF'TlJRN 
F' t\1 f) 

SlJ~ROI.ITINE Sf!V\15 (1_3,L4,XS,YS,XE,YE,AROI_,AROSI 

c ------------------------------------------------------------------
c SlJ~PROGRAfvl STREAM IS IJSE[) TO f)RAW A <;ERIES OF ARRQ\.1 Hl SHO\.J 
C fHE DIRECTION OF A STREAM OR CHANNEL. 
c 
C XS,YS -- X-Y C00Rf)INATE OF THE POINT AT nOWNSTREAM ENn 
C XE,YE -- X-Y COORDINATE OF THE POINT AT IJPSTREAM END 
C \ROL -- LENGTH OF THE ARROW, 
C AROS -- SPACE REfWEEN THE ARROWS. 

c ------------------------------------------------------------------
DIMENSIOf\1 RX111001 ,RY111001 ,RX211001 ,RY211001 
!F(AROL.EO.O.OI AROL=0.30 
IFIAROS.EQ.O.OI AROS=0.150 
no 1.0 !=1.100 
R X 1 I I I =0. 0 
qYl(II=O.O 
RXZI I I =0.0 

10 qYZI!I=I).O 
AL =SQRT((XS-XEI**Z +(YS-YEI**ZI 
~OARO = AL/IAROI_+AROSI 
IFINOARO.GT.1001 NOAR0=100 
f)X=XE-X<; 
DY=YE-Y<; 
Ullll=XS 
RY1 I l I =Y.S 
qX2(NOAROl=XE 
RY2(t\IOAROI=YI" 
!F(nX.EO.O.O.ANf),f)Y.EO,O.OI GO TO ROO 
IF(nX.EO.O.OI GO TO 100 
!F(f)Y.EO.O.OI GO ro 200 
GO To 300 

100 ·\i\IGLE=90. 0 
IFIYS.GT,YEI GO TO 150 
f)O llO l=2,NOARO 
RX11II=RX11I-11 
·q Y l ( I ) = R Y 1 ( I - l l + ( A R 0 I_+ A R 0 S ) 
RX21I-11=RX11I-1l 

1 1 0 ~ Y 2 I I -l l = R Y 1 I I - 1 l +A R 0 I_ 

GO TO 700 
150 nn 160 l=Z,NOARO 

RX11 Il=RXlii-11 
'~ Y l I I l = R Y l ( I -1 l - ( A RO I_+ A R 0 S l 
RX21I-1l=RX11I-1l 



1 A 0 U 2 ( I - 1 l = R Yl ( T - 1 l -A R 0 1_ 

Gil Til 700 
~00 '\~IGLE=O.O 

IFIXS.GT.XEl GO Tfl 250 
00 210 I=2,NOARO 
RXl (I l =RXl ( I-1 )+( AROL+AROS l 
~Yl( I l=R.Yl( I-ll 
RX2( I-1 l =RXl ( I-1) +AROL 

210 H21I-ll=RYl(l-ll 
GO TO 700 

2~0 Oil 2AO I=Z,NilARO 
RXl {I l =RXl ( I-1 )-( AROL+AROS) 
'Hl( Il=RYl( I-ll 
RX2{ I-ll=RXl( I-11-AROL 

260 '<Y2 {I-ll =RYl I I-1 l 
Gn TO 700 

300 ~NGLE=ATAN2{DY,DX) 

FA=Ai1S { { .AROL+AROS) *COS (ANGLE)) 
~'=B=ABS ( { AROI_+AROS l *S I~l { ANGI_E l l 
FAA=ARSIAROL*CnS{ANGLEll 
i=Bfl=ARSIAROL*SINIANGLEll 
IFIXE.GT.XSl GO TO 500 
!F{YE.GT.YSl GO TO 400 
00 350 l=Z,NOARO 
Uliil=RXl{I-ll-FA 
RYl (I l =RYl { I-1 l-FR 
~X 2 { I -l l = R X 1 { I -1 l -FA A 

3 50 R Y 2 I I - 1 l = R Y 1 { I -1 l - F B R 
GO TO 700 

400 DO 4~0 I=2,NOARO 
Ul{ Il='l.Xl{ I-ll-FA 
R Yl { I l =R Yl { I -1 l +FR 
\X 2 { I -l l = R X 1 { I -1 l -FA A 

450 RY2{I-1l=RYl{f-ll+FBB 
GO TO 700 

500 IFIYE.GT.YSl GO TO 600 
DO 550 !=2,NOARD 
RXl (I l =RXl { l-1 )+FA 
'l. Y l { I l = R Y 1 ( I -1 l- FR 
RX2{ I-ll=RXl{ I-1l+FAA 

550 <Y2{I-ll=RY11I-ll-FRR 
GO TO 700 

600 On A~O I=Z,NOARO 
RXl {I l =RXl ( I-1 l+FA 
'{ Yl {I l =RYl{ I-ll +FR 
RX2{ I-1 l =RXl {I-ll +FAA 

650 <YZII-ll=RYl{l-ll+FRR 
700 Oil 750 J=l,NOARO 
7 ~ 0 CALl A R OH ll { R X 2 LJ l , R Y 2 ( J l , R X 1 { J l , R Yl (.J l , 0. 1 2 , 0. 0 R .1 A ) 

GO TO 850 
ROO ~RITE16,ROll XS,YS,XE,YE 

155 

ROl FnRMAT(lX,•STNGLE POINT X,Y ---NO STREAM LINE CAN REPLOTTED',/) 
R'50 RF:TIIRN 

END 
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S U'i R Dl IT I 1\1 E TAR 16 ( C H H , C HC ,1) S C A I_ E , D H , X 0 , YO , I_ A R, I_ A R A I_ , I f)A , 

'~ L I 1\lf:, XI_ tl\1, SlJMLEI\J. CEM. Y2 l 
c ------------------------------------------------------------------c TAqLf: : TARLE OF LENGTHS OF LATERALS OF THE ENTIRE SYSTEM 
c ------------------------------------------------------------------

0 I MENS I ON XL E 1\1 ( 10 • 'i 0 l , I_ IN E ( 10 l 
INTtGtR*2 I_AR,lARAL!l'il 
MAXL=!DH-l.0-5*CHH)/(l.'i*CHCl 
Xl=X0+0.'i 
Yl=Y0+0.5 
IF(Y2.EO.O.Ol Y2=Yl+MAXL*l.'i*CHC+5*CHH 
Jl=O 
nn go J=l. IOA 
I_N=LINE!Jl 

go .n =.J 1 +1_1\1 
NCOL=1 
IF!J1.GT.MAXL.AND.Jl.LT.Z*MAXll NCOL=2 
IF!.J1.GT.2*MAXL.AND.Jl.LT.3*MAXLl NCOI_=3 
CALL PI_OT(Xl,Y2,3l 
CALL PLOT!X1+NCDL*lR*CHH,Y2,2l 
CALL PLOT(Xl.Y2-2*CHH,3) 
CALL PLOT!X1+NCOL*lR*CHH,Y2-2*CHH,2) 
Tl=X1+CHH 
T2=Y2-1.5*CHH 
On 100 I=l.NCOL 
TA=Tl+(I-ll*lR*CHH 
CALL SYMROI_(TA,TZ,CHH, 1 LAT.NO I_ENGTH 1 ,0.0.14l 
CALL SYMROI_!TA+15,~CHH,T2,CHH*O.R0, 1 FT 1 ,Q.0,2l 

100 COI\JT I 1\JUE 
X3=Xl+CHH 
Y3=Y2-2*CHH 
K=fl 
SUMLEN=O.O 
DO l 40 '<1 = 1 , I D A 
I_N=LINE!Kl l 
LAR=LARAI_ ( K 1 l 
nn 120 ~Z=l.LN 
SUMLEN=SUM!_EN+XLtN!Kl,K2l 
Y3=Y3-1.'i*CHC 
K=K+l 
~=-K2 
I= L 1\1- ( K 2-1 l 
CALL SYMR0L(X3,Y3.CHC,LAR,Q.0,2l 
X4=X3+ 3*CHC 
C A I_ I_ N U M R t R ( X 4 , Y 3 , C H C , A , () • 0 , - 1 l 
X5=X3+7*CHH 
fX=XLEN!Kl.K?l*DSCALE/CEM 
IF(TX.LT.10.0l X'i=X'i+3.0*CHH+3.0*CHC 



IFITX.GE.lO.O.AND.TX.LT.lOO.Ol X5=X5+3.0*CHH+~.O*CHC 

IFITX.GE.lOO.O.A~D.TX.LT.lOOO.Ol X5=X5+3.0*CHH+CHC 
IFITX.GE.lOOO.Ol X5=X5+3.0*CHH 
CALL NUMRER!X5,Y3.CHC,TX,Q.O,ll 
IF(~.LT.MAXll GO TO 120 
IFII.ECl.l.ANO.Kl.EO.IDAl GO TO 150 
O=X3+lR*CHH 
Y3=Y2-2'~CHH 

~=0 
120 CONTINUE 

Y3=Y3-1.5*CHC 
140 CONTINUE 
150 'i(A=Xl 

CALL PLOT(X6,Y3,3l 
CALL PI_OT(X6,Y2.~l 

DO 160 I=l,NCOL 
CALL Pl0T(X6+7.5*CHH,Y2,3l 
CAll PLOT!X6+7.5*CHH,Y3,2l 
CALL Pl0T(X6+1B*CHH,Y3,3l 
CALL PLOT(X6+lA*CHH,Y2,2l 
'1(6=XA+lR*CHH 

lAO CONTI 1\llJE 
CAll Pl0T(X1,Y3,3l 
CALL Pl0T(Xl,Y3-2*CHH,2l 
CALL PLOT(Xl+NCOl*lB*CHH,Y3-2*CHH,~l 
CALL PLDTIX1+NCOL*lB*CHH,Y3,2l 
CAll PLOT(X1,Y3,2l 
CALL SYMFIOUX1,Y3-1.5*CHH,CHH, 1 TOTAI_ 1 ,Q.0,6l 
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C A ll 1\l U 1\1 R E R ( X 1 + 8 • 5 * C H H , Y 3- 1 • 5 * C H H , C H H , S tJ M I_ EN* 0 S C A '- E I C EM , 0 • 0 , l l 
CALL SYMROL(X1+16*CHH,Y3-1.5*CHH,CHH*O.R5, 1 FT•,o.0,21 
qETlJRN 
EN f) 

SIJ~ROlJTINE TRI_K17(Ll,L2.L3.L4,DitJ,DH,TitJ,X2) 
c ------------------------------------------------------------------
( TTLRL~ : DRAWING TITLE-RLOC~ 

C XZ THE STARTING POSITION OF THE TITLE-RLOC~ 
C OW WIDTH OF THE PAPER 
C fi,J I.JIDTH OF THE TITLE-RLOCK ( MII\JU~UI-1 4 11 • 5 11 FOR 11" PAPER, 
C 7 11 FOR 30 11 PAPER IS THE REST I. 
C T THE TITLE OF THE JOFI ( 3 LINES I 
C SCALE -- THE SCALE USED FOR THE JOR 
C f)WG -- THE DRAWING NlJM~ER OR REFEREI\ICE NlJ"1RER OF THE JOR 
c ------------------------------------------------------------------

1 JI MENS I m1 T ( g I , S C A l E ( 3 ) , f) W G I 3 I 
t= = TW/7.0 
IF(ll.E0.5) GO TO 5 

C NORMALLY HEAVY LINES. 



c 

CALL 8ASH!X2+F*2.7,F*3.R,X2+F*2.7,F*3,l,O.Ol 
CALL 8ASH!X2+F*l.5,F*3.l,X2+F*l.5,F*3.R,O.Ol 
CALL OASH!X2.F*3.5,0W,F*3.5,0.01 
CALL 8ASH(8W,F*3.l,X2,F*3.l,O.Ol 
CALL 0ASH!X2,F*2.4,0W,F*2.4,0.0) 
CALL OASH(8W,F*2.0,X2,F*Z.O,O.Ol 
CALL DASH!XZ,F*l.O,DW,F*l.O,O.Ol 
CALL PLOT!X2,0.01,31 
CALL PLOT!X2,F*3,A,21 
CALL PLOT!OW,F*3.A,21 
CALL PLOT!OW,O.Ol,21 
CALL PLOT!X2,0.0l,21 
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C NO~MALLY FINE LINES AND CHARACTEq STRINGS. 
CALL DASH!X2+F*2.3,F*l.OO,X2+F*2.3,0,0 ,Q.OJ 
CALL DASH!X2+F*3.?,0.0 ,X?+F*3.2,F*l.OO,O.Ol 
CALL DASH!X2+F*4.2,F*l.OO,X2+F*4.2,0.0 ,O.OJ 
CALL DASH!X2+F*5.2,0.0 ,X2+F*5.2,F*l.OO,O.OJ 
CALL DASH!X2+F*5.2,F*0.75,X2+F*2.3,F*0.75,Q.OJ 
CALL DASH!X2+F*2.3,F*0.50,X2+F*5.2,F*0.50,0.0l 
CALL DASH!X2+F*5.2,F*0.25,X2+F*2.3.F*0•25,0.0l 
CALL SYMROL!X2+F*3.3,F*O.R25,F*O.l,•DATE•,o.n,41 
CALL SYMBOL!X2+F*4.3,F*O.R25,F*O.l,'PERSON 1 , O.O,Al 
CALL SYMROL!X2+F*2.4,F*0.575,F*O.l, 1 0RAWN•, 0.0,51 
CALL SYMBOL!X2+F*2.4,F*0.325,F*O.l, 1 CHECKE0 1 ,0.0,71 
CALL SYMROL!X2+F*2.4,F*0.075,F*O.l, 1 REVISE0 1 ,0.0,71 

C NORNlALLY MEDitJM CHARACTER STRINGS. 
CALL SYMROL!X2+F*O.l5,F*3.225,F*O.l5, 1 REVISION 1 ,0.0,Rl 
CALL SYMBOL!X2+F*l.65,F*3.225,F*O.l5. 1 DATE•,o.o,41 
CALL SYMROL!X2+F*2.85,F*3.225,F*O.l5, 1 DESCRIPTIDN 1 ,Q.O,lll 
CALL SYMBOL!X2+F*0.76,F*2.825,F*O.l5, 1 AGRIClJLTURAL ENGINEERII\IG 0 

lEPARTMENT 1 ,0.0,371 
CALL SYM801_(X2+F*2.18,F*2.525,F*O.l5, 1 MCGILL tJNTVERSITY 1 ,0.0,l8l 
CALL SYMROL!X2+F*0.53,F*2.125,F*O.l5. 1 ROX 950, MACDONALD COLLEGE, 

lOUE. H9X 1C0',0.0,40J 
C NQqMALLY HEAVY VARIABLE CHARACTER STRINGS. 

CALL SYMROI_!X2+F*O.l5,F*0.775,F*O.l5, 1 SCALE 1 ,o.o,51 
CALL SYMRO•_!X2+F*5.35,F*0.775,F*O.l5, 1 0WG. NO.•,Q.O,Al 
GO TO 30 

5 on R I=l.3 
READ!5.71 Ll.L2.L3,L4,T 

7 ~'=O~MAT!2Il,I2,11.5X,8A4,All 

CALL SYMBOL!X2+F*0.24,F*!2.0-I*0.3l.F*0·20,T ,Q.0,33J 
8 CONTINUE 

REA0!5,9J Ll.L2,L3,L4,SCALE,OWG 
9 FO~MAT!2Il,IZ,I1,5X,2A4,A2,2A4,A21 

CALL SYMROL!X2+F*O.l5,F*0.2,F*0.20,SCALE,0.0,101 
CALL SYMROL!X2+F*5.35,F*0.2,F*O.lA,OWG,O.O,lOI 

30 RFTURN 
ENO 
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SIJRROIJTTI\JE TRF.E1Fl(L3.L4.X,Y,H) 

c ------------------------------------------------------------------
c TREE : TO DRAW THE SYMROL OF THE TREE OR RUSH. 
C X.Y --- THE POSITION OF THE TREE ( X-Y COORDINATE ) 
C H ---THE HEIGHT OF THE TREt: (0.3 11 IS RECOMMENDED) 

c ------------------------------------------------------------------
1) I f'-1 ENS IOf\1 X l( A ) • Y1 ( 6 ) • X 2 ( 6 ) • Y 2 ( 6 ) 
IF(H.t:O.O.O) H=0.20 
Af\1=0.0 
'3N=30.0 
RAD=3.1415926/180.0 
on 20 I=1.6 
A=Af\I*R.AD 
B=RN*RAD 
X1(Il=X+H*COS(A) 
Yl( Il=Y+H*SIN(Al 
X2(Il=X+0.7*H*C0S(Rl 
Y2(Il=Y+0.7*H*SIN(R) 
AN=AN+60 
BN=RN+f>O 

20 CONTINUE 
CALL CIRCLE(X,Y,0.03) 
CALL FIT(X2(6J,Y2(6J,Xl(1l.Yl(1l.X2(1l .Y2(1l 
DO 30 J=1,5 
CALL F IT ( X 2 ( J l , Y 2 ( J l • X 1 ( J + 1 ) • Y1 ( J + 1 ) • X 2 ( J + 1 l , Y 2 ( ,J + 1 ) 

30 CONTINUE 
Rf'T!JRN 
t:NIJ 

S!JRROIJTII\JE XTOY19(L3.L4.Xl.Yl.X2.Y2l 

c ------------------------------------------------------------------c XT0Yl9 --- SIJRROIJfiNE TO JOIN TWO PfJif\JTS. 
C (Xl.Yll. (X2.Y2l ----POINTS TO BE JOINED 
C L3 --- CONTROL NO. L3=19 IN THIS CASE. 
C 1_4 --- PLOTTING COMMAND L4=4 IF PLOT ING REOlJ I RED. 

c ------------------------------------------------------------------
IF(L3.NE.19) GO TU 10 
IF(L4.NE.4) GO TO 15 
CALL PLOT(X1.Y1,3) 
CALL PLOT(X2.Y2,2l 
c;o TO 20 

10 WRITE(6.11l 
11 >=nRMA.T< •o•. • xrnn9 L3=19 NOT ENCOUNTERED' J 

c;n Tn 20 
15 !>JRITE(f:>.1Al 



c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

lA FORMAT( '0', ' XTOY19 
20 ~F:TlJRf\1 

L4=4 NOT F:NCOlJNTERF:O• l 

20 
25 
30 

EI\ID 

S lJ') R 0\JT I 1\1 E BM 20 ( L 3 , I_ 4, X , Y, E I_ E l 

SU~PROGRAM BM20 DRAWS THE SYMBOL FOR A RENCH MARK 
X,Y --- THE EXACT LOCATION OF THE BENCH MARK. 

!F(L3.NE.20l GO TO 20 
IF(L4.NE.4l GO TO 20 
CALL SYMBOL(X,Y.O.lB,l.O.O.-ll 
CALL SYMB0L(X,Y,O.l8,3,0.0,-l) 
CALL NlJMBER(X+0.43,Y-0.09,0.18,ELE.O.O,-l) 
GO TO 30 
WRITE ( 6. 2 5 l 
I=OR.MAT ( lX. I L3=20 OR L4=4 t\JOT ENCOUNTERED I' I) 

R ETlJR. ~J 
Ef\10 

SU~ROIJTII\lf: WRIT2l(L3,L4,X.Y,H) 

WRITE IS PREPARED TO LABEL A CHARACTER STRING 
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X,Y --- COORDINATE OF THE LOWER LEFT HAND CORNER OF THE FIRST 

10 

20 
25 
30 

LETTER OF THE CHARACTER STRING. 
H HEIGHT OF THE LETTER. 
L3 CONTROL NO. L3=21 IN THIS CASE. 
L4 PLOTTING COMMAND. L4=4 IF PLOTTING NEEDED. 

DIMENSION A(l3l 
!F(L3.NF.2ll GO TO 20 
TF(L4.NE.4l GO TO 30 
IF(H.EQ.O.Ol H=0.22 
~EA0(5,lO,END=30l Ll,L2,L3,L4,A,Al.N 
FORMAT(2Il,I2,Il.5X,l3A4,3X,F5.l,I2l 
!F(I\I,EQ.Ol N=50 
CALL SYMBOL(X,Y,H,A,Al,Nl 
SO TO 30 
\•lR IT E ( 6. 2 5 l 
I=OR.MAT( I 1_3=21 1\IUT ENCOUNTERED',/) 
RETURN 
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SIJFlROIITINE OlJT22 (L3,L4,X,Y,XNOl 

c ------------------------------------------------------------------
( SUFlPROGRAM IS PR~PARED FOR PI_OTTING THE SYMROI_ OF THE OIJTLET. 
C X,Y --- POSITION OF THE OlJTI_ET. 
C XNO -- NlJMRER OF THE OIJTLET. EX. 1.2 OR 3 
c ------------------------------------------------------------------

IF(L3.NE.22l GO TO 10 
CALL RE~TCX-0.2,Y-O.l,0.2,0.4,0.0,3l 
CALL NUMRER(X,Y-0.05,0.1,XNO,O.O,-l} 
GO TO 30 

10 WRITEC6.20l 
20 ~ORMAT( lX, 1 L3=22 NOT ENCOUNTERED.• ,/l 
30 Rf"TURN 

::'ND 



APPENDIX D 

JOB CONTROL LANGUAGE STATEMENTS SETUP AND INPUT FORMATS 
FOR COMPUTER PROGRAMS DSDP AND DSLP 
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.JCL St: TIJP FOR PR!li,RAM OSf)P 

A. FOR A SO!IRCE PROI,RilM. 

T H F. C 0 M PI_ E T E S E T 0 F .J C I_ S T A rF:: MEN T S F 0 R R I J NN I N r, P R 0 I, R !l M f) S 0 P 
USINI, THE FORTRAN IV ( G-I_EVEL): 

1 1 1) s IJP c A R D . 1 n R r A E 3 3 • on o • o 1 o , o 1 o o • no o o • 2 2 • 1 1 • 1 f1 R A I N , r, t: 1 , M s r; 1_ E v r= 1_ = 1 
1/*P~SSWORO=XXXXX 

II F'XEC FORTI,CI_G 
//FORT.SVSIN Of) * 

FORTRAN SOtJRCE f)f::CK 
OSOP PROI,RAM IN THIS CASE 

I* 
IIGO.SYSIN f)f) * 

OI'ITA CAROS 

II 

B. FOR A UJAO MOOtJI_F'. 

T HI: S 1'1 ME P R OG R AM , f) Sf) P , I F I r I S S T 0 R F. n A S A I_ 0 A f) M 0 0 I J I_ E I 1\J 
THF PI'I~TITIONF'f) f)ATA Si==T 11 AE33.MAP 11 CAN RE EXECIJTEO RY ST1"1lt_AR 
JCL SF=TliP. HERE THE 1\IAME 01\1 THE .lOR STATE1"1ENT Hi\S REtl\1 CHANI,Ef) rn 
"0Sf)PIJJAf) 11 HJ IN[) !CA TF;: THAT A !_flAil MOf)tJI_E, RATHER THAI\! A SOIJRCE 
PROGR'\M, IS BEING EXECIITEO. 

1 1 f) s tw '- n i\ n .1 n R r A E 31 • o oo. o 1 o • o 1 oo • oooo • n . 1 1 • 1 DR A r 1\1 A r; E 1 , M s r, 1_ EvE'-= 1 
II*PI'ISSWORO=XXXXX 
II E:XF=C PGM=f)SOP 
IISTEPLIR Of) f1SN=AE33.MAP,O!SP=OI_f) 
IIFTO.,FOI)l 00 SYSOIJT=A 
IIFTO~FOI)l On * 

f)ATA CAROS 

II 
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A. f:OR A SOliRCE PROGRAM, 

fHI': COMPI_ETE SET OF JCI_ STATEMENTS FOR RlJf\11\1!1\11, THE PROGRAM llSI_P 
liS ING THE FORTRAf\1 TV ( G-I_>:VE!_ ) : 

IIOSI_PCARil .lOR (AE33,000,0lO.Ol00,0000,22,l), 1 1lRA!NAGE 1 ,MSGI_EI/EI_=l 
II*PASSWORO::XXXXX 
I I EXEC SETlJP 
IISETIJP.SYSTN 00 * 
TR=PIJJTTP(RT,SI_,30 11 PI_AIN PAPER. PENS: 0.2t~M AT #003 START) 
( COf\lTINIJATTOf\1., 0.4MM AT #004, ANO O,RMrvt AT 1>005. TI-1ANKS) 
II EX~C FORTG(!_G 
IIFORT.SYSTN Oil * 

FORTRAN PlOT PROGRAM 
OS!_P PROGRAM TN THIS CASE 

I IGtl, PI_OTTAPE nn IJN I T::T APER, VOL=SER=PLO TTP ,I_AREI_ ( l• SL) .0 I SP=N>:W 
IIGO.SYS!f\1 DO 

f1ATA CARDS 

II 

B. FOR A LOAO MOOIJLE. 

IF llSI_P IS STDREI) AS I_OAO MOOlJLE IN THE PARTIT!ONEO 11ATA SET 
"AE33.MAP 11 THE FOI_I_fJE!NG JCI_ STATEMENTS SHOIJI_O RE IISEO: 

1 1 n s L o Ul A n .J oR ( A E 3 3 • o o o • o 1 o • o 1 o o • o o o o • 2 2 • 1 1 • 1 n R A r f\J A G r=: 1 , M s r; 1_ EvE 1_ = 1 
II*PASSWORI)::XXXXX 
TR=PI_flTTP(Rl.S1_,30" Pl_ATN PAPER. PEI\JS: O,?MM AT #003 START) 
( Cr)f\ITTf\IUATIOf\1., 0.4MM AT 1>004, AW) O.ilMM H #005. THAf\IKSl 
I ISETIJD EXEC PGM=I)SI_P 
IISTEDLJR flO lliSP=SHR,OSN=AE33,MAP 
IIFTOSFOOl flf) * 

OAT!\ CARilS 

I I F T n ,C., F 0 0 l D 0 S Y S 011 T :: A , 
II IJCI'I=(RE(FM=FA.Rl_KSIZE=l33,RIJFf\JO::l) 
I I P l 0 fT A P F 0 0 lJ f\1 l T = T t\ P E A , V 0 l = S E R = P l 0 TT P , ll l S P = N E 1>/ , 0 C R = R 1_ '< S l 7 F ::A 3 0 0 
I'' 
II 



165 

!1\IP\Jf FORlv\ll TS FOR IJSOP 

------------------------------------------------------------------------
THF: Ffllt_nt~II\IG INPIJT FORMATS SPECICliT!flNS lv\IJST RE liSEn FOR 

PREP!19TI\IG THE f)liTfl (liRilS TO RLJI\1 IJSIJP PROGRAM. 

----- FII"LIJ ROlii\IIJliRY lli\11) OPTION CARD. 
----- FIF:LO t=\0\JI\IIJliRY PIJINf (OORDII\IATES CliRrl 
----- DF:SIGN PARliMFTF:RS CARIJ. 
----- DESIGN-liREA CORNF:RS CARIJ. 
----- COORDINliTES OF DESIGN-AREA CORNF:RS CliRO. 
----- l\10. OF 0\ITI_f=T A~ID SPECIAl_ .J;Jl~Jf. 
----- COLLF:CT POII\IT l\!\IIJ COORDTf\lliTES. 
----- SPtCIAt_ .JOit\IT POINT COORDINATES. 

1\IOTE: 
REPF:IIT STEPS 3 TO 7 INCUJSIVE IF THERE IS ANY OTHF:R rlESIGI\1-
'\ ~~ E !\ T fl o, E n E S I G f\1 E f) I f\J A S I N G I_ F: R II N • 

I. >=[ELIJ ROIJf\IOARY 1\Nn OPTION CliRI), 

l. NR: NO. OF ROIII\IIJliRY (!2l ----------------------------(01_, 1-?.. 
2. !COPY: TF ICOPY=l. Al_l_ RAI,.J D!'ITI\ ANO COMP\JTEIJ R!=Stii_TS 

WILL RF WRITTEN ONTO OISK OR TliPE liS 
SPFCIFIEIJ FOR IWT ( I2l -----------------------COL.3-4. 

3. TIH: IJNIT NfJ, flF STORliGE DEVICE <DISK OR TliPEl (l?.l--COI_.5-I). 

II. fifliJNI)liRY POII\If COORIJII\IliTES CliRIJ. 
Rfl\Jf\IIJliRY POif\IT X.Y COORIJINllff:S (liS lv\lii\JY liS NR lONE 
DfJTNT PFR CliRI) (?.Fl0.2l ----------------------------- (OL.l-20. 

IT!. DESIGN PliRAMffERS CliRf). 

l. SP: IJRliTN SPliCING <Fl0.2) --------------------------- COL.\-10 
2. 13ETtl: Af\IGI_E RETWF:EI\1 LliTERlll_ AI\Jf) COI_I_F:(fOR (Fln.:;>J --- COL.ll-20. 
3. i)SCAU': SCAI_f \JSI"D IN DES!Gf\J (FlO.?.) ---------------- UJL.?l-30. 

I II, tiES IGN-AR Ell CflRNER CliRIJ. 

~C: NO, OF CORNER FOR THE DESIGI\J-liRFll (f?) ---------- COL.l-2. 
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V. COORD!NAT~S OF O~SJGN-AREA CORNERS. 

CX,CY: COORDINATES OF O~SIGN-AREA CORNERS (AS MANY 
AS NC SP~CIFTFO ), ONE POINT PER CARO.(;;>Fl_O.;:>) ------ COL.l-;;>0. 

VI. •\Ill. OF Cfli_I_ECTOR POINT Af\10 SPF:CIAI_ ,JOJf\IT. 

l. ~HJlJT: NO. OF COI_I_~CTiJR POPH !l2l ------------------- COL.l-2. 
2. ,Jrlif\IT: NO. OF SP~CIAI_ ,JOINT POINT(!;;>)-------------- C01_.4-5. 

\/II. COLL~CTOR POPH CflfJRO!NATF:S. 

OX,OY : COOROINATF:S OF COLLECTOR POINTS ( AS MANY 
AS NfllJT SPECIFIED ), ONe POPH PeR CARD (.;;>FlO.;:>)---- COL.l-.;;>0. 

\/TIT. SP~CTAI_ ,JOif\IT C!lflRilTNATES. 

P.JX,P.IY: CflllRDll\ltHES OF SPECIAl_ ,JO!i'HS {AS 1"141\IY 
'\S .JOINT SPEC:TFI~II). Of\JE POINT PF:R (ARD !?FlO.?)---- C:OL.l-.;;>0. 
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,-----------------------------------------------------------------------
1 INPII r FORMA fS FOR IJSLP 
I 

FOLL[lt.JING IJAfA CAROS MIJSf R~ SlJPPLIEO FORTH~ IJSI_P 
PRriGR'\''1 Hl RlJI\1, 

----- OPTIONS SPECIFICATIONS CARD. 
----- PLOTTING PARAMETERS CARll. 
----- ROIII\II!ARY Af'.Jn IJESIGN-AREA. 
----- ROIJNDARY POJI\IT CflORIJII\JAf~S. 

----- liPP~R Al\lf) J_f)I.,JER I_!M!TS FOR ROlJI\Jf)ARY POINTS. 
----- IJES!GN PARAMETERS. 
----- COLLECHJR Pfl!Nf COORDII\JATES. 
----- START ANIJ ENn POINT ANIJ LENGTH OF lAfERAl. 
----- SPF:CJAI_ ,JOINT PflTNT COORIJ!I,JATES. 
----- SHORTEST l_ATERAL ANf) SlJRTOTAI_ t_ATERAI_-t_EI\Ii,fH. 
----- TOHI_ I_ENGfH OF I_AT~RALS FOR Al_l_ llEST(;I\1-AR~AS. 

----- AIJIJITTONAl IJATA FOR SPECIAl SYMROlS PlOff!NG. 

NOTE: 
I~ THE F!ElfJ HAS MORE THAN ONE llESIGN-AREA, STEPS 

1., HJ 11 [1\ICI_lJS!VE WILl_ RE REPEATEIJ FOR Al_l_ Oi==SIGN-
'\qFAS. GENERAllY, llAfA FROM STEPS ~ TO 11 ARE 
Gi==NERATEfJ AND STORED ON ll!SK OR fliP~ RY PROGRAM 
11 IJSfJP 11 • THF PROGRAM OSLP SIMPI_Y RFAfJS THE STOREIJ 
111\T<\ i=RfJM THE STORAGE f)f:VJCF: F\Y IJSII\JG fHE SAME 
,::nRMA TS THAT liSEn RY OSIJP OIIR lNG THE STORING 
ORflCF:SSES. f)AfA f'\J STEPS 1.;1, Ai\10 12 ARF: PIJI\I(Hf'n 
ON CARIJS. 

I. OPTIONS SPECIFICATIONS CARD. 

1. IRIJ: IJNIT 1\10. FflR REAOI:R (121 ----------------------- COI_.1-2. 
2. IWRT: lJI\JIT Nfl. FflR PRINTF'R OR SrnRliGE OF:VICE(T?I ---- COL.~-4. 
3. [GRill: IF IGRTO=l. A GRill Will REDRAWN ON THF: 

IJRATNAGE PlAN (J?I ---------------------------------- COI_.5-6. 
4. !FLO: II= IFl0=1. FlOW IJIRECfiONS FOR All lATERALS 

'IRE DRAWN (!21 -------------------------------------- (OL.7-A. 
5. NGRTIJX: NO. ill= GR!IJ AI_OI\IF: X-I)JRECTIO~l (131 ---------- COL.Q-11. 
6. 1\JGRTIJY: NO. OF GRill ALONE Y-niRECTION ( 131 ---------- COL.l2-14. 

II. PLflTTING PARAMEfF:RS CARIJ. 

1. DSCALE: IJRAW!NG SCAlE (F10.41 ----------------------- COl.l-10. 
2. CHH: HEIGHT IJF CHARACTER (Hf:AOII\JGI rF10.41 ---------- COL.ll-20. 
3. CHC: HEIGHT OF CHARACTF.:R (CfJI\ITEI\Jf) (Fl0.41 ---------- COL.21-~0. 
4. OW: I) R Al"f I 1\IG I,IJ I) fH ( F 10.4 I --------------------------- ( 01_, 3 l-40. 
5. IJH: IJRAWJNG HEIGHf rF10.41 -------------------------- COL.4l-50. 
6. WP: I,JIDTH OF PAPER REOliiREIJ (Fl0.41 ----------------- COL.51-60. 
7 • C E :\1 : C 11 f\1 V E R S l rl t\1 F t. C r 0 R ( F R 0 1v1 It'1 P 1': R I t'. L I I ~I I T T'l 

1'1F'TRTC lJi\IITI (1=10.41 -------------------------------- (!ll_.6l-70. 
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l. t\!R: f\Jn, fJF R[11Jf\ID~RY fJF THF: FIF:LD (f?) --------------- COL.l-~. 
2. ID~: NO. OF THE DF:SIGN-ARF:A ( !?) -------------------- CfJL.~-4. 

>1 0 I J f\1 f) A R Y P 0 J f\1 T S X • Y C 0 fJ R D I N A T F: S ( A S M L\ f\1 Y fl. S f\1 R 
SPFCIF!FDJ. fJNE PnTNT PER CARD (2Fl0,?) ------------- COL.l-20. 

1. BXL: lARGEST RX (Fl0.21 ----------------------------- COL.l-10. 
2. ~Yl: l~RGEST RY (Fl0.21 ----------------------------- COL.ll-20. 
3. ~XS: SMALLEST RX (Fl0.21 ---------------------------- (01_.21-30. 
4. ~YS: SML\I_i_EST RY !F10.21 ---------------------------- COL.31-40. 

VI. DESIGN PARAMETERS. 

1. SPL\C: DRAIN SPACING (Fl0.31 ------------------------- COL.l-10. 
2. 8ANGlE: fl.f\IGU: RETWEEN I_ATERAI_ AND COI_I_ECTOR (Flfl.3) - COI_.ll-20. 
3. NONC: NO. OF CORNF:R OF THE DESIGN-AREA (!51 --------- COL.Zl-25. 
4. LINE: NfJ. OF I_ATF:RALS (!51 -------------------------- COL.ZA-30. 
5. 1\\fJI.JT: Nn. OF COU_ECTOR PfJ[f\\TS (!51 ------------------ COL."n-35. 
A. JfJif\IT: 1\JO. OF SPF:CTAI_ .JfJif\ITS (!51------------------- COL.3A-40. 

VII. CfJLLECTfJR POINT CfJORDINATES. 

C 0 I_ I_ E C T fJ R P 0 I 1\1 T S X , Y C 0 0 R D I N A T E S ( L'. S M L'. NY AS f\11111 T 
SPECIFIED), ONE CARD PER POINT (2Fl0.21 ------------- COL.l-20. 

VIII. START AND END PfJINT AND LENGTH OF LATERAL. 

1. (Xl,Yll. (x;/,Y2), (X3,Y31 POINTS X-Y CfJORD!f\IHES 
( AFlO.?J ------------------------------------------- COL.l-AO. 

2. XLF:N: LENGTH OF LL'.TERAL (Fl0.2J --------------------- COL.Al-70. 

TX. SPECIAl_ .JOINT POINT CfJORDif\\LifES. 

tJ .I X , P. J Y P 0 T N T X- Y C 0 fJ R D IN A T f: S ( A S M A f\1 Y ll S 
.Jfl!I\IT SPECIFIFD I (2Fl0.21 ------------------------- COL.l-20. 
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X. SHORTEST 1_1\TERI\1_ 1\1\10 SIJIHOfAI_ 1_1\TERI\1_-I_EI\IGTH. 

1. XLMTN: l_fi\I(;TH OF SHORTEST Ufi':RI\1_ (F]I).?) ----------- COI_.l-10. 
2. SECLEN: TOTAL li':NGTH OF lATERI\lS FnR ONE nES!GN-

~REA (F10.2) ---------------------------------------- CDL.ll-20. 

XI. TOTI\l ~ENGTH OF LATERALS FOR All DESTGN-AREI\S. 

S I J M I_ r=: 1\1 : T 0 H I_ I_ F 1\l G r H () F A I_ I_ I_ 1\ T E 'U L S F () R A l L 
fHE DESTGN-AREI\S !Fl0.?) ---------------------------- COL.l-10. 

XII. ADniTJONI\1_ nAT!\ FOR SPECIAL SYMROLS PLOTTING. 

SFE STATFMENf 1\!D. 300 ANn 310 l'\1 THF 11 MAIN" 
PRO\,RI\M OF DSI_P. 
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i~ * ~~ -)~ * -)~ * * ~~ * * * if i~ * ~~ * * i~ * * i~ i~ ~~ ~~ i~ i~ i~ i~ i~ if * i~ * * 1~ 1~ ;< 1~ * * J< 1~ * 1~ >< l< Jl- l< * * 
{~ it it {~ it it 
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c 

~f"Afl('5,20J X( TCJ .Y(ICJ .II:ND1 
!F(X(ICJ.GT,X'-'IAXJ XMAX=X(ICJ 
IF(Y( ICJ ,GT.YMAXJ YMAX=Y( ICJ 
[ F ( X ( I C ) • I_ T • X'"' I N ) X M I N = X ( I C ) 
I F ( Y ( I C ) • I_ T • Y '"~ I t\J ) Y M I ~~ = Y ( I C ) 
!F(TENDl.EQ,l) GU TO 30 
GO TO 10 

30 C01\ITINUE 

C NO. OF SEGMENTS OR TURNING-POINTS TO AI: DRAWN. 
C IF NTP=l --- MAIN LINE HAS A SINGLE SEGMENT ONLY. 
C !F .JOINT=1 ---NO UNE JOINS TO THE ~H.lt\1 U~JE. 
c 

CALL PLTSZE(XMAX+lO.O,DH+1.0J 
~I: AD ( '5 , 40 ) 1\J T P , JIll N T 

40 ,::Ot<.MIHPT1l 
C READ IN : COORDINATES OF SEG~ENTS AND THEIR SLOPI:S. 

1) n IS 0 I = 1 , ~IT P 

c 

READ('5,50) PX( I,l) ,PY(I,lJ,PX(!,2),PY(I,2J,S(IJ 
'50 FORMAT(4F10.2.F5.2) 

Fl=PX( I.2J-PX( I,1) 
,::z=PY( I,;;> J-PY( I .1) 
Si:Gl (I) =SClR T ( F1**2+F2**2) 
Fll=Fl/HS 
F22=F2/VS 
'\~I( I l =ATA"-12( Fn ,Fll) /RAD 

ISO CO"-ITINtJE 
!F(PX(NTP,2l .GT.XHAX) Xf.IAX=PX(t\JTP,2) 
IF(PX(l,1J.Lr.XMINJ XHIN=PX(l,ll 
IFLJOINT.EQ.l) GO TO 120 
DO 100 I=1,NTP 
i\!1=1 

C HD TS THE ARRAY OF HORIZONTAL DISTANCE. 
C XLA~ IS THE LAREL FOR THE JOINING SEGMENT. 

7 0 q E A D ( '5 , R 0 l H f) ( I , 1\l l ) , X I_ A R ( I , 1\J 1 l , I E N D 2 
80 FORMAT(Fl0.2,A4,'5X,I1) 

IF( TEt\JD;;>.ECl.l) Gil TO 90 
I\J1=1\Il+l 
GO Hl 70 

90 NSTR (I) =t\11 
!F(HD( I."-11) .E0.-999.0) 1\JSTR( IJ=O 

100 UJ~JT I NIJE 
120 IF(PY(l,ll.l_r.YMPJ) YMIN=DY(l,1l 

MINY=YI\IT"-1-1.0 
IF(YMTN.LE.1.0) MTNY=YMTN 
Y 1"1 I t\1 = M I NY 

C DETERMINE THI: NO, OF GRIDS FOR X-Y DIRECTIONS. 
c 

NX=(XMAX-XMINl/HS+1.5 
NY=(YMAX-YMINJ/VS+l.5 
IF(t\JX.LT.5) I\IX=5 
I F ( I\ I Y • L T • 4 ) NY= 4 
Xl=t\JX>~l .0 
YL :1\IY* l. 0 
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173 
C~LL GRID(XO,Yfl,l.O,l.O,NX,NYJ 
CALL AXS(XO, YO, 'HORIZONTAL DISTANCE. FT•, -~3.XL,O.o,o.0,1.0, 

'~ -1.0.0,1.01 

c 

CALL AXS(XO, YO, 1 ELEVATIOI\I, FT G.S.C. DATIJ,'1 1 , ~A.YL,91},0, 
* YMIN,VS,-1,0.0,1.01 

C OR~~~ TH~ FIELD EL~VATION ( t,. SMOOTH CIIRVE l. 
c 

f X= X 0+ ( X ( 1 l- XM IN l I H S 
TY=Y0+(Y(11-YMINJIVS 
C A I_ L C I R C 1_ E ( T X , T Y , 0 • 0 3 l 
C~LL SMOOT(TX,TY,O) 
on 130 I=~.rc 
T X= X D+ ( X ( I I -X M IN l I H S 
fY=YO+(Y( II-YtqiNIIVS 
CALL CIRCLE( rx,TY,0.031 
C~LL SMOOT(TX,TY,-2) 

130 CIJNT I 1\ltJE 
C~LL SMnOT(TX,TY,-241 

c 
C I_~RELI_I~IG THE Cl!RVE. 
c 

XRT=X( IC-11+(X( ICJ-X( IC-11 112.0 
YRT= Y ( I C-1 I+ ( Y ( I C I- Y ( I C-1 l I I 2. 0 
XRS=XRT+0.5*COS(AO.O*R~Dl 
YRS=YRT+0.5*SIN(AO.O*RADI 
XRT=XO+(XRT-XMINJIHS 
YRT=Yn+(YRT-YMINIIVS 
XRS=XO+(XRS-XMINIIHS 
YRS=YD+(YRS-YMINIIVS 
CALL ~ROHD(XRS,YRS,XRT,YRT,0.15,0,0R,lAI 
C~Ll SYMROI_(XRS-0.7Q,YRS+0.05,0.14. 1 FIELD ELEVATION',O.O,l5l 
I) fJ l 40 T = l , i\J T P 

140 
c 
c 

T X 1 =X 0+ ( P X ( I , l l-X M IN ) I H S 
f Y l = Y 0+ ( P Y ( I , l I - Y M I f\1 I IV S 
TX 2= X 0+ ( P X ( I , 2 I- X M IN l I HS 
f Y 2 =YO+ ( P Y ( I , 2 l- YM IN l I\/ S 
CALL DLOT(TXl,TY1,3) 
C~LL DLOT(TX~,TY?,Zl 

IF(I.GT.11 CAI_I_ CIRCLE(TXl,TYl,0.03l 
cmn I~>JIJE 
FLOW DIRECTION & SLOPE ASSOCIATED. 

STORE=PX(1,ll 
1)0 250 I=l,NTP 
IF((SEGUIIIHSJ.U:.0.901 GO TO 250 
II A= ( S EG 1_ ( I I I HS-0. 70-7*0. 10 l I 2. 0 
XA=XO+PX (I ,1 l IHS+DA*COS (AN (I l *R AD) 
Y A t,. = D Y ( I , 1 I +f) A* S l ~1 ( AN ( I l * R A f) ) 

Y~=YO+(YAA-YMTNJ/VS-0.12 

XB=XA+0.70*COS(~N(Il*R~D) 
YR=YA+f). 70*S IN (AN (I l '~RAD) 
C~ll AROHD(XR,YR,XA,YA.0.10,0.06,1Al 
CALL SYMRfli_(XR+0.05,YR-0.05,().10,'S= 
:< C =X>\+~ • R *f). 1 0* COS ( A f\1 ( I l * R l\ II l 

~·.~N(Il,Rl 



YC=YR+Z.A*O.lO*SIN(AN<II*RADI-0.05 
Cl\ I_ L 1\JI Ji'~ R E R ( XC , Y C • 0. 10 , S ( I I , 1\!\1 ( I I , 2 I 

C DRAI,J THF= JOINTS Ff1R THE I_ATF=RAI_ fJR Cfli_U':C TfJR 
c 

c 

c 

N3=NSTR( I) 
TF(N3.F=O.O) Gfl Trl 250 
SLOPE=(PY( I,2)-PY( I,l) )/(PX(I,21-PX(I,ll I 
l)fl 240 '<= 1, N3 
DX=PX( I,l)+(HO( I,K)-STfJREI 
qX=Xfl+(DX-XMINI/HS 
OY=PY ( I, 1 I+ (HI) ( I, K I-S TnRE I *SLOPE 
qv=YO+(OY-YMTNI/VS 
RXX=RX 
~YY=RY+IJ,')() 

CALL ARflHO{RXX,RYY,RX,RY,O.lO,O.O~.l~l 

CALL SYMR0l(RXX-O.lO,RYY+O.OA,0.10,XLAR(I,Kl, 0,0,41 
240 CflNT I 1\IIJF= 

STQRE=PX (I, 2 l 
2 50 CCJNTI 1\11 JF= 

XT=Xfl+(Xl-24*().20)/2.0 
YT = Yfl+ Yl_ +0. ') 
CAll SYMR0l(XT,YT,0.20,TITLF=.0.0,24l 
CALL SYfviROI_(0,5,0.75,0.12, 2~HHORI7fJNTAI_ SCALF=: 1"= 
XXS=22.0*0.l2+0,5() 
CALL NlJMRER(XXS,0.75,0.12,HS,O.O,-ll 
CALL SY~1Rfli_<0.5,0,40,0.12, 27HI/ERTICAL SCAt_>:: 1 11 = 
CflLL NIJi"1RER(XXS,0.40,0.12,VS,O.O,-l l 
X2=Xl+Xfl+1.0 
OI.J= X 2 + TIAI 

IF{TTTL.ECJ.nl GU TO 30n 
CALL fflRLK(XZ,OW,TW) 
CALL PLOT(O.n,0.0,3) 
CALL PLOT((),O,YT+0.5,2l 
CALL PLOT(OW.YT+0.5,2l 
CALL PLOT(OW,0.0,2l 
CI\Ll PLflT(0.0,0,0.2l 

r;n TO 350 
300 CALL PLOT{0.0,0.0.3) 

CALL PLDT{O.O,YT+0.5,2) 
CALL PLfJT(XL+Xfl+l.O,YT+0.5,2l 
CALL PLflT(XL+Xfl+1.0,0.0,2l 
CALL PLDT(Q,0,0.0,2l 

350 CALL ENOPLf 
STilP 
END 
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c 

S li'~ R m JT T t\1 E TTl_ R I_ K ( X 2 , IJI.J , Tit/ ) 
D r r-11:: N s r n 1\1 r ( g 1 • s r: A L E ( 3 1 • n 1-1 G < n 
..: = Tt'li/7 .n 
CALL DASH(X2+F*2.7,F*3.R,X2+f-0*2.7,F*3.l,Q.O) 
SALL DASH(X2+F*l.'i.F*3.l,X2+F*l.'i,F*3.R,O.OI 
CALL 0ASH(X2,F*3.5,0W,F*3.5.0.0l 
CALL DASH(OW,F*3.l,XZ,F*3.l.O.Ol 
CALL DASH(X2,F*2.4.DW,F*2.4,0.01 
CALL DASH!DW,F*Z.O,X2,F*2.0,0,01 
CALL DASH(X2,F*l.O,DW,F*l.O,O.Ol 
CALL DLIJT(X2,0,0.3) 
CALL PLOT(X2,F*3,R,2) 
CALL PLOT(DW,F*3.A,2) 
CALL PL0f(OW,0,0,21 
CALL PLOT(X2,0.0,21 
CALL nASH(X2+F*2.3,F*l.OO.X2+F*2.3,0.0 ,0.01 
CALL DASH(X2+F*3.2,0,0 ,X2+F*3.2,F*l.OO,Q.0) 
CALL DASH(X2+F*4.2,F*l.OO,X2+F*4.2,0.0 ,0.01 
CALL DASH(X2+F*5.2,0.0 ,X2+F*5.2,F*l.OO,Q.O) 
CALL DASH(X2+F*5.2,F*0.75,X2+F*2.3.F*0.75,0.0) 
CALL DASH(X?+F*2.3,F*0,50,X2+F*5.2,F*0.50,0.0I 
CALL DASH(X2+F*5.2,F*0.25.X2+F*2.3,F*0.25,0.0l 
CALL SYMR0L(X2+F*3,3,F*0,825,F*O.l, 1 DATE 1 ,Q,Q,4) 
CALL SYMROL(X2+F*4,3,F*O.R25,F*O.l,IPERSON 1 , 0,0,6) 
CALL SYMROL(X?+F*2.4,F*0.575,F*O.l, 1 DRAWN 1 , 0.0,5) 
CALL SYMROL(X2+F*2.4,F*0.325,F*O.l, 1 CHECKED 1 ,o.0,7) 
cALL s Y ,._, R 01_ ( x 2+ F * 2 • 4 , F '~ o • o 7 5 , F ':'o • 1 , 1 REv I sED 1 , o • o , 7 1 
c A L L s y M R ()I_ ( X ? + F * 0 • 1 5 ' F * 3 • 2 2 5 • F * 0 • l 5 • I R E \1 I s I 0 ~I I ' 0 • 0 ' 8 ) 
•C ALL S Y M R f) I_ ( X 2 + F ~' l • 6 5 , F * 3 • 2 2 5 , F * 0 • l 5 , 1 D A T E I , 0 , 0 , 4 ) 
CALL SYMR0L(X2+F*2.85,F*3.225,F*O.l5. 1 DESCRIPTION',O.O,lll 

175 

CALL SYMROI_(X2+F>'.:0,76,F*2.B25,F*O.l5. 1 Ai,RICIJI.TIIRAI_ ENGINEERING D 
1EPARTMENT 1 ,0,0,371 

'C All. S Y lvl R IJ I_ ( X?+ F * 2 , l 8 , F * 2 • 5 2 5 , F * 0 • 1 5 , 1 M C G T 1_1_ l I 1\1 I 1/ E R S T T Y 1 , 0 • 0 , 18 ) 
CALL SYMRfJL(X2+F*0.53,F*2.125,F*O.I5,•ROX QSQ, MACnONALD COLLEI,E, 

l()IJE. HQX lC0 1 .0,0,40) 
CALL SYMROL(X2+F*O.l5,F*0.775,F*O.l5, 1 SCALE' .n.0,5l 
CALL SYMP,OI.(X2+F*5.35,F*0.775,F*O.l5, 1 DWG. NO.•,Q.O,BI 

C ~EAD IN TJfi.E RI.OCK INFORMAfiOI\1, 
C T: TITLE OF fHE DRAWING. 
C SCAI.E: SCAI.E IJSED IN THE IJRA 1.JING, 
C DWG: REFERENCE NO. OF DRAWINr,. 
c 

DO 20 J=l.3 
~EAD(5,lOl T 

10 FflR.MAT(8A4,All 
CALL SYMR0L(X2+F*0.24,F*(2.0-J*0.31.F*0.20,T,Q.0,331 

20 CONTINUE 
{E~D(5,30.END=l001 SCAlE.nwr, 

30 FORMAT(~A4,A?,2X.?A4) 
C A L L S Y M R [) 1_ ( X 2 + F '~ 0 • 1 5 , F * 0 • 2 , F * 0 • 2 0 , S C A I_ E , 0 , () , l 0 I 
CALL SYMROI_(X2+F*5.35,F*0.2,F*O.?Q,OWG,O.O,RI 

100 ·~ ETIIRN 
EI\JD 



APPENDIX F 

SUBSURFACE DRAINAGE PLAN OF JOB #1 AREA, OTTAWA, ONTARIO, 
PRODUCED BY COMPUTER PLOTTER 
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~--- --r- I 
REVISION I DRTE I DESCRIPTION 

·---

··--
RCA I CULTURAL ENGINEERING DEPA RTME NT 

MCGILL UNIVERSITY 
--

BOX 950 . MACDONALD COLLEGE. QUE. H9X !CO 

PLAN CJF DRAINS 
JCJB stl AREA 

NCC CJT TRWA, CJNTAAICJ 
SCA LE ORTE PERS6N owe. NO. 

ORRWN 

I 1 n 

---' 

100' 
CHECK EO 

-· 0- 12-N- :lG REV! SEO 

I 



APPENDICES Gl k~D G2 

Gl. DRAINAGE PLAN OF JOB #E AREA, OTTAWA, ONTARIO, 
DRAWN BY DRAFTSMAN 

G2. DRAINAGE PLk~ OF THE 19th TEE DRIVING RANGE, 
OTTAWA, ONTARIO, DRAWN BY DRAFTSMAN 
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CONCESSION 4 O.F. GLOU ESTER TWP. CARLETON CO.,., ONTARIO 

RAILROAD 111 1 1 1 111 I II 

OUTLET REQUIRED LENGTH IN FEET 

NO. SIZE lec1o 4" 6" a• 

1 12\lt/ A IO , IS O I, ooo 7 5 0 

B IS,JLa ., .. 'I So 

2. lo ''~~oro D l'l. ,>So 'l.SO 1,::.co 
3 IO" IO E (,S(,o 'l.SO l'bo 

MER BLEUE 

NOTES 
I. BM :##= 226 ELEV. 223.97' 

100' EAST OF INTERSECTION OF 4th LINE 
ROAD AND KEMP ROAD. 30' SOUTH OF 4th 
LINE ROAD AND 10' EAST OF SMALL 
CLUSTER OF PINE TREES. 

2. ADD 200' TO RELATIVE ELEVATIONS TO 
OBTAIN G.S.C. ELEVATIONS. 

3. FILTER MATERIALS REQUIRED. 
4. FILTER MATERIALS TO BE OF A QUALITY 

EQUAL OR BETTER THAN DUPONT "TYPAR'' 
OR KNITTED NYLON SOCK. 

5. LANE CROSSING OF COLLECTOR "~' SHALL 
BE MADE WITH A CORRUGATED STEEL 
PIPE 15' LONG AND 8" IN DIAMETER. 

6. DITCH CROSSING OF COLLECTOR"~' SHALL 
BE MADE WITH A CORRUGATED STEEL 
PIP.E 20' LONG AND 12" IN DIAMETER. 

7. ALL DRAINAGE MATERIALS AND INSTALLAT­
ION PRACTICES SHALL BE OF A QUALITY 
EQUAL OR BETTER THAN THOSE OUTUNED 
IN ONTARIO MINISTRY OF FOOD AND 
AGRICULTURE PUBLICATION :#1=29. 

KEY TO PLAN 

RELATIVE - ELEVATIONS 98.6 

CONTOURS (I FOOT INTERVALS) - - 299-­
FENCES AND BOUNDARIES --X - X -
LENGTH AND SIZE OF DRAIN 

GRADES 
NATURAL GRADE 

CHANGE IN DRAIN SIZE 

above drains 

below drains 

N. G. 

CHANGE IN DRAIN GRADE A 
BENCH MARK B.M ~ HUB STAKE H. S. ~ 
TREE 0 BUILDING ~ UTILITY 

OPEN DITCH -- CREEK ~, 
DITCH BOTTOM ELEVATION - B 9B.2 
~ DEPTH OF TRENCH BOTTOM 
~ TRENCH BOTTOM ELEVATION 
OUTLET No. rn RAILROAD :::J:::=t 
CU LVERT~ 
ROAD a LANE 

MANHOLE 0 

.b P PEND l_)(__lli. 

AGRICULTURAL ENGINEERING DEPARTMENT 
McGILL UNIVERSITY 

BOX 9!50 MACDONALD COLLEGE, QUE. H 9 X- I C 0 

NATIONAL 

PLAN OF DRAINS 
JOB :~~=E AREA 

ONTARIO 



CONCESSION 3 0 F, NEPEAN TWP., CARLETON CO, ONTARIO 
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KEY TO PLAN 

p c:L TIVE ELEVATIONS 
98.6 

CONTOURS (I FOOT INTERVALS) --299-­

FENCES AND BOUNDARIES - x- x-

LENGTH AND SIZE OF DRAIN above drains 

GRADEs 
- below drains 

NATURAL GRADE 
N. G. 

CHANGE IN DRAIN SIZE ~
 

CHANGE IN DRAIN GRADE 
A; 

BENCH MARK B M ~ HUB STAKE H. S. ~ 

TREE 0 BUILD ING ~ UTILITY 

OPEN DITCH - - CREEK ,.----'-._/ 

DITCH BOTTOM ELEVA.J: IOiof ::.._ B9B. I 

L2]\ DEPTH OF TRENCH BOTTOM 

~§7 TRENCH BOTTOM ELE VATION 

OUTLET No. @ RAILROAD +=+ 
CU LVERT ~

 

ROAD 8 LANE === 

NOTe S· 

I . 8M .. I RSsui'1F o f'LEV. IOO.oo Fl c NAILS IN Soul'< S tOE 

0 1" Lt c; ~l POLE ON "'"N e e LtNf' t.>.o' <Asr O F l'~o S kol', 

>o' -~~ 

,o; l. ~ @ ,___:-

'--Z, .'· 
:::.-------

--------- -------------~~--

,,,,~
 

---

2. S uRF'Ac e w ~,.~ IOJL "T To 01;' •rv..,FlLJ..Ec Sy Gl'lCt F'/L LiNGr 

TH E' lO.ON(H !"OR A L E"N<;l H OF' 10' W,H lv ASH f'D AND 

G RA~O ~ · C OUSH E'O Sl'QIIJES. THe PIP E SHFJ L L GE WRAPP~c "' 11H 

APP~OPRtA, E f'•LTFR MAIER IRL R7 'H I S LO(AliON 00\IL~ . 

3 . ALL U~nRFJ LS H \.1 11-lls PLArv MRy BE E tTHH 4 ' I · D (Lf9 Y 

T IL E 011; 3" I. O. 0~ LAR.G eo< PLRS liC DI(AII\I T U61NG. 

't A LL D~A t N'lG E M lll ERt ALS 'li\Jo I 'IJSl tH .LF!Ttoll) P~Acl/ C f'S SHAH 

6 e Of' A GU<lli'Jy E'QuAL T O a .. <lE01E<' 7"1lru 'TH OSE Ou,,'VE o 

IN o"'Hl <•o "'' 1\J'Sl •> " " " Ooo l'll'\t o l'l\l <'rruquRe PU GLt < FJllo>U 

" i?'l. 

ORAONAGE " ' 'TEROAL' 3", 4~ 6': CORRUGATEO PLAsm ORAON TUSONG 

ORA>NAGE " ' 'CHON E ' TRENCH LEss PlOW WOTH LASER GRAOE CONTROL 

G2 

#i 

REVISION 

AGRICULTURAL ENGINEERING DEPARTMENT 

McGILL UNIVERSITY 

BOX 400, MACDONALD COLLEGE, QUE. H 0 A - I C 0 

PLAN OF DRAiNS 

THE 19th TEE DRIVING RA NGE 

NATIONAL CAPITAL COMMiSSION,OTTAWA ONTARiO. 

SCALE 
DWG . NO . 

I"= 50Ft. 
D-1 2- N-7601 



APPENDICES Hl AND H2 

Hl. DRAINAGE PLAN OF JOB liE AREA~ OTTAWA, ONTARIO, 
DESIGNED AND DRAWN BY COMPUTER 

H2.. DRAINAGE PLAN OF THE 19th TEE DRIVING RANGE, 
OTTAWA, ONTARIO, DESIGNED AND DRAWN BY COMPUTER 
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LRT.NCJ 
~ -1 
~ - 2 
~ - 3 
~ -4 
~ -5 
~ -6 
~ -7 
~ - 8 
~ -9 
~ - 10 
~ -11 
~ - 12 
~ -13 
A -1 4 
~ -15 

B -1 
B -2 
B -3 
B -4 
B - 5 
B -6 
B - 7 
B -8 
B -9 
B -10 
B -11 
B -12 
B -13 

c -1 
c -2 
c -3 
c - 4 
c -5 
c -6 
c -7 
c -8 
c -9 
c - 10 
c -1 1 
c -12 
c -13 

D -1 
0 - 2 
0 -3 
0 -4 
0 -5 
0 -6 
0 -7 
0 -8 
0 -9 
0 -10 
0 - 11 
0 -12 
0 -13 
0 -14 
0 - 15 
D -16 
0 -17 
0 -18 
0 -19 
0 -20 
0 -21 
0 -22 

TCJ TRL 

LENGTH FT 
565.0 
574 . 0 
582 .0 
590.0 
599.0 
607 . 0 
616.0 
624.0 
633 . 0 
641.0 
650 . 0 
658 . 0 
666 . 0 
458 . 0 
228 . 0 

1172.0 
1288 . 0 
1292.0 
1302 . 0 
123 1. 0 
1161.0 
1155.0 
114 7. 0 
11 39.0 
1131. 0 
1124.0 
1116. o· 
1108.0 

553.0 
553.0 
552 .0 
~52. 0 
551.0 
551.0 
550.0 
550 .0 
486 . 0 
40 1.0 
315.0 
229 . 0 
143. 0 

246 . 0 
568.0 
569 .0 
569.0 
570 . 0 
570.0 
571.0 
571.0 
571.0 
572.0 
572.0 
573 . 0 
573 . 0 
574 . 0 
574.0 
575.0 
575 . 0 
576.0 
576.0 
577.0 
577.0 
578 . 0 

1.!2319. 7 FT 

ceLLECTeR 
!00"" 

A 8881 
B 15461 

6186 
D 12472 
E 

G 

H 

C()NCESSI()N 4 ()~F. CL()UCESTER TWP. CARLET()N C(). 

' ' ' ' ' \ ' ' ' ' ' 

CAN AD IAN PACIFIC RAILR~AD 

' ' L--------

N 

DRAI N TUBE REQUIRED l"[[l 

!50"" 300"" 
332 -243 295 -4 95 

385 122 e 

00 
"':> 
~ '\. 

~ D 
00 "~ \.j 

00 0 0 
D D 

D D 

43000 1455 2329 6 98 ---OVERALL TOTAL 1 
fEET 

()NTRRI() 

I I I I I 

MER BLUEU 

----

NOTES 

1. BM u226 ELE VATION 223.97 FEET 
100' ERST OF INTERSECTION OF 4TH LINE 
ROAD AND KEMP ROAD . 30 ' SOUTH OF 4TH 
LI NE ROAD AND 10' ERST OF SM ALL 
CLUSTER OF PINE TREES. 

2. ROO 200' TO RELATIVE ELEVATIONS TO 
OBTAIN G.S.C. ELE VATIONS. 

3. FILTER MATERIALS REQUI RED. 
4. FILTER MATERIALS TO BE OF A QUALITY 

c-r< n r>q 13ETTE'1 T!-IA" J ! 0 :N"i "TYPAR 
OR KNITTED NYLON SOCK. 

5. LANE CROSSING OG COLLECTOR "R" SHALL 
BE MADE WITH R CORRUGATED STEEL PIPE 
15 FEET LONG AND 8" IN DIAMETER. 

6. DITCH CROSSING OF COLLECTOT " R" SHALL 
BE MADE WITH R CORRUGATED STEEL PIPE 
20 FEET LONG RNO 12" IN DIAMETER. 

7 . ALL DRAINAGE MA TERIAL S AND INSTRLLRT­
ION PRACTICES SHALL BE OF R QUALITY 
EQUAL OR BETTER THA N TH OSE OU TLI NED 
IN ONTARIO MINISTRY OF FOOD AND 
AGRICULTURE PUBLICATION u29. 

8. ALL LATERALS ARE 100 MM-DIR UN LESS 
LAB ELLE D OTHERWISE. 

KEI TO PLAN 
RELATJ VE ELE VA TJO NS 
CONTOURS 11' JNTERVALSI 
FENCES AND BOU ND ARJE S 
LENGTH ~ SlZ E OF DRAJN 
GRADES 
NATURAL GRADE 
CHANG E lN DRAJN SlZE 
CHANGE lN DR AJN GRADE 
BENCH MARK 
HUB STAKE 
TRE E 

BUJLDJNG 
OPEN DJTCH 

98.6 
-288-
)( )( )( )( 

ABOVE ORA 1 NS 
BELOW DRAIN S 

N. G. 
\)/ .. 

B. M. ffi 
H. S.ffi 

0 -D ----DlT CH B~1T~ M ELEVATJ ON 
DEPTH OF TRE NC H BOTTOM 
TRENCH BOTTOM ELEVATJON 

898 .2 
~ 
~ 

OUT LET NO . 
RAJL RO AD 
ROAD AND LA NE 

REVISION 

I I II I I I I 

MAO 

APPENDIX 

DESCRIPTION 

Hl. 

AGRI CULTURAL EN GIN EERIN G DEPARTMENT 
MCGILL UNIVERSITY 

BOX 950, MACDONALD COLLEGE, QUE. H9 X 1CO 

PLAN elF DRAINS 
JelB elF =E AREA 

NCC elTTAWA , elNTARiel 
SC ALE DATE PERSON DW G. NO. 

DRAWN 

1" = 100' CHECKED 
0-12- N-358 REV I SED ----



LAT.NCl LENGTH FT 
A - 1 589 .0 
A -2 608. 0 
A - 3 626 .5 
R -~ 6~5 .5 
R - 5 657.5 
R -6 655.5 
A - 7 65~. 0 
A -8 652 . 0 
A - 9 6~7.0 
R -10 6~0 . 0 
R -11 633.0 
R - 12 626 .0 
R -13 3~9 .5 
R -1~ ~87.0 

TCJTAL 8ll70.5 FT 

DRAIN TUBE REQUJRfD FEn 
CGLL£CT8A 

100M 150M 200M 250M 

50 0 116 1 

T8TAL 5 0 0 11 6 1 
tiYERAll Tt!TRL1 FRT 

N 

SOOM 

t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 

I 

N 

UH l! 

sPAC.I G ~ 3 9 5 FT 

KEY TCJ PLAN 
RELATIVE ELEVATIONS 
CONTOURS !I' INTERVALS! 
FENCES AND BOUNDARIES 
LENGTH ~ SIZE OF DRAIN 
GRADES 
NATURAL GRADE 
CHANGE IN DRAIN SIZE 
CHAN GE IN DRAIN GRADE 
BENCH HARK 
HUB STAKE 
TREE 

BUILDING 
OPEN DITCH 
DITCH BOTTOM ELEVATION 
DEPTH OF TRENCH. BOTTOM 
TRENCH BOTTOM ELEVATION 
OUTLET NO . 
RAILROAD 
ROAD AND LANE 

NIHES 

98.6 
-288-

)( lE IE l( 

ABl!VE Df!RINS 
BEL l!N Of! A INS 

N.G. 
\V 
A 

B.H.ffi 
H.S.(B 

0 
Cl ---698.2 
~ 
~ 
[!] 

I I I II I I I 

ft8AO 

' ' 

1. BM •1 ASSUMED ELEV. lDD.D' TW~ NAILS 
IN S~UTH SIDE crF LIGHT PcrLE ~N FENCE 
LINE 12D' EAST ~F PRO SHcrP. 

1

2. SU RF ACE WAT ER INLET Tcr BE INSTALLED 
BY BA CK FILLING THE TRENCH FcrR A 
LE NG TH cr F lD ' WI TH WASHED AND GRADED 
l/ 2n CRUSHED STONES. THE PIPE SHAL L 
BE WRAPPED WITH APPR~PRIATE FILTER 
MATERIAL AT THIS LcrCATicrN ~NLY. 

3. ALL LATERALS IN THIS PLAN ARE 80 MM 
DIAMETER UNLESS LABELLED ~THERWISE. 

APPENDIX H2. 

REVISI!.lN DESCRIPTI!.lN 

AGRI CULTURAL ENGINEER ING DEPARTMEN T 
MCGILL UNIVERSITY 

Bcr X 950, MRCD!.lNAL D C!.lLLEGE , QUE. H9 X !CO 

PLAN elF DRAINS 
THE 19TH TEE DRIVING RANAGE 
NCC ~TTAWA. ~NTARIO. CANADA 

SCALE 

1" = 50FT 

1----+'0:.c.AT-=E--+P"'ERC:..SO'--N--j DWG. N!.l . 
ORFIWN 

f-'C.:.::HE:.::.CK=E=-.0 -1---f-----j 0-12-N-760 
REV fSEO 
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