























































































































































































































































































































The procedure adopted was therefore to examine the characteristics
of several particular types of drainage network and to examine ways in

which variable plan optimisation might be achieved.

As the research was primarily concerned with road drainage, the type
of network normally designed for new major roads was initially considered,
and is dealt with in the following two chapters. In addition one further
type of network is specified and examined in chapter 9. This is the

case of joining several sources of flow to a single main drainage run.

For the road drainage type of network two variable plan models were
developed MANVAR (variable manholes) and CROSSVAR (variable cross-drains),

computer programs for these being written and tested. A model for the

final type of network considered is proposed but a program has not been

written or tested.
A fully documented and tested commercial version of MANVAR has been

written for the Highway Engineering Computer Branch of the Department of
the Enviromment, and will be released soon as an optional mode of operation

for their current Drainage Design Program DAPHNE (ref .56).

6.2 Highway Storm Drainage Networks

An essential element in most modern highway design is the provision
of a drainage system to remove incident rainfall. The road profile is
used to direct run-off to the road edges or possibly to the central
reservation in the case of a dual carriageway. Occasionally, especially
on minor roads in rural areas, the designer will allow run-off to pass
over a grass verge and into an open ditch. In generallhowever,piped
drains are provided running roughly parallel to the road edges. The

run~off may flow straight into these as in the case of a "French drain",

this being a gravel filled trench with a perforated or porous pipe to
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collect the water at the bottom of the drain. Alternatively water may
first be collected by open channels formed by a kerb and the crossfall

on the road, therce passing through gullies sited in the channel into

conventional closed pipes.

Generally kerbs and gullies are used throughout urban areas,

and in rural areas where the road is on an embankment.

French drains are used in cuttings in rural areas and also along the
central reservation of motorways and dual carriageway roads. They often
have the additional duty of keeping the road foundation drained. This
purpose is however ignored in this research as the flows involved are

minimal compared with stormwater flows.

For convenience French drains and "gully -fed" drains will be referred
to as '"carriageway drains', as their primary duty is to collect the
run-~off from carriageways. Carriageway drains are generally either laid
at a constant offset from the road centreline, thus being curved in
plan where the road is curved, or laid in straight lines between manholes

which are at a uniform offset from the road centreline.
At intervals it is generally necessary to convey the water from

carriageway drains across the road. This is done by the provision of

drains consisting of conventional closed pipes in trenches that are very
carefully backfilled and compacted and almost always run directly across

the carriageways. These will be referred to as "cross-drains'.

Cross-drains, as well as being constructed to a higher specification,

are often designed for more severe storm events than the rest of the
drainage network. This is a sensible precaution as access in the event

of failure is very expensive and overloading in a severe stomm could

lead to dangerous flooding of the road carriageways.
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A third type of drain exists which will be referred to as a "carrier

drain'. Carrier drains convey water from carriageway or cross-drains
to the outfalls of the network. Water can only enter carrier drains at
manholes. Carrier drains and carriageway drains may sometimes share

the same trench.

It is general practice to provide manholes for maintenance purposes
at all drain junctions, changes in pipe size or changes in pipe gradient
and at intervals along all drains subject to maximum spacing restrictioms.

Crogs<drains will not have any intermediate manholes except one in the

central reservation where such a reservation exists.

A manhole will usually be placed at the head of a drainage run, but
sometimes a ""rodding eye" will be provided instead, thus giving a cheaper

form of access. ""Rodding eyes' can be considered as cheap manholes for

the purpose of the present research.

Figure 6.2 shows a typical dual-carriageway storm-water drainage
system, consisting of carriageway drains, cross-drains, carrier drains
and outfalls. The drains form two tree-like networks.

Design of the networks conventionally start with the designer drawing

a plan of the pipework layout, specifying the position of all manholes and

calculating the catchment areas for all pipes. Values of runoff coefficient

(runoff/rainfall) are specified for the various parts of the catchment

(e.g. carriageway, verge, hard shoulder). The storm severity is selected

by the choice of a return period. As highway pipes usually have diameters
of less than 600 mm, Road Note 35 (ref. 5 ) allows design flows to be
calculated by the Rational (Lloyd-Davies) method. The designer proceeds
with the sequential design of all pipes in the network, starting with
those at the upstream ends and then working downstream. In general the
designer will place all pipes at minimum possible cover and select the

pipe diameters that will convey the required flow at the resultant gradients,
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6.3 Potential for Optimisation

It has been shown in chapter 5 that, given the position of all manholes,
the diameters and slopes of all pipes may be optimally designed using

MANFIX.

What scope is there, however, for altering the position of manholes
to improve the design still further? To answer this question, it is

desirable to examine the procedure adopted by the designer in positioning

the manholes. He must first decide what type of drain is necessary and
over what length it is required. In addition he must choose the offset
of carriageway drains from the road centreline. These decisions can be
regarded as fixed and invariable in any optimisation. For example in
Fig.6.3(a), there must be drains between A and D, B and B, C and F, and
also, therefore, manholes at 4, B, C, D, £ and F.

There remains a certain flexibility about how these drains are

connected to an outfall.

There can for example, be one or more crossdrains with one outfall

as in Fig. 6 .3 (b) and (c¢).
Other schemes could involve several outfalls.

In practice the number and position of the outfalls will be largely
governed by factors other than minimum cost design. Water authority

requirements and availability of land being two important constraints in
the U.X.

Again there will almost always be a cross-drain at the lowest point
along the length of carriageway under consideration. Hence it is

reasonable to assume that in figure 6+3 (d) manholes A, B, C, D, E, F,

G, H, I, J, K are all effectively fixed in plan.
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The designer then has

to decide first of all if any additional cross-drains are required and if
so, where. Secondly he must decide on the number and position. of all
intermediate manholes, remembering that manholes must be provided at
changes in pipé diameter and slope and at intervals not greater than a
certain maxisum spacing for maintenance requirements.

These decisions are essentially of an economic nature as the fnnction;l
efficiency of the network is not likely to be altered by such decisions
and yet the network cost may well be. Yet these decisions are usually made
on engineering judgement and experience. Unfortunately they may well be
taken by engineers with limited experience and consequently little foundation
for engineering judgement. Even experienced engineers would have little,
if any, quantitative evidence of costs on which to base their judgement.

Cost comparisons of alternative layouts are rarely, if ever, performed.

These decisions, on the number and position of cross-drains and
intermediate manholes, therefore appeared to be prime candidates for
computer based optimisation methods.

A model for optimising the number and position of intermediate

manholes is presented in chapter 7, whilst chapter 8 presents a model for

additionally optimising the number and position of cross—drains.
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Chapter 7. The variable manhole position model - MANVAR

7.1 Introduction

An extensive literature search in the fields of drainage and
optimisation failed to unearth any published material of relevance

to the problem of positioning an unknown number of manholes along a
drainage run.

Previous research in the optimisation of variable plan drainage
networks has generally concentrated on problems of connectivity
(refs. 33,38,44) rather than the problem of a variable plan position
for a manhole. A review of multivariable optimisation techniques
showed that they generally deal with problems in which the number of

variables is known. Here the number of manholes, and hence the

number of variables, is initially unknown.

7.2 Defining the Problem

For a typical tree-like network the problem is to find the
number of intermediate manholes along each non-branching runm,
together with their positions, together with the diameters and levels
of all pipes, such that the total construction cost of the network is
as small as possible whilst all the technological and physical

constraints imposed on the system are met.

One of the constraints given in section 2.3 is a condition that
manholes should not be spaced at more than a given distance apart,
Lmax, along each run.

As an example consider a network of m pipe runs between (m + 1)
fixed manholes.

Consider a typical pipe run I, (I = 1 to m).

Pipe run I consists of an unknown number of manholes, N(I).

Define an element as a pipe with its upstream manhole (see

Fig. 4-1). ¢
The design of an element (I,J) can then be defined in terms of the

pipe diameter D(I,J), upstream and downstream pipe levels Zu(I,J),
Z2d(1,J), and upstream and downstream distances Xu(I,J), Xd(I,J) from

a fixed manhole.

In general given Zu and Zd, Xu and Xd, the smallest and hence

cheapest pipe size that will carry the required flow and satisfy the
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flow constraints will be chosen. Hence the pipe diameter D(I,J) is

dependent on Zu(I,J), Zd(I,J), Xu, Xd and need not be considered as
an independent variable.

There are then 4 X N(I) variables for a typical branch where
N(I) is itself an additional variable, and with the constraints that
Xd(1,J) = Xu(I,J+l) and Xu(I,1) = 0, Xd{I,N(I)) = length of branch,
Lb(I). )

The cost of constructing a pipe element is a function of element
length, pipe diameter, averagé depth and upstreanm depth. In terms
of the independent variables the cost of an element Ce(1,J) =

f{éu(I,J), zd(1,1), Xu(1,J), Xd(I,J& Let the cost of constructing
a pipe run be Cb(I). Hence the problem becomes one of minimising C

where
m
C = I Cb(I)
I=1
m N(I) -
= I I Ce(L,))
I=1 J=1
where
Ce(1,7) = £(zu(T,n), zd(1,J), Xu(1,J), Xd(I,3))

and N(I) are variable parameters in the minimisation,

subject to a set of constraints of the form:

Xd(1,J) = Xu(I,J+l) I=1,m
J = lsN(I)-l
Xu(I,1) = O

xd(1,NM(I)) = L(1)
and constraints O g Xd(I,J) - Xu(I,J)s Lmax
and constraints Ymin £ Y £ Ymax
smin £ 8 £ smax ;

Vmin £ V & Vmax

Q s Qf
Zu < Zus
D 2 Dus

D a discrete, available, diameter.
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7.3 The Design Flow

The design flow Q for an element will in general depend on the
total catchment area, A, for the element and, if the Rational method
of design is used, on the time to concentration, tc, (i.e. time taken

for runoff to reach the downstream end of the element from the
furthest upstream point).

Hence Q = f£(A,tc)
The catchment area in general increases with distance along a run.

Hence A = f(Xd)

The time to concentration, tc, depends on the diameters, slopes and
lengths of all pipes upstream of the element and on the diameter,

slope and length of the pipe in the element,

If an approximation can be made for the time to concentration
such that it is independent of the pipe diameters and gradients

upstream and merely dependent on position, then tc = £(Xd).

Hence as Q = f£(A,tc)

Q = (£(Xd)

7.4 Method of Approach to the optimisation problem

The main difficulties involved in forming an optimisation model

for this application are listed below.
a) Unknown number of variables.
b) Non-linear, non-differentiable objective function.

c¢) Discrete values of pipe diameter.

Difficulty (a) could be partially overcome by assuming that a
sufficiently large number of intermediate manholes exist thus giving
a definite number of variables and allowing solutions in which many
of these manholes are coincident. This is very inefficient and the
presence of singularities in the solution would present great problems

to any known multi-variable optimisation algorithm.

Even if this first difficulty could be overcome, for the reasons
discussed in section 5.3 there would still be formidable problems in
producing a robust, economic and effective model based on conventional

multi-variable optimisation algorithms.
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As Dynamic Programming had been shown to be effective in fixed-
plan drainage optimisation it was decided to investigate whether it

was also suitable for the problem of variable manhole positions.

7.5 A Dynamic Programming approach.

7.5.1 Introduction

As has been shown in Chapter 5 Dynamic Programming is very
efficient when dealing with serial systems, and can cope well with
discrete valued variables and ‘discontinuous objective functions.
Fixed plan drainage networks were shown in section 5.5. to be serial
systems suitable for D.P. The questions in dealing with the
variable manhole position problem are whether some or all of the

network can be considered a serial system, and whether such a serial

system is amenable to D.P.

Throughout this chapter it is assumed that diameters may not
decrease in a downstream direction [See 2.3.(3)). Hence pipe

diameter is a necessary state variable (See 5.5.4).

7.5.2 The basic skelton serial system

If the fixed manhole positions are assumed to define a basic
skeleton of drainage rums, (e.g. Fig. 6.3(d)], the design of each run
could then be considered as a stage in a serial system. This is

evident by direct comparison with the fixed plan serial system

described in section 5.5.

Such a gerial system is illustrated in Figure 7.1(a).

An individual stage involves decisions on the number and
position of intermediate manholes along a run together with decisions

on the diameter and slopes of all pipes,

If a method of producing an optimal design for an individual run
can be found, it follows from the nature of serial systems that the

optimal solution for the whole network can be establ%shed by D.P.

7.5.3 The design of a run by normal D.P.

The same principal difficulties exist in trying to optimise the
design of an individual run as do for the problem of optimising the
complete network (see 7.4). Admittedly the scale of the problem is
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much reduced. Even so conventional multi-variable optimisation is

unlikely to be a fruitful line of approach.

Hence D.P. was again investigated carefully as the most likely

way of achieving satisfactory results,

The first approach was to assume that there were a fixed number
of stages in the design of a run. Each stage consisted of the _
design of a pipe with its upstream manhole, the design consisting of
the length, diameter and levels of the pipe. To allow the number of
manholes to be variable, a stéﬁe could consist of a pipe of zero
length, in which case the stage return (cost) would be zero. Such a
system would need to have pipe level, pipe diameter and position of
manhole as state variables, and is shown diagrammatically in Fig.

7.1(b).

Assume that manholes have a maximum spacing, and also a minimum
spacing. The possible positions of successive intermediate manholes
is then as shown in Fig. 7.1(c). 3

If the minimum spacing = Lmin , the maximum spacing = Lmax and
the length of run = Lb , then the possible range of position for the

Nth intermediate manhole is the lesser of
N x (Lmax - Lmin) and (Lb - N x Lmin)
and the total number of possible stages is the integer value
of (Lb/Lmin).

It can be seen that, if the total length of run is large compared to

the minimum spacing, the possible range of position for a manhole

could itself be large.

For highway drainage a typical run length could exceed 1 km,
with a minimum spacing of, say, 30 m and a maximum of, say, 150 m.

This would give 33 stages and a range of 790 m for the position of
the seventh manhole.

The number of stages could probably be substantially reduced
without affecting the solution in almost all cases. Indeed, with

experience, the range of position for the manholes could probably be
reduced somewhat.

1t seems therefore that a practicable solution may be possible

using the above approach. The main disadvantages are
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(a) three state variables
(b) large range of values for the manhole position
state variable
(c) number of stages has to be pre-determined. Hence some

redundant stages are inevitable.

To illustrate these problems consider briefly the typical highway

case outlined above.

Assuming that discrete values are adopted for the state
variables in the D.P. process (see Section 5.6.4), the state
variables level, diameter and position may have £, m and n discrete

values respectively.

There are thus (£ x m x n)2 designs to consider at each stage.
If there are N stages and £, m and n are constant for each stage,

there are N x (£ x m x n)2 elemental designs for a complete run.

Assume values of £ and m are the same as the typical values
adopted in the MANFIX model, i.e. £ = 7, m = 3, For a run length of
1 km assume that the number of stages can in practice be reduced to
10 and the maximum range of positions to, say, 450 m. Then if the
discrete values of the position state vector are taken at 30 m
intervals, n = 16 and the total number of designs = 10 x (7 x 3 x 16)2
= 1,128,960.

Hence, although the method could well be successful in achieving
near optimal results in most cases, it seems likely that the computer

time required may be unrealistically large.

7.6 Indeterminate Stage Dynamic Programming

7.6.1 Introduction

In an attempt to improve on the DP approach of section 7.5.3, a
new concept in DP was developed. This will be called, for conven-

ience, Indeterminate Stage Dynamic Programming (ISDP).

As the name suggests the stages are not predetermined either in

number or position but result from the DP optimisation.

When applied to the intermediate manhole problem an elegent and

effective method results.
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7.6.2 A modified serial system

A modified serial system was adopted in which the input state to
a stage results from the output from one of a range of possible

previous stages. This is best explained by a simple example.

Consider a set of stages a, b, ¢, d etc. as shown in Figure
7.2(a). Consider stage d. Allow the input to stage d to be the
output from any of stages a, b, or c with the actual choice being one
of the decisions D, Depending on the decision D, stage ¢ may or may '

not be redundant, or both b and ¢ may be redundant.
Likewise stage c could have either stage a or stage b as input.

Hence the following are all possible serial systems;a b c d,
abd, acd, ad, with the actual serial system adopted being
dependent on the decisions made at ¢ and d. Note that there could

be 2, 3 or 4 stages in the final serial system.

7.6.3 Intermediate manholes and the modified serial systen

Consider a run along which an unknown number of intermediate
manholes are to be placed, with fixed manholes Y and Z at the

upstream and downstream ends.

It is possible to define a modified serial system as described

in 7.6.2 in the following way.

Define a set of possible discrete intermediate manhole positions -
a, b, c etc. along the run (Fig. 7.2(b)). Let each of these corres-
pond to the downstream end of a stage in the modified serial system.
The input to one of these stages is then the output from one of the

upstream stages. Figure 7.2(c) shows the modified serial system.

7.6.4 Applying ISDP to the variable manhole problem

The dynamic programming is now performed in a standard way
except that instead of considering the input state for a stage as
being any one of the output states from the one stage immediately
upstream, the input state must now be considered as any one of the
output states from any feasible previous stage. A previous stage
can be infeasible if the distance between the stages is greater than
the maximum manhole spacing or smaller than the minimum spacing if
this is specified.

As an example consider the case of possible intermediate manholes

a, b, c etc. along fixed run YZ (see Fig. 7.2(b)).
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Assume that ranges of the state variables, level and diameter,
have been established at each possible intermediate manhole position

along the run, and that discrete values of these variables have been
specified.

Stage a has the fixed manhole Y as its upstream manhole and ends
at the possible intermediate manhole position a. In general there
will be a set of input states for stage a corresponding to discrete
values of the input state variables, together with a set of costs
corresponding to these input states. If Y is an upstream end of the
network, the input states will still exist but the associated costs

will be zero.

Then, for a particular output state from stage a, select the way
of arriving at that state from any input state such that the total

upstream cost is least whilst satisfying all the constraiats.

Repeat this for every output state, thus obtaining a set of
minimum total upstream costs at the output from stage a, and a set of
references to identify the input state corresponding to that minimum

cost.

Now consider stage b. This stage may either have the fixed
manhole Y, or the possible intermediate manhole a as its upstream
manhole provided that the distance from Y to b is less than the maxi-~
mum spacing and that the distance from a to b is greater than the
minimum spacing. Hence for a particular output state from stage b,
select the way of arriving at that state from any input state either
at manhole Y or at manhole a such that the total upstream cost is

least, whilst satisfying all the constraints.

Repeat this for every output state, thus obtaining a set of
minimum total upstream costs at the output from stage b, and a set of
references to identify the upstream manhole and input state corres-—

ponding to that minimum cost.

Similarly Y, a and b can be considered as feasible upstream man-
holes for stage c provided the maximum or minimum spacing counstraints
are not violated. 1If, say, the distance from Y to c is greater than
the maximum spacing then Y is not considered as a feasible upstream

manhole for this (or subsequent) stages, and stage ¢ is optimised

using only manholes a and b.
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This process is continued until the final fixed manhole Z is
reached, this last stage being treated in an identical way to give a
set of minimum costs and a set of upstream references. The process

is illustrated in Figure 7.3.

If Z is the outfall to the network the costs at Z may now be
examined and the output state giving the least cost selected. This
gives the origin for the trace back up the run YZ. 1f, however, the
network continues downstream of the fixed manhole Z, the trace-back
origin for YZ will be obtained as part of the trace back over the

whole network.

The trace back up run YZ then proceeds as follows. The upstream
reference for the origin will give the upstream manhole and output
state for the optimal solution. This manhole position and output
state will in turn have an upstream reference to another manhole
position and output state. Hence the trace back up the branch will

eventually lead to the fixed manhole Y. This is illustrated in
Figure 7.4.

In this way the positions of the manholes, pipe diameters and
pipe levels will have been simultaneously chosen to give the least

cost solution.

7.6.5 Efficiency of ISDP for the variable manhole problem

As a comparison with the DP approach proposed in 7.5.3 consider
the number of designs required for the same 1 km run using consistent
parameters.

Hence take intermediate manholes at 30 m spacing, with, say, a
maximum manhole spacing of 150 m and a minimum of 30 m. Take 7

discrete levels and 3 discrete diameters.

There are a total of 34 manholes, giving 33 stages. Each stage
has a maximum of 5 possible upstream manholes, with 7 x 3 = 21 input
states per manhole,

Hence the maximum number of designs per stage = 21 x 21 x 5 and

the maximum number of elemental designs for the run
= 21 x 21 x 5 x 33
= 72,765

This compares with 1,128,960 for the DP approach.

- 114 -



Finish

[ Set stage downstream manhole number n = 1 |

[ Set discrete output state number m = 0

[ Set output cost C{n, m) to large value

[, Set stage upstream manhole number k = 0

of arrival at output state m using full range
of input states

With k as upstream manhole, find min cost, C min ﬂ

es

[—# set C(n, m) = C min and store solution ‘]--F‘

Notes 1) possible manhole positions are numbered in downstream direction
from fixed manhole 1 to fixed manhole n max

2) m max = number of discrete states at each manhole
1SOP APPLIED TO VARIABLE MANHOLE POSITION PROBLEM
FIGURE 7.3

- 115 -



Start

!

Identify output state at end of run

that gives overall minimum cost

|

e

Recall previously stored decisions

| that led to current output state.
These give upstream manhole position,

diameter and levels for current pipe

i

Print out design for current pipe

s upstream
manhole at the top
end of ;he run

Yes

Finish

Set downstream manhole for current
pipe = upstream manhole for previous
pipe, and set current output state
= previous input state

TRACE-BACK FOR THE VARIABLE MANHOLE POSITION PROBLEM

FIGURE 7.4

- 116 -




7.7 The set of discrete possible manhole positions

One of the key concepts involved in the ISDP approach to the
intermediate manhole problem is the establishment of a set of discrete

possible positions for the intermediate manholes.

To obtain a true optimal solution the intermediate manholes
should not be constrained to a set of discrete positions. Hence in
theory an infinite number of discrete manhole positions is required
to achieve an optimal solution. Obviously the number has to be
limited in practice, and this is in keeping with the discrete values
adopted for the continuous state variable, pipe level. For practical
highway drainage there is another justification for using a set of
discrete possible positions for the manholes, this being the prefer-
ence of highway engineers to the placing of manholes at convenient
chainages along a road. For example a designer may well wish to
have all manholes at chainages which are multiples of 10 m. Estab-
lishing a set of possible manhole positions at all such chainages
along a length of carriageway drain would then give a practicabie and

elegant solution to the problem.

One further advantage of this approach is that manholes may be
excluded from certain parts of a run by simply not specifying any
manhole positions along that part. This may be necessary at, for

example, bridges, culverts and road junctions.

7.8 Establishiggjthe ranges of value for the state variables

It was assumed in section 7.6.4 that a set of discrete levels
and diameters had been established at each possible intermediate man-
hole position as an essential prerequisite of the dynamic programming
method.

In Chapter 5, the fixed plan model, this was achieved by produc-
ing a minimum cover design, (see section 5.10.3) and using this as
the upper limit of both pipe level and pipe diameter, The lower
limit was then a fixed distance below the upper limit for level and a

fixed number of pipe diameters below the upper limit for diameters.

It would be very useful if the same approach could be used for
the variable manhole problem. However it is not immediately obvious

how to perform a minimum cover design when the manhole positions are

undetermined.
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If an arbitrary set of manhole positions is assumed and a mini-
mum cover design is performed, the resulting information on maximum
level and diameter will only be relevant to the manhole positions
used and not to all the other positions which were possible but not
selected. For example in Figure 7.5(a) if A.B.C...G are possible
manhole positions, and A and G are used to establish a minimum cover
design, upper bound pipe levels at B,C,D,E,F are all lower than they

could be in the true optimal solution.

It is, therefore, necessary to consider a minimum cover design
based on the inclusion of manholes at all possible manhole positions.
Such a design is of course unrealistic but does nonetheless provide a
useful upper limit on level at each possible manhole position.
Experience shows that it algo provides a satisfactory upper limit on

diameter.

From these upper limits, lower limits of level and diameter at

manholes can be established from experience (see section 7.10).

1t should be noted that the range of levels at a possible man-
hole position as defined by the upper and lower limits applies only
to a solution with a manhole at that position. Hence the final
optimal solution is not constrained within a range of levels along
each pipe length, only within ranges of levels at each final manhole

position (see Figure 7.5(b)).

The number of discrete values and diameters used in the DP are

chosen by experience (see section 7.10).

7.9 Dependence of flows on network design

7.9.1 Introduction

It was noted in section 5.11 that design flows are usually
dependent on the pipe network upstream of the point under considera-
tion, and for a rigorous DP approach using the most common, the
Rational, design method three state variables are required, the third

being the time to concentration. So far in this chapter it has been

assumed that design flows are fixed.

It was shown in section 5.11.5 that an approximate method could
be used with success for the fixed manhole case. Such a method is
now required for the intermediate manhole problem before a full
optimisation model can be formulated and the development of such a

method is given in the following sections.
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7.9.2 An Approximate Approach

The simplest approximate approach is to assume that all design

flows are fixed at some initial value and do not thereafter vary as

part of the design process.

The method of fixing the initial values is rather less obviousand
may be dependent on the design method. Here the Rational method is
used in the development. The first approach adopted was to assume
that the velocities of flow in the final solution wouid, for the
purposes of calculating the d;sign flows, be equal to a single
uniform value of, say, 1.0 or 1.5 m/s.” The actual design flows can
then be calculated as a function of the total upstream equivalent
impermeable catchment area and the time to concentration using the

Rational method (see section 5.10.2).

With this simplification the design flow does not depend on the
actual optimal set of manholes chosen or on the design of the pipe
diameters or gradients. Hence a unique design flow can be specified
for each possible manhole position in every run of the network. A

computer program DPO was written to implement an ISDP model using

this procedure.

Unfortunately comparison of flow velocities and computed flows
for the resultant "optimal' design showed that large discrepancies
resulted from such an approximate method. Velocities ranged from

0.5 to 3 times the original assumed value with resultant design flows
out by up to 30%.

It was decided to use an iterative approach, with the new set of
velocities from the "optimal" design being used to recalculate the
design flows and the computer program DPO was altered to implement
this. The velocities change abruptly at the manhole positions

selected by the "optimal" design, but not at the other possible

vacant manhole positions. This was recognised as a drawback which

could lead to problems of convergence, but the method was nonetheless
pursued to gain experience.

The iterations were continued until flow velocities converged to
within a given tolerance. The first one or two iterations generally
gave small changes in manhole positions and pipe diameters. There-
after changes were generally limited to the pipe gradients. On one
example the process failed to converge, with the solution hunting

between two different manhole layouts. Generally, however, a fully
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consistent and near optimal solution was obtained within about five
iterations.

The method proved rather expensive in computer resources and
could not be relied upon to converge properly., However, it was
found that very rapid convergence could be achieved by first perform-
ing a minimum cover design by a conventional design procedure using
all possible manhole positions, and using the resultant flows from
this as the starting point of the iterations. The manhole positions -
and diameters resulting from the first iteration usually remained
fixed during subsequent iterations with only the pipe gradient chang-
ing to accommodate changes in design flows. Moreover such a minimum
cover design is also necessary to establish economical ranges for the

pipe levels and diameters, hence this was the method adopted.

7.10 Experience and results of using preliminary program DPO

7.10.1 Introduction

DPO was written to develop and test ISDP and the approximate

procedures for dealing with network dependent design flows.

Consequently there were frequent alterations and improvements to
DPO during its working life with the program being finally superseded
by MOD (see section 7.13) and DAPHOP (see section 7.16).

Hence only the general results, major limitations and conclusions
will be presented here, as detailed results are somewhat meaningless

in the light of subsequent improvements and alterations.

The Fortran coding for the final version of DPO is given in

Appendix C.

7.10.2 The test networks

Several test networks were used in the development of DPO, the
one shown in figure 7.6 (Network 2) being used extensively in the

investigation of the sensitivity of the solution to the choice of

parameters.

7.10.3 General results

The following general observations could be made about the

preliminary runs of DPO.
a) Manhole positions and pipe diameters were relatively insensitive

to the design flows used at each iteration, whereas pipe slopes varied
considerably between iterations.
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b) Manhole positions were quite sensitive to the choice of spacing

of the discrete pipe depth state variable.

c) Optimal designs tended to lie within a 0.5 m zone below a level

defined by a pipe at minimum possible cover.

d) Pipe diameters were always less than, and within two increments

of, the diameter obtained from a minimum cover design.

e) Optimal costs were 5-157% lower than those of equivalent designs

using the conventional minimum cover criterion.

f) Solutions obtained with discrete pipe depth increments less than
about 0.15 m and adequate range of depths generally gave optimal man-

hole positions and pipe diameters on the first iteration.

7.10.4 Selection of Optimising Parameters

Thirteen runs were executed using DPO on network 2 (figure 7.6)
for the purpose of establishing the sensitivity of the "optimal"

solution to the choice of the two main optimising parameters. These

parameters are
a) Spacing of discrete levels for pipe level state variable;

b) Spacing of possible intermediate manholes.

Checks were made on the results to ensure that there was a
sufficient range of pipe levels and a sufficient number of discrete
pipe diameters considered for the optimal soiution to be within the
bounds of the available values. For example if the results showed
that the solution lay at or close to the lower bound of the pipe
levels, the range of levels was increased without altering the spacing
of levels and the optimal solution re-computed. If the solutions
were found to be identical, it was assumed that the solution was then

indeed optimal.

The results of these runs are shown in the graphs of figure 7.7,
but should be treated with caution as they relate to a single network

and are insufficient in number to establish any specific conclusions.

7.11 The variable manhole position model - MANVAR

7.11.1 Introduction

The results of the preceding section led to the formation of a
new model which is both economic and robust. For convenience it is

referred to as the MANVAR model, and is the basis of a fully commercial

program, DAPHOP, which is described in section 7.16.
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7.11.2 Structure of MANVAR

MANVAR essentially consists of four distinct stages. These
are:
a) producing a set of possible intermediate manhole positions;
b) producing a minimum cover design and limits on the ISDP design;
c) performing a coarse ISDP design;

d) performing a final exact solution.

Stage (a) consists of taking the skeleton layout of the network
and producing sets of possible intermediate manhole positions along
all relevant runs. Ground levels and catchment areas are also

produced for all the generated manhole positions.

Stage (b) consists of performing a minimum cover design on the
network assuming a manhole at every possible location using the
design method of one's choice (Rational, TRRL etc.) to obtain upper
limits on the pipe levels and diameters and the design flow at every

manhole location. Lower limits on level and diameter are also set

at this stage.

Stage (c) consists of a single ISDP design using a coarse grid
of discrete levels, the grid of discrete diameters and the sets of
possible intermediate manholes. This gives a "coarse optimal" solu-
tion, for which the actual flows will differ somewhat from the true
design flows, but which, from result (f) of section 7.10.3, will
generally give the optimal values of manhole positions and pipe dia-

meters for all pipes in the network.

Stage (d) consists of taking the new network of pipes of known
diameter as defined by the optimal set of manhole positions and pipe
diameters, and designing the pipe gradients using the chosen design
method, thereby ensuring a fully consistent final design. This
effectively truncates the iterative procedure of section 7.9.2 thereby

making a far more efficient model with little or no penalty incurred.

7.11.3 Implementation of MANVAR

MANVAR was implemented as two computer programs, ASSEMB and MOD,
linked by a data file (see figure 7.8). Input to MOD may be either

from ASSEMB or direct from the user.
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7.12 Program ASSEMB

7.12.1 Introduction

As explained in section 7.7 an essential prerequisite of the
ISDP process is the establishment of sets of possible intermediate

manhole positions along all relevant runms.

This can be done by the user first deciding on the required
spacing of the intermediate manholes and then calculating and
inputting all such manhole positions. This was done manually for
the earliest variable manhole test runs but is tedious and is a task
best performed by the computer. Hence at an early stage in the
development of MANVAR a subsidiary computer program called ASSEMB was
written, part of the function of which was to take the skeleton lay-
out input by a user and produce a full set of possible intermediate
manhole positions together with their associated ground levels and
catchment areas.

The second function was to define the upper limit on the pipe
levels for the whole network, working from information on ground
levels, obstructions, minimum pipe gradient and connectivity only.

It is assumed that pipes at manholes are positioned such that the
downstream soffit level is at or below the soffit level of the lowest
upstream pipe. Hence this upper limit can be defined without refer-

ence to pipe diameters or flows, and hence in fact without the design

method being defined.

The final function was to arrange data to a form convenient for

the main program.

7.12.2 The program

A flow chart showing the essential features of ASSEMB is given
in figure 7.9 and a full listing of the Fortran Program is given in

Appendix D.

7.12.3 Input

The input to ASSEMB consists of
a) the basic design parameters (e.g. minimum pipe gradient, minimum
cover, minimum flow velocity, minimum and maximum manhole spacing).
b) available pipe sizes.

c) optimising parameters for main program.
d) type, length and catchment width for each drainage run in the
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network. (The "type" determines whether or not there is any catch-
ment to be assigned along the length of the run, and whether inter-
mediate manholes are to be placed along the run. For the purpose of
assigning catchments to the intermediate manholes it is assumed,

where relevant, that the catchment area is of a uniform width parallel

to the run.)
e) ground levels along each run.
f) details of obstructions along each run.

g) the comnectivity of the network.

7.12.4 Output

The output from ASSEMB forms the complete input to the next part
of MANVAR and consists of the following:
a) optimising parameters
b) pipe sizes
¢) basic design parameters
d) number of runs in the network
e) for each run: number of possible manholes
: positions along branch of each m/h
¢ cumulative catchment area for each m/h
: pipe soffit level for a min. cover design (= upper
limit for DP design) for each m/h
lower limit for DP design for each m/h
range of feasible upstream connections for each m/h

(governed by max. and min. m/h spacing)
¢ ground level data along run
: identification of any runs upstream
f) problem size (total number of possible manholes, total number of

ground levels, probable maximum number of manholes in final design).

7.12,5 Use of ASSEMB

For ease of data preparation ASSEMB may be used either interactively
or remotely. Data generated by ASSEMB is written onto a card-punch
file for compatibility with manually created data, and to allow small
modifications, (e.g. to the optimising parameters) by changing indiv-
idual lines of the output without re-running ASSEMB. The card-punch
file could be listed onto actual punch cards, but on the computer

system used for this research it was more convenient to use card

image files within the computer memory.
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7,13 Program MOD

7.13.1 Introduction

The remainder of the MANVAR model is implemented by the computer
program MOD.

Production of a minimum cover design could be performed manually
or by an existing computer program (g.g. DAPHNE (ref. 56) or TRRL
(ref. 6)). However MOD incorporates a miniwum cover design proce-
dure producing a minimum cover design for a network consisting of all
possible intermediate manholes. The design method used is the
Rational, with rainfall calculated by the modified Bilham formulae

(ref. 5).

The heart of the program is the ISDP design of the network.
This can only be performed using a computer due to the very large
number of calculations involved (see 7.6.5). Computer storage and
execution time become critical factors influencing the structure of

the program and the choice of parameters for the optimisation.

The final part of MOD produces a fully consistent design for the
network, based on the manhole positions and diameters chosen by the
ISDP optimisation. This design essentially consists of finding the

correct pipe gradients, the Rational method again being used.

7.13.2 The program

MOD consists of approximately 830 lines of standard Fortran,
there being a main program and thirteen subroutines. A listing of

the full program is given in Appendix E.

A flow chart showing the principal features of the program is

given in figure 7.10.

To minimise storage requirements most data is stored in four
large arrays which are dynamically addressed, thus preventing large
redundant areas of storage, and reducing memory requirements to a

modest size for a main-frame computer.

The program was written in National Computer Centre (NCC)
Standard Fortran (ref. 57) with further limitations imposed by HECB
standards (ref. 58). This was to enable the final commercial version
to be machine independent and fully transferable to any large computer.
Many of the subroutines used in MOD were used in the commercial

version and elsewhere. This does however incur some penalties in
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terms of the number of lines of coding and the execution time of the

program. These are, however, felt to be minor compared to the

benefits of interchangeability.

7.13.3 Input

Input data is either generated by ASSEMB or can be created
manually. In either case it is on cards (either real cards or a

card image file) and has the same format as the output from ASSEMB
(see 7.12.4). '

7.13.4 Output

The output essentially consists of the final optimum design
giving all final manhole places, pipe diameters, levels and gradients,

together with flows, pipe capacities and details of cost.

Additional information is optionally available giving details of
the initial minimum gradient design and details of the optimisation
process but these were primarily for diagnosis in the event of failure

during program development.

7.14 Results from using ASSEMB and MOD

7.14.1 Introduction

The computer runs using MOD may be divided into four groups:
a) checking that results are consistent with DPO
b) finding the effects of varying the optimising and design parameters
c) checking pérformance on various networks
d) preliminary investigations for the variable cross-drain problem

The results of a, b and ¢ are presented and discussed below, and

are tabulated in Table 7.1. Results from d will be presented and

discussed in Chapter 8.

7.14,2 Checks on the consistency of MOD and DPO

Due to minor changes in the costing routines and in the method
used to calculate rainfall, MOD could not be expectéd to be in full
agreement with DPOQ.

Three examples using network 2 (fig., 7.6) were tested on MOD
(see Table 7.1) and the results compared to those using DPO. A

large measure of agreement was noted, with pipe diameters and manhole

positions identical. There were small differences in pipe gradients
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and costs, however, but these were thought acceptable. It was con~-

cluded that MOD was largely consistent with DPO.

7.14.3 The effect of varying the optimising parameters

The results of 23 runs using MOD on network 3 (figure 7.11) are

tabulated in Table 7.1 Seventeen of these runs had identical design

parameters, but varying optimising parameters.
varied from 3 seconds to 1884 seconds with network construction costs
ranging from £108100 to £105900 respectively, representing savings of °
from 27 to 4% over a likely minimum gradient solution_(see fig.
7.12(b)) costing £110,100. A typical optimal solution is shown in
fig. 7.12(a). Fig. 7.13 shows program execution time plotted against

Execution times

network costs on a logarithmic scale. The general trend shows that
the optimal solution is approached as the time spent on computing
increases. There must be an absolute value for the true optimal
solution but this is unknown. If the intermediate manhole spacing
was decreased to a very small distance and the spacing of levels
greatly decreased whilst retaining a wide level zone this optimal
solution would be approached. However, the execution time would be
enormous and hence computing costs would be greatly in excess of any

possible saving on construction cost.

On the other hand, very small execution times still show sizeable

savings on construction costs, for negligible computing costs.

Obviously a balance must be achieved between computer costs and

likely savings as explained in section 5.15.

Costs of running MOD on Liverpool University's I.C.L. 19068
computer work out at approximately £0-16 per second. Hence for a

100 second job the execution cost is £16.

For practical considerations (see section 5.15) it was felt that
the ratio of (extra saving on construction costs)/(extra computing
costs) should not fall below about 20 in a commercial program. This,
applied on a diminishing returns basis, leads to a maximum execution

time of about 150 secs for this network on the 1906S.

This, then, forms a restraint on the selection of the optimising
parameters. The parameters that effect the performance of the opti-

misation and the program execution time are:

a) spacing of possible intermediate manholes (SP)

b) number of discrete pipe levels considered (M)
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c) range of pipe levels considered (RZ)

d) range of pipe diameters considered (J)

For the reasons described in section 7.10.3 (f) the spacing of
discrete pipe levels was kept within the range 0.1 to 0.15, there
being no apparent advantage in decreasing the spacing below this, and
with increases of spacing likely to cause sub-optimal manhole positions
and diameters. Hence M and RZ are linked by RZ # (M-1) x O.1l.
Generally the range of diameters considered was kept to 3, but reduced
to 2 for four of the runs. ,

Hence in practice SP and RZ become the only two important para-
meters.

The effects of varying these are shown in figure 7.14., It can
be seen that there appears to be a zone depth above which there is no

further reduction in cost, this occurring at about 1.5 m. However,

decreasing manhole spacing leads to increased savings with no such
obvious limit. }

The results are combined in fig. 7.15(a), the costs being given
as approximate contours. The line joining points with execution
times of 150 secs is also sketched in. If the execution time is
restricted to this value, the correct choice of parameters for the
most effective use of computer time is a zone depth of about 1.5 m

with a manhole spacing of about 30 m.

Several runs were performed (Table 7.1) with RZ locally widening
towards the end of long pipe branches especially where these branches
ended well above the level of the main pipe in the minimum cover
design. Such runs were found to be more efficient than those using
constant values of RZ, using generally about half the computer time

to achieve the same cost savings.

Four runs were performed using only 2 possible pipe diameters.
These showed only small savings in computer time. The penalties
involved in using only 2 diameters were not large in this example,
but neither were the advantages. Hence it was felt unnecessary and

rather unwise to adopt less than 3 diameters in general,

Most runs used a minimum manhole spacing of 30 m. The excep-
tions used a minimum spacing of 60 m and in the one case where
comparison was possible this was rather more efficient, using less
computer time than for an equivalent run with a 30 m minimum spacing
and no cost penalty.
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7.14.4 Varying the design parameters

Having established an optimal design program for drainage design
it is relatively easy and informative to find the effects on the

design and cost of construction of varying certain of the design
parameters.

Such parameters, the values of which are at present selected on
a rather arbitrary basis, could include minimum cover over the pipe,
minimum slope, pipe roughness, maximum manhole spacing, storm return
period and time of entry of runoff into the pipe system. Such a
study was not the objective of this research, but five runs were
performed on Network 3 (fig. 7.11) using varying times of entry (te)
to the pipe system (see Rational Method, section 5.11.2) as it was
felt that this may be greatly underestimated in current design prac-

tice.,

At present te is generally taken to be 2 minutes. Fig. 7.15(b)

shows the effect on the network cost of taking te equal to 2,4,6,8

and 10 minutes, resulting in reductions in network cost of up to

7.5%.

7.14.5 Tests on other networks

MOD was used on rather more complicated road drainage networks
similar to Network 3 but with one or two additional cross-drains.
These runs were primarily to investigate the possibilities of variable
cross-drain optimisation and will not be discussed here except to say
that in all cases MOD produced sensible results, with rather greater

cost savings than for Network 3.

In addition one further design network was used as an example.
This consisted of a single run as shown in figure 7.16. The plan
length of pipe run between the two fixed position manholes at the ends
was 840 m. The ground profile has three regions each at a different
linear slope. Possible manhole positions were defined at 10 m
spacing along the pipe run with a maximum permissible distance of
150 m between manholes. A 1 m zone was used for the levels with 11

discrete pipe levels at 0.1 m spacing. Three pipe diameters were
used at each location. ‘

The optimal design uses 6 intermediate manholes placed at the
chainages shown. The cost of this optimum design is 12493 units and

took about 120 secs execution time on the Liverpool 1906S computer.
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In order to compare it with a traditional manual design a standard
design was produced and costed by hand. The definition of such a
standard design is, as in all variable plan problems, rather subjec-
tive. However, the following logical stages were taken:

a) place manholes at both ground discontinuities;

b) place manholes at equal spacings in each sloping portion subject
to a maximum spacing of 150 m;

c) design pipes at minimum cover subject to a minimum gradient

requirement.

Using the same cost function as for the optimal design the
standard design cost was 14491 units, i.e. 167 more expensive than

the computed optimal.

This example demonstrates that considerable savings can be made
by making relatively small adjustments to manhole positions and
gradients. Most of the saving in this example is effected by reduc-
ing the pipe diameter in the central region from 375 mm to 300 mm,

and by reducing the final pipe in the run from 450 mm to 375 mm.

7.15 Conclusions from using MOD

Using MOD on the large and realistic road drainage example of
Network 3 showed two important differences to the results obtained

from using DPO on preliminary examples.

These were firstly that the savings likely to be achieved over a
sensible minimum gradient design were substantially less than expected.
They were approximately 3% to 47 as opposed to the 5% to 15% expected.

Secondly the optimal solution could only be obtained by taking a
range of depths of about 1.5 m or more, as opposed to the expected

range of about 0.6 m.

The first point could be explained by the long lengths of gently
sloping ground profiles, typical of a road carriageway, and the small
number of pipe intersections. 1In fact in examples involving addi-
tional cross-drains MOD produced rather larger cost savings. Hence
it would seem likely that the most spectacular results are achieved

with rapidly varying ground levels and complicated pipe networks.

The second point is again probably explained by the long lengths
of the runs as opposed to the relatively short lengths in previous

examples, or perhaps just to the overall larger size of the network.
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It may make sense to select the range of depth considered according
to the maximum drainage path through the network, or have a variable
range, the range at a manhole being a function of the length of the
longest drainage path upstream of that manhole. This could be
achieved by having a variable number of discrete levels, but the data
handling routines would be rather more complicated than in MOD, and
extra data would be required to define the number of levels at each
point'in the network. Nevertheless it remains a sensible approach

for further investigation.

The choice of parameters to obtain the best solution for a
reasonable outlay in computer resources is not obvious, and varies
depending on the example. It seems reasonably clear that only 3
pipe diameters need be considered provided that the available diame-
ters are in the standard 75 mm nominal increments, and that the
original minimum gradient design produced does not result in arti-

ficially large diameters due to the use of a very small minimum

gradient (less than, say 1 in 300).

Based on the information to date, a range of depths of at least
1.5 m is needed to ensure that the optimal design is not excluded.
As 0.15 m is about the maximum spacing of discrete levels allowable -
this requires 11 discrete levels to ensure the solution is reasonably
close to the optimal. This conclusion will need checking in the

light of further experience in using MOD.

Having fixed the number of pipe diameters and suggested the
range of levels and their spacing, it remains only to fix the spacing
of intermediate manholes. The cost of the solution will continue to
decrease as the manhole spacing decreases towards zero, whilst the
computer costs involved rise rapidly. It is probably not worth while
decreasing the spacing below 10 m, both on economic grounds and
because of the desirability of keeping manholes at convenient chain-
ages (see section 7.7), and spacings of 30 m or even 60 m may give
reasonable answers with more acceptable computer execution times.

Note that these figures relate to a maximum manhole spacing of 120 m,

and are convenient fractions of 120 m. For another maximum manhole

spacing other similar fractions of distance would be more appropriate.

The most important conclusion relating to the choice of para-

meters must however be that whatever computer program is developed
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for the MANVAR system, it must be flexible enough to incorporate

changes in these parameters as experience is built up of their use.

It remains very clear that even though savings may not be as
great as previously expected, large sums of money on construction
costs can be saved by a very small outlay in computer time. This
will always be worthwhile. Greater outlay on computing will save
larger amounts on the comstruction costs. The extent of investment
in computing time to obtain more savings in construction is then a
matter of policy for those in‘charge of the design procedure, and may

be controlled by careful selection of the optimising parameters.

7.16 A commercial program

7.16.1 Introduction

The funding that enabled the bulk of this research to take place
was provided by the Department of Transport, Highway Engineering

Computer Branch.
Their principal requirement was the production of a fully
commercial optimal drainage design program for roads based on their

existing DAPHNE highway drainage design program (ref. 56).

For reasons described in Chapter 8, it was decided that this
program should be based on the MANVAR model and not on the CROSSVAR

(variable cross drain) model described in that chapter.

For convenience the program will be referred to here as DAPHOP,
although when released it will probably be as a user-selected option

of a new version of DAPHNE.

7.16.2 The existing program DAPHNE

DAPHNE consists of approximately 8500 lines of Standard Fortran.
Much of the coding is required for handling, interpreting and checking

input data and outputting results and messages.

DAPHNE uses data which is already available in the form of com—
puter files to define all the road geometry (alignment, crossfalls
etc.), this information being available from running the BIPS suite
of programs (ref. 59) for the design of highways. The DAPHNE user
then defines the drainage network he requires, including all manhole

positions, and the design parameters he wishes to use. DAPHNE then

calculates all catchment areas, calculates design flows according to
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the Rational method and designs all pipe diameters with pipes at

minimum possible cover.

7.16.3 The optimising version: DAPHOP

DAPHOP is structured on the MANVAR model, the details being shown
in figure 7.17. Basically DAPHOP and the joint ASSEMB and MOD
programs, are very similar except that DAPHOP uses the existing DAPHNE

routines to establish a minimum cover design and to perform the final

design of pipe gradients. The efficiency of some of the MOD routines

and the data handling were improved before incorporation into DAPHOP,

resulting in a generally more compact and efficient program than would
otherwise have been possible.
DAPHOP is at present undergoing trials with the DOT before being

released for general use.

7.17 Conclusions on the MANVAR model

Experience has shown that the MANVAR model is fully practicable
as a storm drainage design program for networks in which there are
branches along which unknown numbers of intermediate manholes are to
be placed. This type of network is typical of highway drainage.

The extent to which the MANVAR produced design approaches the
true optimal solution is dependent on the choice of parameters in the
optimising routines. The choice of parameters determines the cost
of running MANVAR and may be limited by the size of available compu-
ting memory.

Significant savings can always be made by adopting very coarse
parameters (e.g. a zone depth of 0.6 m and a manhole spacing of 60 m)
at minimal computing costs. Larger investment in computing will

result in larger cost savings, there being a practical rather than a

theoretical limitation on this.
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Chapter 8. The Variable Cross-Drain Position Model -~ CROSSVAR

8.1 Introduction

In this chapter the second of the variable plan optimisation models
for road drainage design is presented. This involves the determination
of the number and position of cross-drains in a storm water drainage
network for highways. As outlined in Section 6.3, this essentially

completes the optimal design process for such networks.

8.2 Definiggﬁthe Problem.

A typical network (Fig. 8.1)consists of carriageway drains (AD, BE, CF)
connected to a base cross-drain (DEF) connected in turn to carrier drains
(FG, GH). _

However a number of additional cross-drains could be added (eg.IJK,LMN)
thus diverting the flow from AD to AIJKF and ILMNF. DraimsIL, LD will
have zero flow at their upstream ends but will collect flow along their
lengths.

Flow along BE is similarly diverted. The overall result is for the

drains KN, NF to be substantially larger than CF was, and for IL, LD, JM, ME

to be smaller. This may well be cheaper to construct than the original
basic layout.
The problem is thus to find the number of cross-drains and their
positiorns that will result in the network of minimum construction cost.
To make the model complete, it is necessary to find the number and
positions of all intermediate manholes for each pipe run such as Al
and the diameters and slopes of all pipes. This can be accomplished
by incorporating the MANVAR model (see Chapter 7) into the present

model,
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8.3 Methods of approach.

Several different approaches were investigated in preliminary studies

of the problem before D.P. was again selected as being the most likely

contender. These preliminary studies used the MANVAR model as a step in

a search procedure for the optimal solution and are described in the

following sections. )

8.4 Fibonacci Search.

If the problem is simplified greatly by assuming that only one

additional cross-drain is required for the optimal solution, the well-known

Fibonacci Search method (ref. 60) can be employed.

Defining the distance of the additional cross-drain from the base
cross-drain as x (Fié.8.1) the total network cost can be expressed as
f(x) where f(x) can be evaluated for any feasible x by running the MANVAR
model. It is then necessary to adopt a one-dimensional search technique
to find the position of x that makes f(x) a minimum. It is necessary
to make two assumptions, firstly, that there is a value of x that
minimises £(x) within the range of x considered, and secondly that f(x) is
unimodal within this range. It can then be shown (ref.61) that no
grid search technique can be guaranteed to find the minimum in less

function evaluations than the Fibonacci method.

Essentially the method consists of the following steps:
i) consider a set of positions x covering the range of interest.
ii) evaluate f(x) at a specified pair of points xj, x;.

as f(x) is unimodal, from the values of f(x;) and £(x,) determine

iii)
whether the value of x that minimises f(x) is > x; or < x;. This
narrows the range of x that need be considered.
iv) with reduced range, and knowing one value of f(x) within this range

(either f£(x;) or £(x,;)) determine f(x) at a specified point x3 and

repeat the process.
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The points x,, Xys X3 etc. are determined by reference to the Fibonacci

series of numbers 0, 1, 1, 2, 3, 5, 8, 13, 21,34 etc.

In this way the minimum value of f(x) can be found for a large
number of possible positions of x with the minimum number of evaluations.

e.g. for 88 positions of x, only 9 function evaluations need be made.

8.41 Trial Using Fibonacci Search.

An attempt was made to apply this technique to finding the optimum
position of an additional cross-drain for Network 3 (fig. 7.11). 88 points

were used, thus requiring a total of 9 evaluations. For this preliminary
work, the MANVAR programs were used, with each evaluation requiring a new

run using a manually altered set of input data.

Defining x as in Fig.8.1c, the problem can be stated as follows:

Find the value of x that minimises the construction cost of the network,

where 0 < x < 2000.

It was originally thought that x would be about half way along the
2000 m long parallel drainage runs. Hence the search was restricted to
the region %0 s x < 1430 Using a 10 m grid interval allows 88 possible
positions for x, varying from point (1), x = 560 m to point (88),

x = 1430 m. In general for point n ,x = 95 + 10 n,

Assuming that the cost function is unimodal and has a minimum value
within this range, the optimum value of x should then be obtained in 9

function evaluations, i.e. 9 runs of the MANVAR model, using networks
defined by different positions of x. The choice of points at which to

evaluate f(x) is shown in Fig. 8.2.
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8.4.2 Pesults.
The results of applying Fibonacci search to the region 560 < x £ 1430

are shown in Table 8.1.

After just four evaluations it became clear by plotting a graph of the
points (Fig.8.3) that the optimal solutions could well lie outside the range

being investigated, thus invaliddting the search technique.

Table 8,1 Fibonacci Search.

Pt. X Cost
55 1100 £107297

Solution in range 1t to 55
34 890 £106561
21 760 £106512 ., Solution in range 1 to 34
13 680 ~ £106237 ', Solution in range 1 to 21

Consequently further values of x were used outside the range initially

considered. These are tabulated in Table 8,2 in chronoligical order

and plotted also on fig. 8.3,

Table g.2
x Cost
400 £105689
200 £105710
320 £105598
480 £105602
360 £105555

Two results are of immediate interest. Firstly the assumption of

the likely position of the cross-drain was erroneous, and secondly the
assumption of unimodal behaviour is also invalid, at least in close

proximity to the optimal solution.

- 154 -



network |
cost
(£)
107000___
_-4
4
10600Q__
7 fibonacci points ©
- other points +
105000 . -
llll[llllll ”
0 500 1000  (m)

OPTIMAL POSITION OF A SINGLE CROSS-DRAIN

FIGURE 8.3

-155 -



A comparison with two other solutions is also informative. Firstly
if no additional cross-drain is used, the optimal solution using the same
parameters as for the results above would cost £106 220 (£665 or 0:67

more expensive than the cheapest single cross-drain solution)

Secondly 2 manual, minimum cover design, with one additional
cross-drain placed at x = 960 would cost £111 533 (£5978 or 5:7% more

expensive). This represents a typical solution using current design

practice.

8.4.3 Conclusions.

Had the Fibonacci search covered the whole of the range 0 < x < 2000
it would probably have attained the optimal solution with a similar number
of function evaluations as were actually employed using the graphical plot

as a guide.

However as the function cannot be relied on to be unimodal, the
technique may have foundered, and it is felt that it is therefore

insuff tciently robust to be of general use in this application.

The optimal position of the cross-drain, being only 320 m upstream
of the base cross-drain, suggests that several more cross-drains at
similar spacings may be required for a truly optimal solution. Hence

a simple univariable search is probably not appropriate.

8.5 Polytope Search.

8.5.1 1Intrdouction.

As the ribonacci method was limited to the possibility of a single

cross—drain it was clearly of limited use, some more general method being

desirable.
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The nature of the objective function rules out almost all the recognised
multivariable optimisation algorithms with the exception of the polytope search

technique -~ sometimes known as the simplex method (ref. 60)

A polytope consists of a pattern of at least (n+l) points defining
a non-zero volume in n-dimensional space. Hence if there are n variables
in the problem, the first step is.to evaluate the function at (n+l)
appropriate points. The highest of these values is then discarded, and
the function is evaluated at a new point, this being the reflection of the

discarded point about the centroid of the remaining points. A new polytope

is thus formed, the highest value of the function again being discarded and

the process repeated.

Various rules can be applied to increase or decrease the size of the

polytope and to deal with constraints on the position of the vertices.

8.5.2 Results using a Polytope search.

This technique was applied to finding the optimum positions of two
cross-drains for Network 3 (fig.8.4a). A simple two-dimensional simplex
was used. As it was felt desirable to keep cross-drains to sensible
chainages, (e.g. multiples of 100 m) a right-angled isosceles triangle was
used (fig.8.4b). The method was applied manually using MANVAR to evaluate

the function at the chosen vertices.

Vertices (1) (2) and (3) (fig.8.4b)were evaluated iﬁitially. The
results of all evaluations are given in Table 8.3, As point (2) gave the
highesk& cost this vertex should have been reflected about the mid-point
of (1)-(3) to give the new vertex. However this would have created a
vertex at pt.(600,600), giving coincident positions for the 2 cross-drains.
Hence the nearest position which preserved the shape of the polytope was

chosen for the new vertex, this being point 4.
- 157 -



L-————--XZ
-—X1
[ - Pty —.l g & —
1
. - — - -—
.- —o— S ——— —
'
(a)
X2
(m) §
1400
1200-
1000— 2
800— 1 3
5
600— f
400- 6
200—
0 j" X

| [ ] |
0 200 400 600 800 1000 {m)
POLYTOPE VERTICES

(b

POLYTOPE SEARCH FOR TWQ CROSS-DRAINS

FIGURE 8.4

- 158 -



Evaluation of vertex (4) identified vertex (3) as having the current
highest cost. This vertex was then reflected about the centre of (1)-(4)

and the new vertex (5) was identified and evaluaied.

O0f the current vertices (1, 4 and 5), (1) was the most expensive.

Hence a vertex at (6) was identified and evaluated.

Of the current vertices ((4) (5) and (6)), (5) was the most expensive.
As the next vertex would havebeen point (400,400) giving coincident cross-
drains , and there was no other new point available for a vertex whilst
preserving the same size and shape of polytope, the logical next step
would have been to decrease the polytope size and to continue the search.
The search was, however, temminated here as it was felt that sufficient
information had been gained about the method. At termination the cheapest

vertex was (4) having cross-drains at 400 and 600 m from the base

crossdrain.

Ta.ble_ 8.3 Polytope Search

Vertex X] X2 Cost
1 400 800 106271
2 400 1000 106841
3 600 800 106367
4 400 600 105926
5 200 600 106249
6 200 400 105944
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8.5.3 Conclusiggg.

The results confirmed one finding of the one dimensional search,
namely that the optimal number of cross-drains was not obvious and could
be quite large, due to the close spacing of the optimal cross-drains in
the cases investigated.

Thus for a complete optimisation, polytope searches for 2, 3, 4 etc.
variable cross-drain positions would have to be implemented. Although

such a procedure is possible for up to about 6 variables using the Folytope

method it would require a large number of function evaluations and be very

inefficient.

Hence it was felt that although a Polytope search could be applied

if the number of cross drains were known, the technique was not suited for

the present case.

8.6 Dynamic Programming Approach.

It had become clear that any method which relied on the number of
cross-drains being predetermined was of little practicable use, as results

indicated that several cross-drains were normally economical, rather than

Zero, one or two.

The research done on the variable manhole position problem (Chapter 7)
had shown that I.S.D.P. was capable of handling a similar situation and it

was decided to investigate whether I.S.D.P. could be applied again.

8.7 Variable cross-drains and the modified serial system.

Section 7.6.2 introduces the concept of a modified serial system,
essential for the implementation of I.S.D.P. Consider now a typical
length of highway drainage consisting of a base cross-drain fixed in

position into which run three roughly parallel carriageway drains. (Fig.8,5a)

It is possible to define a modified serial system in the following

way.
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Define a set of possible discrete cross-drain positions a, b, ¢, etc.
along the length of the drainage netﬁork. (Fig. 8.5b)

Let each of these correspond to the downstream end of a stage in the
modified serial system. The output from a stage is then the lower pipe level
and larger pipe diameter of the pipes that meet at the downstream end of
the cross-drain. The input to a stage is the output from one of the

upstream stages. Figure 8.5cshows a typical stage and Figure 8.5d the

modified serial system.

8.8 Applying I.S.D.P. to the variable cross-drain problem.

The 1.5.D.P. can now be structured as follows.
For cross-drain (a) obtain minimum costs for a set of output states
for the network consisting of the cross-drain at (a)'plus the length of

carriageway drains upstream of the cross-drain.

For cross-drain (b) there is either no cross-drain upstream, or a
cross-drain at (a). Hence obtain minimum costs for a set of output stgtes
at (b) considering both of the following possible networks.

i) cross-drain (b) plus all carriageway drains upstream.
ii) cross-drain (b), plus carriageway drains from (a) to (b) plus

the set of minimum costs corresponding to input states at (a).

In general a cross-drain stage may have any of the possible upstream

cross—drains forming its input state , or none at all.

In this way the I.S.D.P. proceeds downstream to the base cross-drain,

giving a set of minimum costs corresponding to a range of depths and

diameters. The process may then be continued by conventional D.P. through

to the downstream end of the network.

When the overall minimum network cost is identified the solution can

be traced back up the network and the optimal plan identified.
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8.9 The design of a stage

The design of a cross-drain stage consists of finding the least cost
solutions for all possible networks upstream for a range of output states.
As outlined in Section 8.8, this is accomplished by considering the nearest
upstream cross-drain to be in each possible position, or there to be no
upstream cross-drain. Considering just one position of tﬁe upstream

cross-drain, Fig.8.5c, the problem can now be stated as follows:

Given a set of input costs corresponding to input states S(in) find
the set of designs for the network between the cross-draing that minimises

the costs corresponding to output states S(out).

This can be done conveniently using the MANVAR model, thus giving

optimal intermediate manhole positions and optimal pipe slopes and

diameters.

8.10 Establishing the ranges of value for the state variables

For any D.P. process the ranges of values of the state variables
need to be defined,ie. in Fig.8.5¢ the limits on S(in) and S(out) need
to be fixed.

The range of the pipe level could be fixed in relation to the ground

level, but this is rather inefficient . It is far better

to fix the range in relation to the maximum possible pipe level, which will
generally coincide with the "minimum covexr" design for a given upstream
network.

Here, however, the network upstream is not predetermined, and hence
there is no unique minimum gradient design from which to obtain an upper
limit on pipe level,

Hence all possible upstream networks should strictly be considered in

obtaining the upper limit on pipe level at a given cross-drain position.
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If pipe diameter is also a state variable (i.,e. if diameters are constrained
not to decrease in a downstream direction) then the maximum pipe diameter

may be obtained from the same "minimum cover " design procedure.

8.11 Design flows

So far in this chapter it has been assumed that design flows can
readily be calculated for the individual components of the design stages

and that flows at the main stages are independent of the networks upstream.

Taking the former point first, provided the inlet points for flows into
all the carriageway pipes are defined (e.g. gullies) or are continuous
along the pipe lengths (e.g. French drain) then for each subnetwork, design

flows can readily be calculated as for the MANVAR model.

The latter point requires rather more attention. Consider the flow

just downstream of F in two extreme cases (Fig. 8.6a and 8.6b)

Using the Rational method as an illustration, the design flow at F
depends on the time to concentration t and the catchment area A. A will
be equal for the two cases. However the time for case (a), t(a), will
depend on the full flow velocity for pipes AD, DE, EF, being lérgely
dependent on the velocity of flow in AD. For case (b), t(b), will depend
largely on the velocity of flow in IF, which, being necessarily a larger
pipe than AD, will usually have a significantly higher flow velocity.

As an example, if AD is of diameter 150 mm throughout its length, if
IF is 225 mm throughout its length, if AD = 1000m and if IF = 900m
" and all pipes are at a gradient of 1 in 250, then t(a) = 1550 secs. and
t(b) = 1260 secs. for typical pipes. For a 1 year storm, design flow
Q(b) is then 18% higher than design flow Q(a).

8.12 Cross-drain sets with networks upstream

It is possible to have branches joining into the component draingof

a cross-drain set. Such an arrangement is shown in Figure8.7a. This
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presents no theoretical difficulty, as the situation can be handled as

follows:

1) Identify all such branches, and identify the manholes (e.g. X, Y)
at which they enter the cross-drain set.
2) Define range of discrete output states for the branches at these
manholes. .
3) Obtain by MANVAR the set of minimum costs for these discrete output
states.
The main cross-drain set I.S.D.P. design may then proceed, incorporating

the sets of branch costs.

8.13 Cross—drain sets sharing a common base cross-drain

Frequently two sets of parallel drains enter a common base drain, one
from either side as in Figure 8.7b. This raises a theoretical difficulty
with the proposed method, as it has so far been assumed that a cross-drain

set can be designed in isolation from any other cross-drain set.

Imagine performing the I.S.D.P. process on set A. The final cross-

drain position considered is the base cross-drain QP.

A range of states at P is considered, and the minimum costs of arriving

at those states is obtained, considering only cross-drain set A, i.e.

excluding the effect on the pipe level at Q of the drain entering Q from
cross~drain set B.

These costs include the cost of drain QP.

Imagine now the 1.S.D.P. process on cross—drain set B. A new set of

minimum costs will be obtained for the states at P, again including the
cost of the drain QP.

These two sets of costs at P can then be combined to form a single

set of optimal upstream costs over the range of states at P, These will
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however include drain QP twice. The D.P. will then proceed to the network

outfall, The final network trace back will identify one state at P from
which the optimal set of drains for A and B will be identified. However,
base drain QP may well have two different designs for the two different

cross—-drain sets. Indeed the pipe levels at Q may well be quite incompatible.

Theoretically, then, it is necessary to comsider the two cross-drain
sets simultaneously in the I.S.D.P. process. Such a procedure would
involve severe computational penalties even if a sound method could be

evolved, and so was pursued no further.

In practice, therefore, cross-drain sets sharing a common base cross-
drain are designed as if they had separate base cross-drains. It is in
fact unlikely that the cost of the base cross-drain will exceed about 17 of
the cost of the upstream drains in any normal network. Hence its effect
on the positioning of the cross-drains is likely to be minimal. The
problem of two differing trace~back solutions for the base cross-drain is

overcome by using the procedure described in the following section which

describes a practical model,

8.14 A practicable model - CROSSVAR

8.14.1 Introduction

A model based on the I.S.D.P. approach was developed for the variable

cross-drain problem. The model, CROSSVAR, breaks the optimisation problem

into three parts.

Firstly, cross-drain positions are determined. Next intermediate

manhole positions and pipe diameters are found. Finally pipe slopes are

determined. The last two stages are equivalent to the MANVAR model.
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8.14.2 Structure of CRO3SVAR

CROSSVAR is implemented by two programs, SORT and MODsX linked as shown
in Fig.8.8. Both are generally run twice.

SORT accepts in card format input data describing the road geometry
and network layout, and a set of design parameters. It outputs on magnetic
tape a complete set of input data for MODsX.

A flow chart for SOR! is given in Fig 8.9 and a program listing is ‘

given in Appendix F, .
MODEX operates in one of two modes. If there are any cross-drain

positions to determine, it will do so and output in card format the geometry

corresponding to the resultant pipe network. This is then processed by

SORT, and returned to MODEX which, because there are now no cross~drain
positions to find, will operate in its second mode. In this mode it will

perform the same function as program MOD in MANVAR (see Section 7.13) producing
first a set of optimal manhole positions and pipe diameters and then a set
of pipe gradients.

CROSSVAR was so structured for two main reasons. Firstly, as explained
in Section 8.13, it is not possible to obtain a theoretically correct
solution for the common case of two sets of cross—drains sharing a common
base. Hence some approximation is necessary, the most satisféctory being
to assume two base cross-drains independent of each other for the purpose
of establishing cross—drain positions. Having established these, the
optimal solution for the resulting network can then be obtained assuming

a joint base cross-drain by re-running MODEX with no variable cross-drains.

The second reason is that of program efficiency. The time taken to
Produce a design with a single program run is an order of magnitude greater than
that taken to run the program twice, once to establish cross—drain positions,
and then to complete the design, whilst the results obtained are usually
identical. The disadvantage is that the solution could be suboptimal in

the latter case, if the cross—-drain positions are sensitive to the choice

of grid spacings for the manhole positions and pipe levels. (See section 8,19)
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8.19 Program MODEX

Flow charts for program MODZX are given in Figures 8.10 and 8.11,
and a program listing in Appendix G,

Bssentially MODEX is a version of MOD, extended to include a variable
cross-drain facility. The program takes each branch of the network
sequentially from the upstream ends, and if the dranch is’not a member

of a cross-drain set, performs an ISDP optimisation for a range of downstream

states,

When a member of a cross-drain set is identified, control is switched to
a subroutine XDSET, This subroutine controls the I.S.D.P. optimisation for
the cross—drain set, identifying subnetworks between cross-drains, which

are then optimised by calling SUBNET.

MODEX has an important refinement over MOD in that it was realised it
was not essential to perform a minimum cover design at the start of the
program. This was done in MOD to establish the upper limits on the state
variables throughout the network. In MODEX, the minimum cover design
ié done for a branch at a time, just before that branch design is optimised.

This overcomes the problem of the network not being defined initially.

MODEX consists of about 1900 lines of National Computer Centre Standard
Fortran and is hence largely machine independent. Data is stored partly
in two main arrays, these being dynamically addressed to minimise core
storage requirements, and partly on two magnetic tape workfiles for bulk

storage of data that is not being currently used by the program.

b
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8.16 Optimising Parameters for CROSSVAR

The CROSSVAR programs were written to cope with any reasonable
combination of optimising parameters.

These parameters are as follows @

1) Cross-drain resolution, i.e. the spacing between possible cross-drain

positions.

2) Manhole resolution, i.e. the spacing between possible manhole positions.
3) Number of pipe diameters considered at each manhole.

4) Width of the pipe level zone
5) Number of discrete levels within pipe level zone.

Rather than generating cross-drain positions at specific intervals of
chainage along the road, it was thought better to specify the manholes
that they would connect. Hence the spacing of possible cross-drain

positions is in fact a multiple of the spacing of possible manhole positions.

The possible manhole positions are generated along each branch of the
cross-drain set and numbered. Possible cross-drain positions are generated

from the base cross—drain upstream and defined by the corresponding manhole
numbers .
Using this system all possible manhole positions can be generated
initially. |
Parameter 1 is used only in the first run of SORT and MODEX. Parameters

2, 3, 4 and 5 are specified independently for the first and second runs of

the program. Hence a coarse initial run can be used to establish cross-drain

positions, followed by a finer process for establishing manhole positiomns

and pipe diameters.
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8.17 Program of Testing for CROSSVAR

A program of testing was devised for CROSSVAR, to check its validity

and to choose suitable optimising parameters. The program was as follows:

(1) Check compatibility with MANVAR
(2) Find typical cross-drain spacing

(3 Test whether I.5.D.P. can be truncated by
considering only a certain number of

possible upstream cross-drain positions

(4) Test the stability of the solution (for
cross-drain positions) to variations in

the optimising parameters 2, 4 and 5

(5) Find suitable values of optimising

parameters 2 to 5

(6) Find the effect of cross-drain resolution

(parameter 1) on overall optimal cost

(7) Choose suitable values for cross-drain
resolution
(8) Run using other networks
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8.18 Results using the CROSSVAR model

8.18.1 Checking CROSSVAR with previous results

The first runs of the CROSSVAR model were to check that it was fully
consistent with the MANVAR model. Hence these test runs were performed
using CROSSVAR without its cross-drain optimising capability.

Three test runs were performéd on two networks and compared to runs
using MANVAR,

The first of these was on the network shown in Fig. 7,16 and described
in Section 7.14.5. The results from the two models were identical.

The other two tests were on network 3 (Figure 7.11) using two sets
of design parameters. The results differed very slightly from MANVAR.
This was traced to a minor error in the MANVAR programs. However the

results were substantially identical.

8.18.2 Finding Typical Cross-drain Spacings

The second set of runs were aimed at finding typical cross-drain .
spacings. Five runs were performed on network 4 (Fig8.12a) using first
of all a coarse spacing of possible cross-drain positions, and then gradually
finer spacings.

The results of these runs are illustrated in Figure 8.13. For

run 5, the spacing between cross-drains was limited to 250 m to reduce

The result is therefore somewhat artificial.

[

program execution time.
In general the runs show that optimal cross-~drain spacings were
between 150 m and 500 m for this network.

It would seem reasonable therefore to limit the maximum cross-drain
spacing in order to truncate the I1.S.D.P. process, thereby considerably

reducing computation.
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8.18.3 Stability of Cross-Drain Position to Variation of Parameters,

The third set of runs were to examine the stability of the optimal
cross-drains to variations in three of the optimising parameters. All

runs used Network 4 (Fig.8,.12)

a) Manhole Resolution

The first parameter investigated was the manhole resolution, which
was allowed to vary from 25 m to 150 m (the maximum spacing permitted),
whilst the cross-drain resolution was held at 150 m. Having established
cross-drain positions, the second optimisation used a new set of optimising

parameters which were identical for all rums.

Results for these runs are shown in Table 8.4

It can be seen that alteration of the manhole resolution from 25 m
to 150 m produces just one change in the cross-drain positions. This
change leads to a very slight (0-17) increase in the cost of the final
optimal network. Overall execution time for the program decreases by a

factor of between 6 and 7.

In these circumstances it would seem reasonable to consider only a
manhole resolution equal to the maximum specified spacing of manholes,

assuming this to be not greatly in excess of 150 m.

b) Width of Pipe Level Zone

The second parameter investigated was the width of the pipe level

[

zone in the initial stage of the model.

As a preliminary to this, one run was performed using a zero

width of zone for this stage, i.e. a minimum cover design.

This produced a design which at £118 124 was about 1% more expensive

than the optimum. The number of cross-drains generated was larger than
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Run Manhole Cross-drain location (m) Network | Run
Number | Resolution| (Base cross-drain at chainage 2000) Cost Time
(m) o ) o o o (£) (secs)
8RR 3RS 8§REER
21 25 X1 4 Al £ X X 117143 ] I
13 50 £ X Xl X X X 117143 | 323
23 75 £ x X A X X 117267 ) 212
22 150 x| & X X X X 117267 | 147
Zone
Depth
(m)
(23) 1.0 £ x £ X X X 117267 § 147
42 2.0 X] X X X X X 117267 ] 148
43 3,0 Al X x| | X X X 117267 | 149
44 4.0 x| £ xlAl x] x} X X 118058 | 146
Number
of
Levels
(44) 1 Xl X xlx] xlx}x X 118058 | 146
51 21 x| x| [xt (x| (x| |% 117267 *
52 31 x| x X X X £ 117267 | 494
53 41 4 X X X X 117267 | 776

£ = cross-drain position

SENSITIVITY OF CROSS-DRAIN POSITIONS TO OPTIMISING PARAMSTERS

TABLE 8.
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that for any previous run, probably due to larger pipe sizes being generated

by the low gradients.

As the manhole resolution was quite fine, (25 m), the run involved a
moderate execution time of 232 secs. The idea of using a minimum gradient
design to establish the cross-drain pattern was rejected as it was felt

that better solutions could be obtained in less execution time by a suitable
choice of parameters.

The main series of runms varied the width of zone from 1:0 m to 40 m,
the top of the zone being at a minimum cover design level. The remaining
optimising parameters were held constant, the values of manhole resolution
being 150 m, cross-drain resolution being 150 m, number of levels being 11

and number of diameters being 3,

The results are shown in Table 8.4, These indicate that there is no
advantage in having a wider zone whilst keeping the number of discrete

levels the same. In fact, if the spacing between discrete levels becomes

excessive, the solution may well become sub-optimal as in run 44.

c) Number of levels in zone

The last series of runs in this section investigated the effect of

varying the number of levels within a zone of fixed width.

Four runs were performed using a standard zone width of 40 m,
manhole and cross-drain resolution of 150 m and 3 pipe diameters. The
number of levels were varied from 11 to 41, giving spacings of 04 m to

0:1 m between levels. The results are shown in Table 8.4.

Only the first section of CROSSVAR was implemented for these runs,
This, however, was sufficient to show that the cross—drain positions

remained stable for spacings up to 0°2 m.
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8.18.4 The effect of cross-drain resolution on the optimality of the

solution

The fourth set of runs were designed to find how the cost of the

optimised network varied with the choice of cross-drain resolution.

Network 4 was again used, for cross-drain resolutions of from 100 m
to 500 m. Manhole resolution and maximum manhole spacing were taken as

100 m. A zone width of 1 m with 11 discrete levels was adopted together

with 3 possible pipe diameters.

The results are plotted on the graph of Figure 8.14.

As one would expect, the general trend is for the solution to decrease
in cost as the spacing decreases. There is not however, a great increase
in execution time and it would seem sensible to adopt a cross-drain

resolution equal to maximum manhole spacing.

1

8.18.5 Runs using other Networks

Two runs were performed using other, more complicated, networks.
These were primarily to test that the program was capable of handling

such networks and to see whether the results it gave were sensible.

The networks used were Network 5, Figure 8.,12b, and Network 3, Figure 7.11.

The resulting designs are shown in Figure 8.15(a) and (b).

8.19 Choice of values for the Optimising Parameters

The choice of values for the optimising parameters is not obvious as
it depends on a trade-off between computer resources and the degree of
optimality of the design.

However, it seems from the examples used in this research that the first

part of the program can be run with the following values of parameters and
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still, in most cases, achieve the optimal set of cross—drain positions
for a given cross-drain resolution.
Manhole resolution = maximum manhole spacing

Pipe level zone =1-0m

6

Discrete pipe levels
Discrete pipe sizes = 3
The choice of cross-drain resolution is less obvious. It would not seem
sensible to decrease the spacing below the maximum manhole spacing. A value
of cross-drain resolution equal to the maximum manhole spacing is thus

suggested.

For the second part of the program, it is necessary to alter the
manhole resolution to 25 m (or a convenient factor of the cross—drain
resolution close to this value), and alter the number of pipe levels
considered to 11. This will give a set of manhole positions and pipe

diameters close to the optimal set, if not actually optimal.

8.20 Conclusions on the use of CROSSVAR

This chapter shows that an optimal drainage design model capable of
dealing simultaneously with variable cross-drain positions, variable
intermediate manhole positions, variable pipe diameters and gradients can

be implemented using the I.S.D.P. approach.

Using a sensible choice of optimising parameters the execution times
on a large computer are reasonable, the costs involved being only a small

proportion of the likely saving on construction costs.

On the examples tested, the savings made by using the CROSSVAR model

instead of the MANVAR model with fixed cross-drain positions are not large.
As execution times for CROSSVAR are up to an order of magnitude larger
than for MANVAR, it was decided not to proceed with a commercial version
of CRO3JVAR at this stage. It was felt that the extra program length,
execution cost and documentation would have discouraged engineers from
using it.
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Chapter 9 A further variable plan optimisation problem

9.1 Introduction

In this chapter a further problem involving variable plan
optimisation is examined and a method of solution is proposed. The
proposed method has not been tested.

9.2 Connecting several sources of flow to a single main drain
A typical variable plan drainage problem might be posed as

follows:
Given sources of known drainage flow at manholes A,B,C,D,E,F

in Fig. 9.1a connect them in the least cost way to the outfall manhole O,
whilst satisfying all the usual drainage design constraints (see Section
2.3)e Such problems may indeed be applicable to other forms of

network, for instance water supply,roads and gas.

Wilson (ref. 25) attempted to form a model based on Geometric
Programming, with the simplifying assumption that there was a straight
main drain into which each of the others connected (eg A0 in Fig.9.1D)
However, he met with severe problems due to optimal solutions involving

manholes coinciding and a large number of equality constraints.

9+3 A DP approach - MULTICON

It is necessary to make two simplifying assumptions. The
first is that each manhole is connected to a single main drain. This
excludes the possibility of a branch drain linking several manholes
before connecting to a main drain. Secondly it is neceasary to
predefine the order in which the manholes are connected along the
length of the main drain. In the example it is assumed they are
connected in the order ABCDiF. Note that it is not necessary for
the main drain to be straight,.

For simplicity it is assumed that pipe diameters may increase
down the network, although a restriction on pipe diameters can
readily be incorporated.

Working from the upstream end of the network consider first
manhole A. This can be considered as the start of the main drain.
Consider now manhole B. A drain will run from manhole B to join the
main drain at an unknown position, say B', or posaibly the main drain
could run through B, Consider a grid of points representing possible
positions for this junction B'. This grid may include point B. (see
Fig. 9.1c)
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For each possible grid position B' calculate the minimum total
cost of connections AB', BB', fo.r each of a range of discrete pipe
depths at B'. This could be done using the MANFIX model. Moving
on to manhole Cy consider a grid of possible junction points C' and
obtain for each grid position and discrete depth the minimum total
upstream cost. This consists of the cost of CC* plus the cost of B'C'
plus the previously obtained cost of the network upstream of B', and
may be obtained by using MANFIX on the sulnetwork consisting of '
CC' and B'C' for every feasible position of junction B'.

In this way the design proceeds downstream and the minimum
cost of the network can be found for a range of depths at the outfall
manhole. Hence the overall minimum cost can be selected and the
solution traced back up the network. A typical solution is shown in
Fig. 9.1d. A flow chart for this proéedure is showm in Fig. 9.2.

9.4 Comments on the method

The main disadvantage with the model is that the order of
connection must be predetermined. For example, a solution in which
C was connected into the main drain before B would not be considered.
However it can allow B and C to be connected at the same point thus
overcoming a problem that Wilson found (see Section 9.2) and indeed
can allow the main drain to pass through the sources of flow.

If lengths between junctions, or lengths from source manholes
to the main drain justify the inclusion of intermediate manholes,
then MAKVAR can be used to establish the minimum subnetwork costs.

A computer program has not yet been writtem to implement the
method so no practical problems such as storage requirements or
execution time can be discussed.

Applications in sewer system design could be considerable
wherever some freedom of choice exists in the positioning of manholes.
The discrete nature of the possible solutions may itself be valuable
in accommodating problems in which manholes are limited to a small
number of possible discrete positions. For example, this can arise
if manholes are to be at street corners or in road verges.
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Chapter 10. Conclusions and Areas for Further Study

10.1 MANFIX

A study of previous work on the optimisation of fixed plan drainage
networks provided a good basis for the development of a new and efficient
Dynamic Programming model called MANFIX . This
correctly handles the constraint that pipe diameters should not decrease
in a downstream direction by the use of two state variables in the D.P.
process. Although the number of elemental designs at each stage is
thereby greatly enlarged, the actual computation time is not unduly
increased due to each elemental design being greatly simplified. The
final solution produced is fully consistent with the method chosen for
determining design flows. This is accomplished by using the D.P. to

establish the set of optimal pipe diameters, and then using these diameters

in a final fully conmsistent design process to establish pipe gradients.

Results show that the set of optimal pipe diameters can be reliably
found by the use of a very coarse D.P. grid, using an initial "minimum
cover" design to establish a set of approximate flows and bounds on the
D.P. process. Hence the process is comparable to DDDP in computer time

and storage requirements with the possible advantage of simplicity,
A separate computer program was not developed for MANFIX, but the
model was an essential foundation for MANVAR, the variable manhole

position model.

1n.2. MANVAR

The problem of optimising the number and pogition of manholes
along the line of a non-branching drainage run required the introduction
of a new type of D.P.

This was termed Indeterminate Stage Dynamic Programming (ISDP) as

the number of stages in the final solution is not predetermined. The
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concept of a set of discrete feasible positions for intermediate manholes

provides the key to the problem, enabling ISDP to be used in an elegant
procedure .The choice of a suitable set of optimising parameters leads to

an efficient and fully practicable computer program, Whilst savings
in construction cost over non-optimised schemes are not as great for
road drainage networks as for other forms of drainage, it is clear that

3

for a very modest computer running cost, large sums of money can still

be saved. The model is flexible enough to allow a great deal of freedom

in the choice of optimising parameters so that they can be altered at

will to allow for varying computer costs.

Schemes designed using MANVAR produced solutions with levels close
to the minimum possible cover but with generally smaller pipe sizes. This
was accomplished by minor changes in pipe gradients and better positioning
of manholes. The resultant designs are usually better from an engineering
viewpoint in that less of the network is at minimum gradient and hence is

less likely to suffer from siltation and blockage.
A fully commercial version of MANVAR for use in the design of new

road drainage schemes (DAPHOP) was produced and is undergoing trials by

the Department of Transport.

10.3. CROSSVAR
The ISDP process was used for the more complicated problem of finding
the number and position of drains crossing the road to linkparallel carriage-
way drains.A set of feasible cross-drain positions is first identified and

a coarse ISDP design performed to establish the set of optimal cross-drains.

The resultant network is then optimised using the MANVAR procedure.
In this way a near optimal design of cross-drains, manhole positions, pipe

diameters and gradients can be achieved for a typical road drainage problem.
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CROSSVAR is not fully optimal for design flows that are dependent

on the network, but gives a solution which is probably very close to
the optimum,
A practical computer program was written and tested successfully,

but a fully commercial version was not produced.

Experience in the use of CROSSVAR showed that the optimal number
of cross-drains in the typical road drainage program was not at all

obvious, and that the overall network cost was not very sensitive to

cross-drain positions.

10.4. MULTICON

MULTICON demonstrates the adaptability of the general D.P. approach
to drainage network ﬁroblems. A variable layout problem, completely
different from those tackled by MANVAR and CROSSVAR, is solved by D.P.
This is the case of a number of manholes connected by drains to a single
main drain. The method involves defining a set of discrete possible
positions for each junction manhole, and using manhole position, in effeci,
as a state variable. This idea developed from the use of ISDP in the

MANVAR and CROSSVAR models, but as yet MULTICON has not been implemented.

10.5. General Conclusions

Due to the complexity of optimal layout problems for storm drainage
systems no single "black box" algorithm is possible at present or likely
to be developed in the foreseeable future.

However the general D.P. approach has been shown to be highly
effective if correctly tailored to the individual type of network
considered.

Road drainage is one such type of network and alternative network

optimisation models have been developed and tested using ISDP, These
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are both fully practicable and show worthwhile savings over non-optimised
solutions , (see also Ref. 62).

To demonstrate the suitability of the general DP approach one further

type of network was examined and a DP model formulated for its optimal

solution.

10.6. Areas for Further Study

The possibilities for further work in the general area of storm water
drainage optimisation are numerous. These possibilities include the
development of optimisation models for other typical types of network.

It is likely that any successful work in this area will involve some form

of D.P. due to the serial nature of drainage systems.

The MULTICON model requires the writing and testing of a computer
program to test its validity and efficiency. Problems could arise
when using network dependent design flows and some approximate procedure
may be required as in the MANFIX, MANVAR and CROSSVAR models. It
may indeed be of greater use for foul sewerage networks, or as the basis
of an optimisation model for other distribution systems (e.g. water

supply aqueducts).

The concept of ISDP needs further exploration to see whether other
engineering optimisation applications exist.

MANFIX, MANVAR and CROSSVAR have been implemented using the Rational
design method for calculating design flows. The practical difficulties
of using, say, the TRRL hydrograph method should be explored and the

resulting designs compared with Rational designs.

The models developed have assumed no possibility of detaining flood
waters by ponding in special tanks, ponds or oversized pipes. As this

is likely to be the object of considerable attention in future years,
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the incorporation of such storage items within an optimal design model
should be investigated.

The existing models should be further tested to investigate their
sensitivity to differing forms of cost function, as this is the factor
of greatest uncertainty in any optimisation process. If the "optimai"
design is very sensitive to the form of ¢cost function then further work
is required on establishing the most accurate cost functions possible.
However if the designs are relatively insensitive to the form of the

cost function then the optimisation models are valid without further
research on costs.

MANFIX could be used as a tool to investigate the effect on the cost
of a network of alterations to the design parameters. Such parameters
are at present selected on the basis of judgement and experience with

little knowledge of the cost penalties for being over-conservative.

A version of MANFIX for use on a mini-computer should be developed.
This would enable the design of small housing estate and industrial

drainage networks to be performed optimally in the smallest design

office.
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Cost Calculatio

ns Based On Spon's Architects and Builders Price Book

A1 General
Cost of a pipe

run between two manholes = length X cost per m run +

cost of upstream manhole,

Costs are adjus

ted where necessary to March 1977 prices.

A2 Cost per m run,

This consists of the following items:

(1) pipe

supply

(2) excavation of trench by machine

(3) 1laye

ring and compaction of backfill

(4) removal of surplus backfill
(5) support for trench excavation

(6) smoo

thing the trench bottom by hand

(7) supply and placing of bedding and haunching material

(8) 1ayi

ng and jointing of pipes -

- The costs of these items are taken as follows:

(1) Pipe supply

Manufacturers*

quotes x 1.05 for wastage.

Diameter (mm)

150 225 300 375 450 525 600 675

Cost (£ per m)

1.86 4.03 5.80 8.35 12.55 15.22 19.83 25.21

Diameter (mm)

150 825 900

Cost (£ per m)

30.30 34.90 42.60

(2),(3),(4) sxcavation, Compaction etc,

Machine and operator for 0.11 hours + 1.26 hours labour attendance
on machine per cubic metre excavated = £2.69 / m3

(5) Trench support
Trench depth (m) Cost per m° of trench wall
y €1.0 zero
1.0 €y €1.5 0.22 hours labour + 0.001650° timber = £0.46
1.5 $ ¥ < 3.0 0.32 hours labour + 0.00335n° timber = £0.73
3.0 $y < 4.5 | 0.43 hours labour + 0.00335n° timber = £0.91

(6) Smoothing t

rench bottom

0.39 hours labour per n® - £0.56 / n?

(7) Bedding and

haunching

Cost of suppl

y of bedding material + 2.6 hours labour per xn3

£5.94 + £3.74 = £9.68 / m’
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(8)

Laying of pipes

A3 Cost of a manhole

This consists of the following items:

(1)
(2
(3)
(4)
(5)
(6)
(7
(8)
(9)

Excavation by machine

Support of excavation walls
Smoothing the bottom of the excavation by hand
Placing in situ concrete base
Supply and placing of precast concrete manhole rings

Flacing concrete benching

Backfilling around manhole
Removal of surplus material
Suprly and placing of concrete cover slab

(10) Supply and placing of brickwork, access cover and frame
(11) Supply and fitting of step irons

(12) Supply and placing of tapered ring sections (if required)

The costa of these items are taken as follows:

(1) Excavation

Diameter (mm) 15 225 300 375 4% 525 600 675
Labour (hrs/m) | 0.25 0.32 0.40 0.46 0.55 0.60 0.67 0.75
Cost (£/m) 0.3 0.46 0.5 0.66 0.77 0.86 0.9% 1.08
Diameter (mm) 790 825 900
Labour (hrs/m) | 0.82 0.89 0.95
Cost (£/m) 1.18 1.28 1.37

depth (m)
cost (£/m3)

lo

<y‘105
5.38

1.5 ¢ y < 3.0
T34

3.0 y €4.5
9.28

(2) Wall support

cost (ﬂ/m5

2322 SUEROTY
depth (m)

[

0.46

1.5< y € 3.0
0.73

3.0€ y £ 4.5
0.91

(3) Smoothing bottom of excavation

(4) Placing concrete insitu base

£3.62/a°

(5) Manhole rings

Cost

Manhole diameter (mm)

(&/m)

900

35043

1050
44.41

1200
5 .47

1500
%0.93
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(6) Benching
£45.2/n°

\7) Backfilling
£1.64

(8) Removal of surplus
£1.87/m’

(9) concrete cover slabs °
Manhole diameter 900 1050 1200 1500
Coat (&) 23,11 29,26 39.47 63.24

(10) Access cover, frame and brickwork
£30.51 (lump sum)

(11) Step irons
£3030 each

(12) Tapered ring sections

Special sections tapering to 685 mm diameter
Diameter 900 1050 1200 1500
Cost (£) {24.59 31.23  39.51 85,29

A4 Cost Functions

Using quantities taken from typical detail drawings (ref. 48),
the cost functions quoted in section 4.3 have been developed.
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APP:NDIA B

Cost Calculations Based on Farrar (ref. 45)

B1 General

Cost of a pipe run between two manholes = length x cost per m. run +

cost of upstream manhole,
Four basic cost coefficients are defined, C1, C2, C3, C4 where
cost of pipe supply = C1 (0.025«-D2) (D in metres)
cost of a wheeled excavator = C2 £/hr '
cost of labour (general operative) =C3 £/hr
cost of granular bedding material = C4 i:/m5
Default values of C1, C2, C3, C4 are 40, 3.5, 1.6, and 3.0 respectively.
All other costs are expressed as factors of these 4 basic rates.
An excavation factor F1 is defined for excavation in hard or difficult

ground conditions. For normal conditions F1 = 1.0,

B2 Cost per m run.

Four types of drain are considered as show in the sketch below:

(4)

g. = ="
A L
o O -
= = = = =
w O
-

I:Q.s "Or =
French + Gully + . Gully
Gully or Carrier Carrier or Carrier

(3) (c) (D)

The operations involved ares

(1)
(2)
(3)
(4)
(5)
(6)
(1)
(8)
(9)

Excavation

Trench support

Pipe supply

Distribute and lay pipes

Place bedding material

Place backfill or free draining mater al

Compact backfill or free draining material
Supply granular bedding or free draining material

Remove surplus soil
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The costs of these operations are as follows (all in £/m run of drain)

(1) Excavation
Cost = b x y x®; x F1 where b= trench width, y =trench depth,
and o4 = 0.097C2 + 0.130C3

(2) Trench support

Y€ 1.om Cost = 0
1.5< y € 3.0 Cost = 04893 ¢
3.0< y Cost = 5.03 ¥,
(3) Pipe supply '

Drains type 4 and D Cost = C1(0.025 + D2) where D = pipe diameter (m)
Drains type B and C Cost = C1(0.05 + D2 + D22) “where Dz = upper
pipe diameter.
(4) Distribute and lay pipes
Drains type A and D
D <0.3 Cost = 0.0455¢2 + 0.201C3
D& 0.3 Cost = 0.,217C2 + 0,389%C3
Drains type B and C (assuning D, <0.3)
D <0.3 Cost = 0,091C2 + 0.402C3
D 20.3 Cost = 0.263C2 + 0.590C3
(5) Place bedding material
Drains type A and D Cost = 0.05C2 + 0.321C3
Drains type B and C Cost = 0.,1C2 + 0.642C3
(6) Flace backfill or free draining material
Cost = o¢; x v, where Vv, = volume of backfill or free draining
material excluding bedding pexr m run,
and oy = 0.0781C2 + 0.104C3
(7) cCompact backfill or free draining material
Cost &3 x v, where o€y = 0.057C2 + 0.222C3
(8) Supply granular bedding or free draining material
Cost = C4 x v5 where v5 = total volume of granular or free draining

material - per m run.

(9) Remove surplus soil from site

Cost =h(‘ X v4 x 0,912 where v4 = volume of spoil
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B3 Cost of a manhole

This conzsists of

(1) Excavation

(2) Supports for excavation

(3) Place concrete base

(4) Place rings

(5) Benching

(6) Place concrete road slab

(7) Backfill

(8) Remove spoil

(9) Supily concrete

(10) Supply rings

(11) Supply slab

(12) Supply fittings

(13) Place brickwork and fittings
The costs of these operations are as follows (all in £)

(1) Excavation
Cost = o F1 x Volex where Volex = volume of excavation ~

(2) Supports
Yy 145 Cost = 0
1.54y € 3.0 Cost = length x 1.79 K, where length = length
3.0<y Cost = length x 10.164 of a side of square hole

(3) Flace concrete base
Cost = 0.105C2 + 2,22C3
(4) Place manhole ring and joint
Cost = 0.643C2 + C3 (per ring)
(5) Place benching
Cost = 0,105%C2 + 6.67C3
(6) Place concrete road slab
Cost = 0,157C2 + 0.667C3

(7) Place backfill and compact
Cost = (0.135¢C2 + 0.326C3) x Volback where Volback = volume
of backfill.

(8) Remove surplus fill
Cost = 0.912 x&¢ x Volspoil where Volspoil = volume of apoil

(9) Supply concrete for benching and base slab
Cost = 3.67C4 x Volconc where Volconc = volume of concrete
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(10) supply precast concrete manhole rings .
Cost = 0,391 x C1 x (dj.a.m)2 per m where diam = manhole diameter (m)

(11) Supply road slab
Cost = C1(1.04 x diam - 0.68)
(12) Supply fittings
ie. frame, cover, step irons, bricks
Cost = C1
(13) Place brickwork and fittings
Cost = 0,105C2 + 5.33C3

B4 Costing Routine
Using the above unit ratea the cost per m run and manhole costa are

calculated by the subroutine COSTIT, which then gives the total cost of

the pipe run,
COSTIT identifies the pipe type, calculates volumes for the mean pipe

depth along a run and hence calculates the costs,
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APPENDIX C

PROGRAM DFO
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NaNOeY .
00 S.109,N
S PIvCyYet,s
6 Oxs,TRUF,
NCOSTSON
IFLINIER]
CALL FLONSINIP PIP KNAX,LMAX,PITY,JNAX,T,0K)
15C0K) 60 YC 30

Cro=aaPROCEED wITW DESIGH
D0 20 Im1,L0
CALL COMp (ugo,lgi,ulv,I]Y,lual.tlllotNAX.JNAx,l.QCGSVS!
CALL NBRYN INTP DI NTIY DT gMAN, JMAN KMAX, ) LVAX,T)

CapL TaaAjL (Nchll?oNl!p’l'oI"AI'JFAla("llaL“A!'lolJ)
20 contInue

CALL TRACE (NIT, PIT NIP, PTIO, IMAX, JNAX KMAX,)LYAQ)

GO 9 6
30 CALL PRINT(N]P,RIP,KPAX, LMAN)

$TQ0

[ L1

LENGTH 128, NAVE  DVIROG

YBROUTINE OATAY
:Q““°~’°./°‘l°,l'.lnl‘u..l°.l~.h”.xa"n'uf"”“0"!”11J!ubl'l~°0"
CeccaaRiAD 1IN NUNRER OF VERTICAL 20WES AND P1P§ CHOICES
ReAD (9,1002) h!uo;at:o
WRITE (6,2005) “END,JEND
CosonaRiADd IN ;u”l!l OF PI0E SIZES AVAILARLE AND THEQ®R NIAMETFES
READ €5,1000) NO,C(D(I), 08 ,NP) .
WRITE (6,2000) (p(1) 1o, 40D N
ComcocREAD IN PIPE ROLGNNEDS N NN,
READ (53,9009 R
WalTECO,2006) RK
Acseg/1000,0
CoweeaeREAD IN TIME OF ENTRY
READ (%,1001) Tive
WRITE (6,2006) YIME
TeTInMEes0,0
CoevaeREAD N MIN AND PAX 0]Pp SLO00ES
READ (5,1009) $¥In,8MA(
WaAlTE (6,2009) SPIN,SMAN
CeoveaREAD IN MIN AND PAK QEPYN OF covee
NEAD (5,1001) O™Ih,DFAX
WRITE (A,2002) PwIN,DMAX
CowcocREAD IN MIN AND MAX WANWOLE $PACING
READ (5,1001) SOMIN EPMAX
WRITE (6,2003) SpMIN,SPUAX
CmeooaREAD IN D1AGNOSYICS LEVEL
READ (5,1002) WO
RETLAN
1000 FORPAT (16,2(/10F8,3))
1001 SORVAY (258,0)
1002 s0umAY (216)
2000 FORMAY (SX,16NPIDE DIAMETERS,21¥,1358. 1)
2001 PORVAT (SX, 25WMIN AND Wax PIpE SLOPES,12X,2F8. D)
2002 FORMAT (X, 1wkl AND WaXx COVER,1AY,2F8,3)
2003 BORMAY (X, 2INMIN AND MAX M/u SPALING,288.3)
20046 FURMAY (3X,13nTIvE OF ENTAY,86,1,5% WING)
2008 BOR¥AY (9%Xel0r 190 VERTICAY 2ONES 16 1TN PIPE t&LTE 2]
2006 FORMAY (3X,13HUPIPE RQUGHAESTE, Fé, FobN NY,)

ENE OF SECMENT, LENGTH 161, NANE DaTAY
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ocey

0¢8é Coovee
oce?

(111 )

ace9

0¢90

({1 A]

ocv2 Coovaan
0¢9}

0Cv4

[ 34 ]

neoe

0c9?

(141}

otee

0100

0101

0102

0103

0104

0909

0104

0107 10
0108

0909

0110

0419

[ARF}

0113

0144

[ARE]

041¢

[AR R

01%8 1000
0119 2000
0920 2001
014t S |
0122

ENE OF SECPENT, (ENGTH

SURROUTINE DATA2 CNTO PEP NTT, DI, (X, JHAX  KHAX, L Y¥iK)
SUBROUTINE CALLS GEOM AvD SaaTS QUY ADNRESSES FNR PERNY ARRAYS
coﬂ"OHIDDID{IOJ'S"l”:5“‘3:0“1”:0“IN:$P"1“-S’"l‘-’&'ﬁth“bcVu“ﬂo"
CONMON/VMERE/INESO,4) o LNT o LN2oLNS/LPY/LP2ILPY
DIMENSTION ﬁl'(l“ll)o’lY(J“Al)oNl’(K“lX)o’l’(L”ll)

CALL CEOM (NP, PIP KMAX,(MAY)

tosnie(2)

DESINE ADDRESSES FOR ARRAYS wiP AND PIP

Nt0Te0

LT0Te0

(AL AL ] ]

DO 10 Jey, (0

IN(T,1)8202eNT00L70T08¢]

INCT 800040010 02eNT0Y

JalN(l 1)

NYOTSNTOTeNIP ()

IN(T,2)03e20nT0TeT0T030]

INCTe3dmINCT, )00

JelN(1,¥)

LYOTR TOYeNIP L))

JaliN(l,2)

HTOTeMYOVYeNEP ()

CONTINVE

LNTB20denTOTLT0T032(L00Y)

LN2OLNYOMENDeJENDONIP(4)

LNSELNEOMENDOJEND OO0

LPIBYebeoNTOTe240707

LP2SLPICNENDOJENDOS

LP3IoLP2eNIP () e

Wwalve (6,1000)

WHITE €6,20000 CCINCT J)oJu9,4),181,10)

WRiTE (6,2001) ALNSIUNZ o LNS Lot (P03

REYUEN

FORMAT (1HO/90X,36HAD0RESSES SYOANED 1IN ARRAY IN(LO,4))
FOoRMAY (41YO)

PORMAY (1“0/‘!06“L“1"IC.’I,"L“!IQ!6,5‘.‘“‘“".l‘a‘la‘“l."ll‘u
s‘."‘.z..l‘.’l.""l'."’

END

277 NAME  DATAQ
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9123
0944
04493
0426
ot e?
0128
0149
01349
oy
(AR}
0433
0r34
0133
013¢
0137
0438
0139
G140
0141
0v42
0143
[AX])
0143
0144
0167
0942
0149
([ 1R1]
([ LE]]
09952
019)
0134
0193
0136
0437
0938
09939
0980
0141
0162
[AX )}
0164
[AX}
0166
0sé6?
0168
01469
0420
[ ARA}
a172
0471
0174
(2R3 ]
0974
042?7
(AR )
0979
0100
o9t
0182

SURRQUYINE GEOM (NID, 21D, KNMAY,  MAY)
DIMENSLION NIP(NMAK) PIPLLMAY)Y
C-=ve~pnOB|EN 5128
WEAD (5,1000) MIPLD)
Cecvcagfy COUNTENRS
Kok
(1)
CecoveNUNSER N5 SRANCHES
LasngP ()
CocmmaREAD IN OATA BOF EACH BOANCH
00 60 Jet,l0
Kaked
READ (»,1000) ww
NIPCK)YONY
CocemcREAD 1N CHAINAGESAREAS, 700 AND BOTTOM 20ME LEVELS
0O 10 mei,é
(184
NojohNet
REd0(8,2000) C(PIRCl taL,W)

LN
10 CONTINUE
Com=weREAD I BINST AND LASY MANNOLES
00 20 Me9,?
[11X)}
NeKeNNeY
READ €5,1000) (VIP(I)olok,N)
(3 1]
40 ConTinueE
LovocceREAD IN GROUND LEVEL DATA
[$1%3]
NEAD (9,1000) N8
NIP(K)ONG
0o 30 mey,
[CI¥}]
NaloNGoY
READ (3.20170) (P1P(1)slsnl,¥y .
LeN
30 CoNTINUE
CoemoafiEad 1IN CONNECTIONS LPSTREAM
[F1 X3
RedD (5,4000) we
NiP(LIONA
IF  (NR,EQ,0) 8C Y0 40
Keket
NaeXoyRey
REA0 (9,1000) (MIPLL)olol M)
KeN
60 CONTINUF
READ (3,9000) NIP(L)  NTO(Y) NIPLS)
CoecenpaiInY QUY BAYA AS SYCRED
WwalvTE (A,3000)
WRITE (A,3000) (n1P(]), 10,4}
WHITE (8,4200) (PIPC(]) 10, 1)
RETLUAN
1000 FnftvAY (9619)
2000 foavarY ¢108R.0)
JOU0 sORMAY (2019)
4000 FoRNAY (90610,3)
sovo :o;nav CYMO/710XK, 6310474 STORED N ARRAYS NIP AND PIP AS 50(L0OWS))
L]

ENC CF SEAVPNT, LENGTN 297, NANE GgC™
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osey SUBRAUTINE BLOWSINID, PIP, KUAKR, LAY, P17, JMAK, T,3K)

ny 84 COMMON/UREDE/ENCSOad s NI o LY2,LN3,L0Y,1L02,LP)
0v8% DINENSTON NIS(KMAK)  PIRCLYAN) (PIT(INAX)
0126 LUOICAL OX

over CeccaaDESINE RETUNN PFRIQD

0188 "peY,0

01489 L0 snik(2)

0190 NARD

0191 CocvasfOR FACH RUN

0192 00 20 Is%,i0

0999 TuPst

0194 CocenalDENTIFY NUMQER CF U/S BRANCHES

0995 (LILISRR })

0194 NONTP(K)

6197 §F (N,EQ,0) GO0 TC S

a498 PO 3 Jui,N

0199 Knjh(gs3)ed

0200 KaJrvaxenipin)

04301 WRITECO,9003) K, P1T(C)

Q202 16 CPITER),07,TUP) TUPSRITCE)

0203 3 CONTINUE

0204 § WNITE (64,1001 1,TUP

0309 KefNCE oY)

0306 NeNTP(K)

0307 (YILALTN )

0208 00 10 Jed,N .
0209 CoseraDENTIFY DISYANCE ALONG RUN FROM LAST PASSIBLE M/n POSITIONV
g0 KalN(l)b)edet

e PISTEPIO(K) oIS

AL PISTYNRIP(K)

[ TAR c-.--.-c‘tcm‘." TInE

0314 NAENAOY

029 TIMESOIST/PITINI)OTUP

give TUPaTIME

LIS Cemcos1DENTIFY ARES

0218 LeiN(1,)

0119 KatN(lpe)oNTP(LIoJn?

0220 ARgASPIP(K)

g - CeesseCALCULATE PLOW FROW BT(WAMaWOLLAND RAINFALL FOANULA
022 CALL RAIN (0D, TINE/60,0,01)

02¢3 Ka P2eVeNA

0246 FLOVEANEASN] /Y AES

0243 1FCARS(FLOWaRIPIRI)/PLOW,EY, 00) OKe, FALSE,
0244 NRITE CA 10002 JoNACDISY, MITINAY JTIME AREA PIB(LC) 80w
022? PIP(KISFON

@ 10 CONTINUE

0229 KsJ¥axet

023¢ PITCR)BTHE

S WRITE (A,1000) T,8,P07¢C0)

082 20 CONTINUE

0233 RETURN

0234 1000 BORMAT (10X,219,359,3,F12,3,2610,4)

0333 1009 BOAMAY (10X,19,89,3)

023 17)

BNt OF SEOVPNY, LENGTH 278, nANg 5 CWS
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033
0338
0339
034640
0349
02342
[ FLR]
0i64
0363
0344
0147
0268
G4
0250
02%1
0N
aidy
0234
0293
a3
03%?
0358
0239
0360
0361
e
0ie6d
[P}
02493
0iéé
0267
0368
0169
0gr0
0371
02
0273
02724
0278
0274
037?
Jare
039
0200
0281
0eed
03y
0284
J288
[ 11
aie?
0282
0289
0290

Bug G5 SECNENY,

4399
0291
0391
0394

tve OF Sgaveny,

SUBHOUTINE LOWS (NIP,PIO, NI, RIY KMAX LAK [MAK, yHaX, 1 ,4C0878)
COMMON/OP /BN (SMIN, SNAN DNTN, DMAK SPHIN,SPYAX,MENN JEND T NN, 0K
CO“'ONIHNEI!Il"(’“o"vl“‘0L~lal~,o\’1vt’2vl"
DINENSION NIP(KMAR) sBIP(LMANY  NTTLINAN) BTV (JMAK)
MIEVENDQJEND )
ComseaHOW MANY U/S PIPES?
Kaln(1,y)
NaNTP(K) ¢ 30
18 (N,67,0) GO Y
Coeveohy U/S p}o’;s, §57 COST OF ARRIVAL AY (ST MANWOLE [V RUY 70 2ERO
00 10 Jst 0y
10 »17¢))e0,0
15 (1,80,9) 60 Y0 20
CesocegPQRE 0/8 COSTS SOR LAY aUN IN NEXY SECYION OF B/S COSTS Aanay
KaIN(I"Y,1)
NENDBNID(K)
JY1O(NENDut)on)od
JASNENDeMy
NCOSTSONCOS TS
l-LD!o(NCD!!;-l)QUJt’
KY9Key
DO 20 JeyY .02
KeKe)
e0 orrc)Eo T ()
WOITE €6,1001) t1,K
WRETE (6,9002) (oI (IK) 1KoY, K)
Gq Yo ?0
CeeseONE U/S SIPE) SET U/S COSTS sb/8 CNITS POR LAST Ry
30 XalN({]e9,1)
NRNDENTP(K)
JIS(NENDeT)ep ot
JANENDINY
Keld
DO 40 Jsyt, 42
teke
40 PIT(K)ERIT())
. IF (N ,EO0,1) GO YC 70
Coe~eatul OR TuREE U/ PIPES; U/S COSTSaSUM a¢ 0/8 COsTS
LLLTd]
00 60 Let,N
JuLPIaM)e(NCOSTSat) =
00 50 w1, My
Jujey
PITCKYORIT(K)eP DY)
1F (PIT(R),G?,799000,9) P1T7(k)e990919,9
S0 CONT(NUE
60 NCOSTSENCOSTSe]
79 wiiYE (6,91003) 1N
WRITE C4,1002) (BIT(N) a0 Y ¥y)
RETUAN -
100 SOAMAY (SK,VPMD/S COYTS, ASY RUN,STAREYD [N L2 FROY 16,V" T9,14)
1002 FOAMAY (10812,9)
1005 FORMATY (9K,87KU/8 COITS FOR RUN,14,99% (N0, OF U/S BIPESE,14,14))
[ L] ]

LENGTH 317, NANME (COMR

SUBRQUTINE PaINTY (WIP,PID, KMaAX, | MAX)
DIMENSION NIPCRMAX] PLP(L214AX)

REYURN

ExD

LENGTH 32, NANE PUINY
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SUBROUTINE YARUN (NP, PIR NTT,PTIY, INAN, JMAK, KMAX,LMAK, ¥OUN)
DIMENSION NETCIMAN) S OITLIMANY  NIPLRNAXD , PIPCLMAX) 4 LEVI20),

1l\1(‘0)illl(lﬂ’nﬂl!f(lﬂlul'll(lo)
cOM#ONIhn!l!IIM(SO'Q)cLN"LN?cLN§|L’1|L’¢uLP!

connunlntlu(zo).SPIN.sﬂnl,D"IN,nﬂAXoS'NlN.SPnAI.-!ﬂn.J!Mn.'.~n.lt

(UGIGCAL MEwl
INYEIN(NRUN,Y)
IN2oINtNBUN,D)
Indsiuinnun, )
INGeIN(NAUN,6) ot
LENDaNIP(IN2)
NENDEN]P(INY)

CovoncOePINE B/8 SVATE

40

(ovnn

5
19

30
40

Caene

(Y}

(owean

(1]

50
40

70
890

(oowen

L} ]

e..--

90
190

190

120
130

Ned

Nakel
«DEBINE PARAMETENS DEPENOENT 0N On°

NEWNe, TOUE,

KXNBINGON

KLANOINY oi

KLONRRLANONEND

KNSPIP(CKN)

K2T00aiNCoZoNENNSN

K2807ak2T00oNEND

2r0Pep P (K2Y0P)

IeCTapio(K28OT?

KQNe0

IP CNRUN,EQ, 1) 60 YO 10

NBSNRUNSY

00 5 tlst, N8

SILISRNAR

KQNEKQNeNEP (L) =Y

KINSKQYe Poned

Je0

Jajel

Mel

MgMey

WINR((NOT)SSJENDOVENDO (=t ) ONENDIN)

PIT(NIN) 89998999
ZBSOIVOI-ILOAY('-|)'(IYODOIIOV)I'LGA'(N!“O-!)
«OEFINE UPSTAEAN STATE (MAWNOLE)
NNSNIPCCLAN) Y

LTTLLITY ]

KINNOI Yoo NN

KNNSP [P LKRNNY

KITE[NGOZONENDONN

rergpi2y)

KZISX2ToNEND

naP o lK2n)

15 ¢, NQY NEWN) 6O YO 150
“DERIHE INTERMEDIATE GROUND LEVELS

00 50 Lwd.,LEND )
KGXLOINGOQONENDOLEND |

15 (PIP(KGNL),GT,PIP(KKNN)OO,08) 40 Y0 60
CONTINUE

[SL1Y

AGXLt=LBNL

KGZLImdEX  tu END

(TLIS R

Awd,0

LEVELSY

18 (LY,8Q,L800) GO TC 940

1F (PIRLKGALYSY) GT ANCO,N1Y GO YO 140
LisLiet

00 70 Lo 3,LEnD

KGALoINboboNENDOLENDSYL

15 (PIOLRGRL)Y, OGP, AN=0,0¢) G0 YO 8O

CONTINUE

Leoted

AGAL20INGvbonENDOL

KGXLZEKGZL2oLEND
«QEFINE AREA CF (ONG SECTION ABOVE STRAIAWT LINE
Asel P (UGN 109 (PIPLRGILAYapIP(KATL2¢1)) 0,8
00 8% LisLt.L2

KGALLSINbodonNENROL

KGXLLORGZLLOLEND
AsA=BINIROXLLIC(PIP(KGRLLOY)IPIP(NG2 L)) 00,S
AsAePIRIRGXL2e1)0(PIPIKE2LYns)n]P(KG2L2))*0,Y
al§ GAOUND (FVEL CONCAVE,CONVEX AR VARTARLE
GSLOPES(PIP(XGILI®IIOPIP(KATLIo1) )/ (XNIANN)
00 130 Lo, 2

KGILOINbobaNEND O}

KGXLBKGZLeLEND
PSLOPER(PIP(KG2LIPIP(KGILY=1) )/ (PP (KIULI=KNN)
15 (PSLOPE, LY 63 0PE=0,0000%) GO YC 90

15 (PSLNPE, LY, GILOPECD,N000Y) G YO 130

GO T0 (440,100,930).(EVEL

6y 10 (420,130,100), EVEL

LEVEL=e

60 Tg 169

LEVELES

60 Y9 %0

LEVvELR?

cohtInNvE
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yjul
03e9
2390
0391
0392
03¢}
0394
0393
039¢
03v?
glo8
0399
0400
gé01
0401
0écld
0404
0409
0406
0407
0408
0409
0410
0419
0412
0413
0414
0499
0494
a4
[ TRY ]
0419
0420
0429
042
06el
04dé
0429
0426
0427
0628
0429
0430
0431
0632
0633
0434
0438
043¢
043?
6438
0439
0640
(1Y}
0462
044}
0séé
[T} ]
0esd
044?
0449
0449
(T3 1]
0491
0692
04933

ENE 00 SEONENT,

CoweenDEFINE GROUNA CCADITIONS AND DISYANCE METWEEN “MaNwOLES
$40 NTMaNNNIP (K AN
LEVINTM)SLEVEL
LY Ty
LL2inTryeL2
DIST(NTH)SXNaXNN
ARBA(NTH)IEA
NRJTE (6,200¢2) WoNN NTH, LEVEL LY/ L/DISTINTY) A
CooseepESINE UPSTREAR STATE (U/S PIPE DIANETER AND CANWN LEVEL)
150 NTNSNNONIP(KLAN) @) ‘
FFLL
160 Jdejj0
LLTT]
170 MuswMel
MMJINNE (NN ) S JENDOMEND (I )t ) oNENDINN
CowmomCHECK SEASTOILITY OF SOLUTION
Ceeweaalu/S STATE BEASIOLET) .
16 (PITCMM)JNN),GT,999999,0) 60 TO 250 .
(oowwa(plpE SLOPE wlTHIN RESTRAINTYSY)
lU"lY-lLolt(II-\)O(IV-zI)IlLOAY(Nlﬂﬂcil
SLOPEREZUSP2DS)/DIST(NTN)
15 (SLOPE,LY, SMTNe0,00091) GO TN 241
15 (SLOVE, QY , SNAKe0,00001) 60 78 231
Cocmeal(p]Pf CAPACITY SLEFICIENTY COLERRAQU=WHITE FORMULA)
SQESQRT(SLOPEeD(Y))
qlu;;c-t.O}’ob(J)oD(J)o)o'lLoC10(!!/!.7ID(J)00,0071!-61§QIDCJ))
16 CQRULL,LY,PIP(XAN)) 60 7O 250
Crovaa(pEPTH OF cover RESTRAINTS HOI.HID”
LEVELaLEVINTN)
LISLLICNTH)
LaoLL2(NTH)
GO TO (240,180,220,180),L¢eveL
180 00 200 Ls(l,(2
KOXLeINLosoNENDOLENDOL
KGILOKRGXLLEND
06 CZUSeSLOPEO(PIP(RGXLISANY), Y, P]PLKGRLISONIND, 1) €0 TO 259
200 ConTINnue
210 1P C(LEVEL,E4,2) 60 TQ 240
220 DO 230 LeiY, 2
KGALOINLosLONENDOLENDOL
KG2LoKGri~LEND
1’ CTUS~SLOPEe (PIP(REXLI=XNN) LY, PIPLKGILI=OWAK) 60 TO 200
230 CONTINUVE
CoeeeeSOLUTION 18 FEASIOLE SO COSY AND COMPARE WITH PREVIIUS CHEAPEST
240 KG2LYSTNGoboNENDOLY
Kol dokGLLIo 1012
CALL COSTIT () AREACNTHI (PIO(KGRLY®Y)=2US,PIP(KGZ 2010208y
1038Y(NTH),C)
CoCoPITtMM) JuN)
1FLC, 87, 2IT(MJINI=0,0) €O Vo 250
PIY (M n)al
NETCMIN) @ C(NNOT )OJENDOMENDO (S o) e NEND oM
19 (ND,BG, Q) WRITEC6,2008) NodoP NN IJ MM N IT(INY e
CeweospMOVE On T0 NPXY U/S STATE
250 35 tMn,LT7,MgnD) €0 YO 170
260 15 (JI.L7,J) GO Y0 140
16 CHN, LY, NTPCKLON)) GO TO &4
CoveonaMOVE 0N YO NEXTY O/5 STATE
NEune FA(8E,
10 (M LY mEnp) 6C YO 4O
IP¢IL LY. JEND)Y 6O YO 30
10 (N, LT, NEND) 6C T0 2O
RgTURN
2002 FOR¥AY (1MQ,ISHOROUND BROM M/ N, T4 0NT0 M/H)914,2(59,3))
2005 in:nlv CIOK SHO/S )T s10K,3u4y/8,613,515,3)
1 1]

LENGTN D420 NAME  NRRUN

- 21T =



0654
06938
0436
(TR 14
0438
0439
068
a6et
066
066
[ T11}
0468
0s64é
aéa?
(111 ]
0489
0420
asrt

INE 09 SEOMENY.,

0422
067y
0674
04?3
0478
047?
0420
0679
0480
[T Al
oée
048)
0434
[T11]
0406
0se?
0488
0489
0490
0491
0492
049)
0494
04993
0496
0497
0498
04ve
0300
03¢
0302
0303
0904
0308
0%048 -
0307 -
05308
0309
0310
0814
0812
0913
0914
0919
0316
031?
0318
0319
0320
0521
0942
032)
0344
0923
0%2¢
0%¢7
0s28
0329
0930
0394
0332
0%3)
0934
0933

Ent OF SEGuONT,

SUSROUTINE COSTIT (J AREA,DUS,DDS,DISTY,CO0ST)
DEPTHENUSenDS) 22, DeanER/N]NY
Gg 0 “0'20"01‘00’9069070’ ' d

10 COSTodlgre(2, Be6, 1eDEPTA)O30 0070,00DU8
agryuRN

20 Cal?-oll?t(s.70‘.100!'7“)'!0.0"0.0'!0!
ggruawn

30 COSTaDUISTo(8,906,9¢DEPTNICY0, 0075,00DU8
RETUAN

49 Col?-ol97'(!2.J'A.‘00!D7u)0)0,0'00.00009
[ETURN

50 colv-oll?'(i).906.7'°ED1N)0!0;00!!.3000!
[ETURN

60 COSTaDISTP(19,7¢5,00DEPTNICI0,0000,000U8
ReTURN

70 COSTaDISYO(23,703,30DEPTNYCS0,0098,000VU8
Retuan
EnD

LENOTH 136, nAME COST]Y

SUBROUTINE TaajlL INTT P NTP PID THAK,) JMAX  KMAK, LHAK YRUN, 1Y)
DIMENSTON NITCIMARD (PITCINAX) JNTPLKMAK) PIP(LMAK)
CO“"OUID.ID(CO)'5'!~13“llcb"lllb'llcS’“l“a"'llo“(“D'JIVDo'cﬁbo.(
COMMON/WNERE/TNES0,6) o LNt LNZ NS LPT L0TsL0S
IntegninauN,1)
NENDONID(INY)
KalN2e1oMENDeJENDO(NRUNGY)
MINENDE(NENDR ) CJENDOMEND
NBNENDSMENDOJEND
DO 60 Jot,JEND
00 40 Msi,*EnD
Keked
ComcoaNIPCNIPIN)) 18 Y47 U/S REFERENCE NUNOER [N TRACE RACK Fan™ 3/
CowcnagTATE (J /M)
LTLT}}
CemecaNT(N)SREFERENCE BACK ACRNES M/u PROV D78 STAYECS M)
MINENDBMINENDOY
CovonaP T (MINENN)SCOST OF SOLUTION YO O/8 SYATECI M)
ComaauASSUNE NO CHANGE OF NEFERENCE ACROSS THE M/¥
NET(NIBM NEND
Ceeeewlf COST OF ARNIVAL AT & WIGWER LEVEL IS CHEAPER 4pQPT Tups cOS?Y
Coommadnd ALTER QESERENCE
15 (N, LE,1) 60 TC YO
16 (PIY(MJINEND) LY, PIT(yNEND 1Y) GO 7O 10
PITLNINEND)IUD]IT(NINENDOY)
NITENYONIT(NaY)
Cocascelf CUSY OF ARRIVA( WITH A SHALLEN DIAMETER 18 CNEADER,ANOPT YHLY
ComaoanCOST AND A(TER MEFEMENCE
10 15 (J,LE,1) GO TC Q0
{aMjYENO=MEND
16 C(PETCMYNELD) LT, PITCI)S 60 7O 20
PETCNJNEND)OPIT ()
feNevEND
NITCNIBNIT(D)
20 Conviwnue
c'-'|8; ['7§ ] ;!&.VO. IN TRACE naCK SROM p/S SYATE(J,M) 13 RES, ACRIES u/n
Jolje
NiPlxyeyy
WIPCLJIBNTTLN)
ISEPITIMINEND) ,CY, 9900000 0) NIBEIJIN)
c--..-[,'..[ls" THE HESY OF THE TRACE BACK
30 MaJanasNIP(t))
IFLIFER!
TELMAJANA, LY MENROJENDY GO 10 40
NIP(LJIBNITC(NAJANA)
60 Y0 30
CocmeaDEBINE START ANE END POINYS IN ARRAY N1P FOR TRACE SaCK FRQY n/g
CocncugTATE (I, M)
Covanelf DIAGNGSTICSOY OR 2,PRINT QUY TRACE BACK FOR D/3 STATE
60 JJelde
15 (ND,EQ,0) GO Y0 A0
txeNtolr)
WRITECO,2003) J,», 21T (MINEND)
00 50 [1slK,1J
JOMa(NIP(TTI )/ (MENDOJEND) @Y
lpo-(ll’(lt)-|~tlo"-1)tn!~0'JENn)IM!~oo1
JO2oNIP LTI (DM a1 ) oMENDO JEND=(10D=1) oNEND
350 walTE (#,2004) 10M,100,102
60 ConYINUE
RETURN
2009 FORMAT (1NMO, 10K, 3uJ0 ,1%,9%,3unE 21V 10U, 10N8/ N u/’8 9 LEVFL,
19K,99C08TR, 092, 1)
2006 FUAMATY (32X,318)
End,

LENGTN S840 NANE  TRALL
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0534
0332
0338
0339
0340
0349
0942
0343
0544
0943
0846
0347
0348
0549
0330
0831
0532
0853
0334
0953
0556
0s93?
0998
0399
0960
0%41
0362
0563
0964
0543
1211}
(211
0368
0469
0520
0874
0372
087}
0874
0573
0876
11144
0378
0379
0380
ase
0%82
098}
0384
0se3
030¢
0ye?
0388
0329
0394
09919
V92
0393
03946
0998
0396
0997
0598
0399
0600
0609
0602
0603
0604
0403
0606
0407
0608
0409
0410
[TAR
nevd
0613
0er 4
(TRR]
0414
06t?

SUBBOUTINE TRACE (NIT,BIT NIP,PIP IMAN, JMAK,KMAX, (MIK)
DIMENSION Nl'(lvlllc’li(Jﬂll)oNlD(l"Al)o'l’(t"ll)aJDS('ﬂ)o*HS(‘\)
coMvgn/DP/ 0(20)nl"lkclﬂll'Dllﬂao"lloS’”l":S’“llc"lﬁooltloo'oubal!
COMMON/UNERE/ TN (3004 LN LN2 LN3,LP1,L02,L0S
Ceo=maTQTAL NUNBER OF BRANCHES AND MAWKOLES
LosN]P(2)
NOoN]IP(Y)
CoccaaNUNRER OF MANHOLES [N LAST RUN
Keln(L0,")
NENDON]D(K)
CeveeeSTARY AND €MD ELENENTS SO PINAL COSTS IN ARRAV 21V
MJeMENDOJEND
118 (NENDat ) eM ol
J2oNENDeN)
CromocanyllCN 18 CHEAPESY
1c0sTe0
COSTe9V6900 8
00 10 legi, 12
$F (P1T(1),af,C087) 4O YO 10
cosveriv(1)
1C087e]
10 convinUE
Cococant FEASTIOLE SOLUTIONY
1P C1608T7,60,0) SYOP
Crececna | DENTISY THg °°b.".!‘" [ 34 343
1ejcosTegtey
Jo(fet)/nENDeY
NsJa(jet)epEND
NHUNSLO
Le0
LLe0
Comuee DENTIFY START AND END ELEMENTS K4,K2 IN ARRAY W10 POR TRACE 8ACK
Coeo=eUp BRANCH GIVEN AUN NUNAER ) AND M
15 KalN2e1e(NRUN ) o JENDEMENDO(Jol ) OMENDON
Kisnge(x)
K2eniP(Ket) el
KslN(NRUN, V) -
NENDBN]P(K)
LR L1
DO 16 NNeY,NRUN
KaIN(NN,Q)
16 NIONJONID(K) 0t
CowneaTRACE JACK ALONG BRANCH NRUN FROM (J,M)
00 20 «sxY,%?
Leied
NITCLYSNRUN
NASINIP(U)@e)/(PENDOJEND) ¢
Leied
NITCLYONA
JASINIP(K)otalnbot)oNEune)END) /HENDOY
Leled
NIT(L)®JA
MABNIP(K)m(NAot)eMENDOJENDR(JART)ONEND
Loiey
LIRSS A LI I
Cromeaj0ENTIPY SOSFIT LEVEYL
KK1mINCNRUN L) o) enENDeYoNA
AK29RKYONEND
ZUSEPIPCKKZ) o (PIP (KK )PP (KK2)IOFLOAT(END=A)/FLOAT(MENDST)
Comewa ] DENTIEY DIANETER AND M/N NUMBE?
DIANUSED(JA)
MHUSEaNA
CocvawalDENTISY CHATNAGE
KKISIN(NRUN, b)Y ol
AYSePIP(xKY)
15 (<, EQ,¥X1) GO YO 3¢
CeveaaCALCULATE PIRE S OPE
$LOPERC7USZ08)/ (NDSeNUS)
CoeoacCALCUYLATE VELOCITY FRONM COLEQROOK=WHITE FORMULA
SQuSQRT(SLOPESOIAN)
VE(®=8,81808G0a 00%0¢RK/3,7/D1A%e0,44710=4/80/014M)
CocssagtQRE V!LOC”V
N1sNSaNENDONMUUSeY
NQSNT=MuySOVuD ey
DO 30 Nent,N?
30 PIY(N)OVEL
CewesaMOVE ON TO NEXT MANUCLE
31 Zo$slus
Xp$saud
plAMeD]ANUS
MHOSEMNUS
20 covTinut
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TR ]
0819
0840
0sd
062
0623
0eds
0629
068268
0827
(173 ]
0449
0430
0631
¢3¢
[TRD]
0634
(TR}
04364
0es?
0638
0639
0640
0861
0662
a6é3
0644
0649
06446
06é?
0668
0649
0650
0e31
el
0¢9%)
0e34é
0e39
0896
0637

EnNg CP SEGVRENTY,

0é38
0699
geel
ose?
0e62
066}
0684
0669
06646
oee?
0668
0649
L1324
oer
0ere
047)
0674
0ery
06746
o0er?

Ing OF 3E6rENTY,

0628

CosvonNUWw AT UPSTYREAM END CF RUN
CmvooonOn MANY UDSTRESK RUNS?

Ks{N(NRUS )
KENIP (K)ol
60 Y0 (20,60,50,60),K
40 LLotie?
JoScLLYnJA
MOSCLLIoNA
50 Listiet
JOSCLLInJA
MOS(LLIeNA
¢0 NAUNSNRUNSY
Jedh
['TLT}
G0 10 18
70 1P (wRUN,EQ,Y) GC 10 80
NRUNSNRUN=Y
JedDS(LL)
NaNDS (LL)
LisiLet
60 70 S
80 wHITE (4,1003) CCST
WHITE C6,1901) (NITLLD), 200%,0)
walTE (6,1004)
WHITE €6,1002) (PITC(IT),210%,N0)

Covwacif DIAGNOSTICE®Y ON 2,PRINY DUT STORAGE ARRAYS

15 (ND,EQ,0) RETLAN

WRITE (6,5002) (MNITLT) 108, IuAXY
WRITE (A,3002) (MIP(]),1m1,KNAX)
walTE (6,5008) (PITCI) 10 imAN)
WATTE (6,5008) (pIp(1), 108, nAX)
RETURN

1001 FORMaY
1092 sOuMAY
1008 sutray

152.9)
1004 FQRMAY
500¢ sOoRMATY
§003 PURMAY

EnD

(90X, SHAUNI TS, 0K, 34N /0 13, 5% 84U/ DIAM, 1Y, SX,SULEVEL, 1Y

(10812, 3)
CIH0/710X,3I4TRACE BACK OF CHEAPESY SOLUTION, X SNCOSTYE,

CIM0/7/5%,294NEY BULL FLOV PIPE VELOCITIES/)
(2018)
(10E92,9)

LENGTH 610, NANE TeaCE

SUBRQUYINF RN (Y, ,T,R])
CoerocYORETURN PERIODCYNS) , TOYINECMING) JRININTENSITY (Mu/ua)
R{960,/TellYeV0202,20)00¢,2814902,5¢)
15 Cale13,) 10,10,40
10 Is(oy) 20,130,930

20 nie0,0
30 RETURN
60 N1s0

Coevon ] TERAT(ON LOOP FCR WCLLAND PORNMULA
SO FoALOG(19260,0/V/RT/Te(N1eT/14526,000,1)9003,5%)21,001,0594021
DPu=y O/R3C3, 355/ (R]e152,6/T7)0,08164

Keb/0f
Rienfek

15 (ans(%)e0,01) 10,10,60
60 15 (NIw90) 80,80,70

ComcnaERAOR
70 svoP
40 NNt

G0 T0 >0

LENGTH Qhy NANE RN
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{ (eeem=FEADS DATA I SIMPLIFIED FORM AR UUTUUTS Ty CAKD PUNCH PILE FON

PROGRAINS OPO AND MOD, SUFTABLE PUR INTERACTIVE USE
: ¢ Fl":ﬂglnu o?zs)?ﬁttsno).cx«soo).nxst(soo:.xn(soo».:scson).xcsoo:.
10 17(300) ,6GROUND (30D),UBLEV(20) ,ORDTSTCLUY ,NAR(10),AREADS(30),
1" 2710P0S(30) 4 ZTUP(300) s ZMUT(300) ,AREACSVY)
1 £e0,0000U0"
13 Cre=wsPEAD IN RASIC DESIGH PARAMETERS
1" VRITE (6,1001)
1" PEAD (9,2001) SHIN
16 15 (SHIN,LE,E) SMINWOD, 004
17 SMAXSO, Y
1 VRITE (6,1002)
19 READ (5,2001) VELMIN
20 3F (VELNIN,LE,E) VELWIN=D,?
21 URITE (6,1003)
22 SEAD (35,2001 VELMAX
23 TF (VELMAX,LE, B) VELWMAX®6,D
24 VRITE (6,1004)
F1) READ (3,2001) Dniw
26 1F COMIN,LE,E) OMIN®A,0
27 URITE (6,1005)
28 READ (5,2001) DNAX
29 1F (OMAX,LE,E) DMAXW&,0
30 URITE (0,1006) ]
n READ (5,2001) TIME
32 TF (TIME,LE,E) YIMEm2,0
33 YRITE €0,1007)
34 READ (5,2001) K
33 1F (RK,LE,€) AKwO,15
36 VRITE (6,9008)
37 READ (5,2001) SPMIN
38 IF (SPMIN,LE,E) SPMINS3U,0
9 URITE (6,1009)
40 READ (5,2001) SPMAX
o] IF CSPMAX,LE,E) SPHARWISO,0
42 CromanREAD N PIPE OATA
43 VRITE (6,1010)
& READ (5,2002) NP
43 1% (NP,EQ,0) GO TO 20
Y 00 10 &9 ,Np
'Y 4 VRITE (6,1011)
48 READ (5,200%) SIZ€
9 *(1)=S12€/1000,0
50 10 CONTINUE
1] 6L 10 30
52 20 rpew?
’3 P(1)s,150
96 r(2)m, 225
$s 0C3)e, 300 f oAy
56 DC4)s, 378
Y4 r(S)= 450
sy 0(6)=, 528
59 b(7)e,600

60 CreremREAD [N PROGRAM CONTROL VALUES
[}) JO VRITE (o0,1012)

(T4 READ (3,2001) D2

[ 3] 1F (P2,4LE.E) DZu0, S

obh VRITE (0L,1013)

'} READ (3,2002) NEND

66 1F (MEND,EQ,0) NEND=S

67 VRIYE (6,1014)

[ ] READ (5,2002) JEND

69y 1F TJEND,EQ,0) JEND®G

70 URiTE (0,1019)

71 FEAD (35,2002) ND

144 URITE (0,1018)

73 READ (5,2001) SPMM

74 I1F (SPMN,LE,E) SPIINeY U, 0
79 CrepaeREAD IN ND, OF BRNANCMES IN DESIGN PROBLEN
26 VRITE (6,1017) \ "
re PEAD (5,2002) (U .

78 Crme=sURITE OUT DATA TO FURNATTED FILE
79 VRITE (1,3001) HEND,JEND,NP
BO WRITE (1,3002) (P(1),181,NP)
81 VRITE (1,3002) &«

L ¥ PRITE (1,3002) TYIvE

83 VRITE (1,3002) SMIN,SMAX

86 VRITE (1,3002) DMIN DMAX

8S VRITE (1,3002) SPNIN,SPHAX
86 VRITE €1,3009) ND

87 VRITE (9,3003) LO

LT pisrovesl,0

ny rnT0Te0

90 ¥LTOTe0

U1 Crer=aPEAD IN DATA FOR EACH BRANCH
92 R0 200 [=9,L0

v3 VRITE (G,9018) 1

9% FEAD (5,2003) ITYPE,Y,DW

99 CremacrREAD IN GROUND LEVEL DATA
96 Jep

97 60 Jeujel

v RITE (61017

9y PEAD (5,2001) GL(Y)

100 VRITE (6,1020)

100 READ (3,2001) GX(J)

10¢ T1F(GX(I), LT, Yn0.0) G0 T0 40
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108 CromerGENERATE POSITIGNS UF MANNOLES

104 1F CITYPE,EQ,0) GO YO 7V
103 60 NEST(V)=0,0

10e PIST(2)8Y

107 Fus2

108 6o Y0 99

109 femenn]S LENGTH LESS THAN TUICE ININIMIM $PaACIuGY
M0 70 15 Y, LY, 2,008P0.10e0,1) GO YO 60

m PIST(Y1)00,0
R LY 4 BISTL2)SAMAXTLSPMIN, SPRID

13 Fas3e AT (¥eDIST(2)=SPMINGD 11/ 6PNN)

" 00 80 X®S, NN

11 BIST(KISDIST(Km])O5PHN

116 1F ¢, EQ,NN) DISY(X)EY

147 8p CONTINUE
118 CeoremhENLRATE PERMISSISLE MANHOLE CONNECTIONS

119 Ya(1) =1

120 KB(1)=

121 PO 340 HeZ,nW

12¢ 00 300 LsV,H *

123 . UF (DIST(M)»DIET(L), 6T, SPMAX®D,1) €U TO 300
126 KAL)=y

129 o 10 310

126  3L0 CTONTYINUE

127 310 00 320 {=V,n

128 1F CDIST(M)ImDISTCL) LT, SPMIN=0,9) 60 YO 330
129 320 CONYINUE

1390 330 Kp(M)eim

1 340 TONYINUE

V32 CronanlALLULATE SROUND LEVELS

133 90 GROUND(1) 864 (1)

136 TFINN,LT,S) SO YO 130

15 KKakhet

1350 PO 120 K=2,kK

137 PO 100 HsY,y

154 IF (GX(N),GT,DISTI(KI*Y,UT) GO TI 110

159 900 TONTINUE

140 990 FROUND(X)BGL(Mr1) ¢ (GL(M)mGL{Ne1))/tExtM)ubx(Nal))e
149 1CDISTIR)=GX(Mnl))

144 120 TONTINUE

148 130 CROUND(NN)I®GL(Y)

144 rsy

143 (4. 1))

146 (3N 1]

147 160 XLexie%

148 TF (DISTC(KM)=GX(KN),GT,0,04) GO YO 14
149 XCKLI®DIST(KM)

1% TCKL)SGROUNDL(KM)

131 IF (KM, EQ,NN) GO TO 146

152 IF (DIST(KM)aGX(XN),GY,~0,09) KNaKNey
158 KMogMey

154 0 710 140

139 165 X(RL)SGX(KN)

1%¢ 2CKL)eGLIRN)

157 FABKNey

158 6D Y0 140

159 TeemeelEAD IN DEYAILE OF URSTRUCTIONS
160 146 NOB=D
" 130 YOBanDBeY

162 URITE (6,1021)

143 READ (3,2001) ORLEVINOA)

teé IF (OBLEV(NUR) ,LE.»Y94,9) €0 T0 V¥
169 URITE (6,1020)

158 READ (5,2001) O8BDIST(NOL)

187 60 70 150

188 160 NOBaNOBsY
169 CeowseREAD [N UPSTREAN CONNECTIONS

170 rugen
179 170 FUBsNUBSY

122 HRITE (6,1022)

13 READ (5,2002) NBR(NUR)

176 16 (NBR(NUB),EQ,0) GO TO 180
17 .0 10 170

176 180 NUBwNUBRY
177 Crmme=lDENTIFY TOP OF ZONE AT UPSTREAN END UF RUN

178 2T0PUSHGRUUND (1) mDMIN

179 AREAUS®O, U

180 1F (NUB,EQ,U) GO YO 200

181 PO 190 JJm1,NUB

182 YengR(yJ)

188 AREAUSSAREAUSOAREADS(K)

184 1F (2TOPOS(K) AT, 2TOPUS) 2TOPUSHZTOPDS(K)

18 490 CONTINUE
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- c—

S —

186
187
188
189
1990
191
192
193
196
193
196
197
198
199
400
{01
202
403
204
205
206
207
208
209
410
2411
M
213
2146
a3
216
297
218
£ 334
420
421

Crem=etEFINE TOP UF TUNE ALONG THE BRANCH

aue

210
220

230
240

250
200
2re

273
280

2INSZTOPUS

2088999999,9

7618999999 .9

PO 270 JJ®1,NN

Z0UTEGROUND (JJImDMIN
ZYOPCIIISAMENT (ZIN, 208, 2GL,ZOVUT)

1% (JJ,ELQ,NN) GO YO 270
2INSITOPLIJI=SHINe (DISTLIIONIDISTLIIN)
1F(NOB,E9,0) GO YO 220

PO 210 KsY,NOB

15 (DODISTIKJ.G!.DJSY(JJ).AND.OIDICYII).LY.DI!?(JJOi)) GO T0 230
CONTINUE

2094999999 ¢

GO TO 240
200%08LEVLK) eSMINe (DIST(JIO1)=08DIBT(X))
PO 290 Ks1,y

16 (GXCK),GT,DIST(JU) AND, GXIK), LT, DISTCIJe1)) GO TO 260
CONTINUE

2612999999 ,9
60 10 270
26LBGLCKI®SHINS(DIST(JI*1) 06X (K))
3

TOPDSCI)SITOP(NN)

1F ((ZTUPUSPZTOPDS(1))/Y,.LY, SHAX=0,00V00) €0 YO 273
2Y0PUSAZTOPDS (1) #($11AXRU,00002) ey
60 70 200

DO 280 JJmy,NN

Z80T(JIINZTOP(JJ)mD2
AREACJIJI)SAREAUSSDIRTCJII) oD
AREADS(JISAREAC(NN)
HNTOTENNTOTONNEY
ELTOTRKLTOT ek "
CISTOTEDIgST VY

CruperWRITE DATA TO FILE

a2l

223
224
e
426
e27
228
429
430
231
é52
233
¢34
a3
256
287
{38
23y
440
(1}
é62
243
264
443
&40
Y4
13
249
250
&5
43¢
255
256
2%
25%6
257
458
259
260
261
a2
263
266
[{}]
d66
267
[1.1.]
da9
470
an
412
73
274
(14
276

290

URITE (1,3003) kN

MRITE (1,3005) (DISTIK), Hmi, NN)
VRITE (1,3004) (AREACK), k=1, NN)
VRITE €1,3002) CZYOPC(K),Kud,NN)
URITE €1,3002) (ZROT(K) ,KmY,NN) -
WRITE (1,3003) (KA(K), K®m1,NN)
VRITE (1,3003) (XKB(K) K®1,NN)
VRITE (1,3003) kL

PRITE €1,3002) (Z(K), Km1,Ki)
URITE (1,3005) (X(K), Ks1,KL)
VRITE (1,3003) NuB

IF (NUB,EQ,U) GU YO 290

URITE (1,3003) (NBR(K),Ks1,NUS)
CONTINUE

Cr=murPROBLEM SI12¢

1009

1002
1003
1004
1005
1008
1007
1008
1009
1010

1044
1012
1043
1014
1019
1M
1047
1098

1049
1020
1"y
1022
1023
2009
2002
2003
3009
3002
3003
3004
5C0S

NOMHAVELOSIAT(DISTOT/50,0) 9

KNTOTSNNTOTS1

KLTOTaKLTUTeY

WRITE (1,3003) NNTOT,KLTOT,NOMNAV

VRITE (6,102%)

sTOP

FORMAT (10X,36HweeoFOR DEFAULT VALUE INPUT ZERQw®ee/5X,-

TITHMINTIIUM GRADIENTS)

FURMAT (SX,i7HMINIMUM YELOCITVS)

FORMAT (SX,1PHMAKIMUM VELOC|TYS)

FORMAY (SX,V14NMINIMUM CUVERS)

FURNAT (SX,I4HNAXTHUM CUOVERS)

FORMAT (SXeZONTIME OF ENTRY(MINS)S)

FURMAY (SX,9SHPIPE ROUGHNESSS)

FORMAY (SX,ZOHMINIMUM MANHOLE SPACING®)

FORMAY (SX,26HMAXIMUM MANHOLE SPACINGS)

FORNAY (SX,6YNFUR LIBRARY PIPE ST12ES ENTER 2ERQ;OTHERWISE ENTER WO

1,07 PIPES)

FORMAY (SXo16HPIPE SI12E(MM)s)

FORMAY (SX,14HDEPTH OF Z0NEs)

BORMAY (SX,17HNUMBER UF LEVELS®)

FORMAT (SX,16HNUMBER OF PIPESS)

FORMAT (SX,1BHNDJAGNOSTICS LEVELw®)

FORMAY (SX,290NSPACING NF PASSIBLE MANNOLESE)

FORMAY (SX,19HNUMRER OF BRANCHES®)

FORMAY (SX,90HBRANCH NO,o16,5X,A3NENTER TYPECO OR 1), LENGTH AND DR

TAINED WIDTH)

FORMAY (5X,1BHENTER GROUND LEVEL)

FORMAY (SX,36MENTER DISTANCE FROM UPSTREAN HANWOLE)
FORIAT (SX,42HENTER OUSTRUCTION LEVEL(e999 YO TERMINATE))
FORNAT (SX,4BHENTFR UPSTREAN BRANCH NUMBER (ZERO TO TERMINATE))
FORMAT (SX,10(I1H®) ,$8HEXECUTION FINISNED,10(1He))

FORMAY (F0,0)

FURNAY (10)

fORMAT(10,2F0,0)

PORMAY (216)

foamay (10¢8,3)

FORNAY (1615)

FORMATY (10€8,0)

SORMAT (1053,1)

END
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L X K RV W ] VIR

s
"%
b4

39

40

(3}
(14
43
44
(3]
‘6
(14
(1]
49
s0
s
12
83

33
36
7

9
490
L) ]
LY
Al
44
49
LI}
A7
é8
A9
?0
iAl
2
3
%
78
76
7

CURBENT EPJTINN[26,4,76, LARGF SI17F VE4SIoN

1000
1904
1002
2000
2004
2002
2003
2004
2008
2006

¢ s ct———— - —
— e

COMMONIAP/DE20) s 6MINE20Y 1 GMAXEZN) 4D IN nUAX MENN  JEM D T NR, R, 3P
COMPON/UNERE/INES0,4) (LRI LN NS 40T, L02,LP)
DIMFNNIAN KIP(2R00QI,PISCI0000),NITC13000),91TC1300)
LNGICAL O«

(onecentPECIFY MAXIMUM ARRAY ST2E83

1MAY®T3A0D

JHavet 3200

KMAY 220000

LAY 0000

Coencaffanr DESIGN PARAMETERS

CALL DAvaY

CownwaREAN SYSTEN AEOMFTAY AND STORE IN PEKMANENT ARRAYS
CALL DATA2(NIT,PIT NIP,PIP IMAK,JMAX (KMAX o LIAX)
LOSNEP(2)

NOONEID (%)

ComeweSEY INIYIAL FLOW VALUES 7O Z2ERD

00 ¢ taPi,LP2

1 sipt1)en,0 ©
nNCOosYSEN

tJatntey

CoacaaPRORUCE & MINIMUM SRADIFNY DPESIGN

CALL MGRAD (NIP PP, XMAX,LMAX)

CroucenpRONUCE OPTIMUM DESIGN RASED On MINIMUM GRADIENY FLOUS
B0 20 Js,L0

CALL COMB (NJT,PIY, 1P, PIP KMAK, LMAX; THAR, JUAX,1,NCOSTS)
CALL NSRUN (NIT, P10, NIP, PIP, IMAN JHAX KHAN) AKXy T)
CALL TRATL (NIToPITINIPIPIPINAX JJMAR G K “AK g MAXsL0}d)
20 couringe

CALL TRACE (HIV,PIT NS, P19, 504N JHAK KA L MANGL)
CosenedPONUCE FINAL OFSIGN BY ALTFRING GRADIEITS

CALL LEVELS (NIT,PIT NIP P[P, IMAYJNAX(HAX LHAX,L)

§70e
ENp

RIS

SUPOAUTINE NATAY : .
EO O ABTBTTOYTGMINC20) 1 GMAXCZ0) (D" N, MAX HENYIJEND, T, NA K,y 3P
CommaeREAN N NUMKER OF VERTIRAL 20WES ANS PIOE CHUICES
REAR (9,9002) MEND,JEND
WRITE (6,2008) MENDIJEND
Cooceaft AN IN NUMRER OF PIPE STZES AVAILAALE AND TNEL?Y DIAMETERS
REAR (S,900P) NP, (D(1), Im1,8P)
WRIYE (6,2000) tocg),la%,NP)
Cosoncafap IN PIPF ROUGHNESS IN MM,
REAN (5,1001) ek
WPIYE(8,2004) R)
ey /1000,
"-.--QF.D IN YINME OF gNTRY -
REAM (5,1001) T!ve
WPITE (4,2004) Ying
ToTIMFesnt O
CovmaaREAN IN MW AND MAL PIPF §LOPES
REAN (5,1004) SMIN,SMAX
WRIYE (A,2001) BMlu SMAY
ComemasplX MIN AND MAX GRAPJENTS FNU FaCw PJPE SIZE
0O 40 Te,Np
GHIN(l)asMln
10 GMAV(TI)agMAY
Comemapfan IN MIN AND mAX DEPTH QF COVER
PEAN (5,1000) DIIN,DHAX
wetvg (4,2002) DMINyDHAY
CosaanlEan IN MIN AND %AK MANWNOLE SPaCING
REAN (5,1004) SPMIN,SPMAX
URITE (4,2003) SPMIN,$PMAX
CreeenffaAn (K OTAGNOSTICS LEVEL
REAN (5,1002) NP

QETUAN
FORMAY
PORMAY
BORUAY
soRMAY
somaY
snanaY
EnRuaY
BnRvAY
Enau,Y
SNRWAY
€np

(16,2¢/1058,3))
(2£3.%)

(216)
(3X,16HPIPE NIAMETERS, 29,108y, L })

(X 23M1F TN AND MAX PIPE SLOVES 12K,268,3)
(3N VPRI AND MAX CNVER, THX,¢F8,3)

(SN, P3%1TN AND MAX M/H EPACING,2%8,3)

(YN TSHTINE OF ENTHY,B6,1,50 MNINT)

(SX, 16,15 VERTICAL PONES,l0,1W PIPE 20°ES)
(S, ASHPIPE ROUGHNESSa,BA, T, 4n MM, )
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SUBPOUTING PATAD (NTT P TTyNID PIP L AK, JHAK (KHAX LIANS ™

CononeSln®0lITINE CALLY GEOV AND SORTS NUY ADDRESSES FOR PFAM ARRAVE

CO”UOUJOOID(!034$HIN(20’oS.il()ﬂ)vD"l"vfﬁdﬂo"!ﬂﬁal!"ﬂv'pﬁﬂv‘('dﬁ

COMMONJUNERE/ INES0, 4D, 481 LV, LNS(LPT,LP2, L0
pIMENSINN N!T(l"nl);’l?(:"lf)cul’(l“nl)"l?ttﬂl')
CALL GEOM (KIP,PIP,KMAX)LMAY)

LOSNIP ()
CowonaDFEINE ADORESSES FOR ARRAVS NIP AND PIP
NYOTeO0
LYOYeO
nroTeo .

1°

00 10 [ei,n

1N+t )udeetiTOYe YN0 ]|
INCY ,6)mlebonTOTe2eMT0Y
Jein(l, 1)

NTOTaNTAOTONIP(Y)
IN(102)903920NTOTOLTOT O3]
INCY,B)eiN(1,2)0
Jagv(l, V)

LYOYelYATeNIP(J)

Juin{l,?)

MYOTeNTATONTI P ()

CONTINUE

LN1R242eNT0Te  TOTeJe( 0¢Y)
LN2aLNYTemENDOJENDONTD(4)
LNYaLNZenENNOJENDLO
LP101e4enTOYe2eMY0Y

L2 PIemENDe ENDeS
LPYuLP2entpi(1)nt

18 end,50,0) RgTURY

whteg (A,1000)

WOIYE (A,2000) (CINCIod)eJuYeb)o1®Y,L0)
WRIVE (6,2001) LM, LN2,LN3 L0, 102,03
REYURN

1000 SNARMAT (1HO/10X,34MADDRESSES STORED [N ARRAY INTLO,4))

2000 sormar (4110}
2004 sORvaAY cquo/sx,¢ugu1-,lt,sx,&uguz-.15.St,bugulc.[4.3!.6u;'1-.|6.

VSN AMLPIE L4 SX,6NLPIO, 1 4)
(1T}
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17 SURROUTINE GEUM (NDIP, PP KMAK, L¥AX)

19 :nuuoulaDID(ZO).SMIN(ZO).*ﬂll(lﬂ)co"lN.DNAX.FENJ.JEND.V.NDolK.'F
149 DIMENSION NIPLKPAX) OTP(LPAY)

920 Cocmccpuipltn S12F

424 AFan 09,1000 N1PLQ)

922 ComeweSET COUNTERS

123 Ksé

124 (1

928 Croamaniinagl Ag SR ANCHES

126 LOsvP(2)

977 Cewaws®EAR IN DATA FOR EACH BRANCH

128 00 40 Jui,L0

429 Keked

130 REAN ($5,1000) NN

134 NIP(K)SNN

112 CreeseREAN IN CHATJIAGES AREAS TUP AND #0TTur ZOWE LEVELS
13 on 10 Moy, 4

13 Lei* "

AAL) NBLeNN®Y

1" REAB(3,2000) (P{PC((),1uLsWN)

(R}

LoN
198 10 CONvINU®
1%9 ComeasREAN IN GIREY AND LABT MANNOLES

140 DO 20 Mey,Q

(YY) KuKed

0w NEKeNNet

149 REAN 15,1000) (NIP(1),10K,N)
104 «oN

148 20 contTinug
168 CovonanltBAd IV SRAOUND LEVEL DATA

147 Kaked

A\NY} REAM (5,1000) A6

.9 NiPtKIENg

150 pn 10 mMe4,d

194 Lo el

192 NuLeNGe

153 READ (5,2000) (PIP(1) loLeN)
1% LeN

159 30 CONTINUS
1R4 CovesoRFAMN IN CONNECTIONS UPSTREAM

15?7 Kege

148 ®EAD (3,1000) N®

149 NIP(K)ENR

140 18 (Nn_g0,0) GO YO 40

149 KsKked

142 NEKeNRwY

13 REAR (S,4000) (NIP(L) 185 ,N)
144 eN

1493 40 CowviNUS

144 REAN (3,1000) NIP(I),NIP(X),NIP(S)
147 Coooawphint 01T DATA AS SYCRED

148 1¢ tubd,20,0) RETURY

149 walee (4,5000)

170 whieg (4,3000) (n1P(1),10%,4)
11 walvE (6,4000) (p19tl),1m%,)
172 RETHAN

173 1000 pORAvAT (1A1%)

174 2000 sommway (10#a,3)

179 3000 souray ¢2018)

176 4000 SORMAY (10519,3)

177  SO00 SORWAY (TMO/10X,65HOATA STORED IN ARRAYS NIP ANY PIP AS $OLLOWSY)
178 (17
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179
100
"y
122
13
1%
1%
1726
%7
(3] ]
(E 1)
AL
1
12
$o3}
14
s
104
17
LR |
1”9
"o

™
213
"4
2"
"¢
a4
b |
zne
210
211
12
o ]
24
[ 30 ]
2°6
2
248
29
220
2N
222
a2y
2?6
223
226
27
278
2

2o
F A
e
My
2%
Vs
26
k4
s
2ve
240
249
262
243
266
249
246
267
2y
N9
280
231
e
%3
2%
t 53]
236
A2
238
29
240
241
t LY
243

SUPEAUTINE CUMB (1T, PIT N1® P10, kAR LAY, THAX  JHAY, §,0COSTS)
cﬂuvoulniln(IO)cﬁ"l~(20):ﬁ"ll¢¢")-D“lNo"“lX-P!N"nJE"Do'-“Fo'lvi'
Cowvowluutlsllutsnat)oL~1oL~lnL"!oL’10L’lctﬂ!
DIMENSIAN NIP(I"AX).DI!(LMAI)oNIT(l"AX)v!lTCJHA!’
Mjesugube JEND

Lreana Oy NANY U/S PEPLS?

(1238282 })
NeyIpLKY)

CmeoesSET CASY OF ARRIVAL 4T 157 ®ANHOLE 14 RUN ™ 1520

00 10 JmteMy
40 2174 9w, 0
15 ¢1.€0,%) GO Yo OV
LreonegORE D/S LNAETS SUR LAST 2UN TN NEXT SECTION OF D/S COSTS ARRAY
KsiN(ley,?)
NENPUN]D(K)
JIs(NFNRat ) oMol
JENENDeMJ
NCORTYSBNCOSTS e
(LIS AR T LR A LARAL AL
K1ovel
00 20 Jeji,J2
Kakey
20 sroCYSRIT(Y)

WRIYE (4,9001) K9,%

unies (4,1002) (o1p(1K),1xeKl,K)
21 15 (N NE,O) GO YO 23

CovowsDEFINE [NFEASIBLE DIPE 2CNES AT UPSTREAY ENDS 0F NETWORNK
17 ¢4ENN_€Q.1) GO TC 70
JIPIEND Y
(31]
on 22 Jwi,J?

00 22 Mot MEND
[{T¢3]
22 PITLX) 20009099
Gn Yo 70
CoocomONE,TVO OR THREE U/S PIPLS
Cocccafinng B0/ Y0P OF 20NE
29 x9N (l,.1)
NENNDSONIP (1)
LUIN(T,6)e20nENDDS
170¢%aP 1P (L)

Cueoe=giNg 0/% MAX DIAMETER
118104
KuLNg
00 0 Lat lt
LLetNCL,0)

30 KsxeNIR(LL)
NBDRaNIP(K)
B0 A0 Leed,N

Cwees=gINd NO OF U/S RuN
Ko CeNo| Ko}

Nesvep ey

CoemcafINA U/S TOP AND BOTYTOM CF 20VE
KEIN(NR, 1)

NENAUSEN]P ()
LofuiNR L) 03eNENTUSeY
ITues? P (L)
LELONFNNUS
IBytavin(L)

(mecnceblun U/S MAK DIAMETER
(3484}
a0 40 Lal,Na
LLetN(L,1)

40 usKonNTIP(LL)
NDUSENTPD(Ked)

ConveafIN® COPRESPINOENCE ETHEEN U/ AND D45 BTAVES
90 4\ Ma2,MEND
JUSRTUSELAAT(MNe) e (2TLS=2RUS)/ELOATIMNEND=Y)
1% €2US,L7,270800,001) 60 YO (Y]

&4 convINUS
MeMRNDe Y
42 wiong?
D0 43 Jel,J)END
NUSaNDUSeJENDJ
1F ENUS,EQ,VD08eJENDY) GO 10 44
43 convINyP
JeJEnd
4é JYnjed
ks
LRESSLNI oMo (NRe]) e
DN 83 Jet.JFND
JUSAUINOC(JEND J®JY)
00 $0 Mol ,MEND
aege
NUSEMIND (MEND  MonT)
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246 CrocompESINE CORTY OF Yy§ STATS

24S LELOTOM ja(NCOSTSe ) e {JUSml)omENIONMUSY
2664 CosYePIO(})
247 LweaeaaADD LOSY TO COST AT STAST QF O/ RUN

248 PITIISAMING(PIT(K)OLNST 090999 ,9)
2490 CoweonIDEVTTIIY TRATE RACTK CEFFAENCE ACROSS MANNQLE FRON STHTE TJUSMUSY,
270 CowemminDd ASSIGN TN]S REFFAENCE 70 SYATE (JyM)

71 LeLN2eMge(Na=i)o(JUtal )epindonygetl
r2 LEEPOLRFEeY
273 NIPCLRESYaNEP(L)

2?4 30 Conrinyr
278 60 NCOCYSENCOSTY]~1
F24.) P0 watry (4,9003) 1,N

L 34 WRITE (4,9002) (PITEL) Wt My)

e QETIAN

279 9009 FNAVAT (IM0/3X,374D/3 CCSTS,LAST RUN,STORED IN PIP FROW,15,1H 79,
e 114) .

2% 1002 BNRmEAT (10F42.3)
2%2 1003 $ORMEYT (160//SK 1 7HUZS COSTS #OR RUN,16,190 {NO, OF U/S PIPESN,1s,

2°) 1108))
2% END

- 2% -



2% SUBAAIITINE kgRUM (ul',bl!;nr'.vlv.lWAl,JMAx.(ﬂnx.LHAx,uoun)

e DIMENSION N!Y(l"il).PIY(J"AI)'N)’(l‘ll)o'l’(L"AX)oLFV(lﬂ)r
%7 TLL1020),112¢20),2187(20) AREAL20)

28 COMMONUMERE/INCS0,6) LT oLNSs LN I, L1 ,LP2,LP)

229 con»nnravtv(loa.enxu‘eo).au-x(ea).o»x~,bunx.ntwn.J!ﬁb.V.~hc’("’
2n0 LNETCRL NPUW

tid | INteN(nelN, )

ek 4 T ICITTIC YY)

"3 tedatulaatngd)

24 INGRTNCNRUN, 6)

t1d ] LEYNOWEO(IND)

M NENABNE P (INY)

27?7 CoconaDEFINE #/8 STATE

2°A Ned

e 20 Neyey
3N CoopeaDESINF PARAMETERS OEPENNENT ON "A"

I NEWNE,TRUE,
2 KANSINE SN
313 RLAVEINYON .
3¢ KLAVORKLANSNEND
30y ANSOLP (v UN)
3% K2TARaINse2enNENDON
3y KIENPSA T TNPeNEND
h Rl ) 2700aPIO(X2TOP) .
b Rl IROTQP §P (XZAUT)
340 ONed N
34 18 (9PUv 8Q,1) GO TO 10
32 © NBENAUNeY
33 PR N 179,40
3% AuJe1],9) .
3°'s 3 KoNegINeNTIP (L)
AL 10 xJmasKaveLNIoNeNnUNS
37 KONGCANGL P2oN=2
o8 Jul
39 30 Jmdet -
N JOIPRENTP(KINGImJENRd
324 Nel
322 40 Mema
13 NJNe((Nat) eJENDOVENRO(J 1) avENpen)
3¢ PITININY m999990 0
1°s 10 €JP19E, LT,Y) 6O YO 270
376 tns-r'o--l;nAT("~1)0(lvr0-lQOV)IsLOAr(ntno-')
V7 CoweauDEFINE URSTREAM STATE (VANWOLE)
378 NNSNIPCrLANYo?
329 44 NNuvNey
3% KXNNBINLONN
m RUNSPIP(KXANN) \
m2 K2ToINGs2oNENDORY
n 2verto(e2Y)
33 RZROKPTeNEND
39 WerIR(c]8)
s 16 1,507 NEUN) iy 70 18F

337 CeoencaDEFINE INTEAMENIATE GROUND LEVELS
na 43 00 80 (e LFND

3 KGULaINGoboVENDSLENRSL

nr 18 CPIPCRAKLI.GT, PIPCKNANIC0,01) 6D TD 80
349 S0 crurNys

342 60 (ta¢

343 KGN SmuRxL

3446 LEZLYaKEXLIn L FND

348 (28 S et

346 A0, 0

347 LEVE ey _

348 19 €LY, PFQILEND) GO TQ 140

349 18 12100RGRLYe13,GT ko0, 085 80 10 140
3390 LSe¢ et

3N 00 90 LeL3,LEND

192 KGALOINGoboUENDOLENDOL

333 15 (PP CKAXL),GY, AN®0,01) 6O TO B0

384 70 CONTINUP
398 80 (P9 et

1148 KGTIL2OINLobenENDOLQ

N KOAL27KARTL2aLEND : ;
388 Cweoe=DEFINE SRFA OGF LONG SECYION ABOVE STRAJONT LINE
199 ASeP 1P (VAXLISI)O(PER(KGILIDPIPIRGIL201)) 0,8
340 o0 Ay LLeLY, 2

341 KGZLLOINAsAeNENDOL]

142 KGXLLOKAZLLOLEND

343 BS ARACPIPCKRXLLICIPIP(NGILLOII=PIP(EG2LL~1))en,5
!4‘ AsAeP PRGN L2*) o (PIP(KGALYI=1) PP NG2L2)) 00,5



345 Cumemel$ ABAUND LEVEL,CUNCAVE,CONVEX OB VARTARLE

348
Y47
148
349
3%
37¢
2
p A
i M)
374
3%
37
378
b 2]
pAL]
34
32
343
b RS
35
¢
317
b At ]
3%
310
3"
32
b ) |
b 1)
"y
e
b x4
ELT
b 1]
40
4%
[ Yt ]
[ R ]
(%1}
4"s
[ 1]
(34
618
479
410
[}
42
43
44
44
(3}
[ 304
4's
419
420
62
472
673
424
479
[ %4 ]
(%44
(%4}
49
AVD
(2
[T ]
4y
(%1}
s
[ )
4?2
(1]
4Y9
44n
(Y3
442
(Y3 }
(YY)
449

(1]
100

110
129
130

C(rone

160

(onee

150
160

170

G*LODEO(DIP!KblLZ°1)-9|P(l6IL1-1))l(lh-!nn)

0N 130 Leit,L2

KG2LeINbsbonENDOL

AOALRKGPLOLFND
OSL*'I-(!lP((«lL’oDl’llﬁzLi-i))I(91’(l6XL)-xnn)
1% 1ORLNPE, LY, GELOPERO,C000Y) s0 0 90

§6 COBLABE, LY GSLUPESD, DO00Y) G TO 30

G0 70 (110,%00,130),LEVEYL

$0 0 (120,430,900) ,48v¢4

LEVFLeA

6o 90 140

LEvsLe}

G0 10 VY0

LEvVe(s2

coNvINUE
«DEFTNE FROULD CONDITIONS ANY DISTANCE BFYWEEN MaNWOLES
NYNENNew]PLKLAN) @1

LEVINTHYSLEVEL

LLICNTHYOLY .

tL2enTNYOL2

DISTYENTUISXH=XNN

AREA(NTU)aA

18 (4D, 87,0) WRITE ¢4,2002) Wo NN NTH LEVELYL1¢L2,DTIST(NTHI(A

“DFFINE UPSTPEAIN STATE (U/S OIPE DIANETER AND CROWN LEVEL?
NTHONNOU TP (KL AN)o?

Jush

Jlejget

MM A

. Mgy

F“JJuﬂcguN-ﬁ;c;!uoau¢~p0(44-1)authoonw -

CoromenCHECK FFaSIRILITY O3 SOLLUTION

(LT T 1]

(LT T

[T TS

Coowe

180

2n0
210
220

2%0

e(l/8 STYATE GEASINLED)
IF (PITIMMIINN),GT 299969 ,0) 6O to 250
“(PIPE SLOPE WITH]N RESTRAINIEY)
29S8 2Te S LOAT (MM ) o {2TeTh) FELOAT(MEND"Y)
SLOGES(FUSm?OS)/DIST(NTH)
16 CSLOPE, LT GHINCIM)PE)0,30001) GN TO 260 R
18 18L0PE,GY,CHANCYDIPE)*0,2000%) 6N T0 ¢50
a(DIPE CaPACTTY SUSFICIENTT)
CALL VELOC (SLNPE,DIJPIPE) 0K ) VEL,AFULL)
18 (QBULL, LY, PIP(KAN)) 60 TO 250 .
«(NEPTH NE COVER RESTRAINTS VIGLATED?)
LEVELELPYVINTN) .
(RLINRRLRLD)
L2mLL2qnTH)
6N 10 (260,980,220,980),LEvFL
0N 200 LeiLd,.L2
KAXLalNgoLeENDOLENDOL

KRZLOXGY L= FND

15 CQUSeSLOPES(PIPLUGXLI=XNWIJGT PIO(RGLLIwOMINGD,N1) G0 TO ¢5)
CONTIVUE

18 CLEVEL,EM,2) GO TC 240 \

pn 230 Lepl, 2

KCALwiNLobo  ENDOLENTSL

LG LeeCy Lol END

15 (ZUSSLOPES(PIPLeGRLI=XNNITLY PLOCKGLLI=NMANY GO TO 200
CONTENUE

CoovmaSOLITION 1S FEASIBLE SO CNST AND CO"PARE WITH PREVINUS CHEAPEST

40

Corman
280
260

Cooew

270

2002

KGZLYOINGSLoNENDOL]

(L P IR LILS IR RTREIW)

CALL CORTIT CIPIPE,AREAINTHI (PIP(RGILYI=1)=2US PIPIKAZLZe1)2DS,
torev(nTny,CY

CRCePIYIMMIINN)

18¢e, 6T PIT(MINI«O,001) GO YO 290

PITtMINY=C

NITEMING® (NNoq JOJENDOMEA DOt Jo) YunEiponn
«MOVE ON TO EXTY U/S STYATE

ILF (M¥ LT, I'END) GO YO 170

KJJHuGBE IMGoNONN

JIPIPERNIP(CJIMG)mlENDOdY

1F (JJPIPE, LT JPIPE AND,JI. LY JJEND) GO 0 160
I8 (NN LY, NIP(RLEN)Y GO TO &4
oMOVE ON 1O MEXY D/S SYATE

NEWNS, FALSE,

18 (nu, LY, MEND) GO TO 40

TECJ LT JFND) 6N TQ 30O

18 (N,LY.NEwP) GO TO 20

AFEYUAN

FNAVAY (10X, 1SHARCUND FOOM M/M 16,64T0 1/H,514,2(F9,3))

EnD
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646 SURSQUTTNE COSTIT (J,AREA,DUS,008,D187,C087)

(Y} DESTNE(PURENDE I/, 0oaREA/NINY

448 G0 vo (¥0,27,30,40,350,60,70) ,4

449 V0 COYTERIRTO(2, 896, YeEPTHI 50,0070, 00004

(%1} aETIRN

4% 20 CASTADINTe(S, Pod, 100EPTN)e30,0070,000U8

[%1] RETURN

480 S0 COSPuD[RTO(A, Q04 1eNEPTN)IOSD, 0078,00DUS

634 RETHAN

L1 40 COSvaPINTa(12,504,60DEPTHIG30,0080,00DU8 -
446 RETUEN

487 [1] cnsv-hlcvo(19:915,7-9501n)oso;0035,ntous

458 aETHRN

439 40 CNSTRDIRTo (19,765, 00DEPTHICY0,06900,N0DUS

é40 atruan

649 PO CORTDIRTa(23,7¢5,)¢DEPTHISI0,0093,000U8

442 RETURN

(1) ] END

44¢ SURBSAUTINE TRAJL (NIT,PIT, NIP DI, 1A JHAN KMAN, LMANNOUN,T))
449 DIMENSIEN NITCIFAK) GPITCINARY JNTO(KYAK) 4PTIPILMAX)

446 COMMONZP®/9(¢20) s GMINC20) 4GMAXCA0) (D VI, BMAX, MEND, JEND, T, Np,RK,RP
(L34 COMWMON/LMPRE/INESU,6) LN, LN2 LS L% LP2,LF3

(L1 ] INYmIN(NRUN,Y) !

449 NENRENEP(TNY)

470 ABLN2etoMENYOJEND O LNRUNCY)

(341 MINENDBINEN YRt )@ JENDOINEND

472 NENSNDevENDeJEND

47y D0 40 JeV.JEND

[ 343 NN 40 MeY  MEND

47s KuKey

676 CoccwaNIP(NTP(K)) IS 8T U/S BERERENCS NUMRER JH TRACE BACK BROM n/S
477 Coovaaugrptg (J,M)

(37 ] TITY
479 CoccaauiTiN)oPESsEYENCE KACK ACROSN MM BROM D/8 STATE(J M)
[3.d'] MINTNDO¥ JNEA DY

4% CeoaecopIT(MINPND)OCUST LF SOLLYION YO 0/S 81AY((J.")'

472 ComceadSSUME A0 CHANGE OF REFEHENCE ACRGSS THE /W

(33} NITIN)Bu NEND

6%¢ Crmecea]f £0ST OF 48R)VAL AT A NIGNER LEVE( 1S CHEAPER ADGPY Tuis COSY
4°3 CocoenAND ALTER REFERENCE

[3]] 18 (M LF,9) 6U Y0 10

(304 TP (PITIMINEND) LT, PIT(MINENDeY)) GO TO 10

(3]} PIT(MINPNN)SPITLMINEND=Y) '
L) NIT(N)BNET(Net)

470 Covcoalf POSY OF (RAIVAL WITH A SHALLEN DIAMETER 1S CHUEAPER ,APOPT THIS
471 Coecoa(NSY ANM ALTER BEFERENCE
"2 10 15 €Y LE,1) GO Yo 20

4”3 TOMINENRaMEND

6 15 (DITI(MINEND) LT,217(5)) GO 0 20
[ L3 ] PITIMINEND)BPIT(])

(3] LU 2 L]

7 NITENYENEY(D)

408 20 conNTINUS
479 Ceee$&T U/S WEB,NO, TH TRACE RACK FROM D/S STATE(J,M) IS REF, ACRISS N/w

$n0 IRLIFEA]

bl ] NipCR)IaY)

5°2 NIPC1J)eNIT(N)

33 TE(PIT(YINEND) ,(T,590000,0) N1D(12)e0

§°% LocecagsTapllen T4 RESY CP THE TRACE 04CK
1S S0 MAJANBENEP(TY)

$°8 1481 et

$°? TS AJAVA LY MENDOJEND) GU TO 40
s~ NIPELJ)enITIMAJANA)

$ne GO T 3n

$90 40 tist et

bAR) 60 CoNvinyS

$*2 RETLAN

33 (1T )
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$*¢
3%
3%
$'7?
38
S$9
§20
$21
$72
521
$2¢
$2%
$%4
$27
328
$°9
sve
3%
LA
bAS ]
S
5t
3%
sV
bAY )
3%
840
841
542
343
4t
9653
$4¢
sS4y
Sig
$19
$so
$51
382
383
53¢
39
384
3
393
%9
3540
341
552
A3
S$4¢
543
L LY
547
b 1Y}
$49
$*0
$?1
$72
$7)
$%4
37y
576
$77
14 ]
879
st
[ 1))
$%2
sy
$Y%
s
$%%
s
s
bAL)
L 114

SHEROUTINE YRACF (N1TPIT NYP,BTID I AN JHAX KIAY, LIAX, L)
OIMFNSINN Nl'(lrah)o'lY(Jvnl).*l’(!“Al)a'lPCL"A*)th$(|0)."55('n)
coMMON/ PP/ 80200, CPINC20),GMAX(20) ) PHIN,DHAX, MEND, JEND, T, ND, BK, 0P
COMMONJUUERES INCS0s4) LAY LN L3 LPY, Py LPd
CoaweatDTAL NIUKRER OF BFANCHES AND PANNOLES
Losutecy)
NOSNEP(Y)
CocumnytiuhER OF MANHOLES TN LAST PUN
KeIN(LO, V)
NENNBUL P ()
CronanSTARY AnD €70 CLEMEHTS $O8 Flial COSTS Ix ARRAY D1
MJEMENDOJENN
f10tNFNRnt ) ek ol
12sNEKkpoM)
ConvavalWICH 18 CHEAPEST
1¢08t20
C0876900009,3
60 19 114,12
15 €PITCY),AE,COSTY GO YO %0
cnsrepgv(l)
1eonye]
90 CONYLIVUE
Crmomanh FEASIALE SOLUTION?
18 ¢1COSY, En,0) STLP
ConwonaDFNTISY THE DOWNSTREAM STATE
telrOsTatt ey
Je(lat) /VENROY
nelalinl) eMEND
(TIPTY 1Y)
tef
Lish
Coemon{DENTIFY START AuD END ELEMENTS 1N ANRAY NP FOR TRACE maACK
ComannUb AQANCH GIVEN AUN AUMREE, J AVO M
18 KU(NZete(NRUNmE) @ JESDIMEN[@LJm I oMENDEN
KanN1olKYe
CovmenThAfE PACK ALONG BRANCH NEUN FROM (J,M) .
20 Ks¥ed
Leleg
NITELYOURIIN
NABINID(R)®1) /(T ENDOJEND) @Y
Leget
NITELYONA
JASINTID () eta(lPol) arENDRJEND) /PENDSY
Lalen
NITeL)B)a
MABNIP (K)o (MARI ) eHENDOJENP O LIARPY Y OREND
LeLey
NIT(L)omy
1PeNaATGY 1) Gu Yo 20 '
CrwecunNnW Y HESTREAM Fhp CF (T
ComeoeutW MANY UPSTREAM HUNS?
KBIVENAUN, D)
KoNTP(K)et
GO A £70,60,90,40),«
0 Limtie
JESeLL)ngn
MDS (L Yema
SO Lisiget
JOSCLLYO A
“DSCLL)umA
a0 NRUGENRUN=Y
Je)s
MaMa
GO Y0 1%
70 15 (wNRUA_FU,1) €O YN 80
NeUNaNRI N1
Jegnrsin)
MaNng(LL)
tistie?
G0 Yo V¢
A0 wPlve (4,1003) (OSTY
WhivE tA,1001) (NITLIIY, 228t,0)
RETVAN ,
1009 Enavay (QﬂXp,"ll"l,l‘:sx;’“"/“ol‘t5l'8NU's DIAM,T13,S5X,SHLEVEL,IY)
1003 EnAMGY (YH1///90K,YIHTRACE SACK OF CHEAPEST SOLUTION,SX,5HCNSTS,

512, 1)
END



™1 SUSPOUTIRG RAIN (Y, T¢RE)

§r2 CocwmaVaRFPURY PERPIUNIYRS) , TRTIMEIMING) ,RIGINYENSITY (rM/naY

"y RISAD, /Yol (VeTe?y2,70)0¢,286902,56)

"¢ 1F ¢81093,) 10,904,467

b 2] 10 15(P1) 20430e3y

§”¢ 20 aysn,0

L1 ] 30 REYHAN

bl ] 40 mNilan

$7°9 CovoaalYERAT]INN LOUP FUR HOLLAMD FOPMULA

™0 50 FRAlOG(IS240,0/Y/RL/Ta(P1oT/15246,0%0,1)003,83)aY 04D, 03¢,0R]

4ny DFmad [0/81e¢3,55/(RY0152,4/T00,0314
"2 Xsp/pF

ARy Rlepte)

6" 15 ¢angxde0, 013 10,90,60

6”5 60 138 (NleqQ) 20.20,70
474 Coomoofppng

[ 2 ] 70 s$Y0»

[ 2ok ] A0 Niwvged
4"9 60 vo S0
6'n (11
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69 QUBONLITINE MOERAD (NI, PIT, PHAK L0 AL)
402 CeeaeaPRANIIfES A WINIHUL GRADTENT TPESTGN?

6" copmvoN/rp/ ﬂ(zo),cvln(zﬂ),cvtl(?ﬂ‘.huln,DMAX,MENH.JFND,Y,NG.R\,DD
4% COMUON/VNERES TP(S5,6) ,LNY(LNZ LNY LPYLPE,LPS
4°s DIMENS AN NIP(KIAX) ,PIPELMAY) (TRS(D0),MD(50)
6°¢ CewveagET INITIAL VALIES

8% apse 0

1R ] fAs(p2ey

A9 [rRetnIed

(344 LnaNge(2)

821 15 (NP, Vg, Q) WRITF (6,100%)

622 (=wsonfniR EACHW BRANCH N TURN

673 or S0 led,i0

674 CowwwoalPENTIEY NIMBEN OF MANWOLES

62% T JeINCTet)

82¢ "TTI3LI¥E)

677 CoweneINENTIFY TINE TO UPSTREAM END OF BRANCH,AND MAX, UPSTYREAM DI1AM,
428 IBIVET, V)

4?79 NRRSNIP(Y)

6N TuSs? .

6% Nploged

e IF (80R,E0,0) Q0 TQ 20

4y 00 10 Kkel ldR

6% Jujel

418 KONTP(JY

(AT IF (YDSLX),GT,TUS) TUSBTES(K)
LA 1P (Mn(x), 6P NOIPF) WPLIPESMA(K)

AL 10 coNYINUS
@%9 Cee=aw]DENTIEY PUSITIONS N IO SOR CHAINAGE AREA,LEVEL SOR FIRSY M/A

é¢r 20 J1einde,8)

YY) J2s )b etin

%42 J3e)2eun

643 ise 1P (YY)

864 . pisrusen,o

(13 ] LT R R4

4L NID(18)aNDLPE ’
447 CommcascfOr FACKH HANKOLE PCSITIUN DOWN THE BRANCH
4L8 DN 49 XeQ NN

449 FARRARS

440 Jevi2et

4%4 J¥9) 809

482 01STOSer1P(JY)

683 2088080 (JY)

6%¢ PIgTeDleTDSeDISYUS

6ts APEASPID(J2)

6%6 SLOsge(PUS"!PS)/0LSY

897 CowacaCALCULATE VELUCIYY OF FLUW AND PIPE CAPACITY
433 I0 CALL VELOL (SLIPE,D(NPIPE),RK,VEL,CaP)

659 (owcooclAICULATE PAINFALL AND FLOV

AN TIMPETURODISY/VEL

641 CALL ®AIN (RP,TIME/60,0,01)

642 FLOVSARBACRY /S Ap 6

LL3] 16 (sLOW, LT, CAPY) GQ YO 40

644 NPIOEaNPIPESY

6AS Gh vo 30

646 (em=eoeaSTNRE FLOW AND PIPP S12§ NUNAESR

407 40 1astae

LYY tbe18ey

ARG PIPLIA)EELOV

470 NIPCIR)enP]PE -
A% IF (NP, NEL0Y SRITE (4,1002) 1,X,DINPIE),
672 1SLOPE,DISY, AREA,VEL,TIMF N1, CAP,FLOV :
473 TiSaYIME

A?4 rse2ps

47s pISTUSEN]STYDS

876 48 coNTINyS

4%? IE(1davImE

48 un(tdanpipE

479 S0 CrNvINUP

ane RETUAN .

609 1001 FORMAT CANY///,SK 9IHRRANCH ©/S M/u DIAM  SLAPE  LENGTH
%2 12PEs VELOCITY YIME RAINFALL CaPaCITY FLOW)

6t 1002 FORMAY (7!;!5:5!;l’c‘lo'ao!o'ao‘l’a.10‘”.0"5.3055.‘438.3.2510,5)
6né (11} '

488 S1QEOUTINE VELUC (SLUPE,DIAW, 2K, veU)

6°6 Cecee=CALLULATES FLOWS FRCH COLEBNOOKeWM]ITYE FORMULA

a7y SNSCQRY(SLOPEOTIAN)

a%A Vo= A1AeSQealURI0(TK/ I, P/DIAMCD, 6471E=6/89/D1AM)
A°9 QRVeDlAMeN]AMD, 7854

ane efTianN

471 ©wo
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6”2
6”3
674
4”4
Ané
4")
ol
A9
”e
7™
772
"3
%4

"8
™)
718
779
Lok
143
2
?”3
4
ves
746
4?7
r°8

ree

20
2
Lt ]
723
r2¢
2%
7
???
?°8
i
LAl
7%
(A
73
LAY}
7Y
7%
v
78
7Y%
ren
749
P42
743
1473
748
46
747
748
749
?%0
7%
792
78y
734
7?58
?%6
7%?
758
789
740
A9
LY ]
743
P44
PAS

T
SUgROUTINF LEVELS t~|7,'l'oll”u’l"'ﬂAXaJ"Al‘lHllnL?aI'Lﬂl
couunu/nn/oczO),cutv(zo).cuax(aoa.n»:u'n:lxogiﬂﬂvéftbv’oﬂﬁv"-'“
ComvoN/uMEREZINESU, ) o LnT pLudoind Loteldde® !

DIMPNS AN RITCIMAK) (PITCIMAX) (NIPCKMARD (PTPLLMAK) (PRBLSN) (IS

wepre (A,1002)
¢nsysl, M
Losh
Lo n3ed

10 LNw(OeY
KelN(LO, 1)
NENRRN]P(K)

ComalNENTIEY THE UPSTYWE AN BUHAMCMES AND MENCE UsS TIME OF FLON aND LEVFL

xegn(L0,3)
NAReNIPIK)

yugeYy

prgeytet O .
LIBTN(LOb)eeoNEND
Chutertrgly)
21SeGLUte P IN

Lo 10,2

NGovlP (L)

IF (NAD _§G,0) G0 TO &0

0N Y fet,NnR
Aexot
LeNt P LKy

TUSEAMAY Y LTUS, TNS(LY)
2irgaamuq ( QU 2DILYY

S0 conTiNuY

CoovocaDEFINE PIPE DIAMETER,(D/S MIN,CATCHHENT AREA

60 LrpvaLNrYey
NONTYLLN]ITe2)
JeNIYLLV]Ve1)
[WAE TR R L

JPIPEEMAXO(MIP (LY )mdENDOY, 1)

DlavantimireE)
LEIN(LO 6)VeN
bIsSYRSenIP (L)
DIgTaniaYrEanibTUS
LoLonEND
APEsen]O (L)

Comvecaaf{ND RSQUIPED GRADIENY
CALL GRODECIPIPF,DIST, AREAITUS,SLOPE, U MAX,VEL)
Ceameecapity 0/8 GOOUND LEVEL

L28i tenn
pe 8D IeL9,12
Kelent

1P (PIP(K), AT, D15TDS=0,") GO YO 60

S0 convivue

A0 GLotsR IR ()
L2y
IngeGLDRalMly

Cosonalt HIN SLOPE SOLUTION SRABIALEY
1F fIUSeSLUPEeDIST 6T ,J08¢0,001) GU TO &3

20822US=gLCPEDISTY
G0 Yo 7A

65 SLOptetIUSerDS) /0TSy
15 (QLOPE, LT, GHAR(JPIPEID,0001) GO TO A8
QUGB INGoGHAVC PTIPE)DIST

SLOPESGUAX (4P]PF)

48 CALL VELCCCSLOPE,DIAM, RX,VEL,QWaX)
TIMEa(THgeDIST/VEL) /60,0
CALL RAIN (71P,TINE,R])

GsAngEAen]/3 466

LowomsCHELL GCopGUND COVER BN ROUTE

70 L¥sitel
Léot 2=t
GAasaAs0,0

IF (L3.0T 440 GO 7O 90

p2mays0, 0
b B0 JeLN,L6
KuwlonG

A0 DZMANSAAXI CZUSHSLUPER(PIP(X)SDISTUS)=PIP(])eDNIN,DZMAXY

PITZI I LY YT
INEeIDSaDIMAL
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746 CuwaraCAlPULATE AREA AF LONG SECTION 4BNVE STAATGHY Ll;ih

1424
744
-9
R AL
7
Lads
7
7%
[ ad ]
776
(444
773
”e
770
7%t
72
RS
7%
s
?Re
”?
s
%%
™0
"
™2
LA |
74

7°s
M6
”?
778
e
g~
an
82
"3
"¢
L Rak ]
8¢
a"?
53
')
210
81
842
LA ]
344
s
AN )
57
38
19

0
871
872
LR ]
8%
878
826
877
AR
R29
e

100

00

1001
1002

LA IREL T

[P 2TT]

GARBAR@nIP (M)W (PIDLLI)=PIP(L) )0,

0N 100 rai s, e

KnlenG

GAREABGARS AP [ALK) e (PIP(]o1)ePIP(1=9)2eY,Y
GARPASGAPFARPIR(M2)e(PIB(L1)=PIP(L4))e0,}

CALL CORYIT (JPIPE,GAREA,GLUS=2US,GLDS*2DS,]ST4C)

COSYaCONTel

wRITE €A, 1001) to'olsv'n[‘ﬂ,;[ﬂ'!‘lﬂ'glb‘oeLU"ﬂLDs'l'E\.Gl'!‘o“n
101A%,VEL,L4C08Y

TUSSTUSaNIST/VEL

seng

GLUReGLAS

PISYUSERISTNS

Li1e2

1FCN, LY, NENA) @D TO 40

LNIYOLKI Y=g

[YLINA]

ThseLO)aTS

v¢i0derys

1P 1LO, LY, HIB(2)) 6D TO YO

arTIey

BOANMAT (1NQ 169589, 3,87, V,07,6,658,3,F8,0,58,3,297,4,58,%,2510,1)
SORMAT CIMT7/IX,Y1LNgRANCH LENGYH nlanM  SLAPE U/8 SL /8 S /S
1 6L D/% 6L AREA GROUND A, FLO4 CaPaCiTY VEL, cos?Y $
2uN)

o

SUBROUTINE GRADE (JPIPE,DIST,AREA, TS, SLOPE,Q,QPULL V)

CoveomCalLPULATES REQYINED SLOPE OF A PIPE ACCORNING TN RATIONAL METHOA

COMMON/NP/D(20) sGHMIN(20) sGMAXCZO) (OMINGDMAX MEND(JEND T NP RK,RP
LOGTCAL NPLUS,MINUS

el

NPLURE  BALSE,

MINUSE, FALSE,

SLOPEaGuIN(PIPE)

DladMeD(IPTPE)

CALL VELOC(SLOPE, DT AN, RK,V,QFULL)

TIMPaTURLNIQT/V

CALL RATNCHD ,TINE/§N, 0,00)

QEAPEAen1/3 6E6

16 QLY NFULL.AND, €, EQ,0) RETUaN
$LO0ER0,N20ASee0/D1AMSeSe(ALOGIO(RK/ S, 7/DIAMCL, 1368/7(Q/DTA/

19.141808) 200 893 )00(e2)

10

20

30

e Ked

1F ¢xLP.?) 40 Y0 3

Ksied

CALI VEIOP{SLOPE,DIANIRUGV,O8ULL)
YIMEsTURODIST/V

CALYL RAtN (¥9,TIMEZAY,0,0])
GeAPEAeN]/] GES

1P CARS{NeQFULL)/AFULL) LT, 0,00%) RETURN
1¢ (QeQfui L) 30,20,20

18 ¢uINyS)Y ®ETUAN
SLapFeSLnPEel 001

NPLISE TRUE,

MINNSe BALSE,

GO Y0 A

16 ¢NPLUK) BETUIN
SLO*EsS NPt , 099

MivHge, YRUL,

NPLYISS, BALSE,

60 Y0 19

END
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APPENDIX F

PROGRAM 30RT
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—F tes wpuGGRAM RESTT DATA FuR POPEX 1N SIMPLIFIED FORE AND OUTPHTS T0

‘: ¢ 9?‘&**{5‘ ?:;%)Sét:SOQ,cGX(xon)vhl‘7‘lon,"‘(3ﬂﬂ,o‘t(300)"(lﬂ0)'
1" 1!(!»0).5&0th(31c}.uan(1oa.A-el(soo).uvnnn(!ooi.-u«Sn«i.cll(qn».
12 2ABSKE302)CRE(IME)

194 abdfud 7

18 commmeb Pl I 0e caTar STARTING WITh WMpgt Bp PIFE TYBES (nanesall™d
1% READ (S,I01Y LTTYSE.

1 ¥4 T (NPYYRE LT, ) 6D YU 820

14 Camwas(UEFINE DEFAULT VALUES)

9 (UG ]

20 RKul 04445

29 VELNTNSD,?

22 VEL'AXSG, 0

23 S ]Ne0, LG4

24 NELTARND N75 .

28 8STAQTEA 75

26 n) 510 {a1,45

124 $10 n{I)gOSTARTOFLOATCII®DELTA

<8 NPTYPESY .

29 WHITE (6e20P1) PMINGRKIVELNINVELHAK (SN (D(T),101,1))
so WRITE (™) PHIN,RK ) VELI N, VELMAX, SN, (DLT) ;189,15)
L1 ") TN S6H

3¢ 520 t¢& (UPTVPE,GY,®) §8TOP

L X [11] 350 ll1.l.P'YﬂE

E 7Y PEAD (5,1009) D1 $h R I VELNTULVELNAN, SNTY

35 2x8RC/1000, 1

Se ny S30 w1 ,18

37 533 otd)w0,0

11} 1)

9 $6N Julet

(Y] READ (S,1071) tqd)

o reJladely/erel,r

‘2 1F COCJ) 6T, L, AND, . LY. 15) G0 Tu S4P

43 um(Te <g.zrc1i ew!uouﬁ.V;Lngn.VgLMAX.sNtN:(g‘ll)oll'1o15’
'3 wriTE (1) EHIN RRIVE H N VECHAX Sgue EPEI Yo=Y YD
65 S50 eouTINUE

Lo te (uPTYPE,r0,%) GO Tu 590 .

%4 S0 00 570 lw1,2¢
48 879 n(1)e0,)

&9 HPTYPFBLPTYPE®S

S0 nu SAO jeuBYVEFP,O

$1 WRITE €6,26n8) (n(I1),11s%,20)
S2  S5p RAITE (7) ey, 11m9,20)

3% 599 CONTINUE
S4 Ceesm=alEaAD 1% TIFE CF FUTRY Akp STOR! RETURN PERIND
b} ] PEAD (4,100%) T,RP

s 16 (Y LL.E) Y=2,0

87 18 (AP, LELE) MPuY, 0

54 TRaD Ue?

Sy CommmaRp D 1Y NI Q11 2t D PAXIMIN MAYHOLE SPACING
80 PEAD (4o 107q) SERIv,SPMAK

3 14 (RPHIN,LELE) SPMINa3D, 0

A2 16 CSPiAX, LE.F) spnaxeiso,n

o3 WRITE (8,2C6%) T,Rp,SPHIN,SPMAX

b WKITE (?) T,RP,SPHIN, SPHAX

Ay ComswaffAD IN OPYIFISATION PERFORMANCE PARANETERS
46 SEAD (4o T00) D2.RESMN

14 READ (4re6r2) EhD, JEND,XKXD

Y 1F (DZ,LE.E) PZuC,S

69 15 (RESIH,LF,F) RESINSSH,0

70 15 (xxD,LE,r) Kybmé

4] 1% (MEND LE ) 1 FNDaé

72 TF (JEND,LF,0) JElDm2

73 CemewapFAD N hlﬁG?OSYtCS LEVEL

? ) ced ut

78 commmerinn 14 3 ERR"Ee graNCHES TN BASIC LAYOUT PRERLEN
748 PEAD (5,900 LI

44 VRITE (6,2602) PENDLJEND NN, LD

78 WRITE (7) PENDIJENDSND, LD

79 VKITE (6.2rr9) L2

0 WRITE (7) r2
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Ky Ce=eecRbA® IH DATA FAf [ACH BRANCH

a2
a3
LYY

na 290 lwlet

QEAD (S,1007) ]YYPE
READ (85010010 Yol USFSETSSTEHODIR

Ky CememeptAD IN GROLNKD LEVEL DATA

ha

LY 4

Ry
89
20
o1
92
93
9
9s
96
vy
98
99
100
101
10
193
104
195
106
107
194
109
10
114
112
13
1%
118
116
11?7
1%
114
120
124
el
1238
124
128
176
Y27
128
129
1%
1%
142
133
1%
138
9%
3?7
LR Y]
%9
140
149
162
[T Y]
164
143
144
147
1648
149
150
19
152
154
156
1%)
158
197
194
159
149
144
LT
443

&0

FLD]

Julet

alAD (5,1009) 6Ltd)

READ (S.9071) GX(v)

15CENCY) LT, Y=n 00Y) 6o 19 40

CovmwaGi ICRATE PRSITIGNS OF MANHOLES

6y

vF CITYPE.LT,10,0R,ITYPE.GY,100) GO vn 79
aisT(1)up,0

n1ST(2)BY

1T T4

] 9 .
c.....;? Igueeu LESS THAN TUIcEg MINp''Ur $PocliGy

70

80

18 LY LT 2er08P) 1h™0.9,0R. Y. L TRESMNH*0.9) GO TO 60
nIsT(1)un,C
PISUAMAXY(SPI'IY,RESIN)

N3G INT((YeDISaEPIIINeD 1) /RESHH)
nIST(iN)uy

DIST(UN=T)Syan]s

'F CUN,EQ,3) GNP TC A4

Ny 3n Kas, i,

Lu'ilexe?

BISTCLISDIST(Led)onESHY

PuUVTINUE

CommmaGENERATE PERMISSIELE MANNOLE CONNECTIONS (aeoeRERUNDANTOn00)

E1

304
319

320
33n
360

Com==

1]

100
110

120
130

149

168

Coe=e

166
170

139

c-.--

1909

(TYAREL]

¢f{1)®1

no 340 Ha2,tN

an 300 (s,

€F (DIST(M).DIST(L)«GTSPIIAXYNq) GO TO 300
vA('D e

tv Y0 310

Cu\:lﬂui

no 120 Lat gt . .

15 CorsTinmprSTCL) LT SPHIN"0eq) 6D 17 33p
PUNTIHNUE

€d(*lynl=y

£OUTINUE

arALCULATE GROUI v

gukuxk?1§-“t(1?‘ LeveLs

TECLNGLT,3) Gu T0 130

[T ULTTH

hy 120 Km2,kK

po 300 '|I1'J

1F COX{M) 6T, DIST(K)e0,.N0E) 60 TO 130
eNTINYE

GRIUND (Kymh L (rmgy e (GLIM) oL (Mnt) ) /Gty mpxlu=t)) e
1EOISTIKIeGXN=))

CUITEINUE

GROIUNDINNISCLLD)

Ms9

PR

viah

wLakied

1F (DIST(MID=CXCKNY, 67,0,001) GO YO 145
w(LLInDISTLLM)

P(XL)SGRYUUID(KIN)

1P (KM, EG, LK) 60 TO 148

15 (DICT(L Y6 XtKM) 6T, an, N9 KNaKiey
xNaKned

Gy T0 140

X¢RLYBMGX ¢K!')

2(KL)BGLIKY)

eHaKNey

G0 YO 140
«gEAD 1IN UPSTREAP COMNECTIONS

nUBEO

NUBunUR Y

aEAD (5,1002) LKL RINUR)

15 (~AR(NUNY,FA, D) GO TO 4R

AU YO 17¢

qUUR =

UM TCRERE LTS a8 AREa ALONG gRytCH
A 190 JJeZ, Nk

AREACSJ YNt 'o(CISTLII)I=D18T(4im1))
AREAL1 Ym0, "

ComonantpINE upsSETS

2an

nn N0 JysTt , Nh
AFFLII)ImOFFSEY
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466 Com===nfFl1%E ARSOLUTF CHAINAGE

14>
168
96/
a8
149
L E4
"
172
173
17
173
178
177
178
179
180
171
142
143
186
148
14d6
187
(L]
189
00
"
19¢
193
196
195
19
197
198
199
eno
20
2172
298
2né
20%
204
2
208
209
N
11
e
PAR)
214
218
214
217
14
219
220
221
222
22}
224
229
a2e
22’
224
229

21

wRITE

623

290

Comovne

Cooma
Comenan

400

[ Laneed ]

Concme

405

436

4n?

410
429
1001
1n
200
2002

ad 210 JJu1,Lt
A3SKCyJIaSTCneDueD(ST(yy)
JARITE (6,2N02) JTYPESHUL NN,KL
URITE () TTYPENUD NN, KL
qutiN( ) sttt
WRITE (6,20P13 (OFFIK),Kul,HN)
(T’ COFFCK) vy orinyd
WRITE (8,2009) (ATSX(K),Kuq, NN)
wRiTE (P} CALSXINY  Kad 00
WRITE (4,2009) (DIST(K),kmq Nh)
wkITE (7) (DIST(K)sKut,NN) .
WRITE (6,2001) C(AREACK) ;Ku1,MN) R
uRITE (7) CAREACK) ;Ko ,NN) T
tF CnuB_En ) Gr To 623
URITE (6.2002? (NTR(K) ) Ku1,1UB)
watTe (7y (NRR(K) ¢ Kmt,oNUR)
FONT INUE
wRITE €6s2n01) (2(K)7Kmt,kL)
urlTe (7) (20K) sKkme,KL)
URITE €4,2001) (x(K)PKet,xL)
GRITE (?) CXCK) FK®I K L)
CO4TINUE
RFAD IN KWL ER CF CROSS DRAIM SEYS
READ (3,99n2) LYDSET
WRITE (6,2002) 1XDSEY
wi1lE_(?) XOSEY
18 SNXDSETFOend (0 TU 42D
FUR EACH SET
N0 410 letorX0SET
PEAD IN PARALLFL DRANCNES

EE 1]

J.J‘ﬂ

*EAD (55,1072 Krp(Y)

1F (KBR(J),HE,N) GO YO 400

s, 1
dn1¥e OUT %UMLER O pRAlCHES TN THIS SgT
URITE ¢6,2002y §
JRITE (7) J
FOR EACH RANCH IN THIS SEY
no 410 Kel,yd
(uRA-KBR(K‘
MEYUMHH (KRNA)
LASHAXDC(Im1) /KXD,1)
LelA
(L) s
tF (L, EQ,1) GG TO 4pé
toL=t
Nelle KX D )
Mu(L) e
8 (L,GT,1) GG Y0 408
1F (K NE.1) GG T0 407
Ju1TE (6,2002) LA
wRITE () La
ynlTE (6,2nn2) KBRA
JRITE (7) r8uA
WRITE (5,2Nn02) (m1iC;) N®Y, LA)
JHITE (7) (Mri€) okl LA)
CUNTINUE
sTOP
PURITAT (FO, 1)
FORMAT (10)
SORNAT (10742, 3)
FOR'MAT (10142)
END
FINISH
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APFENDIX G

PROGRAM MODEX
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0009
oaio
003}
0812
oms3
o34
0018
00l 8
ong?y
o018
o019
0020
0021
0022
0023
0024
0039
0n2e
003?
0038
0029
0030
003}
0032
003)
0034
0039
00368
0oy’
0030
0039
0040
004}
0042
0043
0044
0048
0044
004’
0048
0049
0050
0051
0092
ons3
0084
00%s
Q056
aos’y
0058
0089
0060
006}
0062
0083
anse
0068
0066
0067
0068
Q080
0070
0074
0022
0073
0074
0078
0078
1144
0078

CURRENY EDOTTIANE20,03,79
DINENSIBN KE(8500),6A(12500)
COMMEN/DATA/NSETY  NARAN,NA NP IPE,NXOSET, NTTEM, KTTEM,NK
COMMAN/PARAM/POA(D,20) MEND , JEND ,MJ,NDy T(RP, 70,0M8,PMIN,DELTA
C'”N'N/'“E.E/lnlfbﬁc’l’o!bl‘IO:lQ)olD‘letol"t!o‘vtogolﬂbclDJc
1100, 10R, 10M, 1 08
CovncaSPICIPY MAXIMUM 4WRAY S$I2¢S
NKEs83500
NGAR}12900
CononaSET INITIAL VALLES
09 ¢ 193,N0E
1 KEf{1)e0
00 2 1s{,NGA
2 Gall)=0,0
00 3 191,80
De 3 Jsi,il
3 10tt.J)00
00 4 191,10
09 ¢ Jsj,12
¢ 10X(1,J)80
NITEMSO
XITEMe0
NeETeD
NGO
CovaaofEAD IN DATA FREM MAGNETIC TAPE FILE
CALL DATANY (KE,GA,NUE,NGA)
CovoneBRANCHES WAVE BEEN SEQUENTTALLY PROEREDIOESIGN CACH IN TURN,

¢ CACEPT FER CIMPONENTS §F YaDRAIN SETS WHICH ARE OESIGNED
c BY CALLING SUBRPUTINE xOSEY
o
10 waandel

Ceonooll THE BRANCH THE STARY #F A CROGE DRATN UV
IF (I10(NB,1),67,100) GO Y8 40
CovovasDESIGN THIS BRANCH T8 A NINTHUM GRADIENT
IF (ND,LY,4) GO 10 IS
WRITE (6,1001) ((10(I,J),J01,11)9181,50)
wRITE (€6,8002) (GAC1),lal NKE}
WRITE (8,1001) I0A,I0L.I0DT,1INK,106,100,1hJ,10P,10R
19 CALL MGRAD (KE,GA NKE,NGA)
CovnoaCOMgINE UPSTREAM COSTS
NN (IDGe24T0(NS,3))
CALL COMB (KE,GA NKE,NGA,NN,CA(TDG) ,KETIDK))
CoecnePRIDUCE APTIMAL OESIGNS FOR THIS BRANCH FOR RANGE OF D/8 STATES
CALL NBRUN (KE,GA,NKE,NGA)
CovweaPREQUCE TRACE BACK UP BRANCH FOR RANGE OF D/3 STATES
CALL TRATL (ME,GA NKE,NGA)
20 1P (NB,LT,NBRAN) GO# TP 10
30 CALL TRACE (KE,CA NKE,NGA,NGG,NKK)

IF (NXNSET,GT,0) CALL BUTPUT (RE,BANVE,NCA)
:;.(Nxosev.:o.o) CALL LEVELS (XF,GA NKENGA NGGCyNIK)
[

CoonaaBRANCH 18 OTART OF A XeDRAIN SET: DESICN TMIS 3EY
40 NSETONSETeY
CALL XDSEY (KE,GA,NKE,NGA)
IF (ND,LT,4) GO T8 SO
WRITE (6,1001) NSET,NBRAN,NO NPIPE, NEOSEV NI TEN KT TEN
WRITE (6,1008) MEND,JEND,MJ,ND
NRITE (6,1002) ((PDAL1,J),J081,20),101,9)
WRITE (6,1002) T,RP,20,DMAX,DMIN,DELTA
WRITE (844001) J0A,10L,107,10K,I0G,100,104,10P,200,10M,108
WRITE (6,1001) ((ID(3,J),J81,11),]181,NRRAN)
WRITE (6,1001) ((INX(L,J),Ju,12),201,NXDSEY)
WRITE (6,1001) (XEC(1Y,Iey,NKE)
WRITE (6,1002) (GA(1),381,NGA)
CoenaaUPDATE THE CURRENT BRANCH NUMBER
80 NBONACIDX(NSET,6)wg
69 79 20
1001 FORMATY (2016)
1002 l!:nlf (10F12,3)
N

END OF QEGMENT, LENGTN 477, NAME MODEX
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0079
0080
008}
0082
0083
0004
00es
onee
0087

0099
0000
0091
0003
0093
0004
0098
0096
0097
0099
0099
0100
010t
0102
0103
0lo04
0108
0100
o107
0108
0109
0110
o4t

o113
0ttd
0118
ol
o117
o119
otte
ota20
0123
0122
0123
0124
0128
0i2¢6
0127
0128
0129
0130
0134
as132
0133
0134
0138
0138
o137
0130
0130
6140
0144
0142
0143
0144
0148
0146
0147
0148
0149
0150
01914
0192
0133
0154
01368
0156
018>
0158
0159
0160
ote}
0162
0163
0164
o168
0166
1Y 34
0168
0169
0170
0174
0172
0173

BRAUTINE XDSET (KL ,GA,NKE,NGA)
C-c-o-gxls suglsﬂflnt ’RODUCE; A SPFY OF SPTIMAL NESIGNS FAR A RANGE oF
c STATE VARIAHLES AY 0/3 END OF A XueORAIN SEY
DIMENSTIAN KEENKE),CA(NGA)
COMMAN/DATA/NSE T NRRAN, NS, NPIPE JNXDSET (NITEM KT TEM, NX
COMMBN/PARANZPDA(D,20), XEND, JEND o MJ ND, T,RP, 2D, DMAX ,DMIN,NFLTA
COMMAN/WHERE /TN (200,11),10%(10,12),104,10L,107,10%,10G,100,10J,
U taonet0) wR1te (8,2000) wsE?
F (N ¢
c----;OISY!;V LUNOEI OF XNoDRAIN POSITIONS IN CURRENT YaDRAIN BET
MRENNSIDA(NSET, V)

CovesaDEF INE AST FLEMENTS SF aRRav$ XE 4ND GA NESUINED oR STONING
4 TRACE AND COST DATA AT XeDRAIN PESITIONS
LASTHER DK NXEND AN

LASTGARIDGONXEND e (NTe8)w]
17 (LADTRE BT NKEenS)  CaLlL #EBASE (6,00
17 (LASTRA,GE,IDP) CALL MEBAGE (7,0)
1 SEY COSTS ARTIFICIALLY MIGH
08 ¢ ;-:o:;t:arca
1 GA(])N9999099,
ComowaDEP INE START @F RUN PARAMETERS AND CES8TS FOR EACH MEMBER #F ‘Er
KsN®
JRIDX(NSET.H)
Coonsan(FOR EACH BRANCH IN THE SET)
00 §0 1st,J
Comnwo([OEZNTIFY BRANCH NUMBER AND PIPE TYPE)
NBOIDXINSET,])
NPIPEaMPD (10(NA,1),10)
IF (1.60,1) NPIPELSNPIPE
Coonoa (DEFINE STARYT BF RUN VALUES)
LeolD(NG,10)
CALL UPVAL (KE,GA,NKE,NGA,TUS,AREAUS, ZUS,0US,GA(L))
CovsaalSTARE STARY BF RUN VALUES)
LeloRetlelde(N]od)
GA(L)aNyS
GAtL el )santatss
CA(Le2)82y8
GA(L*3)sDUS
LooneaCOMBINE AND STERF UPATREAN COASTS
CALL 812D (PDA,NPIPE,J1,DUS)
CaLey Comn tkt.Gl.“'t‘““oL.‘;zU'.Jx’
10 CANTINUE
NAsK
CowweolANSIDER EACH XeDRAIN PESITION IN TURN STARTING AT U/8 END
NX®0
20 NXuNXel

CovneeCANSIOER FIVE NEARESY U/8 X=DRAING, (CAN STARY WITH NG U/S XsDRAIN)

NUXaMAXO(NYe8,0)) .
NCR3SSe0
40 NUXeNUYXel
NCROSSOUNCROSS ]
CocnnuJDENTIFY UPSTREAM VALUES AND CESTS FOR CURRENTY U/$ X/0
1IF (NUX,EQ,0) GO TP 30
KelpGo(NUX=])e{NJeod) ot
LelpRhet
LLOMJ ¢4
08 48 kxsflll
Koyl
Leled
48 GA(L)esGATIK)
CovwnsWRITE CONTENTS OF KE,CA,COMNANS SNHEREY AND ®DATAY TP ®AG TAPE
SO CALL WRITMT (KE,GA,LASTKE,LASTGA)
CoveneSET UP SUGNETWARK FOR APTIMISING
CALL SETUP (XE,GA,NKE,NGA,NX,NUX)
CoronaBPYIMISE SUBNETWORK FOR RANGE OF STATE VARIABLES AY D/8 END
CALL SUBNEY (KE,GA,NKE,NGA,NUX)
CoencoRESTORE CONTENTS UF KE,GA,CANMONS "WHMERE® AND PDATA®
CALL READMT (KE,GA,LASTKE,LABYGA)
CocecaSTURE VALUES OF YIME,AREA,LEVEL AND ODIAMETER AT X/D POINY NX
Ke1DGe(NXel)o(Mea)
27 (NCROIS,EQ8) GCA(Xe1)8GA(IDReY)
IF (NCROSS.EQ,1) 6GA(K)sO
GA(KIBCGA(XK)CFLOAT(NCROSBL)eGACTIDR))/FLOAT(NCROSS)
IF (NCROSS,.GT.1) GO YE 34
20LD8=999999,9
DeL0e0,0
GO v0 83
84 2ALDSGA(K42)
DALOSCA(KeI)
88 2LASTSGA(IDR+Q)
DLASTECA(IDReS)Y
INEWEANAXS (20L0,2L487)
ONEwsAMA XY (OBLD,DLA8T)
GA(Ke2)u2NEW
CA(xeI)sONEN
IF (NCROS3S,GY.1) 09 T8 8
MALNEMEND
ca ™ Sa
87 MALD@IPINL(INENRZDLDeDEL TA=D,01)/DELTA)
88 MLASTERIFIX((INENeZLASTODEL TA=0,01)/DELTA)
CALL SIZED (PNA,NPIPE],NELD,D0LD)
CalL STZED (PDANPIPEL NLAST,0LASY)
NNEWSKAXO(NOLD ,NLASY)
JOLDSNNEWeNALD
JLASTaNNEWONLASY '
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0174
0178
0178
017y
017%
D379
2100
016t
0102
018y
0184
0108
0188
o187
o188
0189
0100
0191
0192
0193
0194
0198
0106
13 24
0198
0199
0200
02014
0202
0203
0204
02038
0206
0207
0208
0209
o210
021t
0212
0213
0214
0248
0216
0217
0218
0249
0220
0221
o222
0233
0234
0229
0226
0227
0220
0229
0230
0231
0232
0233
0234
0238
0236
0237
0238
0239
0240
0244
0242
0243
0244
0243
0246
0247
0248
0249
02%0
0251
0252
0293
0234
0298
0236
0237
0238
0239
0260
0264

END #F SEGNENT,

CovmeeAlL TER ALD 44D LASY COSTS YA NEW REFERENCE GRID AND SELFCT CHEAPEST

0o 80 Jui,JEND
J1aMIn0(JSeJBLD,JEND)
J2sMINO(J+JLAST,,JEND)
pa 60 Isli,mIND
MeMEND e @]
XS INKe (NXo L) amJo(Jml)eMENDONe]
1GoI0Go {NXeS Y elMJIed) o Ju) ) oMENDsMeY
COLDE2909996,9
HisueMBLD
M2BMeMLAST
IF (M1,LT,1) G 9 608
1GOLNSI0Gs (NXal)o(MJed)elJlet) #NENDINTLY
INSLOBIDN ¢ (Nie] i )e (Jtad ) auEND oM te]
CALDSGALIGOLD)
«uLn-«c(:«:gO;

01 CLAST®999999,

6 ;# (M2,L7,1) GO Te 602
IGLASTRIDR (J201 YaMENDOM2SY
IKLASTONKE=MJo(J2w] ) eMENDON2
CLASTSGA(IGLASY)

MLASTSKE (IXLASY)

602 KE(1X)s0
GA(]G)=909900,9
17 (CLAST LT,CPLDY GO T8 803
i (COLD,67,9909099,0) Go T8 60
KE(IXN)SKOLD
GAllG)aCELD
6A 8 &0

603 KE(IK)axlASY
GA(IG)eCLABY

40 CaNTINUE
IK1sIDKeINAwY)eN)
1G1u1DGe (Nitm{ )a (M jod )od
IK29IKioMJuy
162s1Gl oMJoy
KisKel
1F (ND,LY, 1) GO YE 68
WRITE (6,2Nn01) NX,161,162
WRITE (6,2002) (Gacl),le168,162)

WRITE (6,2003) (GA(I),laM,Kky)
WRITE (6,2004) Ixi,IN2
WRITE (6,2008) (XE(I) le@IXKi,IK2)
Ceoveel$ THERE ANGTHER POSSIBLE POSITION FOR U/S XeDRAINT
68 IF (NUX LT NYel) GO T 40
Covmcal$ THERE ANATMER PASSIBLE PASITIAN FAR XeDRAIN?
IF (NX,LY,NXEND) GO TQ 20
CoveweSTERE FINAL VALUES OF TIME,AREA,LEVEL,DIANETER AND CO8TS
Ju10Je (NBel)sMJey
KulDGe (NXENDe] ) s (NJed) el
Lsl0TeNBe
GALLIBGA(KY)
Lul0AeNBe}
GALL)®GA(K=2)
LalDlLeNBe}
GA(L)eGA (K]}
LeIDDINBe]
GAlL)uGA(K)
08 70 lsf,Mg
JolJe}
[ L 17}
70 GAlJYeGA(XN)
1F (ND,LT,1) GO YO 78
WRITE (6,2006)
WAITE (8,2004) 10K,IN2
WRITE (6,2009) (XE(1),1al0K,IX2)
CovnueaSTRAE TRACE DATA FOR X/D SET IN MAG, TAPE FILE,
J8 REWIND 8
IF (XITEN,EQ,09 GO T8 90
00 80 lsl,XITEM
80 READ (8)
90 0@ 100 1wi10K,Ix2
100 WRIYE (8) XE(])
WRITE (8) GACIOPe2),GA(LIDPeY)
KETEMSKITEMOIN2w2DK #2 i
RETURN '
2000 FARMAT (L1HO//7//7/8%,1 SHENTERED XOBET/8X,22HCRESINRATIN SET NUHAERS,

a)

2001‘=alntv CIHO/SX,JGHEPYIMAL SALUTION DOAWN TA CRASS ORAIN, I6/10X,
120HCOSTS STORED IN ARRAY G PRAM 16,44 T8 ,16)

2002 FARMAY (1%,F11,3,9F12,)3)

2003 FORMAT (SX,SHTIMES,F12,3,6M AREAS,F12,3,11K MAX LEVELS,F12,3,
110n MaX DIANG,P12,3)

2004 FORMAY (SX,d1HREFERENCE NUMBERS STARED IN ARRAY KE PREM, 16,
t4n 1@ ,16)

2008 FPORMAY (1X,18,1916)

2000 FORMAY (1MD/3X,27HDESIGCN 8F %/D STY COWPLETED)
ND .

LENGTH  0P9, NAME XDSEY
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-

0262
0263
0264
p2es
0288
o8
0268
0269
0270
027y
0272
0273
0274
0278
0276
027?
0278
0279
0200
0284
0282
0203
D204

10
2000

BUBRBUTINE WRITHTINE,Ga,NKE,NGA)
DIMENSION KELNKE) ,CAINEA)
COMMEN/ZDATA/N(S) yNTPEN, K] FfM, NK
CaNMEN/WNERE/ J(2331)

PPARENIPOL (S, 209 4 NEND L JEND ¢ NJ ¢ NDy T¢ #P 2D DA N, DUIN, DEL T4
JFIND,BT,0) WRITE (8,2000)
REMIND €
IF (XKITEW,EQ,0) C8 YO 8
00 3 Isy,KITEM
READ (8)

WRITE (0) (XECI),1mi,NKE)
WRITE (8) (GA(CI),Iwi,NGA)
HRITE (8) (N(1).188,9)
WRITE (8) NITEM,KITFM,NK
WRITE (8) ° ¢J(IJ,181,233¢)
16 (NITEN,EQ,0) RETURN
REWIND 9

08 10 1ai,NITEM

READ  (9) K,N,8

WRITE (8) K,R,S

FORMAT (SX,14NENTERED WRITMTY)Y
RETURN

END

END 8F SEGMENT, LENGTH 17D, WANZ WRITHY

0208
028¢
028?
0288
0209
0290
0294
0292
0293
0294
0298
029¢
0297
029
0299
0300
0304
0302
0303
0304
0308
0306
030y

SUBRAUTINEG REAONT (XE,Ga,NKE,NGA)
DIMENSTBN KECNKE),GAINGA)
COMMUN/DATA/N(S) (NITEM KTTEN, NK
COMMAN/ WHERE/ J (2331 )
CANMBN/PARAM/PDALD, 209, MEND, JEND ,MJ, N0, T,RP, 20, 0MAL,0MIN, DFLTA
IF (ND.GT,0) wWRITE (6,2000)
REWIND &

IF (KITEM,E0,0) GO T8 8

NG 3 Ief,x17ENM

READ (8)

READ (8) (XE(1),lw1,NKE)

READ (8) (GAll),lmi,NGA)

READ (8) (N(1),183,9)

READ (8) NITEM, KTTEM,NK

READ (8) (J(1),1s3,233Y)

1P (NITEM,EQ,0) RETURN

" REWIND 9

10
2000

D0 10 Isyi NITEM

READ (8) K,R,S

WRITE (9) K,R,8

PORMAT (85X, {4NENTERED READNT)
RETURN

[11)

END OF BEGMENT, LENGTH 170, NAME REZADMT
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0308 SUBRAUTING USTANT (KF,GANKE,NGA)

0309 CoasesTHIS ROUTINE READS THE OEBIGN PARAMEVEWS aAND BASIL OAT4 Fiay 4
030 Coswoatal TAPE FILE AND DEFINES THE CONTINYE OF COnNMBN 1uNERE Y

o3t DIMENSION KECNKE),GA(NGA)

0312 COMNBNTOATAZNOCT s NBRON , 40 NP L PE , MO BET NI TEN, K [ PEN,

0313 .umwununu(o.am.uuo.uuo.u.uo.?.”.zo.oul.o“xdauu‘
o314 Cl“ﬁ'ﬂ/uﬂcl{llb(!Od.ll)v!O!(lO.t!’olblolotvIOYoXDK.XDG.!DO-1DJ4
oS $10P, 100,104,108

0316 NGsO

031? NKsSQ

o318 CouenoREAD [N PIPE TABLE DATA

0319 00 1 18,9

0320 1 READ (7)) (PDA(D,J),J31,20)

0324 CovonaREAD IN TIME 87 ENYRY(SECS),RETURN PERJODLYEARS) ,MIN AND MAX SPACING
022 READ (7) T,RP,DMIN,DMAX

0323 CooonaREAD IN STATE VARTABLE PARAMETERS,DIAG LEVEL AND NO, SF BRANCHES
0324 READ (7)) MEND, JEND,ND,NBRAN

0328 17 (ND,GT,0) WRITE(6,2000)

0326 IF (NBRAN,GT,200) CALL MESAGE(39,NBRAN)

0327 MJSMEND e JEND

0320 CovoaaREAD IN DEPTH BF 26NE

0329 READ (7) 2D

0330 CrenaaDEFINE VALUE OF DEPTH INCAEZMENT DELTA

2331 PELTA9099999,9

0332 16 (MENDLGT.1) DELIASID/PLBAYLMENDe])

0333 CoeoesfBR EACH BSRANCHS

0334 00 S0 NG9 ,NBRAN

0333 CucanoREAD IN PIPE TYPE,NUMBER €F U/8 SRANCHES,NUMBER 8F PASSIOLE LYLED
0336 c NUMBER BF GROUND LEVELS

03y’ READ (7) (IDINB,1),1%1,4)

0338 CoennaREAD IN GFFSETS AND ABSOLUTE CHAINAGES

0339 NNUID(ND,3) )

0340 IF (NGA LT, NGe4oNNe2oIO(NS,4)) CALL MESAGE (3.,0)

0344 1D(NB,6)ENGe]

0342 NG1u]D(NB,6)

0343 NG2aNG i oNNe]

0344 READ (7) (GAIN),NuNG1,NG2)

0348 TO(NB,7IBNG oNN

0346 NGislD(NB,?)

03¢y NGZuNG{ oNNe

0340 READ (73 (GACN) NENG],NG2)

0349 NGENG2

0330 CoonneREAD IN CHAINAGES AND INCREMENTS OF AREA

0334 TO(NS,8)8NGe}

0392 NGIisID(NB,B)

0333 NG2aNG i eNNe]

03%¢ READ (7) (GAIN),NaNGi,NG2)

0353 IDINS,0)BNG o) NN )
0356 NGisID(NS,9)

037 NG2ENG{ oNNe

0330 READ €7) (GA(NI,NeNGI,NG2)

0349 NGENG2

0360 CoowenREAD IN U/ BRANCH NUNBERS

038} IF (ID(NS,2),£0,0) GO To 3O

0382 10(NB,S)oNKe}

0363 NK1sID(NB,D)

0364 . NK2aNK1e1D(NB,2) e}

0308 IF (NKE,LT,NK2) CALL MESAGE (4,0)

0366 READ (V) (XEIN) NuNK],NK2)

0347 NKONK2

0308 CooeacREAD IN GROUND LEVEL DATA

0369 30 10(NB,10)sNGey

0370 NGisID(NB,10) . . .

03t NG2SNGioID(NB,4) ey

0372 READ (7) (GA(N),NuNGI,NG2)

037} TID(NS,18YaNGOLOJD(NB,¢)

0374 NGI=TO(NA,11)

0373 NG2sNGLoI0(NB,4) ey

0376 READ (7)) (GA(NI,NBNGE,NG2)

032y NGENG2

0378 50 CONTINUE



0379
0380
038y
0382
038)
0384
0388
0388
0387
0388
038
0390
03914
0392
0393
0394
0399
0396
0397
0390
0399
0400
0401
0402
0403
0404
0408
0408
o407
0408
0409
0410
041}
0412
0413
D44
0419
0416
04y?
0418
0419
0420
0424
0422
0423
0424
0428
0420
0427
0420
0429
2430
n4e3y

0432
0433

CoveseREAD IN NUMBER OF XeDRAIN P2YS
READ (7) NXDSEZY
17 (NYOSETY 90,90,80
ConomafOR €4ACH OETY
60 No 8D Nei , NXDSET
CovwwafEAD [N NUMSER BF BRANCHES IN THIZ BEY
READ (7) IDXACN,G)
NUMge10X(N,6)
CowamaREAD IN NUMBER OF XeDRAINS
READ (7) ION(N,7)
NUMXDSTOX(N,7)
1F (NKE, LT NKSNUNXDENUMND) CALL MESAGE (4,0)
CovenalPOR EACH YRANCH}
D@ 70 Mal,NUNB
CowwaaREAD IN BRANCH NUNBER
READ (7) 1OX(N,M)
IDNIN,MeT YuNK ST
CoveaoREAD IN THE NUMBERS AF TNHE M/HS WHICH MAVE XeDRAIN CANNECTIUNS
NKSaNKe
NK2sNK ] oNUMEDey
READ (7)) (KE(NT)I NTSNK],NKD)
NKBYK2
70 TONTINUE
40 CANTINUE
90 JOKgNKe]
10TeNG e}
I0ASIDTeNARAN
T0LuIDANARAN
T0DsT0LeNBRAN
1078 100+NBRAN
IDGEIDJeMJANBRAN
IDRaNGAeM Je)
10PsIDNeSenje20
1F (106,67,10P) CALL MESAGE (3,0)
WRITE (6,1001)
Do 100 1e1,9
100 WRITE (6,1002) 1,(PDA(R,d),J01,5)
WRITE (6,1003)
00 110 19,9
110 WRITE (6,100%) 1,(PDA(Y,J),Ju6,20)
TIMERT/60
WRITE €8,1004) TINE,RP,OMIN,DMAXMEND,JEND,2D
RETUAN

2000 FARMAY (Sx,14NENTERED DAYAMT)

1001 FARMAT (80X, 12MPIPE LIBRARY/S0X,12(IHe1/ 10X, EHTYPE, (SX,SHCAVER,
!lll.'“'OUGNNlllalalclNN!N.V!L..|2l,0nﬂll.v[L..l1I.QuH1N,GQAO.I
230X, INCM) L ISX, dM(M) (18X, BH(M/8),15X,5M(M/8))

1002 FORNAY (AX,16,F20,3,F20,6,2720,3,F20,4)

$003 FORMATY (IMO,10X,4NTYPE,S0X,9H0TANETERSY

$004 FURMAY (1MO/10X,1OHTINE OF ENTRY(MINS),FIL,3,%X,
1 18HAETURN PLRIBDIVYRE) (F12,J/710X, 22MMIN MANNRLE SPACINGI™),F8,3,5X,
222MMAX (MANHALE SPACING(M),P8,3/710%,16,15+ VERTTICAL 2ANES, 10X, 14,
J1LH PIPE ZONES, 14HTUNE OEPTH(MY ,F8,371H1)

1005 FERMAT (8x,16,1577,3)
END
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SUBROUTINE SETUP (XE,GA, NKE NGA,NY,NUY)

DIMENSTION WECNKE) (GAINGA),CHAINCINO) (AREACI0N) ,XGLEINOY, 76L (10N,

1DSOFF (B),08GL(S),TONCIL)

cunulN/oAYA/Nsti.NunAN.NQ.N'!'!.NXOSEY.N!Vt“.KlY!"oNK
COMMBN/PARAN/PDA(D,20),MEND, JEND,MJ,NO, T AP, IN,DMAX,NHIN,DFLTA
COMMEN/WHERE/1D(200,11),10X(10,12),104,2DL s IRT, INK, ING, 1RO, 1D,

1107, INR,1DN, 100

1F (ND,GT,0) WRITE (8,2000)
IF (ND,GT,°1) wRITE te,1001)

NITEMED
REWIND ©

CovonaDEP INE WR, BF PaARALLEL LINES IN THIS X7D 3T

NRARASIDA(NSL T, )
1GAs0
IKEaD

CovosalUf EACH DRAINAGE LINE

00 120 Isi,NPARA

NUX, NX

Coeeaa JDENTIFY OLD NO, OF ORAINAGE LINE

NUMSIDX(NSETY, 1)

CovecaPIND QLD NUMBERS BF 18T AND LAST MANWOLES

20 1IF (NUX,EQ,0) G® TR 30
JeIDX(NSET, 1673 eNUXY

MHtaKE(S)
G0 79 40
30 MHiel

40 JulDX(NSET,1e7)eNXe}

MH2eKE (D)

CovowaIDENTIPY QLO CHAINAGES OF FINSY AND LAST MANHOLES

LalO(NUM,8) sMHLe]
CHImGALL)
LSIDINUM,8) oMH2e]
CH28GA (L

)
CoveenlDENTIFY LHAINAGES AND AREAS FAR EACWH W/

[ £3]
DO S0 JaMH],MN2
KaKel
LsIDtNUN,8) 0ot
CHAIN(K)SGA(L)=CH]
LelO(NUN,9) e el
AREA(K)ISGACL)

80 CONTINUE

Coueoaw IDENTIFY GROUND LEVEL DATA

NGLEIDO(NUM,4)
D8 60 Jsi, NGL
Lelo(NUM,§1)eJey

1F (GACL),GT,CH{=0,001) GO Y& 70

60 CONTINUE

70 Ls=C
DO 80 KsJ,NGL
LeLet
LISIO(NUM,§0)eKe]
L2sIO(NUM, 1 1) exe]
AGL (LISGA(L2) =CHY
6L (LYNGA(LY)

IF (GALL2),67,CH2«0,0081) GO YO 90

80 CANTINUE

LoaosaTDENTIFY UPSTREAM BRANCH

90 NUSsO

IF (NUX,EQ,0,0R,2,EQ,1) NuBsi

NUMBE24NPARA ST
CoeoeeJDENTIFY 1018

NBMH2wMH] o}
JON(L)aID(NUMN,S)
J0N(2)uNUS
JON(3)eN
1ON(4d)m,
JON(S)s0

I1F (NUR,£0,0) 60 TO oS

IKCaIkEet
JON(S)SIKE
KECIKEYmNUMD

98 ION(6)B]IGA}
JON(7)SIDN(O) oN
IDON(BIBIDN(T)eN
TON(D)SION(B) N
SONCIO0)RTION(9) eN
ION(11)sIDON(10) 0L

CovonwaSTARE G,L,AND OFFSET FOR D/8 M/H

DSGL(IYeZGL (L)
LLEID(NUM,8)eMH2e]
OSPEF(T)mGA(LL)

CecocaSTPRE THE DATA FOR THIS BRANCH IN KE,GA AND COMMON WHERL

Coonoos (STORE CHAINAGES AND AREAS)

1GARIGAG2eN

Xs0

00 100 Jsi, N

[CAelGAel

1GRaIGaeN

Kakaed

GAlIGAYBCHAIN(K)

GA(IGB)IBAREA(K)
100 CONTINUE
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- e et [ N LY

0827 16As1GAeN

0828 K=0

0529 DA 110 Jetol

03830 1GAn1GAe1

0834 1G8s1GAL

0932 KaKel

0533 GaA(IGAYB2GL(K)

0834 GA(1G8)=XGL(K)

0538 110 CONTINUE

0836 1GAa1GAeL

0%y’ Covone$PECIFY 1D'S

0838 08 120 Jei,l!

0839 10(t.JIRIDN(I)

0840 120 CONTINUE

0841 CovasolREATE SRANCH DATA FOR E4ALH SECTION OF LRO8S DRALIN

0842 11aNPARASY

0843 1J511 eNPARAS2

0544 : KsNPARA 1

0949 08 130 Ia11,1J

0846 KeKel

0847 10(1.1)81}

0848 10(1,2)82

0549 tF (1,€0,11) 10(1,2)8¢

0530 10(1.3)m2

0894 101,482 B

0892 I0(1,3)nIxEe]

0833 09 125 JJsb,1}

0594 Jusge2e(JJes)

0939 129 1D(1,JJ)01GA¢JNK

111 CooowsDEFINE CHAINAGES AND AREAS

038y GA(3IGA+S)n0,0

0538 CA(IGAG6)SABI(DSOFP(X)eDBBPFP(Kel))

(1.1-1] GA(1GA¢7)e0,0

0860 GA(]GA+R)YS0,0

13 GA (16440180861 (X)

09632 GA{1GA+10)eDSGL(KeY)

0863 BAlIGA*11)90,0

0364 GA(IGA¢12)8GA(IGAE)

0568 1GAsIGA12

0866 ConwnsDEPINE U/8 BRANCHES

086 KE(IKEe} YK

0368 IFCT. 0,20 GO 7O (28

0589 KE(IKE42)alel

0sro 128 IXEsIKEeID(I1.,2)

L1141 130 CONTINUE

0872 ComecoCREATE UPSTREAM BRANCH OATA FOR DymMMy PIPP D78 @F x/D SEY

0873 1slJey

0374 10(1.2)m2

0579 10(1,5)8IKEl

0876 KE(IXEe] )]

0877 KE(INEe2)01)

0sre IXKEuIXEo2

0579 NBRANB e}

0880 NBRAsT e}

osei IF (NUX,FQ.0) NBRASINPARA

0882 NBuQ

ase3 10TeiGAe}

0904 10410 ToNRRA

0588 10Ls1DAONBRA

0386 J00a10LeNGRA

0se? fOKsIKEe!

0388 10JsINDeNBRA

0589 INGalDJeMIoNBRA

0890 CrowesCREATE DUMMY PIPE VALUES UPSTREAM BF X/D SEY A8 REQUIRED

0591 JJeo

0992 NPs{

0993 LelDRe}

0394 IF (NUX,NE,OQ) GB TE 140

0899 Lsl0Pe}

0396 NPENPARA

0397 140 DO 160 Jluml, NP

0396 Islet

0599 Ks]pTelel

0600 GA(K)EGA(L*})

0604 KslDAslel

0602 GA(K)IAGA(L*2)

0603 KslDLelod

0604 GA(K)SGA(L®Y)

0608 Ks10Dele}

0606 GA(K)ISGA(L*4)

0807 Leled

0600 KalDJelenJe(lel)

0609 e 199 Jisl,MJ

0610 KaKel

06431 Leiet

0612 159 GA(X)ISGA(L)

0613 JJegJet

0614é NUMSIOX(NSET,JJ)

0618 10(2s1)010(NUM,L)

06836 160 CONTINUE

0647 RETyaN

0610 1001 FORMAT (1MO, SN, 2NDHUPSTREAN CROSSORAINS, 18,

o619 1244  OPWNSTREAM CRESSDRAINS,IS)

g:;? 2000 FORMAY (I1NO///7/7/9X A INENTERED SETYP) .
END

END OF SEGMENT, LENGTH 800, NANE SETUP
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00622 SUBRAUTINE SUBNET (¥ ,GA,NKE,NGA,NUX)

0062) CecvesTHIS JUBRAUTINE PRODUCES A SET #F OPTIMAL DESIGNS FAR A NETWURK
0824 r4 GVER A RANGE OF D/S STATES

0629 DIMENSION KE(NKE) ,GAINGA)

0624 CEMMBNIDATAZ NBET NBRAN,NB,NPIPE, NIDSET ,NTTEN KT TEN, N

062’ COMMON/PARAM/POA (0,203 4 MENDg JEND s MJ o NDy ToRPo 2D, DMAK,NUINSOFLTA
0628 COMMAN/WHERE/ID(200,11),10X(10,12),304,10L,107,1DK,106,10D,10J,
06239 ‘1”0!”419"01”

0630 IF (ND,GY,0) WRITE (6,2000)

0031 ConvaaRRANCNES WAVE BEEN SEQUENTIALLY SRDERZDIDESIEN EALH IN TuaN
0632 00 100 NBal,NBRAN

0633 CoveaeDESICN GRANCN TB A MINIMUM GRADIENT

0634 CALL MGRAD (XE,GA,NKE,NGA)

0638 CoveuaSORY QUT UPSTREAM COSTS

0636 NNS1DG¢2¢30(NB,3)

0ey?’ CALL COMB (XE, QA NKE,NGA,NN,GA(IDG),KECTIDKY)

0630 CerenoPRIDUCE @PTIMAL DESIGNS FOR THIS BRANCH PAR RANGE OF D/8 STATES
0639 CALL NBRUN (XE,GA,NKE,NGA)

0640 ConawoePROINUCE TRACE BACK UP BRANCH FER RANGE OF D/8 STATES

064} IF (NB,EQ,1) CALL TRAIL (KE,GA,NKF,NGA)

0642 100 CONTINUE

0643 NBSNBRANGY

0044 NPIPEanED(10(1,1),10)

0643 KaID(NS,10)¢1D(1,4)0}

0646 CALL UPVAL IXKE ,GA ,NKE  NGA,TUS,A42,0,GA(K))

0842 GA(IOR)YSTUS

0648 GA{IDReg)0A

(11 CAl10R42) 82

0630 GA(IDRe 3)=D

0634 CalL $1ZED (PO, NPTIPE,1,0)

06932 c‘LL CGNB (KtoGhNKE.NGA.!Dlol.l.l)

0883 ComeoaDEFINE MAX LEVEL AND MAX DIAM NUMRER FAR BRANCH |

06834 IMAXSGA(LIDL)

0658 DMASGA(10D)

0636 Call SIZED (PDANPIPE,IMAX,DNMA)

0837 CocecafBR EACH D/3 STATE,TRACE BACK T8 OBYAIN WEP TO STAYE U/S AF SUBNET
0638 CovewoRFAD TRAIL OATA FREM MAG TAPE

0639 REWIND 9

0660 NKS10Ke}

0604 00 190 Jsi Mg

0862 NKSNK e

0663 190 READ (9) KE(NK),REAL,REAL

0664 REWIND 9

0668 NK1sNKEeM]

0866 NGialDRe3

068y CeveoaFUR EACH D/8 STATE

0668 0@ 200 Jei,JEND

0669 JisteJENDeJ

0670 008sPDA(NPIPE,JY)

0671 D8 200 Maj MEND

0872 NK]sNK] et

0673 XE(NK])uO

0874 NGisNGl e}

L 24 ] 1F (GA(NGS),GT,99909¢,0) G Y8 200

06768 208alDELTACFLBAT (Me])

0er? Cowece IDENTIFY U/S M AND J

0678 CALL BRINGE (GA,NGA,IDS,D08,ZMAX, JMAX, NPTIPF,TDJI,M1,01)
0679 IF (ND,GT,1) WRITE (6,3000) Z0S,DN8,INAK,JHAX,NPIPE,IDJ,»1,J1,M,J
0680 KalDKe(Jiel )oHENDeM] @]}

peey KECNX] Y uNUXaMJoKE (K)

pesa 200 CANTINUE

06083 IF (ND,LY,2) RETURN

. 0684 NK]sNKEwMJe]

111 ] HRITE (6,1001) NK{§,NKE

0686 HRITE (6,1002) (KEC1), TeNK],NKL)

(11} RETURN

0680 2000 FOARMAY (SX,1AHENTERED SUANET)

0689 100) FORMAY (1HO/SX,47HREFERENCES ACROSS SUBNETWARK STORED IN ki FRAM ,
0690 116,44 73 ,16)

06914 1002 FORMAT (1X,15,1916)

0692 3000 FORMAY (1X,3F8,3,716)

0693 END

END BF SEGMENT, LENGTHN 380, NAME SUBNET
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0694 BUBRAUTINE RATN (v, T,41)

0698 Cosoaa YBRETURN PERIFDLIYRE), THTIME (NINS) , RIS INTENSITY [MM/NR)
0696 RILED,/7T4((VeT0202,20)00,20180«2,94)

0697 IF (Rie}3,) 10,10,40

0698 10 RIaAMAAL(RT40,0)

0699 NETURN

0700 40 Nlag

0704 Covenas [TERATIAON LOOP FOR HOLLAND FBRMULA

0702 SO Nisnlet

0703 FRALRG(15240,0/7Y/RT/Te(RTeT/$824, ooo.t).-s.ss:-i 0¢0,03142R]
0704 DF%al ,0/R1¢3,55/(R1¢152,4/7)¢,0314

0708 x-'/o'

0706 RIsRleX

(2414 IF (aBS(X)=0,01) 10,10,60

oroe 60 IF (NI,LT,10) G@ Te 80

0709 CALL MESAGE(17,0)

or§o END

END @F SEGMENT, LENGTH 98, NAME RAIN

orsyy SUBROUTINE VELAC (SLOPE,DIAM,RK,V,0)

orye CoreceCALCULATES PLONS PROM COLEBAABKeWNITE FORNULA
0ry3 SQuSORTY (SLOPERDIANM)

0714 Vevg,8180800AL0GI0IRK/I,7/DIAMG0,8471E06/80/DTAM)
orys QuVeDIAMEDIAMGO, 7084

orie RETURN

ary? END

END OF BEGMENT, LENGTH 83, NaWE VELBC
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o710

0720
0ray
0722
0723
0724
0728
0726
14 14
oras
orae
2730
o073
orse
0733
0734
0738
0738
oryy
ar38

0740
0744
0742
0743
0744
0748
0746
074y
0748
0749
0730
078y
0792
0793
07%4
0758
0756
[ 1414
07358
0759
0780
0761
0762
0763
0res
ores
0766
orey
0res
0769
0r70
0771
orra
orry
0774
0778
077e
orry
orre
0r7e
0780
(.14}
ore2
0713
0784
0748
070e
orer

SUBRAUTING HGRAD (KE,GA NKELNGA)
Covens THIS SUBRSUTINE DESIGNS 4N INDIVIDUAL BRANCH TO HINTHUN GRADIENT
DIMENSTION KE(NKE),GA(HGA)
COMNAN/DATA/NSET  NARAN,NB,NPIDE  NXDSFT NITEM, KITEM,NK
c."n!N/PARlulPDA(Q.zoj.H[ND.J!ND.MJ,ND,T.BP.ID.DNAl.thNoDFLYI
COMMBN/WHERE/ 1D (200, 113,20X(10: 123,104, 10L, 10T, 10K, 206,100, 10J,
110P,10R,10M, 108 : :
IF (ND,GT,0) WRITE (6,2000)
CowevaDEFINE PIPE TYPE
NPIPEeMAD(TOING,1),10)
CosennlDENTIFY GREUND LEVEL AT UPSTREAM MANMALE
NelO(NS,10)
GLUSEGA(N)
CounnalBT4lIN STARY BF RUN VaLUES
CALL UPVAL (KE.GA,NXE,NGA,TUB, AREAUS,211S,0US,6LUS)
CALL RAIN (RP,TUS/60,0,RT)
CocceoJOENTIFY NUMBER OF MANMOLES IN THIS BRANCH
NMHa IO (NS, 3)
NVALRIOKoNMHS (NMMeg ) o]
I (NKE L ToNVAL) CALL NESAGE (BoNVal)
NVALAIDGONMNA(MJe2)
IF (NGA LT NVALY CaLL MESAGE (9,NVAL)
NC1e1D6
NG2uNG] oNMH
NK$sIDK
GA(NGL)s2uS
GAING2)wAREAUS*RI/3,0L6
JJISKE(NK1)
Nalp(NR,8)
MUSeID(NB,11)
LUSEIDING,10)
KalD(NG,9)
GMINSPDA(INPIPE,S)
CAOVERSPDA(NPIPE,)
£NUSSO,0
CovousFOR EACH MANWALE POSITION
00 80 la2,NWN
NsNei
NG aNGl et
NG2sNG2et
NKIaNKleg
CNDSaGA(N) .
D1873CHDS«CHUS
I08sZUSeDISTeGMIN
LT |
Lalus
30 maMe}
xuGa(m)
LatLel
I TY{8]
INSdMING (ZeLBVERe (CHDSeX)¢GNIN,2INS)
IF (CHDB,GT,Xe0,001) GO YO IO
SLAPES(ZUS*2DS)/D]IST
Kakoel
“TAREAOSBAREAUSIGA(K)
CooveoCALCULATE REQUIRED DIAMETER
38 Of=pOA(HPIPE,J])
IF (JJ.GY,20,0R,01,LY,0, 01,80, D1,67,2,0) CALL MESAGE (18,JJ)
CALL VELOC (SLOPE,DI,POAINPIPE,2),V,0)
IF (VePDA(NPIPE,3)) 38,38,)38
38 IF (VePOA(NPIPE,4)) 42,42,43
42 TFRTUSeDIST/IV
CALL RAIN (RP,TF/80,0,R1)
FLOWSAREADISR]/3,6F0
1F (FLOBW,LE,Q) GO Y8 40
37 JJejJel
o 10 38
38 VsPOA(NPIPE, )
TPaTUSSDIRT/Y
CALL RAIN (RP,YPISD.O,II!

- 254 -



0708 PLBNEAREADSER]ZI 080

0789 080,78%4¢D1eD] v

0790 17 (QeFL04) 37,39,39

0291 39 CALL FINDG (D1,V,PDAINPIPE,2),3L09E)
0792 2108s2USeD I8 T8 APE

0793 HaNy$

0794 LelUS

0798 41 vaMel

07968 ASGA (M)

ore’ [X 1% |

0798 IsGa (L) . :
oree 208sAMING (2eCOVERe (CHDSeX)eSLAPE, 208)
0800 IF (CHDY,GT,Xe0,001) GO TO 4)
0801 GO 18 40

0%02 43 vePpA(NPINE,4)

0903 TFeTUSDTIST/Y

0804 CALL HAIN (RP,TF/60,0,R1)

0908 FLOWSAREADSeR] /3,620

0808 080,785%4eD1eD]sy

9807 IF (DeFLPW) 37,44,44

DBDe 44 CALL FINDG (0l,V.PDAINPIPE,2),8L00T)
0809 ZUSNEWaZDI+SLOPESDTSTe 2D

08190 1F (LUSNEw,GT,2U8) GO T3 40
ot IF (NMH,GT,2) CALL MESAGE (19,1}
0012 GAING1ey)aZUSNEW

[:] 1% ] IF (ND,GT,0) WRITE (6,1001) RUSNEW
0844 CoevaaSTORE OAWNSTREAM ZONE LEVEL,PLBW AND PIPE SIZE
084S 40 CA(NG1)I=ZDS

0816 GA(NG2)uF| 0N

] 334 KE(NKS YRS

0830 CovwnoREDEPINE UPSTREAN VALUES

oste CHUSECHDS

0820 U208

0824 AREAUSBAREADS

0822 TUSsTF

0823 MUSsM

0824 LUSsL

0829 S0 CONTINUE

0826 €ovenalTERE END BF BRANCH VALUES

0827 MEIDTeNBe

0828 GA(m)=mTUS

0829 MeIDAeNBey

0830 GA(m)sAREAUS

08314 MBIDLeNASY

0832 GA(M)sZUS

0833 MsIDNeNBeq

0834 GA(N)uPDA(NPIPDE,JJ)

0838 10281DGe2eNNey

0036 10V DK oMM ]

08y? IF (NO,LT,3) RETURN

0838 WRITE (6,1002) 107,102,10K,10Y
0839 WRITE (6,1001) (GA(I),18707,1D2)
0040 WRITE (6,1002) (XE(1),1wl0K,1DY)
084 RETURN

0842 1001 FORMATY (1X,F11,3,9F12,3)

084) 1002 FORMAT (1X,19,1918)

0844 2000 FORNAT (TXe JIHENTERED MGRAD)
0848 €N
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0846
0847
0840
0849
0030
0831
0esa
0883
0854
0093
0098
083
0858
0889
0840
0861
0082
08e3
0084
0808
0866
1124
08488
0869
0870
0874
00723
0873
0874
0878
0876
08r?
08re
osrs
0880
08014
0882
0883
0804
0009
088

QUBRBUTINE UPVAL INE,GA, NKE NGA, TUS, AREAHS, ZUS,NUS,GLUS)
ComcaafINDS THF START FF RUN VALUES AP TIME AREA LEVEL AND DIAMETER
c FOR BRANCH NO

DIMENSTON KE(NKE),GA(NGA)

COMMAN/DATA/NSET ,NBRAN,NA,NPTPE, NXOSET, NTTEM, KT TFM,NK .

COMMAN/PARAM/POA (9,20) ,MEND, JEND,MJ,NOD, T, AP, ZD,0MaY,NNIN,DELTA

COMMAN/WNEREZ 1D(200,11),1DX(¢10,12),304,10L,107,10%,106,100,10J,

t110P,10R, 10M,108

IF (ND,GT,0) WRITE (6,2000)

TuSa?

AREAUSEOD, D

2138999999,9

“~ DUSE0,0
Comenas IDENTIPY NUMBER BF UPSTREAM BRANCNHES
8 NUSsIO(NS,2)
IF (NUR,EQ,0) 83 TO 20
N'xo(‘.,,’-‘
CovoaaF Ot £ATH UPITREAN BRANCH

08 10 Tei,Nus

NaNed
CovaseJDENTIPY BRANCH NUMBER AND UPSTREAM VALUES

NBRASKE (N)

MsINTeNBRA®Y

TUSeAMAXLLTUS,GA(M))

MalDAeNBRAw]

AREAUSSAREAUSIGA (M)

MalDLeNBRAe]

ZUSEANTING CTUS,GA(M))

MalDOeNBRACY

DUSSAMAX] (OUS,BA(M)Y)

10 CONTINUE
20 ZUSSAMINTI(ZUS,GLUSePOA(NPLIPE,1))

GAUINGISIUS

CALL SIZED (PDA,NPIPE,XECION),NUS)

IF (ND,LT,1) RETURN

WRITE (6,2001) NB,NUB, TUS, AREAUY, ZUS,DUS

RETYRN

2000 FORMAT (SX, | INENTERED UPVAL)
2001 FORMAT (93X, OHBRANCH, 16,18, 2INBRANCHNES UPSTREAN,TINES,F12,3,

;:u;azlo.'ta.J.anevtL-.VIz.J.suottnla!lz.S)

N

END OF SEGMENT, LENGYH 212, NAME UPVAL
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088?
0800
0849
0890
009t
0892
0093
0894
0898
0896
0897
0898
0099
0900
0901}
0902
0903
0904
0908
0906
0907
0908
0909
0940
0914
0912
0943
u9is
0949
0048
991?
0918
0919
0920
092y
0922
0923
0924
0928
0926
0927
0928
0929
0930
0934
0932
0933
0934
0939
0936
09327
0938
0939
0940
094}
0942
0043
0944
0943
0948
0942
0940
0949
0930
0951
0932
093}
09494
0959
09956
oy
0938
0939
0960

SUBRAUTINE . COMR (KE,GA,NKE,NGA,NN, 2TNE,NNDS)

DIMENSTON KE(NKE),GAINGAY
COMMBN/DATA/NSET , NARAN, N, NPTPE ,NXNSET NTTEN, KT TEM, NK
CANMBN/PARAN/PDALD,20), MEND, JEND, MJ,ND, T,RP, Z0, DMAX,OMIN,DELTA
cm.“lu“t“’!o(!oo.‘l’c!O"lOol’)o!olnlh&olﬂful“cl“clﬂnoIOJO
‘!”.!0'0’0"0"’:.‘" 622000

144 (“O.GY.“) @

CoceweSEY COST 3F ARRIVAL AT FIRST MANWGLE IN RUN 10 ZERS
09 10 lel, N
JaNNe e

40 Gal(J)e0,0
NUSsI0(NS,2)
B inetrat)) e e 100
t¥ (JEND,EQ, [

CovewcDEFINE INPEASIBLE PIPE ZONES AT THIS UPITREAM END OF THE NETweRk
J28JENDe 7 .
LELILSY
p® 20 Jst,J2
08 20 Msi,MEND
KaKel

20 GA(K)2000000,9
G9 10 100
30 KalO(NB,S)e}

CocncaBR EACH UPSTREAM ARANCH
02 90 Ist,Nub

Concoe(FINO U/S PIPE NUNBER,TYSE AND MAX,014M,NUMBER)}
KXol
NRSKE (X)

NP IPUSENBD(IOINR,1),10)
LeloDeNRey
CALL SI2€0 (POANPIPUS,JIT,8A(L))
LSIOL¢NRe}
TTUSGA (L)
03 80 Jsi,JEND
JJENDOSe JENDJ
IFf (JJ.GE,6) GO YO 4O
1F (1,6Q,1) Gd Yo 110
Gd 79 80
40 0D=PDA(NDIPE, NS}
DA 70 Mmi,MEND
103a2T08ePLOAT (Ml ) aDELTA
COITAn999999,9
0@ 60 JuSsi,JEND
JJUSsJleJENDOJUS
IF (JJUS,LT,8) CO TO 60O
NUSaPDA(NPLIPUS,JJUS)
IF (DUS,GY,DDS+0,001) Go 7O 43
00 53 MUSsi,MEND
TUSEITUSFLAAT(MUSe])eDELTA
IF C2US,LT,208-0.00() GO TO 6O
LeIDJoi ¢ (NRel)aMJe (JUSe| ) eMENDSMUS
COSTASAMING (COSTA,GALL))
59 coNTINUE
80 CANTINUE
08 LaNNelo(Jel) aNENDIN
GACLISAMINI(GACL) oCPSTA,999900,9)
70 CANTINUE
80 CONTINUE
on CONTINUE
100 If (ND,LT,1) RETURN
LuNNeMJat
WRITE (6,1001) NP ,NUR,NN,L
WRITE (8,1002) (GA(13,2uNN,L)
RETURN
110 LeNNeio(Jatl )OMEND
08 120 KEwe}, " END
LeLel
120 GA(L)=99909090,9
Gy @ 80
1001 FOAMAT (1HN,8X,20HU/8 CASTS FOR BRANCN, 16,194 (NA, AF U/S PIPESS,
116,1M4),218)
1002 PORMAT (1X,F11,3,9712,3)
2000 FORMATY (39X, J2HENTERED COmB)
END

END 8F SEGMENY, LENGTH 407, NANZ CoMB
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0961 SUBRAUTINE NRRUN (XE,Ga, NKE,NGA)

09482 DIMENSTION KE(NKE),GA(NGA)
0983 COMMAN/DATAZNSEY , NARAN,NR,NPIPE (NYDSET,NTTEM, KTTFM,NK
0964 camnwnnmnnuo.?o).nguo,uno.w.uo.r.v.zo.nuu.mm.nnu
0969 COMMBNIWHERE/Z ID(200,11),10X(10,12),10A,INL,IDT,INK,ING, NN, J0J,
0966 $10P,1nR, 104, 1DA
over LOGICAL NEwN
0968 IF (ND,GT,0) wAITE (6,2000)
0969 LENDRIN(NE, 4)
0970 NENDEIN(NB,I)
0071 1048106+ 2eNEND
0972 1088 IDKeNEND
0973 100u 10HNENDIHS
0074 1ONRIDBS (NENDe] ) oM
“0978 KCOSTe1DHIMJw]
09768 KREF =108e1
.1 244 Nt
0978 CeneoDEFINE D/8 STATE (MANHOLE N)
0979 10 NsNel .
9980 Coveva (DEFINE PARAMETERS OEPENDENT ON *NT)
096t NEWNS, TRUE,,
0982 Covowe (RELATIVE CHAINAGE)
0963 KeIN(NR,8)¢Ne]
0984 XDSsGA(K)
nees Cmonea (180 37 20NE)
1211} KeINGeNet
a98” ZT090GA(XK)
(111} Coceea(PLONW)
989 KeI0GeNn§ oNEND
0990 QNSGA(X)
0994 Lovean(MAd PIPE DIAMNUNBER)
0092 KeINKsNa]
009} NDONeKE (%)
099¢ Js0
0998 ComewnDEFINE D/8 STATE (OIANEZTER )
0996 20 JsJel
099> JP1PEENDNe JEND¢J
0998 ns0
0999 CoowoadDEFINE 0/8 STATE (LEVEL M)
1000 30 MeMei
1004 CommaaD/S STATE (M,J,N) 18 NOW DEFINEDIIEY COSY OF ARAIVAL AT (™,00N)
1002 4 ARTIFICTIALLY NIGH
1003 KCOSTakCAsSTel
1004 KREFRKREF o}
1003 GA(KCOST)N999000,9
1008 KE(KREF)s0
100? Co=wna0DAES JPIPE CORRESPEND T8 A REAL PIFPE?
1008 IF (JPIPE,LT,6) GO YO 300
1009 Z0Ss2T08eP LAY (Mol )eDELTA
1010 NNSO
31081 CoonesDEFINE UPSTREAN STATE (MANMILE)
1012 NREFsO
1013 40 NNENNoQ
1044 KaID(NR,0)+¥Ney
1718 = XUSeGA(K)
1016 Cosnsall DISTANCE BETWEEN MANNOLES PERMISIALE?
104 IV (YDSeXUS,CT,0MANCO,001,AND,NENN,GT,2) GO TO 4N
1018 IF (X0SeXUS, LT, ONINGO,001,AND,NEND,GT,2) GO T8 290
1019 NREFONREF o
1020 KalDGeNNu]
1023 IF (NKE LT, INMe{eJeNREF) CALL MNESAGE (10,M)
1022 IF (NGA,LT,.IDQe102eNREF) CALL MESAGE (11,0)
1023 NKSINMeIN(NREFel) . .. .. .
1024 NGSIDQe2¢(NREF=})
1029 ZTUSSGA(X)
1026 IF (NGT,NEWN) GO T6 1850
1037 CocnueNEFINE PARAMETERS OEZPENNENT AN CAMAINATION 8F N AND NN
1020 Coones[DEFINE INTERMEDIATE GROUND LEVELS)
1029 00 30 Le2,LEND
1030 Ko ID(NB,11)oley ,
1031 IF (GA(K),CT,XUSe0,008) Ga 18 60
1032 S0 CONTINUE
1033 60 Lis,
1034 KGELIsK
1038 KGIL1sK= END
1036 La2sLie}
1037 As0,0
1038 LEveLed
1039 1F (L1,EQ,LEND) GO TO 140
1040 IF (GA(XGXL141),6T,XD3¢0,00)) GO T8 140
1041 LIS, et
1042 0@ 70 Lst3,LEND
1043 KsIDINA,11)oLey
1044 IF (GA(X),GT,XDS*0,001) GO T8 80
1048 70 CANTINUE
1040 80 L2sL~}
1047 KGRL2ARTDENRL 1 Yol el
1048 KG2L2eKG X 2eLEND
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BOLUNOODCOPRE( N

i Gub b fuh s R P R G BB Gl BB P G GO b
——— > e - - o> - s o oo
B MR AI AP A o 00 o o s om0 o 00

CocnswlEF [NE AREA BF LONG SECTION 4BAVE STRAJGHT LINE FROM NN To N
AseGA(MGXL101)e(GACKGILI)eGA(KGZL2¢01)) 0,3
D8 6% LLwLl, L2
HCALLEIDING 1] ) oLLm]
XGZLLeXGX LeLEND
85 AsAeGA(KGXLL)*(GA(NGILLeL)=GA(KGZLL 1) )08
ASReGAINDALZOI YOIGAINGILI @S duGA(NGIL2) Y oN Y
Coomeald GROUND LEVEL,CONCAVE,CONVEX QR VARIABLE
CSLAPES(GAIKGILDe1 IuGA (XC2L (w1 ) )/ (KOS )US)
0@ 330 LsL1,L2
KGXLBIO(NB, 110w}
XGILSKGXLeLEND
PSLAPES(GA(XGZIL)=GA(XGILI=1))/TBAIRGXL )oxXUS)
1F (PSLOPE,LT,GSLOPFe0,00001) GO YO 90
IF (PSLOPE,T,GSLEPE+0,00001) GE TE® {30
G2 18 (130,100,130),LEVEL
90 60 10 (120,130,100),LEVEL
100 LEVELRL
69 10 140
110 LEVELS)
- e re 130
120 LEVELE?
130 CONTINUE
CowwoeDEFINE AND STORE GROUND CONDITIONS AND DISTANCE BETWEEN MANHALES
4 FOR THIS COMAINATION GF N AND NN
140 XE (NX)SLFVEY
KELuNe) )y |
KEINK22) w2
GAINGIXANSeAUS
GAINGo1)ua
IF (ND,GT,1) WRITE (6,2002) NN, N NREF,LEVEL,L1,L2,GA(NG), A
ComeonlDEFINE UPSTREAN STATE (U/8 #IPE DLANETER)
150 DIST8GA(NG)
AREASGA(NGeY)
LEVELBKE (NK)
LisxE(NKe])
L28KE (K +2)
JJso
160 JJujJiel
KsInKeNNe]
JIPIPESKE (X )@ JENDOJJ
1F (JUPIPE,LY,8) GO TP 260
CovneDEFINE UPSTREAM BTATE (CRIWN LEVEL “M)
LL1 1]
170 MMBMMe)
ICOSTaIDMel o (NNl )aMJo(JJu]l ) aMEND MM
CovowaCHECK FEASIBILITY AF SALUTION

-_F-o-dntuls STATE PEASIBLEY)

17 (Ga(1C087),67,999999,0) GO YO 250
Covuco(PIPE SLOPE NITHIN RESTRAINTS?)
ZUSS2TUSFLAAT (MMl ) eDELTA
SL9PCe(JUS=ZDS) /DT 8Y
IF (SLOPE,LT POA(NPIPE,8)0,00001) GO 18 200
CocaoalPIPE CAPACITY SUFFICIENTY)
CALL VELOC (SLOPE,PDANPIDE,IPIPE) ,POA(NPIPL, R, VEL,OFULL)
IF (QFULL.LT,ON) GO T8 250
Covmoa (VELOCITY ACCEPTABLED)
IF (VEL,LT,PDA(NPIPE,3)w0,008) GA T3 260
IF (VEL,CT,PDA(NPIPE,4)¢0,008) GO T8 280
Crevea(DEPTH OF COVER RESTRAINT VIOLATED?)
GO 16 (240,180,240,180),LEVEL
180 N@ 200 LeL1,L2
KGALBIO(NB,81) oLy
KGZLakGXLeLEND
IF (2US«SLOPELCCAINGUL)IeXUS) GT ,CAIKGIL)ePNA(INPIPE,1)eD,001) GO
119 250
200 CANTINUE
CoceeaSALUTION I8 FEASIALE SO COSY AND COMPARE wlTW PREVIAUS CHEAPESY
240 MGZLIuTO(NA,10) 0L 1l
KGZL2aIDINA,1D) el 20}
CALL CASTIT (JPIPEeY,AREA,BA(KGILI®L)o2US,GACKGZL241)e2D8,DI8Y,C)
CsCeGACICOST)
17 (C.GT,CAIKCA8T)w0,001) GO 73 250
GA(XCAST)ISC
KE(KREF)B(NNw])aMJo(JJn] ) e MEND s uM
IF (ND.GT 1) WRITE (6,2N04) N,J,M NN, JJ,4M,XDS,XUS, 208, 218,
LPOA(NPIPE, JPIPE) ,POAINPIPE, JIPTPE) ,KREF (KCOST, XE(XREF),GA(KCAST)
CocmaaMBVE @N T8 NEXT UsS STATE
230 IF (MM LY, MEND) GB 79 170
260 IF (JIPIPE,LY JPIPE,AND,JJ.LT,JEND) GO TH 160
1r ‘”N.L!.N.‘, GO 18 40
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1133
113

1149
1180
1191
1182
1193
1194
1188
1150
1197
1186
119¢
1160
1164
1162
1163

CoveacMdVE AN T3 NEXT 0/8 STATE

290 NEWN® FALSE,

300 IF (M,LT.,MEND) G& Y@ 30O
IF (J,LT.,JEND) GO TO 20
IF (N LT NEND) GO 1O O

Cocaond TORE DAWNSTREAM CHSTS FOR THIS BRANCH

tslDHe (NENDoL ) aMJe}
JelnJeinNBel)eMJul
JAnJel
Jas JeMJ
D8 310 Kmi,MJ
1s8lel
JaJet
GA(JIeGA(D)

310 CaNTINUE
§F (ND,E0G,0) RETURN
WRITE (6,2005) N8
WRITE (6,2008) (GA(J),JulA,JB)
Is10TeNBwY
JulpAeNge}
KsJOLoNAe
Luj0DeNGe}
WRITE (6,2007) NB,GALT),8A(J9,08(X),BA(CL)
RETURN

2000 FOAMAT (SX, | IHENTERED NBRUN)

.. 2002 FARNAT (10X, 1SHGROUND FREAM M/H,34,6HTd M/W,514,2(F0,3)/9X,

11080N J " NOJ wm ${.1] {1 208
2 093 o KREF  KCOST AEF cast)

2004 FORMAY (1%,01%,6F9,3,3168,F12,3)

2008 FORHATY (160,5K, 200078 COITE POR PMANCH, 18)

2006 FORMAT (1X,Fi1,3,9712,3)

e

2007 FORNATY (1HO,5X,7HBRANCHN 416,26N DOWNSTREAM VALUESE TINES,F12,3,

1::» AREAS,P12,308N LEVELS,F12,3,7% DlaNe,F12,3//)

END OF SEGMENT, LENGTN 1083, NAME NBRUN

1184
1169
1186
1167
1160
1169
1170
17
1172
1173
1174
1478
1176
1477
1170
1179
1180
1104

SUSREUTINE COSTIT TJ,ARTa,NUS,DDS,018Y,C08T)
DEPTHA(DUSODDS)/2,00AREA/DISY
GR Td (10,20,30,40,30,80,70), ,J

10 :':Y:Oll't(ﬂ..’l.llD!’T“,O’OnQO’O'OOOU‘
ETYURN

20 g::v:otar.(s.:os.x-ntvtn)o:o;uoru,onout

URN

30 CO8TR0ISTa(8,004,100EPTHI¢30,0075,0+0U8
RETURN

40 COBTRDISTA{12,304,44DEPTNY30,0000,000U8
RETYRN

SO0 COSYSOINT2(10,004,760EPTN)030,0085,0¢0U8
RETURN

60 COSTADISTL(10,748,000€PTH) 430, 0¢00, 0¢0US

RETUMN

70 CASTE0I8T7e(23,748,300EPTH)¢30,0098,000U8
RETURN
END

ENO @F SEGMENT, LENGTH 139, NAMT CosTIY
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1102 SUBRAUTINE TRAIL (KE,GA,NNF,NGA)

1163 CowowoTRACES BACK UP A BRANCH FOR EACN 0/8 STATE AND STYARES THF THACE Ow
1104 4 MAGNETIC YAPE FILE

1188 DIMENSTON MELNKE) ,GA(NGA) 4XTEMP (200),ZTENP(200),0TENP(200)
11068 COMMBN/DATA/NSET ,NARAN,NB ,NPTPE NXDSET ,NITEM, KTTEM, NK .
1182 COMMEN/PARAM/POALD,20) 4 MEND, JEND,MJ,ND, T,RP, Z0,0MAX,NMIN,DELTA
$1188 COMMAN/WHERE/1D(200,11),10X¢10,12),104,10L,1D7,30%,10G,100,10J,
1109 $110P, JDR, J0OM, 100

1190 IF (NO,GY,0) WRITE (6,2000)

1394 KslDMeMJoy

1492 NNEO

1193 00 S0 {si,™J

1194 ConneaIDENTIFY TRACE BACK REPERENCE FROM END MANNOLE
1199 Kuiel

1198 MJINSKE (K)

1197 Covanahifi Tl REFERENCE TR Tadl

1194 10 1F (NUDSET,GT,0,AND MIN,GT,NJ) GO 18 20

1109 LoweeaIDENTIPY ACTUAL LEVEL AND DIAMETER

1200 IF (MJN,NE,0) GO TP JO

1204 1%0,0

j202 : 00,0

1203 Go vd 40

1204 30 Na{MJINef)/MJe)

1209 Je(MINeMJe (Nef)eol)/MENDS

1206 MgM JNeM Je (Nof JeMENDS (Jo] )

1207 LalOXeNet

1209 JMAxeKE (L)

1209 JPIPEnJIMAX® JENNGJ

1210 DsPOA(NPIPE,IPTIPE)

1244 LolDGoNe|

1212 IsGA(L)=OELTARFLOAY (Net)

1213 ‘ 40 WRITE (0) MJN,Z,D

121¢ = NNENNel

1218 IF (MIN,LE,MJ) GB TO 8O

1216 Coveea IDENTIFY NEXT TRACEZ BACK REFERENCE

1237 20 LolDBeMJeNINe]

1218 MINSKE (L)

1219 Ga 70 10

1220 50 CONTINUE

1221 CoccaalHELK AN CONTENTS OF MAG, TAPE

1222 IF (ND,LT,2) GO YO 40

1223 00 60 lei,NN

1224 60 RACKSPACE §

1228 D8 70 lag,NN

1226 READ (9) KTEMP(1),ITENP(]),OTEMP(])

1227 70 CONTINUE

1228 WRITE (6,1000) (KTEMP(]),1s1,NN)

1229 WRITE (6,1001) (2YEMP(3),1mi,NN)

1230 WRITE (6,1001) (DTEMP(1),]uq,NN)

1231 80 NITEMSNITEMONN

1232 RETURN

1233 2000 FORMATY (85X, 1 SHENTERED TRAIL)

1234 4000 FORmAT (1%,18,1918)

1238 1008 FORMAT ($x,F11,3,9712,3)

1236 END

END OF SEGMENT, LENGTH 284, NANE TRATL
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12%2 SURRAUTINE BRIOGE (GA,NGA,208,008,ZMAX, JHAX,NPTSE2, NN, 1,J1)
1338 DIMENSTON GACNGA)

31239 cauuonlplnan/woA(D.ZO).ntno,azuo.nJ.No.v,a’.!o.pﬂax.ouxu.ot;v‘
1240 Commnaf INDS THE VALUES PF M1,J1 FAR AN UPSTREAN PIBE AT & MaknfL¢
1244 CoowsaCARREIPONDING T8 LEVELS AND DIAMETERS 208,008 #F QUTGOING PIPE,
1242 ComueaSUCH THAT U/S LEVEL (GE, 203,AND U/8 DIAM LE, DD AND U/S CASY 18 “IN,
124) 1F (NDoGYo8) WRITE (842000)

1244 misQ

1248 Ji®o

1240 CO8TUSR099009,9

1242 08 20 Jmi,JEND

1240 JASRIHMAXeJEND®J

1249 IF (JA,LY,0) GO YO 20

1290 OUSsPDA(NPIPE2,JA)

1294 IF (DUS,GT,008¢0,001) GO YO 30

1292 03 10 Mwl,MEND

1293 ZUSSIMAXWDELTASFLOAT (Nel)

1294 I7 c2us,LT,208+0,001) G8 T8 20

1358 KaNN¢ (Joi )*HEND oM

1296 COSTRGA(K)

1297 IF (COSY,GE,LO8TUS0,001) GO Y8 10

1238 cosSYUsecos?

1299 “isM

1260 Jisy

1261 10 CONTINUE

1263 20 CONTINUE

1343 30 RETURN

128¢ 2000 FORMAT [BX, 1ANENTERED SRIDGE)

1268 £80

END BF BEGMENT, LENGTH 168, NAME BRIDGE

1266 SUBRSUTINE SIZED (PDA,NPIPE,J,D) )

1267 ComunaF INDS THE PIPE NUMBER J COARESPONDING TO B8R GREATER THAN Dl4a% 0
1268 OIMENSTION PDA(9,20)

1269 08 10 Jsb,20

1270 IF (POA(NPIPE,J),GE,De0,001) RETURN

1273 10 CONTINUE

1278 CALL MESAGE (18,NnpIPE)

1273 a END

END OF SEGMENT, LENGTH 88, NANE 81280
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1274
1279
1278
1277
1270
1279

1284
1282
1203
1284
1208
1238
1207
1288
1209
1290
1294
1292
1293
1204
1299
1294
1297
1299
1299
1300

1302
1309
1304
1308
1308
1307
1308
1309
1310
1314
1312
1313
1314
1318
1348
1317
1318
1319
1320
1321
1322
1323
1324
1329
1326
1327
1328
1329
1330
1334
1332
1333
1334
1338
1346
1337
1338
1339
1340
1344
1342
1343
1344
1349
1346
13
1348
1349
1350
1394
13932
1393
1384
1399
1336
1387
1330
1339
1360
1364
1362
1363

SUBRAUTINE TRACE (NE,GA,NXF,NGA,1G, 1K)

DIMENSION KE(NKE),GA{NGA)

LOGICAL LYX
COMMAI/DATA/NSET (NBRAN(NB ,NPTPE  NXDSET NI TEM KTITEM,NK
cannaNIpAnAu/-oA(c.ao).nzno,J£~o.~J.~o.r.~ﬁ.10.0~i'.DN!~.hfL't
CAMMANIWKERE/Z 1D (200, 18),IDX(10,12),104,1DL,IDT, 30K, 108, IDN, 10,
110P,100,10%,108

IF (ND,GT,0) WRITE (9,2000%

Lo, FaLSE,

NPIPESMAD{ID(NARANGE),10)

17 (MNDBET,€E0,0) L¥e,YAVE,

1F (LX) I1GsNGA

IF (LX) IxaNKE

NKSNKES ]

Teacene JDENTIFY THEAPESY END BTATE

1810Je(NBel) oM ]}

KREFD

o870009999,9

08 20 Jui,MJ

lalel

1F (GA(]),67,L08Y0,001) GO YO 20
coSTYsGA(l)

KREFRY

CONTINUE

WRITE (6,2003) CUSY,KRFF
IF (KREP NE,0) GO T8 30
WRITE (6.2004)

s70p

Couena IDENTIPY QUTPALL LEVEL AND DIAMETER

JelRESal ) /nENDe]
nakRtrefJol)eongVd
151006 NERANS]

OndeCa(l)

1210LoNBRANe]
THAXSGALT)
2aZMAXCDELTACFLOAT (Nal)
CALL SIZED (POA,NPIPE,J],0MA)
JIsJJeJENDe)
DaPOA(NPLIPE,JJ)

WRITE (6,2009) Z,0

CovenafE? DBUNSTREAN LEVELS AND ODAMETERS TJ «P00900,9

40

Covon

4

4
-

163106
1G43J06+2aNBRANe]
DA 40 1s1G3,164
GA(1)8e999999,9
«READ TRAIL OATA POR BRANCH FRAM W T PILE INT@ ARRAYS GA A&NO KE
1GlslGdey

IF (LX) IKisIOKeg
NMS g

L1TeMeD

NMBNMe |

BACKSPACE 9
1G1s1Gle2

IF (LX) IKtaIxgieq

TF (IG1,GT,NGAY CALL MESAGE (1,0)

so

Conew

52
Covee

Covee

S5t

2]
40
”n

IF (LU AND INL,GT ,NKE) CALL MESAGE (2.0)
READ (9) J,64(161),64(2G1¢))
LITEMSLITEMeY

IF LX) xE(IKi)ay

BACKSPACE 9

IF (JeM)) 10,10,8

IF (SJeNM)  f1,11,4

162816t et

1G1s1Cde}

IF (ND,LT,2) G® YA SO

WRITE (6,2002) 1G1,1G2

WRITE (6,2001) (GA(l),1e168,162)

IF (LX) G 9 14D
«JOENTIPY UPSTREAM END BF SRANCH LEVEL AND DIAMETER
16LalGLe24{NJNREP)Y

2UBaGA(IGL)

DUSaGA(1IGLe))

WRITE (6,2009) NB,IUS,NUS
«SEY D/8 LEVEL AND NIAMFTYEZR FBR UPSTREAM PIPES
«JOENTIPY UPSTREAM PIPES

NBID(NS,2)

IF (N,EQ,0) GO TO &0

1810(V8,3) =}

Do 59 Js,N

180t

Kskg(l)

L181GIeKey

L291GSeKe] oNBRAN

GA(LIISZUS

GA(L2)sDUS

CINTINUE

1F (NOQ,GT,3) “RITE (8,2001) (G4a(]1),1a163,164)
NASNAe ]

IF (NB,LE,O0) RETURN

1alGIenBe}
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Coscaal$ BRANCH & MINGR WEMBER OF 4 X/D SET, (AR U/S8 &F 4 HINGR wECBER)D

IF (G4(1),LT,2999999,0,AND,ID(ND,39,67,100) GO 78 %0
3F (64(1),67,2000009,0) GO 76 73
0g 71 Jei,NJ
BACKSPALE @
71 CONTINUE

[T L]
CeveasFIND 0/3 LEVEL AND DTAWMEZTER
7% 208aGA(])
faloNgRAN
D03aGA(1)
NPIPESMAD(IO(N,1),10)
Cosocof [ND CORRESPENDENCE FREM 0/8 PIPE T8 CURRENT PIPE

1sIDLeNBe]
INAXOGA(])
1810D4NRey -
LLITITYR %]
CalL S12ED (POA,NPIPE,J,ONA)
NNSIDJeMJa(NBaY)
CALL BRJIOGE (GA,NGA,T0S,008,IMAX S NPTIPE,NNs¥ ,J1)
XREFN({Jiel ) oMENDEM]Y

Conocel$ BRANCH OTHER THAN THE MAIN MENBER OF A CROSSDRAIN SET?

IF C(I0(NG,1),LY,101) GO T8 4y
NXENOSTOX(NGET,7)
IF (TOXONXENDONJ,GE,NK) TaLL “ESASE (12,

Covevelifdl IV A7D SET TRACE OATA INTO NE,4ND MAX LEVEL 4NN DTaw UJS #»F SEY

8Q REWIND 8
NITEM SR ITEMeNXEND eMJw]
IF (x1TE€%,EQ,0) GO 7O 100
09 90 Isy,XITEN
$9 READ (9)
100 JeNYENDeM)
falDKel
00 110 Xst,J
fulet
110 NELD (8) XE()
READ (A) ZMAX,DMA
NKo\Kel
ME(NKISNXEND
IF {ND,GT,0) WRITE (6,2006) NSET,NXEND,KREF
Coocas JDENTIFY UPSTREAM REFERENCE
Tal0Ks (NXENDe] ) eMJekREF ]
120 XREFSKE(1)
NXDu(XREFel /N
KREFSAREFeMJENYD
IF (NO.GT,0) WRITE (8,2000) NIET,NXO,KREF
KNMHETOX(NSET ,8) ¢NXDe]
NMHSKE (XN )
IulDXA(NSET, )
KABSSID(1,7)eNNHey
17 (NXD,GT,0) WRITE (6,2008) CA(XASS)
NKSNKe |
KELNK)SNYD
IF (NXD,EQ,0) GO Te t30
IolnKe (NXDS])eNJOKREPw]
GO 10 120

ComecnIDENTIFY LEVEL AND DIAMETER AT UPSTREAM END @F CRESSDRAIN SET

130 Je(xREFe|)/MENDY
HEXKREFe(Jo] ) aMEND
FUSSINAXSDELTACFLOAT (Ney)
CALL SIZED (PDA,NPIPE,J2,0MA)
JIsJleJEND S
OUSSPOAINPIPE,J))

NSETSNSETel
GO Y0 52
Comovef IND END MANNILE NUMBER LEVEL AND DIAMETER

140 Ju(XREFe])/NENDOL

MuKREFOMENDO(Jel)
NI‘D(NB.”
TalOLeNBe}
ZENOSGA(I)*DELTARFLOATY (Nel)
JulDNeNBal

“TaALL S1ZED (PDA,NPIPE,J1,GA(1))
JJSJTeJENDSJ
DENOSPDAINPIPE,JJ)
WRITE(H,2007) N,J,M,DEND,TEND
GA(1G)SDEND

_KE(IX)aN
1G816et
InmiKe}



ta4e
1449
1448
1487
1440
1449
1450
1441
1492
14%)
14354
14998
1438
1497
14958
1459
1460
14614
1402
1463
14064
1488
1466
1487
. 1488
14090
1470
1474
1472
1473
1474
14798
1496
1477
1479
1479
1480
1404
1482
1483
1484
1409
14860

CaseneFIND STARYS OF TRACE BACX SEQUENCES FUR D/S STATE (M,])

NABTK] o}
NJs)
08 150 Isg,LITEM
NASNAel .
IF (NJEQ,XREF) GO T® 1480
IF (KEINAYSGT MJ) 69 TO 190
NJSNJSe

150 CONTINUE

160 NCO]G2e2e10]

170 Nu(NE{NAYe1)713e]
Ja(k (vAdo(Neg)enJnl) /NENDY
HRKE (NA Yo (Nel)onJanENDe (Jul)
ZUSaGAING)
0ySIGA(NCel)

ConcaeWRITE QUY M/H POSITIANS DIAMS AND LEVELSS STORE M/HS AND DTANS,

WRITE (6,2007) N,J.M,0US,2US
1P 162,67,16) CALL MESAGE (13,0)
IF (Ix1,67.1K) CALL MESAGE (14,0)
KE{IX)aN
GACIG)SDUS -
IKE el
1GeIGet
IF (N LE.1) C3 79 B2
NABNAw] . - .- . - - .
NCSNCw2
GO 18 170
2000 FORMAT (I1MO////7/1%.13HENTERED TRACE)
2001 FORMAT (1X,F11,3,9F12,3)
2002 FORNAY (IX,SIHTRAIL OATAe (LEVELS AND DIAMETERS STERED IN G PRdw,
110,¢¢ 19 ,19)
2003 :::”‘, (IND/ 2o QINCNEAPESY SOLUTIAN LOSTS,F32,3,5%,10HEND 3TATES,
1

2004 FPURMATY (1X,20MND FEASIBLE SOLUTION)

2008 FORMAT (1, 6MBRANCH,16,5X, 19HUPSTREAN LEVELS,?9,3,5),
L1OHUPSTREAN DIANETERE,FE,3)

2008 FORMAY (1), 1 4HCRNSSORAIN SET,18,3%, 1 THCRASSORAIN NUNBER, IS,
13X, SHSTATE16)

2007 FORMAT (IXo7HMANHBLE,J6,9H DIAM NG, , 16,106 LEVEL N8, 10,
19N DIAMETER,FE, 3,00 LEVEL,F9, D)

2008 FORMAT (1X,26NNEW CRASSORAIN AT CHAINAGE,F16,))

2000 FORMAT (X, 14MOUTPALL LEVELS,P12,),194 OQUTFALL DIAMFTFRE,F(2,3)
END

END O SEGMENT, LENGTH 1105, NAME TRACE
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1487
1489
1489
1490
34904
1492
1493
teve
1408
1496
1497
1498
1499
1900
1901
1802
1503
1804
1508
1906
1907
3808
1809
1810
19418
1812
1943
131e
18489
1916
1847
1848
1939
1920
1921
1522
1833
152¢
1838
1926
18>
1828
1929
1930
193¢
1832
1833
1834
1838
1338
1837
1538
1938
1540
j0et
1542
1943
1846
1849
1948
1842
1948
1849
1550
15518
1552
15353
1994
1558
1536
15957
1838
1839
1560
18614
1862
1963
1584
11}
1860
1507
1868
1569
1870
1871%
1872
1873
1974
1878

SUBRBUTINE BUTPUT (KE,GA,NKE,NGL)
DIMENSION KE(NKE),GA(NGA),GL(S),IFFSET(S)
c.nuONIDAYAINS!Y,N!RAN.NB.NP]FE.NlDS(T.NIYCNclt'Cﬂoﬂ(
COMMEN/PARAM/PDALD,20), MEND, JEND, NJ, NN, T o AP, ID, DAY, HNTN, 0L T4
conuONquﬁﬁtiln(ldcv!l!alD!(IOolOD:!DdolﬂLoiﬁf-!ﬂ“oIDG.loo.!OJc
l:”o:°:vl:;a;g.
WRIY [ T]
CooonstMITE INYNUDUTTIRY S4ASIC DATA 19 PERMATTED FILL
D9 (0 lal,9
IF (POA(1,63.,L7,0,001) G0 T8 11
310 CONTINUE
fei0
11 Nale}
WRITE (4,1000) N
08 13 fei,N .
D9 12 Js3),20 .
1F (J,E0,2,0R,J,GE,8) PDA(L,J)81000,0+PDA(E,J)
WRITE 4,1001) POA(],J)
1P CJ.GE O ANDPDALS,J),LTY,0,001) 64 YO 1)
12 CENTINUE
$3 CeNTYINUE
Covonald MANY BRANCHES IN NENW NETWERK?
NgETrey
Ks0
09 40 TaNK NKE
17 CNECI)EQ, INNINSET 7)) GO TP 20
IF (NEC13,VE,0) XSKe2e2ONINSET,8)el
o8 8 40
20 XsKoIDA(NSETo )oY
NIETSNSET e}
40 CenNvInug
NBRASNBRANOK
HRITE (4010003 NORA
NSEYeDd
NasD
NRE2Q
CoonnoeMBVE TO NEXT BRANCH IN GRIGINAL NEZTHORX
SD NBENBel
CoenvuANY MERE BRANCHES?
1F (NB,OY NBRAN) GO Y8 30O
ConsweMEMARER AF A CRESSORAIN SET?
IF (ID(NB,1),67,100) G& Y9 §00
NRONR o}
ConcoeWRITE DETAILS OF THIS BRANCH 19 FARMATIED FILE
CALL DETAIL (KE,GA NKE,NGANB,$,10(NB,3),X,Y,AX,NRY
CouecauBBRT QUT UPSTREZAM PIPES
CALL UPBRAN (KE,NKE,NB)
CoccnolTORE NEW NUMBER FSR THES BRANCH
felnKeNgey
RE(])aNm
6o 1® %0
CoweacBRANCN 18 4 NEMBER 8F A CRE3S ORAIN SEY
100 NSETaNSETel
NRUNBIDX(NSET,8)
" NuXs0
1Nk
120 Islel
Covaoaf [ND NUMRER @F DOWNSTREAN CROSSORAIN
NONWKE(D)
c..---". CACH Cll!!bll!ﬂ SET MEMRER
08 200 N®{,NRUN
CowaeeFIND UPSTREAM AND DOWNSTREAN MANHOLE NUMSERS
{F (NUX,CT,0) G& T8 (30 .. . . - .
LL}Y 3}
68 1@ 140
130 JPIDX(INSET,ToN) ¢NUXe]
MHiakECY)
140 JSIDN(NSET,7¢N)eNDXu§
MH2aREL()) ’
Covnoof IND QLD BRANCHM NUNBER
NUMBRIDX (NSET,N)
CoveosWRITY DETAILS OF NEW BRANCH TO PILE
NRSNRe L
CALL DEYAIL (KE,GA,NKE NGAJNUMB, MH] gMH2 G (N) OFFSET(N) Ao NN
CoveaaB@RT OUT UPSTREAM BRANCH DETALILS
IF (MMt EQ.1) GO TR 160
IF (N,GT,.1) 68 18 150
KK®Q2
WRITE (6,3002) XK
KaNRe2#NRUNe!
WRITE (4,1000) X
MRITE ($5.1003) x
KaNRe]
NRITE. (8,1000) &«
WAITE (8.3003) &
150 ka0
WRITE (4,1000)
IF (N,GT.1) WRITE (6,1002) X
Ge 19 200
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1876
1877
1878
187¢
1880
1561
1982
1883

1389
1966
1587
1580
1589
1390
1991
1992
1593
~139¢
1999
1596
189>
1899
1309
1600
4603
1402
1603
1804
1608
1606
1807
1808
1809
1610
1611
1612
1613
1614
16198
1646
16327
1618
1619
1820
te2t
1622
1623
1624
1629
1826
1627
1629
1629
1830

CueweosBRANCH I8 UPSTREAM ENO @F X/0 SET REMAERY FIND LI/9 RARANCMFS

160
200

CALL UPBRAN (KE,NXE,NUMB)
CONTINUE

Coeeea8BRT AUT OZTAILS 8F CRBIJSDMAING

NENRUNe§

KeNAaUN+{

08 290 Jsi.N

NRENRe |

NPIPERY

WRITE (4,1000) NPIPE

WRITE (6,1004) NR, NPIPE

KaKel
XeAgS(OFFSET(XIeBPFIET (X))
WRITE (4,1001) X

WRITE (6,1008) AX,8PFSET(X)
WRITE (6,1006) AX ,OFFSET(Kel)
veQ,0

WRITE (6,3003) Y,Y,AX,Y,0LIK),Y CLIKuL),X
IF (J,E0,1) ¢o 10 230

Kxs2

WRITE (6,1002) KX

LuNRe2ejeg

WRITE (4,1000) L

WRITE 18,3003) L

LaNRey

wAlTe (4,1000) (8

IF (J.tQ,1) WRITE ¢6,1002) J
WRITE (6,1003) &

te0

WRITE (4,1000) L

CONTINUE

NUXaNDY

TP VAL LT, TOXINIEY, 7)) GO TR 120

ConnoaS3NY JUT NEW SRANCH NUMBEAR FER CASESORALN SET MATN MEMBER

NBIaNReQeNRUNSGQ
KOLDBIDX(NSETY, 1)
UNFUE{00000NR] oNR
JelDKekOL Do}
HE(JISKNEW

Coceasl/POATE BRANCH TIUNTER

o0

1000
1001
2000
{002
1003
1004
1003
1006

NBSNBeNRUNe ]

NKB1e}

ce 19 SO

180

NRITE (441000)

RETURN

FORMAT (1X,110)

FORNAT (1X,F18,6)

FORMAT (1WO//20X,20HanseeNEW NETWBRK CREATEDetesa)

FOAMAT (15X,18,18H UPSTREAM BRANCHES)

PORMAT (18Y%,112)

FORMAT (SX,8HBRANCH,16,6M TYPE,16)

FORMAT (13X,20HUPSTREAM CHATNAGE ®,P16,3,5%,7HAFFSFTe,F12,3)
FORMAT (13X, 20MDBWNBTREAN CHAINAGES,F16,3,3K,THRFFSFTS,F12,3)

END &P SEGHEINT, LENGTH 323, NAMEZ dQUTPUY
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1631}
1832
163)
1634
1838
1838
18y’
1438
1439
1840
1641
1642
1643
1644
1648
1640
1647
1648
1649
1650
1684
1652
1053
1094
1659
16%¢
1687
1650
1459
1660
1604
1662
1643
1664
1669
1666
1687
1068
1689
1870
167}
1672
1873
1874
1678
167¢
1677
167¢
1679
1640
16814
1682
1683
1684
1688
1686
1687
1888

SUBROUTINE DETAIL (KE,GA,NKE,NGA M8, MN] o8u2,GL APFIET &N, NR)
OIMENSTION KEINKE) ,GA(NGA)
CONNEN/wHERE/TO (200,119, 10N (10,12)4 104, 180, 197, 10K, 108,100, 10J,
1107, 100,10, 108
CornanTYPE 87 BRANCH
IsmaD(3D(ND,1),100)
WRITE 14,1000) I
WRITE (6,8002) NR,1
Covveo ENGTH BF BRANCH
18ID(NB,B)eMNl e}
X18GA(T)
JSIDINB,8) eMK2e]
x28GA(J)
DISTeX2eX]
WRITE (4.1001) DISY
CoveasCATCHMENT WIDTH (ENLY WORKS FOR CANSTANT w1DTH)
18ID(NG,8) 01
JulD(NG,9) el
HIDTHEGACJI/ZGALL)
WRITE (4,1001) WIDTH
CocanoBFFSET
1s1D(N8,6)
BFFSETaGA(Y)
WRITE (4,1001) orreeY
ConaeasdBSELUTE CHATVADE
10I0(NB, 7YouNiw]
Axega(l)
WRITE (4,1001) AX
MRITE (6,1003) AX,OFFPQCY
1I8I0(NA, 7 oMHwy
AXBGA(T])
HATTE (6,1004) AX,OFFPSEY
ConaaoNIRECTION INDICATOR
INDsei
Julel
17 (Catd) LT, GAL1)) INDast
1P (ABS(GA(JIwGA(])),LT,0,001) INDaO
WRiTE 4,1000) IND
CocenaGRAYND LEVEL DATA
18]D(NB,10) e}
JSID(NA, 1t )ey
KsIDn(NA,d)
DO 60 Nmj,K
Jufel
JuJel
P (GACJI,LT,X3°0,008) GO T8 &0
IF (GA(J),6T,X240,003) G0 70 70
L LI TY®ALE 1
WRITE (4,1008) GA(2).X
SLeGM(T)
00 ConvInug
70 REYURN
1000 FORMAY (i1X0110)
1001 FIRMAT (I1X,F19,6)
4000 FORMAT (SX,6MBRANCH, 16,84 TYPL,18)
1003 PORMAY (19%,20MUPSTREAM CNAINAGE 9,P168,3,5X,7HAFFIETS,F12,3)
1004 FI:MAY (19X, 20MDONNSTREAN CHAINAGED P16, 3,5X,THQFFIETR,F12,])
(4]

END OF SEGMENT, LENGTH 323, MANE DETALL
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1609 SUBRAUTINE UPBRAN (XE,NKE,NUMA)
1690 DIMENSION XE(NKE)

1691 ca*nonluntﬂtlxn(zoo.ll!.xOI(lo.lI).xOA.!oL.lot.an.lOG.lnn.lOJ.
1992 110P,1DR,10M, JDR

1993 NUBsIO(NUMB,2)

1494 WRITE (6,1001) NUB

1699 1F (NUS,E0,0) 58 T 3D

1496 Jalp(NUn8, 5wy

1897 0@ 20 Xsj,NUB

1608 JaJel

1899 Coseceed D U/S8 BRANCH NUNBER

1700 %8 08KkE(J)

$701 Covneal [ND CORRESPENDING NEW SRANCH NUWAER(S)
1702 KIeIDKexOL Dl

1703 KNEweKE(X])

1704 1P (MNNEW,GT7,1000N) G@ T3 10
1708 WRITE (4,1000) KNEW

1706 WRITE (6,1002) KNEW

1207 Ge 18 20

1708 10 KNEgXNEW/( 0000

1709 WRITE (4,1000) KNE

1210 WRITE (6,1002) KNE

1244 KNEWSKNEWeKNE#] ONOO

1212 WRITE (4,5000) KNEW

1213 WRITE (8,1002) KNEW

1714 20 CONTINUE

1748 30 KNEwsO

1216 WRITE (4,1000) KNEW

17y RETYRN

1718 IN00 TERMAY [1X.110)

1219 1001 FOAMAY (1SX,16,10M UPSTREAN SRANCHES)
1720 1008 FERMAY (19%,I10)

1ra END

END OF SEGMENT, LENGTH 128, NANE UPBRAN

1722 SUBROBUTINE MESAGE (M,N

§1723 wRITE (6,1000) "l“‘ ™

":; [ (1]

17 1000 FORNAT (4ON,17u

1726 enD (AON 1 IN82 00 aZRNRTR NUMNBER,T18,12K ansen 2 18)

- END OF QEGMENT, LENGTH 10, NAME MESAGE
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17 SUBRAUTINE LEVELY (XE,GA NKE,NGA, MG, MK)

v DIMENSION XE(NXE),GAINGA),TDS(200),20(200)

1729 COMMAN/DATAZNOT T , NARAN NB , NP TPE , NUDSET N1 T, KT PEM, WK
1730 CONMBN/PARAN/PDALS,20) , MEND, JEND,MJ)ND, ToRP o ZDoDNAX,AUTN,OFLTA
1734 unuawuuznuxoumua.xnuo.u:.xu.xouxobxox.xu.mo.xo-b
1732 1107, DN, 10N, 108

1733 WRITE (6.1002)

1734 Ce8Ts0,0

1738 1980

1738 10 Lo 00t

17y NPIPEaMED(I0(L0,1),10)

1738 CNINEPOACNPIPE, )

1739 AKX SPDA(NPIPE,2) P
17240 VHINSPOA(NPIPE, )

1744 VHAXSPDA(NPIPE,4)

1742 NENDSTO(LA,Y)

1743 NUSel

1744 CoveIDENTIFY THE UPSTRTAN BRANCHES AND HENCEZ U/ TIME @F FLOw AND LEVEL
4748 NBRelDILS,2)

t746 TulsT?

122 0187US90,0

1748 L1810(L0,10)

1749 GLUSEGA(CLY)

1750 TUSEGLUSSCHIN

1734 AREAUSR0,0

17%2 NGLalD(L0,4)

179) IF (NBR,E5,0) 68 T 40

1754 #eID(L0,9)e1

1788 D0 30 Isi, N8R

1756 : KuKel

1797 LeKE(K)

1798 TUSsAMAX] (TUS, TOS(L))

1759 TUSeaMINL (ZUS, 20(L))

1760 JulndelLet

1704 AREAUSSAREAUSEGA ()

1762 30 CONTINUE :

1783 CoecoaDEFINE PIPE OIAMETER,D/S M/M,CATCHMENT AREA
1704 40 MGEMGel

1763 DIAMBGA(MGe1) .

1766 MKSMKe ]

1787 NDSeXE (MKel)

1768 NIGENUSel

1769 AREASAREAUS

1770 00 4f NIPaNIG,NDS

1774 Julo(L8,9)eNIFey

1772 41 AREABAREAIGAC))

1773 JulD(LN,8)¢NDSwy

1774 0187088GA ()

1778 DISTEDIITOSDISTUS

177 Comauaf IND MINIMUM GRADIENT CONSISTENT WITH MINTMUN VELSCITY
1777 CHINSPNA(NPLIPE,S)

1778 CALL VELOC (GHIN,DIAM,AK,V,B)

1779 IF (V,GT,VMIN) GO 10 44

1780 CALL FINDG(OIAM, VMIN,RK,GNIN)

1784 CraccceFIND REZOUIRED GRADIENY

1782 448 CALL GRADE (DIAM,GMINGRK,AP,DIST,AREA, TUS,SLOPE,Q,QMaX, VEL)
178) Cevovaol IND D/8 GROUND LEVEL

1704 {28 1eNGL

1788 00 30 leli,L2

1708 KsloNGL

178y 1P (GA(K),GT7,DI87D8s0,4) 5O 19 60

708 S50 CENTINUE

1709 60 TLD3ISGA(T) . . -
1790 L2s]

1794 2098GLDIeCMIN

1702 Gesosels MIN SLOPE SALUTION FEASIBLE?

1793 IF (2USeS8 UPECOIST GT,20800,001) GO TO 65

1794 1088 ZUSeSLEPEADIST

1798 TRIEL

179¢ 68 SL9PZe(2Us=2D08)/018Y

13444 CALL VELOC (SLAPE,DIAM,RK,VEL,OMAX)

1796 IF (VEL,LT.VMAY®0,0001) GO TO 68

1799 CALL FINDG (DIAM,VYMAX,RK,GMAX)

1800 2USaZDS+GMAXSDIST

16801 SLOPEBGMAYX

1802 CALL VELOC(SLOPE,DTAM, R, VEL,QMAN)

1803 68 TIMES(TUSDIST/VEL)Y/60,0

16804 CALL RAIN (RP,TIME,RD)

1608 OsAREASR]/3.OE8

- 270 =



1800 CoeaweCHECK GROUND COVER EN RQUTE

1807 70 LIsLlet
14808 Las 2=}

1809 GAREARD,O

1810 1F (L3.GT,L4) GO 19 90

1011 D2MAXS0,0

n2 D9 80 IsL3,L4

4013 XaleNGL

1814 80 DI%aXsAMAX] (ZUSeSLOPL (G4 (K)eDISTUSIAGATTIOCW]IN,DINAY)
1619 LUBeZUB=D INAY

1816 1032208eNZMAY

1832 CononolALCULATE ARZA 8F LONG SECTION ABQVE STRAIGHY LINE
1818 nysL{eNGL

1849 n2s 2eNGL

1020 GARZARSGA LN, Yo tOA{LIuCA(LR))e0,d

1821 - 03 100 JsL3,L¢

1022 KelaNGL :

1623 100 GAREABGAREAGA(K)#(GACI+1)eGA(Te1)) 00,5

1n34 GAREASGAREAGA(N2) e (BALLL)=GA(LE))20,9

1028 90 CALL SI2E0 (PDA,NPIPE,JPIPE,D]AM)

1826 CALL COSTIT (JPIPE=S,GARFA,GLUS-ZUS,GLDS~20S,N18T,C)
1827 CoSTaCAsTeC

1828 WRITE (6,1005) LO,0I8T,0TAN,8L0PE,TUS,208,6LU8,GLDS,AREA,GAREA,Q,
1829 1QNAX,VEL,C,CAST

1830 TUSaTUSIDIST/VEL

1631 2use 209

1832 GLuUsSaGLNY

l:su ;ngagsu:(: .

1034 JSTUSSDIgTD

1838 LisL2

1836 NUSsNDS

10y IFINDS LT NEND) GO T8 4O

1838 HGEMGa L

1839 MKSMKeS

1840 T08¢(LO)uTUS

1044 Z0(L0)s2VUs ’

1842 : 17 (LA LT, NORAN) GO Y0 10

1843 RETYRN

1844 1001 FORMAT (1MO,T6,F9,3,P7,3,P7 ,4,4F8,3,F0,0,F0,3,2F7,4,78,3,2F10,1)
ta4s §002 FORMATY (IMI//AX,114HARANCH LENGTH DTAM §L3PC U/S 8L 0/8 SL U/8
1846 { GL D/8 GL AREA GROUND A, FL@W CAPACITY VEL, cesr s
1847 FYTLY)

1048 END

END @F SEGMENT, LENGTH 503, NAME LEVELS

1849 BUNRBUTINE GRADE (DIAW,GMIN,RK, RS, DIST, AREL, TUS,SLEPE, 0, QFIILL,V)
1830 CoenugCALCULATES REQUIRED SLAPE OF A PIPE ACCOROING 19 RATIANAL ucvﬂoo
1831 L3GICAL NPLUS,MINUS

1852 Ks0

1083 NPLUSS, FALSE,

1834 MINUSS,FALSE,

1858 SLOPERGMIN

1856 8 CALL VELEC(SLOPE,DIAM,RXK,V,QPULL)

1057 TIMERTUSOISTIV

1858 CALL RAIN(AP,TINE/60,0,R1)

1859 GeAREA*R?/3,8ED .

1860 IF (Q,LT,0FULL,AND,K,E0,0) RETURN

1864 SLOPESFFF(Q,DIAM,RX)

1062 KsKel

1063 IF (K, LE,2) GO 10 &

1064 10 CALL VELOC(SLIPE,DIAM,RK,V,QPULL)

1868 TIMERTUSEDIST/Y

1866 CALL RAIN (RP,TIME/60,0,R])

1867 OsAREA+R]/ S, 6E6

1ess 1P (AB3CCAeQFULLY/ZQPULL) (LT,0,001) RETURN
1869 IF (9e0QFULL) 30,20,20

1870 20 1P (MINUS) RETURN

1874 SLOPEaSLBPE] 00

1872 NPLUBN, TRUE,

1873 ¢a 10 10

1874 30 [F (NPLUS) RETURN

1873 SLOPESSLAPE,999

1876 MINYSE, TRUE,

1877 ca 10 10

1870 END

END BF SEGMENT, LENGTH 1760, NANE  QRADE
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1879 FUNCTION FFF(D,0144,RK)

1880 'ff-O.OQGQStOQGIDXdﬂnas.(nglaao(lﬂls.IIOIOSOA.QQQnggfnqg.,4
1884 il.IOIIOO)-to.OO))aq(.zg

1882 RETUAN

1883 XD

END 8F SEGMENT, LENGTH Sle NANE FPFP

1984 SUBROUTINE FINODG(DIAN,VV,RN,SLEPE)
1489 LBGICAL NPLUS,MINUS

1886 030,7834901ANODTANMYY

1887 SLAPESFFP(Q,DLAM,RK)

1888 NPLUSs, FALSE,

1089 MINUSE,FA|SE,

1890 10 CALL VELOC (SLOPE,DIAM,AX,V,N)
1091 1P (ABS(VVeV),LT,,001) RETURN
1892 IF (vvev) 20,20,30

1893 20 IF (NPLUS) RETURN

1804 SLOPEas 0PL0,900

1899 MINySe, TRUE,

1896 60 10 10

18927 30 17 (MINUS) RETURN

1698 SLOPEsS OPEw! 00}

1899 NPLUSSB, TRUE,

1900 63 ™9 10

1901 END

END OF SEGMENT, LENGTN 80, NAME FINDG
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