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ABSTRACT

A systematic method is developed to determine the optimal pipe sizes for
an irrigation pipe distribution system for the minimum total cost. A
series of computer programs, based on dynamic and linear programming
formulations, are used to produce the desired solution in a final report
format. Two example problems are included to show the applications of

the proposed algorithm.
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INTRODUCTION

The purpose of this thesis is to develop a systematic method of deter-
mining the optimal pipe sizes in a pipe distribution system for irriga-
tion projects. Although this thesis will only deal with pipe networks
for irrigation systems, the same principles could be modified for any

pipe network designed to transport fluids.

There are basically two types of irrigation systems, pump and gravity. In
a pump system, the total cost of pipe and the total cost of pumping must
be minimized simultaneously to obtain the lowest combined total cost. In
a gravity system, the beginning elevation of the water at the source is

known, and the only objective is to minimize the total cost of pipe.

The two problems are similar in many aspects. For both types of systems,
the geometric layout and the lengths of the pipe are known. Also, the
hydraulic properties and costs of all the pipes to be considered are known
or can ve determined for each system. The purpose of a pipe distribution
system for irrigation projects is to deliver to the farmer his desired
flow of water at a required pressure. This point of delivery to the
farmer will be referred to as a '"delivery' in this thesis. For each
system type, the required flow and pressure is known for each delivery.
The only additional information needed for a pump system is the cost of

power. for pumping.

There have been several papers that have dealt with the problem of deter-

mining the economical pipe sizes for a pipe network. One of the earlier
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articles was by Camp (1) who developed a mathematical relationship that
expressed the total cost of the pipe distribution system as a function of
pipe size. Camp did not present a practical method that would find the
pipe sizes which would make this total cost a minimum for a practical or
"'real world" problem. For many years the design procedure for pipeline
distribution systems was based on a trial and error method. For a given
network, various combinations of pipe sizes were arrived at on the basis
of personal judgment and the corresponding costs were computed. Then the
total cost of the network was determined for each of the different com-
binations of.pipe sizes, and the lowest cost system was selected. This
approach was very time consuming, and most engineering organizations did
not have a sufficient number of designers to thoroughly investigate the
numerous combinations of pipe sizes. Often the time constraint on com-
pleting a job was such that only a few trials could be made. Obviously,

there was always the probability that a more economical design existed.

A paper by Mandry (2) was published in 1967, and it described a practical
procedure for solving the formulation proposed by Camp. Mandry presented
a straight-forward approach for obtaining the solution for the problem,
but his procedure was very tedious to use on a large distribution

system.

Charles A. Calhoun (3) and Leo A. Kinney, Jr., worked for Mandry in the
Canals and Pipelines Section of the Bureau of Reclamation until Mandry's
death in 1966. Soon thereafter, Calhoun and Kinney developed computer
programs to implement Mandry's method. These computer programs were

limited to accommodate a single pipeline without any branches. However,



T-1762 3

by making several computer runs, the minimum total cost could be obtained

for a network with multiple branches.

The advent of the computer and operations research methods opened new doors
for the designer of pipeline distribution systems. In 1968, Karmeli,
Gadish, and Meyers (4) published an article on ihe formulation of the
problem using linear programming and another article on solving the
problem using dynamic programming. Calhoun's paper in 1970 presented a
more detailed explanation of the linear programming formulation. Kally (6)
and Liang (7) also had papers published describing dynamic programming
formulations. Richard A. Simonds (8) and Kinney wrote a paper in 1972
which described the application of operations research techniques to opti-

mize a pipe distribution system.

The two operations research methods mentioned earlier have been success-
fully used in the design of a pipe distribution system, but there were
disadvantages in using them. Kinney developed a computer program using
the dynamic programming philosophy to analyze an entire network in one
run, but the output generated by this program was not in a final, usable
format. Hillier and Lieberman (9) presented the following basic features

which characterize a dynamic programming problem:

1. The problem can be divided into stages, with a policy decision

required at each stage.

2. Fach stage has a number of states associated with it.
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3. The effect of the policy decision at each stage is to transform

the current state into a state associated with the next stage.

4. Given the current state, an optimal policy for the remaining

‘stages is independent of the policy adopted in previous stages.

5. The solution procedure begins by finding the optimal policy

for each state of the last stage.

6. A recursive relationship is available which identifies the
optimal policy for each state with n stages remaining, given the

optimal policy for each state with (n-1) stages remaining,

7. Using this recursive relationship, the solution procedure moves
backward stage by stage each time finding the optimal policy for
each state of that stage wuntil it finds the optimal policy when

starting at the initial stage.

The computer program generates one pipe diameter for each reach of pipe,
which 1is the distance between deliveries. This was undesirable since
on some reaches of pipe there would be excess pressure. What diameter
and length of a smaller pipe size would eliminate this extra pressure?
The designer knew the unknown length had to be a portion of the original
length between deliveries, and in most situations the unknown pipe dia-
meter would be the next smaller pipe size. Although these facts were
beneficial in solving for the location that the pipe should change from

one pipe diameter to the smaller pipe diameter, there would be numerous
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computations for a large distribution system. The location of these pipe

diameter changes are commonly known as taper locations or taper stations.

The results of the linear programming packages produced the taper loca-
tions, but additional problems arose. The linear programming formulation
will be presented later in this thesis, and it will be shown that a group
or series of pipe choices must be given for each reach of pipe. One
method that is presently used in the preparation of data for a linear
programming solution is to select for each reach one pipe size based on

a velocity, say 5 feet per second. Using this pipe size as a base, the

two next smaller and two next larger pipe diameters are selected, which
would result in five different pipe sizes considered for each reach. The
hydraulic properties of these pipe diameters are required for the constraint
equations which will be formulated later in this thesis. The cost per foot
of these pipes will be in the objective function which will also be later
formulated. When the coefficients and right-hand sides of the objective
function and constraint equations and inequalities are properly entered

as input for a linear programming ccmputer program, an optimal solution

will be obtained.

This solution is only optimal with respect to the five pipe choices per
reach which were under consideration without rigorous economical justifica-
tion. If the five pipe diameters had been selected by some economical method,

then the linear programming solution would be optimal in a broader sense.

Another problem associated with using most linear programming computer

programs is that the results generated are in tableau formats which are
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cumbersome to use. The costs and'hydraulic properties of the five pipe

choices per reach are discrete parameters and are entered into the objec-
tive function and constraint equations as mentioned earlier. Therefore,
the results in the final tableau have to be manually associated with the

proper pipe diameter, which is a very tedious task for a large network.

A procedure will be shown in this thesis that uses the dynamic programming
philosophy in conjunction with linear programming to produce computer out-
put in report form that will not require any further adjustments before it
is used. First will be presented the dynamic programming formulation for
a pipe distribution system. Then, example problems will be solved using
the dynamic programming computer program named LAKMLP. This is a program
that was developed to solve a pipe distribution system using dynamic pro-
gramming, and at the same time, automatically generate the input file for
a linear programming package. Then will be developed the linear program-
ming formulation for the same example problems. Next, a linear program-
ming package will be used to generate a computer file that will be later

required to develop the final report.

The flow diagram on page 7 indicates the input files, programs, and out-
put files that will be used in this thesis. Program LAKMLP requires two
input files: a pipe system file and a pipe cost file. The pipe system
file contains general information about the pipe distribution system,

such as the geometric layout and hydraulic requirements of the network.
The cost per foot of the pipes are in the pipe cost file. Since the
amount of water required for deliveries varies depending on the geographic

location, a variable subroutine, SUBSAC, is needed to compute the flow or
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cubic feet per second in the network. Program LAKMLP generates. two output
files which are named ANS and LP1l. ANS contains information about the
pipe system that is used at a later stage to generate the final report.
The other output file, LP1, is the input file for the linear programming
package APEX, which is available on the CDC 6400/6600 computer model

CYBER 74-28. The file LP1 consists of the coefficients and the right-hand
side of the objective function and the coefficients and the right-hand
sides of the constraint equations and inequalities in an acceptable format

for APEX.

The standard output from APEX is in tableau form and will not be used in
this thesis. An individual familiar with linear programming could use
the final tableau to perform a sensitivity analysis, but most designers
who need to use this are not familiar with linear programming. Although
it is usually advisable to perform a sensitivity analysis to determine
the effect on the optimal solution if certain parameters take on other
possible values, this will not be discussed in this thesis. An optional
binary file, LPANS, is also generated by APEX. The program LPFTN was
written to read this binary file and to créeate the fortran file FTANS.
The pipe system file, ANS, and the file FTANS are input files for the
computer program LEOANS. The program LEOANS is used to generate the
final report. This procedure has been used sucessfully to solve a net-
work that consisted of 325 reaches which produced an initial tableau with

976 rows and 1,951 columns for the linear programming model.
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GRAVITY PROBLEM

The objective for a gravity pipe distribution system is to minimize only
the total cost of pipe. Camp recognized that there is only one sequence
of pipe diameters satisfying the length and hydraulic constraints that

will yield the minimum total pipe cost.

Problem Description
Consider the pipe system and associated data as shown in figure 1.

In most gravity systems, the source of water is a canal with a known water
surface elevation, such as Elevation 1100. Each point of delivery is
indicated by an arrow in the figure. At each delivery, the number of
acres to be irrigated and the required hydraulic elevation are known.
The distances between the delivery points and/or sublaterals are also

indicated.

Generally, the lines or laterals of a pipe distribution system are given
names to facilitate the bookkeeping. The longest line is considered to
be the main line, and in figure 1 was arbitrarily named Main. The lines
that branch off of the main line are known as subs, and have also been
named. If a line comes off of a sub, the name of this line implies this

as SUB 1-A.
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Dynamic Programming Formulation

Mandry developed a procedure to express the total cost of a pipe distribu-
tion system as a function of pipe size using Scobey's formula. The follow-
ing formulation would have to be slightly modified if one of the other
well-known pipe formulas was used in computing hydraulics for a pipe

distribution system.

Scobey's pipe formula is:

2.625 HO.‘S

Q=3.72C D 1)

where Q is flow in cubic feet per second; Cs is coefficient of friction;
D is diameter of pipe in feet; and H is head loss in.feet per 1,000 feet

of pipe. This formula can be rewritten as:
.19
) .
K L
o (rE2)

in which K is 1/(13,840 Csz); L is length of pipe reach; and h is the
friction loss in the pipe reach. Mandry showed that the pipe costs can

be expressed as:
C=yD (3)
where C is installed cost in dollars per foot of pipe length; y is

cost in dollars of 1 linear foot of 12-inch-diameter pipe; and x is the

slope of the cost curve. The cost curve can be obtained by plotting the
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cost per foot of pipe versus pipe diameter on log-log graph paper, and
then values of x and y can be obtained as shown by Mandry. A least squares

fit analysis could also be used to obtain the x and y values.
The total cost for the main line in figure 1 can be expressed as:

C = €Ly + Cyly + Cly + C L, (4)

where the subscripts refer to the number of the pipe reach starting from
the source. If y Dix is substituted for Ci’ i=1, 2, 3, 4; the following

expression is obtained:

C=y D1 L1 +y D2 L2 +y DS' L3 +y D4 L4 (5

9 .19
K Q, Li
Substituting ( 1 > for Di-’ i= 1, 2, 3, 4 results in:
\ h '

i

C=Y E?%;E; Ll +Y <:KQizL2 L, +-Y_<:E§%§Eé> p3 +Y <'§§%§fg

The cost of any two adjoining pipes in the network can be minimized by

«19X «19X «19X «19X

equating to zero the first derivative of Ci’ cost per unit length, with

respect -to hi’ friction loss per unit length, in either pipe reach.

For the first two reaches, the first derivative with respect to h1 is:

d (c, + C))

=0 (6)
d h1
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Mandry noted that d h, = -d h2 and, therefore, the minimum cost for the

1
first two pipe reaches is:

and the minimum cost for the main line ‘is:

d C1 d C2 d C3

d C4

d h1 d h2 d h3

where:

ah,

dCl 195K 19X Q1.38)&11 + 419X
dh, ~ n 1+ .19X
ac,  .19xK .19X Q2..38}{]:2'1 + 19X
dh, B 1+ .19X
hy
:123_ _.19xK 19X a5 38 I 1+ ,19X
== =
p)
1+ .,19X
by
f_’f‘i 19k .19X a .38x 1, 1 + ,19X
an
j,
1+ .19X

n,

(7)

(8)

(9

(10)

(11)

(12)

13
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Let S = %, or
Li 1l + 19X 1
= e——— (13)
" 1 + 19X 5 1l + ,19X
i i

By substituting expressions, collecting terms, and simplifying,

equation (8) becomes:

3 .38 .38 .38
Ql 8x Qz X Q X X

. - . - (14)
511 +.10x S.'+ .19x st .1ox s+ .1ox

Now, each of the slopes in equation (14) can be expressed as a function

of Sl'
1
Q2°38X> T+ .10%
5= (2 5 as
Q ~
38x 1
) 17 .10% a6
%“(Q.%X> 51
1
1
S8\ TR
S, = < S, 17)

As Mandry noted, this information is interesting but useless in its present
form. He was able to develop a series of equations for each reach of pipe.
If the source of water is point zero, and the end of reach 1 is point 1,

then the allowable friction loss from point zero to point one is the
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difference in §;¢vg§jgps.9f the two points. Let ho,1 be this allowable

Prabaiaugioai bdl- Sl g8

the elevation at the seurece, similar h's can be obtained. Using the same
method of subscripts for the L's and Q's, the following expressions can

be obtained:

Reach 1: ho,1

. ) 08X
Reach 2: ‘ Q WLl 2
L,1* (Ql,’c‘ )1 T R A

k|

Reach 3: 8 3 155 Qe. 58X
()T e (5

] Q,1 Q0,1 53
‘ho,ﬁ
Reach 4: S =- , FE——
L S S .38% NI
LO,;L + < _Q_;(___Z_Q_ + 019X 11;2--'+< 'Q'J}' ﬁ: 19X 112,3 <Q3 LY+ .10% 13 .
0,1 © 0,1 0,1 >

Similar equations can be developed for the reaches on the sublaterals.
Now the problem is to evaluate these equations, each of which will yield
a different value for S. The reach with the minimum slope, S*, is the
economic control for all the pipe reaches upstream of that reach. The
sleopes of all the reaches down to the reach which had the minimum slope
€an now be determined by multiplying the minimum slope by the ratios of
Q's. For example, if the minimum slope had been found in reach 3, then

the following economical slopes can be found by:
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-38X

AR s R
s, = L2 s
2 Q.1

Q .38X
s - 2,3) I+ 19X *
3 Q. ,

0,1

These economical slopes require nonstandard pipe diameters, and standard
pipe diameters with slopes nearly matching these economical slopes must
now be found. This completes the first stage of the dynamic programming
problem. The source is now moved to the end of the reach that had the
minimum slope. Then this procedure is repeated until the minimum slope

is on the last reach of pipe. Thus the stages of the dynamic programming
problem are not predetermined, but depend on the location of the minimum
slope. The point at the end of this minimum slope is referred to as a
control point. For a simple pipe system, with no sublaterals and only

one control point at the end of the last reach, only one sequence of analysis
is required. A large distribution system with many control points requires
that this procedure be repeated as many times as the number of control

points.

Problem Solution

The computer program LAKMLP was used to solve the problem described in

figure 1. The appendix contains the listing of this program which was
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written to solve a pipe distribution system using dynamic programming.

The pipe prices and subroutine SACQ are also in the appendix.

The pipe prices are the total installed cost of the pipe. Included in this
cost are excavation of pipe trench, furnishing and laying the pipe, and
backfilling the trench. These costs vary with time and geographic loca-
tion. Obtaining accurate pipe prices for a new pipe project might be the
most difficult data to collect. Manufacturers of pipe are reluctant in
giving out prices since they will be bidding for the pipe on the new
project. However, the cost of pipe recently installed in the same

vicinity gives an indication of what the pipe costs might be.

Subroutine SACQ was used to determine the flow for the pipe distribution
system in figure 1. This is a variable subroutine and has to be modified
for each new project, because water requirements for projects vary with
types of crops and geographic location. The flow for the pipe distribu-
tion system in figure 1 is 6.1 gallons per minute per acre which is con-

verted to cubic feet per second per acre in SACQ.

The pipe system file, DATAl, is in the appendix, and it contains informa-
tion which describes the pipe system in figure 1. The first two lines
contain the elevation at the source, pipe cost factors, x and y, and
other miscellaneous information. The name of the main lateral is on the
next line, and then there are five columns of numbers. The first column
indicates if the lateral is the main or one of the subs. The next column
is the station at which a reach of pipe begins. Stations are used in

this file instead of lengths because surveyors stake pipe distribution
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systems using the concept of stations. In the sixth column there is a
number, -250., which denotes the value of an equation. An equation is
often used by surveyors to join two lines together. The concepts of sta-
tions and equations are mentioned only to point out that the usual method
of describing reaches of pipe does not have to be modified for the input
file, DATAl. The third column denotes the number of acres to be irri-
gated, and the required elevations are in column four. The fifth column
contains the natural ground elevations at each delivery and at each point

that a sub begins.

The solution to this dynamic programming problem is in the appendix and
has each lateral on a separate page. The name of the lateral is at the
top of the page, and the pipe class design elevation is also indicated.
This is the maximum pressure elevation that will occur on the pipes in
the different reaches. This pressure is used in the design of the pipe
and is called head class, which is denoted by HC in the last column.
STATION and Q have been defined earlier. The hydraulic grade line is HGL
and DIA is the pipe diameter in inches. V is the velocity and HV is the
velocity head. The SLOPE, S, has been defined earlier, and LOSS was
defined as h or the friction loss. AC is acres, and SAC is the summation
of acres. The flow for each delivery is DQ, and the size of the delivery
in inches is DEL. HGR is the required elevation, and NGS is the natural
ground surface elevation. The value of the equation is denoted by EQ on

lateral SUB2.

It should be noted at this point that the HGL is always greater than the

required elevation, HGR. The dynamic programming formulation presented
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earlier does not have the capability of determining more than one pipe
size per reach. Linear programming does have this capability, and its

formulation will be presented next.

Linear Programming Formulation

Using the format of Hillier and Lieberman, a linear programming problem is

one which can be expressed as: minimize (or maximize) a linear function

Z=C X +C, X+ +C X,

subject to the constraints,

Xt Xt M TR G ]
3y Xy *ay X an X, &= 2 b,
aml x1 * amZ XZ * * am *n & =2 bm
and
X, 20, X, 20, X 20
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The objective function for a pipe distribution system should always be
minimized, since the objective is to minimize. the total cost for the
system. For given sizes and types of pipe, the costs per foot of pipe
(Cl’ CZ’ Vens Cn)'a:e known. The problem is to find the unknown lengths
(Xl,'XZ, Veas Xn) of the various sizes of pipe which will minimize the
objective function subject to the constraint equations and inequalities.
For a pipe distribution system, there are three types of constraints. The
length constraint requires that the summation of unknown lengths of vari-
ous sizes of pipe equal the length of the reach under consideration. The
hydraulic constraints are expressions relating the friction slopes and
lengths of a pipe system to the allowable friction losses in the reaches.
The third type of constraint requires that the values of the unknown
lengths (Xl, Xz,'.,,, Xn) be greater than or equai to zero. There are
five variables and one each of the three types of constraints associated

with each reach of pipe.

In the linear programming formulation for a pipe distribution system, a
problem arises as to the proper choice of pipe diameters for each reach

of pipe. The lihear programming computer program will produce an optimal
solution with respect to the pipe diameters and costs that are considered.
The importance of obtaining accurate pipe costs has already been discussed
in the dynamic prdgrammiﬁg formulation and is equally important in the
linear programming formulation. To obtain the minimum total cost for a
pipe distribution system, the choice of pipe sizes should be based on some
type of economical analysis. The dynamic programming computer program
presented earlier has already optimally selected one pipe diameter for each

reach of pipe. To insure that the linear programming computer program
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selects the optimal pipe diameters for each reach, five pipe diameters
should be considered for each reach. Therefore, the pipe choices for each
reach should consist of the pipe diameter selected by the dynamic program-
ming computer program, the next two smaller pipe diameters, and the next
two larger pipe diameters. It should be noted, that on most pipe distribu-
tion systems, there is a minimum pipe diameter that is allowed for any
reach. The reasons for this limitation are varied, and will not be dis-
cussed in this thesis. This size limitation means that, for some reaches,
the five pipe choices will be the smallest allowable five pipe diameters.
For the distribution system shown in figure 1, the smallest allowable

pipe diameter is a 6-inch-diameter pipe.

Using the data that are on figure 1 and the information that was generated

by the program LAKMLP, the following two tables can be obtained:

TABLE |

DATA FOR PIPE SYSTEM IN FIGURE |

REACH | LENGTH FLgﬁé,éN ELEVATION
NO OF REACH | rgET Per | REQUIRED, IN

IN FEET SECOND FEET
i 1500. 7.68 1090.
2 1400. 6.19 1080.
3 1350. 2.45 1071.
4 1600. .36 1060.
5 400. 2.72 1079.
6 600. 1.22 1085.
7 600. 1.50 1082.
8 800. 1.09 1075.
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TABLE 2
POSSIBLE PIPE CHOICES

22

1 gyowsny | PIPE FRICTION SLOPE | cosT. IN DOLLARS
REACH | yaR|ABLE | DIAMETER IN FEET PER | 'PER LINEAR FOOT
IN INCHES FOOT '
X 27 .000u43 19.10
X2 24 .000823 6. 38
| X3 2| .001907 13.70
X4 18 .004285 10.45
X5 I5 011158 8.3l
Xg 24 .000533 l6.38
X, 2| .001237 13.70
2 Xg 18 .002779 10. 45
Xo 15 . 007237 8.3!
Xio 12 .023351 6.77
X1 15 .001133 8.3l
X2 12 .003655 6.77
3 X3 10 009518 5.73
Xia 8 .030712 4. 65
Xis 6 . 139071 3.65
Xie i15 .000350 8.31
Xi7 12 .001128 6.77
4 Xig 10 .002938 5.73
Xio 8 .009479 4. 65
X20 6 .042923 3.65
X, I8 000537 10.45
X2 I .001398 8.31
‘5 X23 12 .004512 6.77
Xos 10 .011750 5.73
Xos 8 .037916 4. 65
Xe 5 .000283 8.3l
X7 12 . 0009 | 4 6.77
6 X28 i0 .002379 5.73
Xa0 8 .007678 4. 65
Xso 6 .034768 3.65
X, I .000423 8.3l
X32 12 .001365 6.77
7 X33 10 .003554 5.73
X34 8 .011470 4.65
X35 6 .051937 3.65
Xs6 15 .000224 8.3l
X7 12 .000722 6.77
8 Xsg 10 .001880 5.73
X3 8 .006067 4.65
Xa0 6 027471 3.65
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The objective function
be generated using the
tion would be:

Z + 16.38 X

19.10 X,

16.38 X 13.70 X

+

8.31 X

11 + 6.77 X1

8.31 X16

+

6.77 X1

10.45 X,, + 8.31 X

21

8.31 X

26 + 6.77 X2

-8.31 X

31 + 6.77 X3

8.31 X

36 + 6.77 X3

The length constraints would be:

+X2+X

+ X, +

X

2

2

7

2

7

2

7

+ 13.70 X

+

+

2

+

+

+

15

10.45

5.73 X

5.73 X

5.73 X

5.73 X

5.73 X

3

X

13

18

+ 6.77 X2

28

33

38

information in TABLES 1 and 2.

+

+

+

+ 4.65 X

+

+

+ 5.73 x2

10.45 X

4+ 831

8.31 Xg

4.65 X14

4.65 X

19 + 3.65

4

29 ¥ 3.65

4.65 X, + 3.65

34

4.65 X, + 3.65

39

fl

+ 3.65 X

+ 4.65 X

23

and constraint equations and inequalities can now

The objective func-

X5 +

+ 6.77 X,, *

10

+

15

X +

20

+

25

1,500.

1,400.

1, 350.



T-1762 24

Xjg * Xpp * Xpg * X9+ Xoq = 1,600.
Xo1 * Xgp * Xpg Xy + Xy = 400
Xpe * X7 * Xag * Xpg * X3 = 600.
Xg1 * Xgp ¥ Xz * Kgy ¥ Xgg = 600.
X3 * X37 * Xgg + X59 * Xy, = 800.
The first hydraulic constraint would be:
1100.  .000443 X,  .000823 X,  .001907 X, - .004285 X,  .011158 X. > 1,090.

This constraint may be written as:

.000443 X1 + ,00823 X2 + .,001907 X3 + ,004285 X4 + .01158 XS < 10.

Similarily, the other hydraulic constraints are as follows:

to the second reach

.000443 X1 + ,000823 X2 + .001907 X3 + .004285 X4 + ,011158 XS +

.000533 X, + ,001237 X_ + ,002779 X, + .007237 Xg + ,023351 X, < 20.

6 7 8 10
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to the third reach

.000443 Xl + .000823 X

2
.000533 X6 + .001237')(7
.001133 xll + ,003655 X

to the fourth reach

.000433 Xl + ,000823 X2

+

+

12

+

.001907'X3 +

002779 X, +

+

8

009518 X

13

. 001907 X, +

3

.000533 X_ + .001237 X_ + .002779 X_ +

6 7 8
.001133 X11 + ,003655 Xl2 + .009518 X13
.000350 X16 + ,001128 X17 + ,002938 X18
to the fifth reach
.000433 X1 + .000823 X2 + ,001907 X3 +
.000533 X6 + ,001237 X7 + ,002779 X8 +
.000537 Xz1 + ,001398 X22 + ,004512 X23

to the sixth reach
.000433 X1 +

.000533 X6 +

.001237 X7 + ,002779 X

8

.000823 X2 + ,001907 X3 +

+

.004285 X

25

4 * 011158 X +
.007237 X + .023351 X, +
+.030712 X, + 139071 X . < 29.
.004285 X, + .011158 X +
.007237 Xy + .023351 X, +
+.030712 X , + 139071 X . +
+ .009479 X g + .042923 X, < 40.
.004285 X, + .011158 X +
.007237 Xg + .023351 X;, +
+ 011750 X,, + .037916 X, < 2I.
.004285 X, + .011158 X_ +
.007237 X, + .023351 X o +
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.00537 X21 + .001398 X22 + ,004512 X23 + .011750 X24 + .037916 X25 +

.000283 X, + .000914 X__ + .002379 X, + .007678 X

26 27 28 29 * -034768 X4

0

to the seventh reach
-000433 X, + ,000823 X, + 001507 X3 + .004285 x4 + .011158 X5 +

.000533 X6 + ,001237 X7 + ,002779 X8 + ,007237 Xg + .023351 X10 +

.000537 X, + .001398 X__ + .004512 X__ + .011750 X,, + .037916 X2

21 22 23 24 5

.000423 X31 + ,001365 st + .003554 X33 + .011470 X34 + .051937 X3

to the eighth reach
.000433 X1_+ 000823 X2 + ,001907 x3 + .004285 X4 + .011158 X5 +

.000533 X6 + .001237 X7 + .002779 X8 + .007237 Xg + .023351 X10 +

.001133 X,, + ,003655 X, + .009518 X, . + .030712 X. 6 + .139071 X

11 12 13 14 15

.000224 X36 + ,000722 X,, + .001880 X_,_, + .006067 X, , + .027471 X

26

< 13.5.

+

< 15.

5 —

+

< 23.5.

37 38 39 40 —

The hydraulic constraints that contain the reaches in the subs have

1.5 feet subtracted from the right-hand sides. This is to compensate for

the tee loss and valve loss that is at the beginning of the sub. Most

subs are connected to the main lateral or another sub by means of a
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tee. A hydraulic loss occurs when the water changes direction to go tc
the sub. Since the pipe sizes are unknown, the tee loss and valve loss
cannot be compﬁted at this time, but are estimated to be 1.5 feet.
Experience shows this to be an adequate.approximation»for_this type
problem. Also, the unknown variables X, 1 = 1 to 40, must be greater

than or equal to zero.

Problem Solution

Formulating the objective function and the constraint equations and
inequalities for the eight reaches of the pipe distribution system in
figure 1 might be considered a fairly easy task, but the formulation of

a large distribution system with hundreds of reaches would be very cumber-
some. After the dynamic programming solution for a pipe distribution is
obtained, program LAKMLP generates the linear programming formulation for
the problem and creates a data file, LPl. This data file is the input
file for the linear programming routine APEX, which is available on the
Control Data Corporation 6400/6600 computer, model. CYBER 74-28. Most.of.
the computer manufacturers have linear programming routines available as
software accessories to their computers. Since APEX was readily acces-

sible, it was used in solving this linear programming problem.

The APEX routine has a number of optional forms in which the output may
appear. The form of output that was selected is a binary file, LPANS,
with the answers printed in a format that can be easily read by another
computer program. The program LPFTIN, which is listed in the appendix,

was written to read this binary file and create another file, FTANS.
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FTANS contains the value of the objective function and the values of each
of the unknown variables. At the time the program LAKMLP executed, it
created a file, ANS, which contains the geometric' layout and properties

of the pipe distribution system in figure 1.

Program LEOANS also appears in the appendix and was written to read the
two files FTANS and ANS, and then generate output in a final report

format.

This final report is in the appendix and in many ways is similar to the
output that was generated by the dynamic programming solution. However,
there are some differences such as the additional two stations 3671.11

and 5665.00 on the Main lateral. These are known as taper stations, since
two pipe diameters were chosen for a single reach between the two original

stations.

On each lateral there is at least one HGL that is equal the corresponding
HGR at the same station. These occurrences have been underlined to empha-
size that these two are equal. At the beginning of each sub, the loss

for the velocity head, tee loss, and valve loss have been subtracted.

These final report sheets are as the name implies, and require no further
manipulation except for some special cases. The adjustments for any
special problem that arises could be manually accomplished with very

little effort.
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The total cost of pipe for the pipe distribution system shown in figure 1
is the last printed line on the sheet titled SUB2. This total cost was
obtained from the linear programming solution, and is the value of the

objective function.
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PUMP PROBLEM

The total cost of pipe and the cost of pumping must be minimized simul-
taneously to obtain the minimum total cost of a pumped pipe distribution
system. In other words, the pump problem is the same as the gravity

problem with the addition of a term describing the total pump cost.

Problem Description

Consider the pipe system and associated data as shown in figure 2. The
pump pipe distribution system resembles the gravity system with the excep-
tion of the pumping plant and tank. The pumping plant is required to pump
water into the tank at sufficient elevation to serve all of the deliveries.
Now the problem is to solve for this elevation and at the same time mini-

mize the cost of pumping and the total cost of pipe.

Dynamic Programming Formulation

Mandry developed an expression that relates the cost of pumping and the
cost of pipe to the pipe diameter. He took the partial derivative of the

present worth to find the economical pipe diameter, as follows:

2

W=aNVveQ__ +yp* (18)
n DS.ZS
where: W = present worth
a, = present worth factor based on some number of years at a

specified interest rate
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N = number of kilowatt-hours of energy necessary to lift

1 cubic foot per second 1 foot

¥ = equivalent number of peak periods per year

¢ = cost of power in mills per kilowatt-hour

K = 1/(13,840052) based on Scobey's formula

Q = total flow in cubic feet per second that is to be pumped
q = flow in a particular reach

x = slope of the pipe cost curve

y = cost of 1 linear foot of 12-inch-diameter pipe

D = pipe diameter in feet

For any particular pipe distribution system, C = anN ¥ ¢ Q qu is a

constant.
Then,
W=CD ™" + yD (19)

Taking the partial derivative of present worth, W, with respect to D

results in:

'gl;- = -5.25 C D-6'2S + X yDX-1 (20)
Setting %%- = 0, for minimum present worth yields
5.25 ¢ D% % o x yp*! (21)
x+5.25
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and

1
X + 5.25

D (economical) = <5)'(23 c > (22)

Beveridge and Schechter (10) presented another method, geometric program-

ming, to obtain this relationship.

Min W(D) = C D" °°%° 4+ y D¥ (23)

(D) -5.2568, +x6, =0

-5.25 (1 - 6,) +x68,=0

~5.25 + 5.25 6, +x 6, =0

2 2 o
Awéqsr
Q:S;V,
§59
§. (5.25 4 X) = 5.25 &5/
2 , Ty Q
0 O
F?OQ;-
553
§ = _5:25 Ny
= 249 JogHs
27 5.25 + x &0
S5
x Q]
’TQOS
_ 5.25 P O G
6, =1 = O
1 5.25 + x 5.25 + x
This predual at optimality is:
C D—5.25 ) y p*
X 5.25 (24)
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DX+ 5.25 = 5.25 C
XYy
1
X + 5.25
D (economical) = <Sx—2§—c-> (25)

This expression for the economical pipe diameter is the same as obtained

earlier in equation (22).
The geometric programming solution was presented at this time to provide
some additional valuable information. For the pipe distribution system

in figure 2, say that x = 1.53.

Then,

_ o x -
"t Tx - %
o 5.25
62 T 5.25 + x 77

5.25

This means that the term C D~ , the cost of pumping, should be 23 per-
cent of the total cost, and the term y Dx, the cost of pipe, should be
77 percent of the total cost of the pipe distribution system. These
‘percentages are for an optimal design for a pumped pipe distribution

system, and comparisons of the actual cost for pumping and pipe should

be made after the project has been constructed.

Now, to determine the unknown water surface in the tank, the formula for

the economical pipe must be used in a systematic manner. For each of
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the reaches, the pipe diameter can be determined by the formula that

was derived earlier, since for a specific project, the formula

1
X + 5.25

D (economical) = <—5T2_5)7£ >

has only the pipe diameter. unknown.

First the pipe diameter in the last reach of the main is computed. Then
the friction loss is calculated for this reach using Scobey's formula.
Next, the hydraulic grade line for the beginning of the reach is obtained
by adding the friction loss to the elevation required at the end of the
reach. This procedure is repeated until a junction point is reached where
a sublateral joins the main line. Then the same procedure that was used
on the main to obtain the hydraulic grade line at this junction should be
applied to the sublateral. Next, the hydraulic grade line computed on
the sub is compared to the hydraulic grade line on the main. The larger
of these two hydraulic grade lines is then selected at the next starting
point and the process continues until the tank is reached. At that point,
the last hydraulic grade line found is the required water surface in the

tank.

This method proposed by Mandry, proceeds through a pipe network until the
tank water surface has been obtained, but in doing so, has not economi-

cally sized the pipe on the reaches that had the smaller hydraulic grade
lines. But after the water surface in the tank has been established, the

pump problem becomes a gravity problem with a known water surface equal
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to the water surface elevation in the tank. Then the gravity formulation
for dynamic programming presented earlier in this thesis can be applied

to the problem.

Problem Solution

The pumped pipe distribution problem in figure 2 was solved using the com-
puter program LAKMLP. In Mandry's paper, the determination of the vari-
ous pumping cost factors was presented and will not be reproduced in this
thesis. The following values were used to obtain the solution for the

example problem in figure 2:

x = 1.53 ¥ = 2.3675
y =7.1 ¢ = 0.006
N = 45.0 a = 30.525.

The data file, DATA2, for the pumped pipe problem is in the appendix.

The pumped problem solution also appears in the appendix and is very
similar in appearance to the solution for the gravity problem. The major
difference is the tank water surface El. 231 which is printed near the
top of the main line page. The remaining headings and symbols have the

same meanings as for the gravity problem.
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Linear Programming Formulation

Once the tank water surface elevation is known for a pumped pipe distribu-
tion system, determining the pipe sizes to obtain the minimum total pipe
cost becomes a gravity problem. Since the linear programming formulation
for a gravity problem has been presented earlier in this thesis, it will

not be repeated.

Problem Solution

Program LAKMLP was used to determine the tank water surface elevation 231.00
for the pumped pipe distribution system in figure 2. As was done earlier
for the gravity problem, program LAKMLP generated the input file for the
linear programming package APEX. The binary file created by APEX was read
by the program LPFTN, which produced the file FTANS. The file ANS created
earlier by LAKMLP and the file FTANS were used as input files by the pro-

gram LEOANS to generate the final report.

The final report for the pumped pipe distribution system is in the appendix,
and is very similar to the final report for the gravity distribution system.
The Main Lateral is printed first and the tank water surface is near the
top of the page. Taper stations were computed between stations 200 and
2000 and between stations 4900 and 6300. It is interesting to note that

on Sublateral B there is not an HGL (hydraulic grade line) that is equal

to an HGR (required elevation). This is because Sublateral B-1 requires’

a higher hydraulic grade line at station 1000, and the minimum allowable
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pipe size of 6 inches was placed in the last reach of Sublateral B. This
output is in final form, except for special cases, and does not require

any further modifications.
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CONCLUSION

It has been shown that the optimal pipe sizes for two types of pipe dis-
tribution systems can be obtained and printed in a final report format.
‘This final report is usable to those familiar with civil engineering
terminology, but unfamiliar with linear programming and dynamic pro-
gramming techniques, and overcomes the major obstacle to the use of those
techniques. Using a dynamic programming computer program to generate the
input file for-'a linear programming package is a new concept, and should

be considered in obtaining the solution to other optimization problems.

The design of other types of pipe systems, such as '"loop" systems, requires
modifying the techniques described in this thesis. A loop system, as the
name implies, is a pipe network which consists of piping that permits the
water to flow in more than one direction. Normally, these loop systems

are not encountered in irrigation pipe distribution systems, but are

often found in municipal water networks. A problem of this type has been
optimized with a revised version of the techniques presented in th:s

thesis.
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APPENDIX

Program LAKMLP

Input file DATAl

Input file PIPRIC

Subroutine SUBSAC

Gravity Problem - Dynamic Programming Solution
Program LPFTN

Program LEOANS

Gravity Problem Final Report

Input File DATA2

Pump Problem Dynamic Programming Solution

Pump Problem Final Report

Page

41
76
77
80
81
85
86
98
102
103

107

40
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*¥rxe  PROGAAM LAKMLP »¥xx

OOG2A4M LAKHLPIHIATA,L,JYTPUT,PICAOST, TAPES=4DATA, TAPEG=IUTYT,

1

TAFER=CL o001, TACE1,TAPE7,TADPER)
PAOGAAM NAMI  LAKHLP

PROGRAM TOMPUTES ECONOMIZS PIPE SIZES FOR A GRAVITY 55 A PUMB

‘°IPEL7VE JISTRIZUTION SYSTEM AND THE ASSOCIATED QUANTITIZS

TCONOMIC SOMPUTATIONS ARE BASED ON THE ASCE PAPER - DESIGN OF

S -8y Ja¥ET =

SIPET DISTRIBUTION SYSTEW

MANDRY SZIPTEMRIP 1357 ,

AND- THE APEX I LP PACKAGE (CDC CY3ER 74-28),

rRe e Re Ie NNy EeleNe Koo Ne Ko NeNe B No e ¥o Ne e Ko Nol

RUTHI?  KINNZY cOonE 224
TaPE1 INFJT FOR APEX
TAPE? JUMMY FILL ) .
TAPER OTRI 0£0OST DATA FILE ARTHUR LAXES LIBRARY!
TAPES J083 DATA FILS COLORADO SCHOCL of MINES
TEPTE SOYSIY FOR LINE PRINTER SOLDEN, COLORADO 66401
TAPCS7? INPJYT FOR FINAL ANSHER

ﬁoé

COMMON MNLZ,MOIAC 550),6L0 B53) 4yMHOL 650)9~;XCAV(?UD),SQKFL(DUU)’
2G4 PIPCOVHYH,,PIPHMINGNDOLGOEL L 503) 4,340 A09) ,LASAY,TKISEL,

f\.H

vbSy\;)q’DI X'\,,D"\Tm?%, TOEL 4 JW
AOMWOV JLFPAGKY DP{20300) 4YF(2003),HP(2003) ,HYE(2030M),
COSTPT(2000) 40(30,40),RL(400),GZ(%00,156),2435(s00),

HLUTTUZ2903Y,1C
DIMINSION LAL( 33),STALL 356),AC10 36),L10C 36),

S 35),21( 2€),
HGR1( 35),HLLT 356),0TA1( 356),HF1({ 36),HGLLI( 76

1
GS1( 3#),

AC
)y

CATTI3)Y, 0T U 3ed ,05LlT U 307,010 30Y,1%71 0 3ot. .
LA2{ 93),STA2( A3),AN2( 33),L2( 33),S402( 333,02 23),
HGR2( 33),HL2 0 33),0TA20 93),HF2( 93),HGL2( 33),652( 23),

LCATZ2T 56,27, J20U 93y, 05020 33,2320 93T, IRZC 977,
LA3(18)),3TA3 (1801 ,AC3(130),L3{(180),SAC31130),33(13D0),
HGWI (130 ), HL 3(133),0IA3(180),H3(130),HGL3(130),653118")

LATSO 33,2700 3UIRTY O 30130, -5 (1307, 1IR3 11307),
LAL(153),STAL(150) 4AC4(150),L4(€153),SACH(158).2%(153),
HGR41150) 4L 410150),0IA41150),HFL(150),HGLL4(150),6S4(153),

LGIQ(I&J;ET?USQ{lbU),UtLQ(lBUTquH(lDU)91{4(1” ),
LASE 23),STAS( S0)4ACSL S0)4,L30 50),SACSL Z0),25( 50),
HGR53( 501 4,HL5( 517),DIAS( 53),HF5L 50),HGLG( 'O). S5 57,

VUV E PR W WWN DN M e

LATS LS50 ,27 305U S0, Ul o0 50,2705 0 50), IxET HUY,
TESLDS2(23), TEELOS3(180),TEZLOSHU150),TEZLOSS(5L),
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¥¥¥x PROGRAM LAKMLP *¥xx

65 TELOS2(33),T=L0OS3(183),TZL0OSL(150),TELCS5(5D),

6 IVALV?2(33),IvAL/30137), VALVLLL152),IVALVS(53)
RZAL L1,L2,L3,L4,4L5
INTEGER SENTRY

SALL DAT=ZA(TODAY)
ARITE (5,1)

1 FIORMAT (1H1)
I4aX=7%3
J1AX=93
KMAX =180
S LMAX=1:27
MMAX=51
2T=3.14153
Ji=2 »
17 RTAD (5,20) TESLIS,PIPCCY4DWSADD XY, CSS,0SB,PIPMIN,ITAR
20 FORMAT (2F5.246F10,2,110)
r ,
c TSSL0OS - TEE L0OSS FO2 SUB - IF BLANK,TEEL0OS=2.0
c PIPCHOJ - AVE., ZARTH COVER QOVER PIRE ‘
o] IASADD - AMQUNT TO ACO TO O3TATIN DESIREZD JELIVEIRY WATER SURFACE
c X AND Y - PIPZ $OST FACTORS
c 3SS - S20BEY I35 FOR SMALL PIPZ (LESS THAN 23 INCHED) 1
R 553 - STO03TY TS FOm 3I6 PIPS (GRETATER THAN 23 INCHZS?
c PIPMIN ~ MINIMUM PIPEZ SIZ= - USUALLY 4-INCH
c
IF (ITEP . NE.D) JH=35
K2 =1
K3 = %
K =1
K5 = 3
NDd=19 §
W=7 i
SJEXGC=C. i
SJ3KF=0. ‘
I {T-:-19Oo5.Ne 0.0V GO TO 30 !
TEFLOS=2,.5
30 READ (5,40) MOEL,SENTRY,,ITYPE,TNP,CP,AVHL yHVHL  TKHSEL,,GNIFF,INUOT
40 SUOPMAT (210 e L1l 0F 1T a2y FoedyI0Y
c
c MDZL - 1 TO RIAND IN NELIVERY SIZE = OTHERWISE RLANK 072 7¢90
| SENTRY =3 TU STAZT JO O UATeRAD =-"3 1T0 COMPOTe JUANTITIE™
C ITY2E = TYPE JF SYSTEM
" 1 - GRAYITY FR0OM CANAL
i 2 =T PUMP T INTD CLEVATED TR NEAR PURPING PLLENT
G 3 - PUMP INTO RES., OR REG. TANK WITH XNCWN WATSR SUFRFACE
c 4 = PUMP INTD RES. OR RFGe TANK WITH UNMKMOWN WATTR SURFACE
o TP = 1J7TA0 U FOX TALH TATe AL SYSTRH
i CP = PUMP FACTOR
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*rex  DROGRAM LAKMLP ¥¥¥»

AyHl - AYATLA3LE HEZAD FO2 MATH LATERAL

HvH1 - MAXTMUY LAVATION FOR PIPE CLASS WITHOUT WATERHAMWM=R
TKWASZL = KNOWN WATZR SURFACE TN AFTERIAY TANK 0OR RESZRYOQIR
GDIFF - GRAYTITY DIFFSREMCE - IF BLANK,GRIFF=1.0

ODOAOO 0

INPUOY = 1-FO INTZRMEZOIATE PUMP CONTROLS BLANK Jx 3 FOR NCN:=

ARITZ (5,41)

72=1.7(X+5.725)
75=0.38%X /7{1.+#0.19%X)
LASAvV=D

TC0JNT="
JOOUNT=0
XSOUNT=]

w2

XN X @ G
=

[% ]

oA o o Il o

- OO

STNTIY.NEVT L AND, SENTRYL.NELSY G0 T7 9399
{SENTRY.EQ.3) GO TO 33899
{(CP.NE. 040) GO T3 50

"1"1"'153&7?‘[‘”)\"&."

P N N N K

J
!

SPEVLS
QA= (TAPZ*ZP)*3P*12,
IF (GOIFF.NEL.0,0) GO TO 1300

STJIFF=1.0

OO0

1008

READ IN MAIN LATER
>PACTEZS 2 THR

READ (5,1010) (LATI(IT),II=1,3),I0UM

1010

=079 AT (3817,1107
IIUM=TOUM+1
I="

1421

1=1+1
RTAD (5,10330) DELL(IV,ZLAL{I),STALII)LACL(T) ,HGRL(I),G3S1(I),E01(1)
HGRI(I)=HGR1(I) + D4SADD

«
A
I

FORMAT (F o0y L5y F I 60)

DEL1(T) - DELIVERY SIZ® AT STA1(I)

QOO H

CEITTY =~ SIGNAL 1 FORSTATION OWN WRAI N EXOePT SUR, TH=N 2
STAL{I) - ACTUAL STATION ON MAIN
AC1{I) - ACRES FOR TU=2NQUT 0OFF QOF MAIN

< <

HGRITIT = AYVORAULIC GRADT UTNE REQUIPED FOR TURNOUT
ENTER 409 FOR HGR1I(I) TO LOCATE A TANK AT STAL(I)
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*rxe  PROGRAM LAKMLP *xrx

GS1(I) - NATURAL GROUND SURFAGZ ON MAIN
EQ

10D - NUMzZRICAL VALUE OF EQUATION DOWNSTSEAM 0F STAL(I)

OO0

IS (HGRLII) JNEL(IWSADD+.03)) GO TO 1035

LASAY=1
STASAY=STAL(I)
50 TO (1035,103%,1232,1032) ,ITYPE

1732 HGRL{LASAVI=TKWSIL
1035 IF (I.GT.IMAX) GJ TO 7102
IF (LAL(I).EQ.2) GD T3 2QC0

IF (LA1(IY.EQ.0) GO TO 1040
50 TO 142%
1040 N1=I-1

NIL=N1+1
SAC1INLI+1)=0.0
22 1253 I=1,N1

LL1(I)=STAL({I+1)-STAL(I)+EQI(I)
N1T=N1+1-1
SACLI(NAIT)I=SACL(NIT+1I+A01 (N1T+1)

- IT5% SONTINUZ
CALL SAGCH (1,SA21,AC1,01,001,M1)
C IF (AS (Q1(1)-T3?) GE. 1.3) G2 TO 7300

TF TITYPENEL. 1Y G0 T 1120
IF (I5.SQ.7) 50 Tn 1129
I=N1

1090 TI5=1I#1
1100 392 1110 I=T15G,N1
IF (LA1(I).EQ.2) GO TD 2650

I11°  TONTINI:
1128 930 1130 T=1,N1
21=32 ¥ {(Q1(T)*¥{7P¥*2,))

I D1.67.12.) GO 70 1130
JX={D172,) +1.
ATAL(I)I=JX*2

27 TUO 1157
1130 IF (D1.GT.544) GO TO 11439
JX=(31/3.) #1.

JIRATTTY=JX*3
53 TO 1150

JITATTTT=JX*5
1159 IF (2IA81(I)-22.) 1160,1100,1170
1150 CS=IS53

GJ 1O 1183
1172 35=3S8
1180 HLI(I)=(((576.%CL(I)) / (PI*CS¥DIAL(II**¥2,525))%%*2,) /1733,

AFTUIY=LTUITFHUIC)
11303 CONTINUE
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HGLL(N1+1)=4G21 (N1+1)

30 1200 I=1,N1
N1TI=N1#1-T
HSLL{NLIY)=HF L (N1T) + HGL1(N1I+1)

IF (AGLL(NII) +G=. HGRI(NIIV) GO 1O 1200
HGL1(N1T)=HGRI(NLI)
IF (ITYPZ NE.4) 50 T9 12C7

[F (AT (NI IY . LELTKN3EL)Y 50 To 1290
TKWSIL=HGRL(NLT)
1200 CONTINUS

[F(7TTyoNe,4) 50 1O 12T%5
I= (HGLL1(LASAY) «5T.TKWSEL) GO T0 12C1
IF (TXKWSZL.NE.D.3) GO TO 1202

1201 TXKWSTL=IFTIXUHLL1I{LASAY) +1.0)
G2 TO 1235
1202 THKWSEL=IFIX(TKWSIL +1.5)

1295 IF (INPUOYT N=. 1) GO 10 1240
ARITE (5,1210)
1213 FOPMAT (1H1,100H STATION ACRE HGL HGR LTNGTH

S
i SAT ] DTA HL HF 7
ARITE (5,1313) (LAT1(ITI),II=1,3)
37 1230 I=1,MN1

AT (51220 ST {1V AL U, AGLLI (I, AGRI(I) , L1 (1Y ,SACT (LY, a1 (171,
1 DIALA(I) HLL(I),HFLL(T)
1220 FORMAT (4F10.2 7/ 40X,4F10.2,F10.6,F10.2)

1230 TONTINUT

ARITE (5,1220) STAL(NL+1),ACL(NT1+1) ,HGLI(NLI+1) ,HGRL(NL1+1)
1247 CONTINUE

BRLER
N3=0
N4 =0

N>=1)
Jy=14
Ky=1

tYy=1
MY=1
£2=0

R3=T
K4=0
K3=1

PIU=.00007220 7 TSI¥*2.
50 TO (13060,1400,1500,1500) , ITYP

]

“ LivP= =1

1300 WRITE (JW,1310) SPLHGLI1(1),AYHL,ICOUNT,,JCAUNT,KSOUNT

13170 FORYMBT U393 CP=43-10.4,10%, 1TOR HGLITIY= ,F10.2,10X, fH AyHI= -
1 F10.2,3110)
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TRRR PEOGRAM LAKMLP LY ¥ 2

HYH=HV41

[ (A35 (HGL1(1)=-AVH1) LS. GOIFF) GO TO 13517
[F (KZOUNT.EQ.2) 60 TO 1510
IF (AYHL.LT,HGL1(1Y) GO TO 1320

ITOJNT=ICCUNT + 1
IF (ICOUNT.ZQ.11) GO TO 75400

52=3P-,.01

IF (JSOUNT.GTL.D) GO TJ 1341
53 TO 1350
1320 JZOUNT=JCCUNT + 1

IF (UCOUNT.EQ.11) GO TO 7700
CD’:CPQ'.DL
IF (ICOUNT.GT.0) G0 TO 1330

GO TO0 1350
1332 3SP=0P-,"1
1340 KCOUNT=KCCUNT + 1

CP=3P 7/ (AyHL 7 HGL1(1Y)
1353 Q7=(TQP ¥*7Zp) *(C> *12,
I=0

@) W QY

["R P SN i N %

OO0
Lo
—
-~
0
or
]
n

TTHT=TFIX(HGCI (Y + 1.
HVH =AVH1 + 5.0
50 7O 1510

S
(o=
o

ITyPs = 3 AND ITyrPE = &

-y O )

S00 ASUCITCOSAYY=ETRWSTL
7209 1505 I=2,LASAY
NNI=LASAY + 14 - T

HGCTCINTYSHFTUNRIY ¥ HGLT INNTIFID
1502  CSONTINUE
AJHI=HGLLI(D)

RYVH = o

1510 ARITE (JW,15273) (LATI(II),II=1,3),TONRAY

1520 FORPMAT (1H1,35H SCONCMICAL PIPE HYD2AULIC STUDY,30Y,3813,30X
I VT O77Y

ARTITE (7,1521) (LAT1(II),II=1,3),ITYPE,STAL(NIL),TEZLDS,AVHL
1521 FCRMAT (3A10,T13,3F10.2)

SO T 1330, 1530,1250,15%0) , [TYPE
1530 ARITE (Jd,1540) HvH
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15640 FORYAT (43X,30H °2IPZ CLASS DESIGN ELEVATION =,F10.27)
ARITz (75,1541 HYH,I0UN '
1541 FORMATY (F10.,2,I1W)
62 TO0 1579
1550 4217z (UW,1%00) : ,
1560 FORMAT{38X,50HPIPE SLASS DESIGN ZLEVATION = HYDRAYLIC G2ADE LINF/
ARITE (74,1565} T2UM
1555  TORMAT (I1n)
15703 53 7D (1csd,10640,1580,1600) L,TITYPE
1583 ARITE (JAd,1590) TKASZL,STASAY
D - P X EE P NOWT { S yr1deCy
1 9H AT STA,F101.27)
ARITE (7,1591) TLWS=L,STASAY
1591 FORMAT (Z2F10.2)
50 T0 1520
1600 ARITE (JW,1510) TKWSEL,STASAY
1510 TORMAT 120X ,,4272F DOWN 70 THE CCOY¥PUTED TANK WATERK SURFATE (L, F1I0.2,
1 3H ) AT STA,F10.27)
WAATITE (7,15931) TLWSEL,STASAY
1020 I (STASAYV.EJW.STAITHILYY GU TO 10570
WRITE {(JUW,L1630) STASAV, TKWSFL
1630 FOPMAT (25X,10H AFTER STA,F10.2,35H 4THT PIPE CLASS DESIGN ZLEVATI
/N = F13.2, 108 + 5,0 FT./7) ’
G2 T9 150610
1640 ARITE (JW,1550) AVHI
1H51 FORVAT TZ23X,1T9H AAT-X SURFEGEZ TS (.Pll.d,&/H Y I THE TANK 287 TH
15 PUMPING PLANT/)
16560 WRITE (JW,1573)
10710 FORMAT = STATTON T HSL UTa v HY SLOPE
1 LENGTH LOSS SUBLATERAL NAME AC SAG 0a DrL HGR
2 NGS HG*7 /)
[
CALL PIPSIZ (LA1,STA1,ACL,L1,54C1,1,HGRL,GS1,AYH1,1,M1,LAT2,IMAX,
1 IR1,001,46L1,3FL1,501)}
STEXC=E=STSX D ¥ SEXTAVINT)
SJBKF=SJ3KF + SBLFLIND)
I=9
HTHTHVHT
1683 I=1+¢1
IF (I.GT.NL) G0 TO 8320
IF ATV ONES2Y G0 1O 1630
C.
G Sun
C
2=K2+1
ARITZ (JW L1590y (LAT2(I,.II),II=1,2),TODAY
15930 = DRMAT (THTS3ISH CCONOMICAL PIPE HAYDRAULIC STUDYZ 30X, 23105 40X,

2 41077
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v2¥x PPOGRAM LAKMLP reEs

ARITE (7,1531) (LAT2(I,I1),I1=1,2),IVALV2(K2)

1591 FORMAT (22190,110)
50 TO (174! 41720,4172341727) ,ITYPZ
1703 AYH=AYH1+5,0

1710 AVH2=HGLLI{I)-TZLI32(K2)
50 TO 17490
17230 TIF (STA1(I).GT.STASAY) GO To 1737

AYHZ2=TKISEL
HYH=HGL1 (1)
50 7O 1740

1730 AJHSTKASEL ¥ 5.0
AVH2=HGL1(I) =-TELOS2(K2)
1749 WRITE (J¥,1542) HAYH

ARITS (74155%1) HJH
ARITE (JAL,157D)
JY=N2+1

CALLC PIPST? (LA2,STAZ 2 AT 3,JMAK
yIR2,002,HGL2,0EL2,EN2)

SJBKF=SJ3K~ + SBKFLIN2)

N

SJEXC=SJIXT ¢ SEXGAVINZ)
NZ=N2+1
J3=1

1750 J=J3+JY
J3=J3+1
IF (J.GT.N2) 50 TO 1630

IF LA2T1J)Y .NEL3Y 50 173 1750
K3=K3+1
ARITE (JWd,1632) (LAT3(J,II),17=1,23,7004Y

'JQIT—E_(l [} I’_:;Q1—‘——TL ‘i'\ (T, II; ’II=I 9_:-; Y IVKE‘J 3 (Kg’
ARITE (JW,1543) HVH
ARITE (7,1541) HJIH

NI Tz UJAL,1I567T)
AVH3I=HGL2(J)-TELIS3(K3I)
KY=N3+1

CALL PIPSIZ (LA3,, STAS,AC3, L3, SN U35 AGP3 3653 NIVHA3 S RY SN 7, LA TE,RVAX
3 s IR340Q3,4GL34DEL3LENI)
SUBKF=SJBKF + SAKFL(N3I)

YJEXU=5JzXU ¥ SEXTUAVING)
N3=N3+1
K3=7

IT707 K=KTO¥KY
K3=K3#+1
IF (KeGTWN3) G0 T2 1750

TFIUARK) JNETEY G0 TO 17670
K4=Kb4+1]
ARITE (JW,1690) (LATL(K,II),II=1,2),T7TODAY

A IT (75 1591y (CATH G 1TV IT=1527, TV tv s (ks
ARITE (JAd,1547) HYH
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ARITE (7,1541) HVH

A2TTE (JAdL157M)
AYHL=HGL3I(K)-TELIS4IKY)
LY=N&+1

TRCC PYPSTZ (LAL, STRG, A0S, L5, SAnL, A4, AGRG, 636, TVHG; LV, o, LUATS, LV Y]
4 s TRY D24 4 46L L, DFLL,SQ4) '
SIBKF=S.J3KF + SRKFL (N3)

SITXCESIIRC ¢ STXSAVIG)
N4 =NGHL

L3=2

1770 L=LU3+LY
L3=L3¢1
IF (L.GT.N%) GO TO 1780

T (LAY . NZ .Y GO 10 17710
£5=KS+1 ; .
ARITE (JW,1830) (LATS(L,IT),ITI=1,2),T00AY

ARIT= 17,1531y (CAT>U0,ITY,II=1,2),IVALVSTIKS)
ARITE (JWd,1543) HVH
WRITE {7,1541) HYH

ARTITE UJd,1o70)
AVHS=HGL4 (LY -TELIJI35(K53)
MY=NG+1

CKEE —'QI_U‘SI; (EETQ?)!E?,EL")’L"D’E;' > .>,C2‘i'b,#z|;‘;f§7

SJIBKF=SJ3KF + Sa<FLINS)

JI

SJEXT=SJEXT § SEXCAVINGY
N5 =NS+1

GO 10 1770
C READ IN SU3 LATERAL QOATA
C SPACES 2 THRQUGH 20

2000 R=AJ3 (5,2310) (LAT2(I,II),II=1,2).IvALVE, TLOSS,TOSS
2013 FORMAT (2A10,113,2F3.2)

Ad = Kc#l
IVALY2(K2) = IVA_YE
IF (TLOSS.EQ.J.) G0 T3 2015

r=Er0SZTR2)Y = TUISS o 1iBRART

TZLIS?2(K2) = TOS3 ABTHURLﬁﬁggégiﬁ“ﬂNES
o JgFTO 2015 ) _ (‘,OLORA‘DOAQLW 's) 80401
i ) F—EL USSRy =T T30S GOLDEX\L\"

TELIS2(K2) = TEELOS
2215 JJ=J+1

2020 J=J¥1
RIAN (5,1030) DFL2(J),LA2(J)Y,STA2(J),AD2(J) 4HGR2(J),GS2(J) ,EQ2(N
HG22 (J)Y=HGR2({J) + DWSADD

LA2(J) - SIGNIL 2 FOR STATION ON SUB EXCEPT SUB SUZ,THEN 3

O
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$XE¥  DPOGRAM LAKMLP *X®¥¥

(@]

IF (J.GT.JUMAX) GI TO 7208
IF (LA2({J).EQ.3) G0 TJ 3000
IF (LA2(J).EQ.0) GO TO 2040

50 TO 2%2:
2040 N?2=y-1
SAC2(N2+1)=0.19

37 20530 J=JJ,02
L2(J)=STA2(J+1) =STA2(J) +EQ2LIY
N2J=N2+JJ-J

AP (NP =SAC e (N2 JF D v ACZ (N2 g+ 1)
2050 SONTTNUE
SALL SACQ  (JJ.SAC2,852,Q32,0Q2,N2)

ITF (ITYPEZ NELIY 50 TO 2121
IF (I5.EQ.0) 50 7O 21290
2060 X2=K2 #1

IO U0 JEIG, JUAX
IF (LA2(J).EQ.0) 5O TO 2080
2270 SONTINUE

RENAEY(
2080 N2=J-1

J53SAV=J5

33 T02TOT
2090 J5=J¥1 ,

2100 39 2110 J=JG,4N2

= {taztJy.eQ.3Y GO TO 3000
2113  SONTINUE
JI=JGS ey

2120 33 2130 J=3J,N2
32=00 * (Q2{J)*¥(ZP*%2,))
I (D2.GT.12.) GJ3 7O 213D

IXEUO272 7 F1
ITA2 () =JX*2
50 TO 2150

2130 IF (DZ.GT.54.T GJ 10U 21470
JX=(D2/3.) ¢1.,
DIA20Ji=JC *3

53 TO 2157
2140 JX=(N2/%.) +1.
ITA2(IVY=JX * 7

50 T TF UDTAZUIr=227Y 2150,2180,2170
63 C05=8SS

50 10 2189

217C SSECSY
2180 HL2(U)Y={{(575.%¥Q2(J)) / (PI*NS¥DIA2(J)FF2.625))+%2,) /71737,
HF2 () =L2 (J)Y*HL2 ()

2190 CONTINUDE
HGL2 (N2+1 )=HGR2(N2+1)
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33 2200 J=JJ,N2

NZJ=N2¢JJ=J
HGLZ2 (N2J)=HF2(N2J) # HGL2(N2J+1)
IF (HGL2(N2J) «GE. HGRZ2(N2JY) GO TO 22088

2200

H5LZ(N2JY=HGR2(N2J)
SONTINUE
IF (INPUDT JNE. 1) GO TO 2241

22138

APTTE (o, 2210)

FORMATYT (- /7 10GH STATION ACRES HGL

1 SAC ) D1A HL

HF

HGR
Yy

LENGTH

VJQITF‘(b,ZOIU)b(LjTZ(I,II3,II=1,2Y
D0 2237 J=JJ,N2

WRITE (541220) STAZ(J),ACZ(J),HGLQ(J),HGRZ(J),LZ(J),SACZ(J)qQZ(J)s

2230

2 DIAZUI) ,HLZTIJY,HFZT))
CONTINUE

ARITE (5,1223) STAZ2(N2+#1) ,AC2IN2+1) JHGL2{N2+1) ,HGR2N2+1)

TO0ON
N
. P~
ps

SONTINUE

COMBUTE TANK WATEZR SURFACE ELEZVATION

IF (ITYPE.NZ.4) 30 7O 2268
IF (LAsAvy.EQ.0) G0 TO 2250

TF (T G TASAYTY GO 10 272830
[F (HGL2(JJ).LT.TKISEL) GO TO 2250
TKWSZL = HGL2(JJ) ¢+ TELOS2(K2)

HLRITLY=HLLUZTUIT) ¥ TELUSZ2TKY)
AC1(I)=34C2(JJ)
IF (ITYPELNZL1) 30 TO 1020

TP TIG. =3 . 7Y GU 101927
JG=N2+2
GO T9 10790

READ IN SUZ SU3 LATERAL DATA
SPACES 2?2 THR0OUGH 20

L

3000

RTAD (5,2010) (LAT3I(U,II),I1=1,2),IVALVZ,TLOSS,T0SS

X3 = K3+1

TUVATVI RT3y =" TVaATVE
IF (TLOSS.EQ.D.) GO TO 33815
FTZELJS3(K3) = TLISS

3015

TECISITRIT ="TUSS

50 170 3216

TEELOS3(K3) = 2
€

3015
3020

TEZLDS3IIK3) =
KK=X+1
K=K+1

READ 1551 030) TECI(RYTE 23KY 78 83K );31.:51‘?(, g HER3ITKY ,G 33 <y ’.:»-13 =)

HGR3(K)=HGR2(K) * OWSADD
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¥¥¥® PROGRAM LAKMLP *#%®*x

LAI(KY - SYIGNAL 3 FOR STATIOMN ON Sua SUB eEXCePT SSS,THEN 4

OO

IF (K.GT.KMAX) 63 T 7309

AIKYCEQL.L) GO TO 47737
TF (LA3(K).E2.0) GO TO 3043
52 TO 2021

3050 N3=K-1
SAC3(N3+1)=0,0
D0 3030 K=KK, M3

3TV =STASIRF I =S TAIIRY #EG3I (K
N3K=NI+KK=K
SACIINIKI=SAC3I(NIK+L) + ACI(NIK+1)

ITST T BONTINGT A
SALL SACY (KK ,SAC3,4C3,33,003,N3)
IF (ITYPE.ME.1) 30 TO 3120

ITF (G, =0.0) GO0 10 3120
3060 K3=K3+#1
N0 3070 K=KGyKMAX

IF TCA3(RIVEAL 7Y GO T 3787
3070 SONTINUE
K=KMAX

308T 3=
K5SAV=KS
57 TO 31040

KRtk {G=XK+1
3100 33 3112 K=<KG,N3
IF (LA3(K) EQ.4) GO TO 40610

IT1I™ SONTINYT
CK=KGSAY
3120 27 3190 K=KK,N3

J53=UT T OTRSTRYFF(/P¥2,7)
I (0D3.6T.12.} GO TO 3130
JX=(D3/2.) +1.

JLTRASTKY=JX®L
53 TO 31513
3130 IF (D3.GT.544) 63 TO 3140

JA=CUS780) *T1
DIAZ(KY=JUX*3
50 TO 2150

STHU JX={U5370.7 ¥1,
DIA3(K)=JxX*p
156 IF (DIA3(K)-22.) 3150,3160,31710

3160 2S=CSS
50 TO 3180
3170 C5S=CS3

S B 9 RAT 1 G e U O WA TP A 0 B A A B = VIR § 5 IS € 8 B AR sY:0- 0 BD B aray Ry 4 IR B1 KT BN
HF I3 (K1 =L 3 (K)*HL 3(K)
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3199 SIANTINUE _
- 53 TNIFI)=AGITI(NIF L)
J) 32900 K=KK,MN3
N3K=N3+KK=-K
L3 (VIRI=SIFI(VNIY ¥ 53 (N3KY )
IF (HGL3(M3K).GE. HGR3IIN3IKI) GO TO 22390
Y5L 3 (N3K) =4GR I IN3K)
3200 CONTINUF ‘
IF (IMNPYDT NS, 1) GO TO 3247
WRITE (5,2213)
AIITE (65,2010 (CAT3UI, IV, II=1,7)
D) 3230 K=KK,4N3
A2ITE (6,1223) STAZ(K) 3 AC3(K), HGL3I(K) 4 HGRI (KD 4L 3{K) ,SAC3(K) ,03 (K],
30T ET(RY L LI (RY L HF3ITR) ' : ’ '
3235 SONTINJE ”
, WRITE (5,1220) STAZ(N3+1)4AT3IN3+1) ,HGLIIN3+1) ,HGRI(N3+1)
TTTTTTT3ZL T T IONTINUS - ' -
HGR2 (JI=H5L3(KK) +TELOS3I(K3)
A2 (J)=SAC3(KK)
IF (ITYP= NE. IV 50 17O 2020
IF (IG5.5Q. ) GG TO 2-20
K53=N3+2
GO T 2097

2READ IN SUS SU3 SU3 LATERRL DATA
SPATES 2 THRTUGH 23

£FOO00

000 RTIAI (5,2010) (LATa{K,TII),1I=1,2),IVvALVE,TLOSS,TOSS
K = XG¥T1T™
IVALVS{K4) = TVALVE
IF (TLOSS.ZQe0.) GO TO 4015
T=FL0SLHIK3Y =~ TUJSS ’
TZLOS4{K4) = TOSS3
50 TO 4716
Gl T USRS = 3.7
TELOSH4(Ky) = TEE!
4010 LbL=L+1
GI<73 t=L¥FT
REIAD (5,1030) DZLa{L )Y LALIL) STAG(LY JACL (L)Y 3 HGRGL (L) ,GS6 (L)Y ,EQ45((L)
HGR4 (LY =HGR4 (L) + OWSADD

celds

e .

LA (L) - SIGNAL &4 FOR STATION ON SU3SUBSUB EYCIPT SSSS,THEMN 5

2 OT

1r tLeiol .t?‘!?ﬁﬁf) T3 /T;—UTJ
IF aew(L).Eq.5) G0 75 5000
IF (LAL(L) «EQ.0) GO TO 4040
SO TO %0270 '

04T Ng=L-1
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rEEx  DROGRAM LAKMLP *x==z

SAC4(NL+1)=0,3

33 G050 L=LL, NG
LedL)=STAG(L+1) =3TAL (L) +EQL (L)
Nul=MaslL-L

SACH (NGL)Y =SACL (NLL+1Y + ACa(gL+ Dy
L0050 SONTINUF
JALL Sac) {LLySADSG,AC004,04,0Q4,N4)

I7 (ITY?PI.Nce1) 59 T3 412)
I (I5.50.,9) GO 7O 4123
4060 Ki=Ku+i

37 4073 L=LG,LMAX
IF (LA4L(LY.EQ.0) GO TO 40AQ0
4073 CONTINUEZ

CECHAX
4080 N4=L-1
LGSAV=LG

GD TO %109
4030 L5=L+#+1
4103 D33 5110 L=LG,N4

ITF {CAL(LY L EQVS)Y GO0 TN 50560
5110 SONTINUE
LL=LGSAY

- G120 0D RL9 UELLNG
=00 * (QLL)**¥(7P¥2,))
IF (303.GT.12.) GO TO 4139

JK:(D*-Q'/Z-) v1.
ATAL(L)Y=JX*2
50 TO 1159

I30  IF UDL.GT.554.Y &3 70 414D
JX={(D4/3+) 1.
ITAL(L)Y=JX¥*3

SO TOTETST
4140 JUX=(D4/6.) +1.
ITA4 (L) =JX*5

G150 TP (2IRGULY-220) 41In0,5160,4170
L1562 55=C0SS
50 TO 4130

G173 UO=LO}
4180 HLLWLI=(((576.*04%{(LY) / (PIFCS*DIAL(L)*¥¥2,.625}))%*2,.) /1.7,
HEG (LY =Lu (LY *HLL L)

T30 COWTTIVULD
HGLL (NG +1 ) =HGRL (Na+1)
03 4200 L=LL,N&

TNTUENTEIT-U
HGLG INLGL)Y =HF L (NGL) + HGLLGIN4L+1Y
IF (HGL4ONGL) o 65, HGRLINGL))Y GO TO %200

HOUHF NS =HGREUNTDY
4207 CONTINUE
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*¥¥x  PROGRAM LAKML? *¥%¥¥x

IF (INPUIDT NS¢ 1) GO TC 4240

ARITS 15,2213)
ARTTE (6,42313) {(LAT4(K,1I),I1=1,2)
1D L2308 L=LL Ny

ARITE (5,1220) STALIL) yACH (LY HGLE (L) y HGRH (L) 4, LA{L) ,SACL (L) .04 (L),
4 DIAL (L) 4HLE (L)Y 4HFS (L)
4230 CSONTINUE

ATTTE (5712297 STAGING 11, ALL (NG ¥ 1), AGL A (HE+ 11,4675 (15+1)
L2400 CONTINUZ
HGR3(K)Y=HGLA(LLY ¢TZLOSL(KY)

AC3(KI=3ACH(LL)
IF (ITYPEWLNELLY 590 TO 3020
IF (IG6.Z9. 0) GO 70 30820

CH=NGF2
50 TO 3398

READ TN SUR SU3 SUB SU3 LATZRAL BATA
SPACES 2 TH20QUGH 23

Vi OO

U000 ZA0 15,2010 (LATS(L, Iy, II=1,2),IVALV,TLOSS, TOSS
X5 = K5+¢1
IVALYVSIK3Y = IVALYE

ITF(YCOSSTome ey RO T 0TS
TEELOS5(K5) = TLISS
TZLOS3(K3) = TOSS3

SO TD 5018
5015 Z2L0S5(K5) = 4 .*¥TEELOS
TZLIOS5IK3) = TEELDS

57T MT=VH1

5020 M=M+1

RTAD (5,1030) DELS(M)ZLASIM) 4STASIM) ZACS () yHGPS M) 4,655 (M) ,c05% (M)
HGX5 TMT=HAGRS A & DAGARTD

LA5 (M) - SIGNAL 5> FOR STATION ON SU? SyR Su? suURl

TO0

-~
.

IF (H4.GT.H4AX) GI 70 7500
I7 (LAS) .EQ.08) GO TO 50410

2 ) Q0 THiAT
5040 N>=M-1
SACS (N5+4)=0.3

JI DUL>U M=%y N>
LO2(M)=STAS(M+1) =STAS (M) +ZQ5(™M)
NSM=MNZ+M1-M

SATSTNSI =SATS URSIFLY ¥ ATSINSMFLY
5050 CONTINUE
CALL SAacQ (MM, SACS5,005,05,005,45)

IF T TITYPE N 1YV 75777075127
IF (I5.53.0) GO TO 5123
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XX¥®  DROGRAM LAKMLP  *x*x

<3

5. K5=K5#1

m

20 5070 M=G,y MMAX
TF (LAS{MY EQ.D) GO TD 50180
5070 CONTINUZ

M=MMAX
5083 N5=v-1

M558y =45

M=HMGSAY
93 51937 M=MM, NS
J3=00 % (Q5(M)+*(72%2,))

U1
[N
~n
(%]

IF (MO5.65T.42.}y 3 T2 5130
JX=(D5/2.) 1.
DTAS{IMY=JX*2

537 T0 5157
5130 IF (D53.GT«5%.) 53 TO 5140
IX=U(D5/34) +1.

JIAS(MY=JX*3
52 TO 5150
5140 JUX=(D57/5.) #1.

BTAS(H)Y=JX¥%

5157 IF (DIA5(M)-22.) 5150,5160,51710
5163 325=LSS

GOTTO 5130
5170 ©S={S3

5185 HLS(MI=(((576,%05(#)) / (PI*CS*NIAS(M)*¥*2,.625))**2,) /1000,

5190 CONTINUZ
HGLS NS+ 1)=HGR5(N5+1)

TSI MEMNETNST T
H3M=NS M=
AGLS (M5) =HF5 (NSY) + HGLE IN5M+1)

IF HGLS(RNSAT.GE. HAGRTINS VI GO 17 5200
AGL3 (NEY)Y =HGRT (N5 M)
SONTINUE

Ui
XS]
=]
[=)

TF UTHRPUDT Nz 1) GO 10 5231
ARITE (5,22110)
ARITE (65,2714 (LATS(L,I7T),I1I=1,2)

TSI THETINT
ARITE (5,1223) STAS(M) ,ACS (M) 4 HGLS (M) ,HGRS (M) 4 L5 () ,SACS (1), 25 (1),
5 DIAS () 3HLS (M) 4 HF 5 (M)

5237 IONTINTE
ARITE (5,1223) STAS(INS+1),AC5(NS+1) ,HGLS(NS5+1) ,HGRS (NT+1)
5240 SONTINU:

HGEGTUTEHGLS UMY FTECISS{RS]
ASLILY =SAC5 M)
IF {ITYYPZNELL1)Y GO TO 602D

LrUio.zd. UFY LU TJ 4020
MG=N5+2
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¥*¥x¥  DROGRAM LAKMLP *%¥xx

)

50 TH w330

<

ARTTE INPJT ERROR MESSAGES

O O O

~
>
(=
[’

1J)=I-1
A2ITZ (5, 7113) (LATI(IT),TI=1,3),10,STAL{IN},I
7110  FORMAT (1H1,48%X,3413/7 6H STAL(,I3, 3H) =,F10.37//7 13X, 4H I =,13/

Y777 35H ATATNSTON BNO THAX HMUST Z7 TNCREASTY TO THY NU¥aAFT 0OF STATI
19NS ON THE MAIN (1) LINEL)
50 T3 33

72030 Ji=J-1
ARITZ (5,7210) (LAT2(I,1I),1I=1,2),J0,STA2(J0Y,J ‘

2777 8SH DIMTNSTCY AN JYEX AUST 3L INCREASED T0 THE NUPIZR 0F STAT
2ICNS ON THT SUB (2) LATERALS.)
53 TD 30

7300 RXDER=T ' ' ' ‘
ARITE (5,7310) (LAT3(J,IT),I1=1,2),K0,STA3Z(KO) K

7310 SORMAT (L1HL,48X 2710377/ 6H STAZ(413, 3H) =,F13.3//7/7 13X, 4H K =,12
S77732H AOTIIHNSTON AND KMAY MUST BZ THCT TD 10 THT NgHRT I T OSTATI
3INS ON THZ SU3 SJ2 (3) LATERALS.)

53 T3 39

7400 UO=C-1
ARITE (5,74%10) {LATH4(K,IT),T11=14,2),L0,STAa4%{LO),L
7410  FORMAT (1H1,48X,2310/7/7 6H STALL,I3, 3HY =,F12.3//7/ 1'X, «H L =,1I73

W77 95 H OTAZNSTUON AND UMAX MUST B INCRUEASZD 77O THT NUTI=R OF leTq
40NS ON THT SU3 SuU3 SU2 (4) LATERALS,)
53 T2 38

75T 90ET-1 '
WRITE (5,7513) (_AT5(L,11),II=1,2),M0,STAS(MO},M
75130 FORMAT (1H1,48%X,2810/77 HH STAS{,I3, 3H) =,F10.37/7/7 13X, &4H M =,Ij

CB77TUIH OTRENTICY RN IMAXT RUST 35 INGREASTET 0 THE NTUAIZIOF ST
STONS ON THT SUB 3SUS SUB SuUB (3) LATERALS.)
53 10 3%

7500 ARITE (%, 75107 27
7510  FORMAT (141//7//7710%, 254 CP MUST B8E OECRIASED 70 LF1Y.3)
523 10 30

7700 TARITE oy 7710y G
7710  FORMAT (1HL////7/710X, 2S5H OP MUST BE INCRIASED T0 ,Fi3.3)
50 T3 29

Ao L=
IF (ITYPE.GT.2) 50 TO RNSS
TKWSEL=AVHL

8005 J=T T
IT=10

IF (L1(L)EQ.0) 50 TO 90409

a01u 1=1#%#1 ’
I2=I31{1)
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r¥rex  POOGRAM LAKMLP

rEEX

IF(LAL(T)E0.8) GO0 TO 8200

[F (1P 0,0y GO 10 801"
ALLIPY=LL(T)
II=1

TTTTTRn2d

RHSCIT) =TRWSEL=-HSR{(I+1)

52(IP,1)Y=1I7%1
IF(LLI(TI+1.2Q4043Y GO TG B025
IFILAL(TI+4Y.ENL2) GN TO 8109

59 TO 2010
8025 IF(LAL(I+1).EN.N) GO TO 8075
TFILAT(TFIILET.2Y 60 10 Aci)
IF(LAL(I+1).NELLAL(I+2)) GO TO 8330
IF (HGR1(I+1) GTLHGRLI(I*2)) 6O TO 3020
THSTIPVETRWREL=957L (T+2)
30 TO 3717
8030 IF(LAL(T+2).£9.0) GO TO 8035
RAS (IO = TKASEL-ASRI(TF 1)
50 TO 3105
3035 IF(HG L(I+1).5THGR1(I+2)) 50 TO 3387
THS(TPVETRASTC=HSR LT+ 2]
59 TO 8935
5040 IF(LAL(I*+1).NELLAL(I+2)) GO TO 8370
T O RASTIP) ETRASELTET LIV
845 J=J+l
II=II+1
STUIPTIVETIZ (I
8050 J=Je1
TF(LA2(J) ,EQ.7) 50 TO 3163
57T TOTETSY
8060 IF(ITI.S0.3) GO T2 801D
50 TO 8045
Br7T RASTIPY=TKASEL=NHGHTI (T 2]
50 TO 3105
8075 IF(L1(I)4ED.0.0) 50 TO 8090
B080 RASTIRY=TKHASZL=-HLEL (1 +1)
8085 57U(IP,1)=0
57 TO 3013
3030 LP=II -1 "
57 TO 8085 Q
8100 HS(T2)=TKASIL-GSL{I+1) nggv?ﬁ?wﬁﬁs
L3 BVEREN SR 5 RGO ~ B0
IT=IT+1 BYS“EDOSC&O o
G7(IP,II)=TR2(J) OOy, P
. = " PRan oY
R120 —J=J+1 OV
TF(LAZ(J),ED. 1) 30 TO 871
52 T0 3129
200 J1=0 -

K2=1
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*xex  POOGRAM LAKMLP

rEER

K=1

IT=0
Jy=1
IF (L2(1),.,5G.0) 50 TO 3039

B213 J=JA+JY
JA=JA+1
I2=1IR2{J)

D U G e O I I T B e S I O R Y- e B
IF(IP.E7.2) G2 T3 821D
RLIIP)Y=L2))

IT=1
SZ(IPL1)=TIP+1L
IF(L2(JU+1).EQ.,D0.0) GO TO B223
TFILAZ U+ 1Y J=3.3Y GO T0 8303
822 RASHIT2)=TKASEL-HG22(J+1)=-TEILOS2(K?2)
532 TO 821¢ '
A22 TIFULAZ U+ 1Y 0.0V GO 10 8272

IF(LAZ2(J+1Y LE0.3) GO TO 8249
I La20J+1Y NT.LA2(J+2)) GO TO 2237

TFTHGR2TI+ 1Y GUJAGRZUIRZ2YY GO TU 3227
IHSLI2)I=TKASEL~HGR2(J+2)-TEZLCS2(K2)
52 TO 32190

T3 T T IR (LRI TR Y GD TUTRZ3E

RHS(IP)=TKWSEL-HGR2(1J+1)-TEZLOS2(X2)
52 T2 3305

BRZ235

IFTHGRZ T #FI Y GTHAGRZTI+2YY GO 10 32081
RAS(IP)=TKASEL=-HE22{J+2)-TEELOS21K2)
50 TO 82853

TR IR URZUIV IV ONT VLA Z (U2 Y GUOTC B27 0
AS(IP)=TKASEL-6321J+1)
3245 K=Ke1
I'i=11+1
5ZCIP,II1=123(K)
8253 K=K+1
TFLASTRY WU )Y 50 T 3267
50 TQ 3233
8260 TIF(IT.S0,3) 59 T3 82190
£38 R B S A N S5
827"  RHS(I?)1=TKASEL=HGR2{J+2)-TEELOS2(K2)
30 TO 3305
Lo Y A 1P TLZ000 w71 U Uy GO T3 B30
B280 RHS(IP)=TKUSEL-H322(J+1)-TEELOS2(K2)
8285 57(IP,1)="
53 TO A2 1)
8299 I2=IR2(J-1)
53 TO 8285
295 JY=J%T

JA=0
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¥ r¥  PQQGRAM LAKML?  *xex

{2=K2+1

I7 (LAa2(J+1).=0.0) GO TC 3400
53 70 32119
A300 PHS(IPI=TKASZL-GS2(J+1)

3335 K=Kt1
IT=TT#+1
SZ(IP,II)=IR3(K)

3323 <K=K¢1
IF(LA3(KY.EQ.D) GO TO 8210
523 TO 8320

84003 <A=)
K3=1
L=0

IT="
Ky=41
IF (L3(1).32Q,9) 53 TO 9000

8410 K=KA#KY
Ka=xKA+1
I?P=IR3I(K)

TRCAS()Y w2049 50 70 B84GE
IF(IP.E3.0) GO TI 84130
RLITP)=LI (KD

TIT=T
GZ(IP,1¥=IP#1
IF(L3(K+1).cQ.0.0) GO TO BL25

TFUCAZ(K+1Y EQ.L) GO 7O 35010
8420 2HS(IP)=TKWUSEL-H3RI(K+1)-TEELOS3{K3I)
GO TO 2uig

BLZ25 TTIFA(UAS(K+ 17,207,007V GO TG EBL75
IF(LAT(IKEL) ,E30L) GO TO 8uhn
TFILAZ(K+EL) WNTLAZIKH2)) GO TO Ru3l

IFTHSTITKITL ) W LT AG3IIK®¥ZY Y LU0 TOD 3520
RHSHIP)=TKASEL=H3R3I(K+2)-TE£LOS3(K3)
50 TO 341

BL3uU li"(Lﬂf(‘\i'./..).:’}od)—"u()‘TU 2L35
RHS{IP)=TKASEL-HGR3I(K+1)-TESZLOS3(K3)
GO 70 8%05

BLSo TTIFTRLGTSTIRKFLIT LT VADRGTIK*®2Y) GJTU 3330
RHS(IPY=TKASEL=HSRI(K+2)~TEILOS3(K3)
530 TD 8483

BLLU TR (A IKFITINE VLA KF2YY GO TU B%70
RHS(IPI=TKASTL=G33(K#+1)
BL44S  L=L+1

TI=TTI% 1
SZ(IPL,ITY=TR4 (L)
8450 L=L+1

TFCAW Oy TERT O 50T TO 8651
50 TO 8450
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*¥ex POOGRAM LAKMLP

TERP

8%50 IF(TI.ZQ.3) GO T2 8413
50 T3 3455
8473 RHS(IPYI=TKASEL-HIRI(K+2)=TEELOSZ(KSI)
50 T ’%)5
8475 TFILIKY.=2.0.0) GO TO 84310
B430 HAS(IP)=TKAHSIL-HGP?3{(K+1)=-TFELOS3(X3)
8485 S7{IP,1)=0
T el R O RN /%
8433 IP=IRI(K-1)
50 TD 8483
AL3IT KY=K+1
A=3
X3=K3+1
TF AT+ =0.J)Y GO 10 3500
G2 TO R414
8557 RHSH{IP)=TKASEL-GS3{K#¢1)
BR505 L=1L+#1
I=1IT1+1
S37Z(IP,IT)=IR41L)
3527 [=U+t
IF(LALZILY W SQe0) GO TO 8417
52 70 8520
TTTTTTTTRRUYT UAETTT
Ky=1
4=0
1T=0
LY=1
IF (L4f1).50.7) 50 70 9000
BoTU LELAFLY
LA=LAs+]
I2=1IR4 (L)
IFCRG IOy T, 7Y GO0 T 8095
IF(IP.EN.8)Y GO T3 4519
RLIIPYI=LL (L)
IT=1
S37(IP, 1)1 =1IP+1
IF(LL(L+1).EQ.83.3) GO TC 83625
[FCAS TUF LY VEL ST GO TO 3700
8620 RASIIRP)I=TKASZL-HIR4(L+1)-TZZLOSLIKY)
537 TO 8561
8525 IFIIAYICF I -5 )y S0 TO 8R7S
TE(LAL(L#+1) +5045) GO TO B5L]
TF(LASIL+1) JNZ LALILE2)) GO TO 8533
TEHSPIILHLITETUHSREILF Y Y GO T 3527
RHS(IP) =TKWNSZL-H3L (L+2)-TEELOSL (K%)
50 TO 8615
B30T IFIOCAGICHF2Y T ET Oy GO TO 8835

RHSIIP)Y=TKASTL-H3RL(L+1)-TETLOSL(KY)
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[ R XS PROGDAM LAKMLP xEx
50 7O 87405 .
8635  TFHGRLUICHINGT . HG24(L+2Y) GO TO 35370
RHSH{IR)=TKWSEL=-HSR4{L+2)-TEZLOSL (K4)
57 TQO "585
B4 TFIUAG(L+1Y . N=Z, LA {l+2Y)Y 50 70 8570
RHS(IIP)=TKISEL=-GS34{L¢1)
Bo45 M= Mpq
o TI=IT¢1
G7(IP,IIN=IR5(M)
8650 M=M+1
T T I FU AT ATV E LY 5 TOTRRET
57 T0 36517
Be50 TIF(II.F2.3) G2 T3 8510
5 T0 RALT
857 RHS(IPI=TKASSL=-HGRL(L$2)-TEZELOSL(KY)
532 TO A735

8580 RUSUIIPY=TKASEL=-HG2L (L+1)-TEZLOSLIKY)
8685 GI(IP,1)=1

30 70 #5179
8590 IP=IRL(L-1}
50 10 8685

86395 Ly=U+1
LA=1
Kiz=KiL+l

T TTTFWNLIURL LEC LYY GO Yo 38173

50 T3 3”617
B700 RHAS(IPI=TKWSEL-G34(L+1)

TR70ST Y=hwd
II=11I+1
572(IP,ITY=TIR5(1)

R720 7 "IY=MFY
IF(LAS (M) .SQ.0) 30 TO 8610
G) TJ 8728

BEYTTTANET
<5=1
I1=0

V=T
IF (Lo(1)Y..EQ.0) G0 TO 39000
83190 M=MA+MY

AA=TF L
12=15(M)
IF(LA3 (M) ,EQ, ") 50 TO 3895

IS (IPVEDTS) G T "8R L)
RLIPI=LS (4)
II=1

S7TPTIY=To¥%L -
IF{LS(M+1).55.0408) GO TO 8825
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*¥x®  PROGRAM LAKMLP

rxeN

83421 RASHTI I =TRASEL =HGAT (M1 -TZ LTSS (K2
50 1O 8’317

8825 IF(LAR (ML) . E2.0) GO TO 8875
T5(LAS{441) JNT.LAS(M+2)) GO TC BY{35
TEMHGR - L GT JAGRS O1#2)) GO T0O 38270
RHSUIIP)=TKWSEL-HGR5(M+2)-TEELOSS(KT)
G3 TO 817190

8335 TFUHG T I+ D). a7 4525 My 2)Y D 70 3887
RHS{IC)=TKUSEL-H3X5{M+2)-TZTLOSS{X5)
50 19 R385

BA75  TFULZUM . =23.0.9) GO T3 B8%97

8880 RAS (IR ) =TKASIL=HG25({M+1)-TEELOSS (K5)

3885 5372(19,1)="
50 T BR10

88399 13=1I25 (#=1)
517 TO 8385

RIS TTIAVETART
MA=]
K53=K5¢1
I CAS M+« E0.0) GO 1709007
50 TO 831w

s

5 THODIFITCATION FO TYPES 37 ANT «

c

9000 IF (ITYPSZ.LE.2}Y GN TO aga1
FAS(ITEHFIT)
S3Z(I21(LASAY=-1),1) = 1§

SRR BN ARITF (JUA,3019) LATH

3ULY T EORMAT CUTHI IX, T FHANTE s SO TTY
A2ITE (1,9911)

9711 EARMAT (24HNAME LEQ KIMNEY)
ARTTE T TINT 902707 '

3020 FORMAT (1X,4H70WS)

N2 TEORMAT THHRIWSY

A2YITE (1,9021)

ARITE (JwW,3030)

Q030 TORMAT (1X.5H N O
AR T TSI, 3731TY
9031 FORMAT (5H N )
G 7 ISTNOV OF RTATHES
=10 5
[
AXTITT (IR,9045)Y (IJI=1I5ICY
39045 FORMAT (10{1X,2H E LyI4%}))
1) 9050 [=1,I0
AT T Ty 304Dy T
3046 FORMAT (5H E LyI4)
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¥¥%¥¥%  DPROGRAM LAKMLP *¥xx
3050 SONTINUZ
ARITE (JW,3055) (I,I=1,1C)
3055 FOSMAT (10(1Xs5H = HyIuw))
N0 2030 I[=1,I3
ARITE (1,390508) T
058  FORMAT (5H E H,I&4)
9060 SONTINUZ
THRITE AJUW,2053) (I,I=1,1I)
a%ps  TOPMAT {(17(1X,5H L S,TI4))
20 23070 I=1,I0
AXITT 11,3000) I
Q6% FORYAT (35H L S,I4)
3070 SOMTINUS
A>T (JW,30380)
92833 FIORMAT (1X,7HCOLUMNS)
ARITE (1,90831)
3081 FARMAT (7HTUOLIMNSY
39 3337 J=1,1IC
I1=5%J-u
I2=TT+%
K1=10
IZ205T="
Y AT I1=11,1I2
K1=K1#+1%
K=J*11 + Ki
TOP=10P({T)
THC=HO0(T)
IF (CHOSTRPI(IY..N7.0.,0) GO TO Q084
ARTITET1JAGI033Y ¢
9283 FORMAT (1L Xy*COST DF PIPEZ *,710,4,% = G,3%)
ISOST=1I0D0ST+1
FJOBLE T WATTT (JW,I0BTY G, COSTPITI T, 0P WPTIV L, IHAT,,J,J, 871}
8035 FO2MAT (1X,5H4 X3T64,y56H Cy3X4yF13.2,3X,I4,%¥~-INCH yEL=%,
1 F."C)'Ql,* L"“,Ig’
z 5H 3 I3y6X, 39 17,
3 AH HeyI3430XyF1043)
9735 T TOEMATT >H Xy 1%, 6H Cya9XFr10.27
1 5H ‘X,I‘#qE)H L9F396X03H 1./
2 SH XeIyeH HyT3436X,F10.5)
9030 TONTINU?
IF (ISOST..GE8.1) CALL =XIT
20 9190 I=1,I"
ARITZ "IN 90793V "I 57T5I5T
9033 FOPMAT (1xX,54 FeI3,7H SeyI3y0X43H 1.y
1 1X45H FeI3y7H HyI3,6X,3H=1,)
WITT 1T, 3096y I3 T, 151
9094 FTORAAT (5H Fel3s7H SeI345Xe3H 1./
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XEXE PROGRAM LAKMLP ¥®*2
b 5L‘ F I-§97H H'I3,6X93H°1l)
33 91132 J=1 15_—
IG6Z=G711,4J)
I (G7(I,J),.,E2M) GO TO 91390
CRRITE (UW,94937Y 1,157
9097 FORMAT {1x%,54 FeoI3,7H HyI3406X,4,3H 1.)
WRITE (1,9098) T,7G7
TTTUUTOR T OTORMAT (TTTTEA TR T, TH Hy T3, 56Xy 3K 1)
3103 CONTINUE
"
> W2ZTITE FIGHYT HEIND SI0E - -
WRITE (JW,911])
9110 FAORMAT TI{X,IHIHD)
WN2ITE (1,311 1)
9111 FORMAT ( SHRHS)
30 3127 T1T=1,1I0
ARITE (JW,3115) I,RL(T)
9115 FORMAT (1X,15H4 PHS LyI340X,F10.2)
ARTTE (1,911 T,20LT5) :
91156  FO9PMAT (15H RHS LaI3,6X,F18,2)
9120 CSONTINUZ
DY 9130 IEL, I
ARITE (JW43123) I,2HS(I)
9125 FORMAT (1X,15H 2HS SeyI34y0X,F10.4)
ARITE 11,3125 T, RHS{IY
Q12858 FORMAT { 154 RHS SyI3,6X,F10.4)
9130 CONTINUE
ATITE Iy Ire™y —
Q140 FORMAT (1X,oHEN3ATA)
ARIT= (1,31%1)
I15%1 SORMAT O NN DY
9993 CAalLL =XIT
ZND
SURRTUTINGLG F1IP517Z (LR,)H‘«, CH G SAD ST HER Sy GS AVHy 1S,y LA T LATUOLE )
1 IP,37,45L,05L,E3

SOMMON NNZYDT AL

3)’]’ ,uu.

B8535},

MHA{ 65001 ,%

SXGAY(303) ,SaKELIZ

03),

1
2

Iy PLPUTIV -]VH,-’1HML“] NTe LR

i S.)y \JS"’SJ\_X
SOMMON /UPRPLSKY/

sSJB

KFEGMDEL, JY

UMY, JAUT

il

FAT S EAS AT, TRWSE L

79(2000),Vp(ZDGD),HP(ZDOG),HJD(EGUQ),

I
>

T LOL PRI UZOUTY WL
HCC (2380),IC

DIMEMNSTIAON PIPARR(IZN) LIRS

DIMINITON

1 HGR (O 1 1,650 1
2 €A 1 ),

< HT1300

3

SLI300Y,HC (300

LAECTT ) YSTRAUC L

(30,30, <

LTGUUY s 67T Uds107,

SHEULT T,

1)
TYATT T S T T L SAC O Ty, ot 17),
) SLATLLATOIM,1) ,720 1 D HGL O 1 Y ,05L0 1 ),

} ,BIA0D (30

TRTA(3IT YV HE (3005 0ZG 30T, RS TM v
001, TWIDTH(300),5P (300)

STy ANTITE ),
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*+¥¢  PROGRAM LAKMLP *¥%%x

R

"

AL L

DATA ARPAY IS FOR PIPFZ 4™ TO t1202¢

L2 ) Q)

JATA (:\IDAQ?(I)leiy-),G) /-’-40,5-,3.11‘3.9120,15.9133¢ 3210'92!-009.?70 Q':C‘o.y
1 330936.’39091*2‘9&5.,1‘8.,51.9510.v"33096601720'7"'}-)840,30.9?6:9102:9‘
2 108114441234/
[ (CA(IsYy . NE 1Y 50 1T 5
I[P =PIPMIN/2,.-1.
IRC=0
IC=1
IL=0
IPEMAX=H5"
NAEYEX=507D
JSOUNT=3
HVHCK=3.0
Ja=1
NMI=¢C
19 I=JA4+¢1S
JA=JAv1
I (LA(I) JNELD) 30 TO 190
N=I-1
NLU=N+1
S2=10.
Ty=1IS
20 DD 30 1=1Y,N
IF (HS2(I).5E5.A¥4) GJ TO 2000
C IF (STA(I+1).LE.STA(I)Y) GO TO 2101
IF (JUOJUNTL.G6T.3) 50 TO 99993
3 50 I=I3,4N
AZGUIVENTIN®¥7G
REIN}=27G6(IY /7 Q75(1I35)
IF (I.E0.ISY G0 7O 40
STTITESTIT=1) F RUTY ¥ TT1T)
ITF(SLITI).EQ2.0.9) GO TO 640
52 1O =
U SLTLY==10L0)y Lt
IF(SL{T).22,3.,0) GO T2 &0
50 S=(AyH=HGR(I+1)) / SL{I)
IF (ST GEVSTY GO T 6"
SC=
ISAv=1
T RO USAONTINGET -
HGL(IS)=AVH
XP=1., /72.6€25
CHE=S5 IO Y005

38=3.14159 * CSR

vl
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X% DOQGRAM LAKMLP  *e¥x

J) 100 J=I5,I54Y

SPUIY=5T0 % 2(J)
I=({S76.%C(J)) /7 (C * SORT(1009.%SP(J)))) ** XP
I7 (DW.GE.24%.3) G2 1O 307

J= 057670 00Y)Y 7 (CA ¥ SORT(100C0.¥%SP(J)))) ¥% X2
IF (2.GT.2IPHINY 50 TO 70
ATA(J)=PTIPMIN

70

507 TaTL0T
IF (DWGE.12.0) G TH 30

84

JIATIY=0x#2
50 TO 103
IF (NDW5Z.5%0) G2 TO 9C

JX=273.10
JIALY) =Jx*3
50 TO 109

90

1480

IX=D/5.10
JTA(I)Y=UX*5
CONTINUSD

110

IT=T15
)2 153 I=1I1,ISAVY
Is (0IAa(I)~-22.0) 123,120,139

- 127 TX=TA

130

59 TO 143

SX=03

147

ATV =33 L0775 ¥ IV *QUIYyY 7/ (TX ¥ CX ¥ DLATI **5.22)

HEIIY=L (1) #HII)
HOL (I +1)=HGL (T} -45(T)

IF "RGT(T ALY SEVHGRTIFINY GO 10 157
53 TO 160
SONTINUE

>0 10 217
SH=H{IS)-SP({IS)
23 1703 J=1S,1

IF UUHOIY=5PTUN) Y. UT.SHY LU 70 173
SH=H0JY=-SP{J)
JKEF==Y

17U

CONTINUZ
J=JKEEP
I7 (DIM(UYGELL12.0) GO TO 187

ITATIV=0TATIV ¥ 2.0
IF (JJEG.IS) GC TO 200
IT=J-1

187

Gy roUrige T T T
I[F (BTA(Y).GZe5047) GO TO 197
AIACH =DTIA(N + 3.0

[FT VIO ISY 5070 ’U 7"
II=J-1
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FEER p:"’)GC{Af" LAKMLQ L L 3

G2 7O 110

134

[F (J.20.I5) G8 TD 209
II=J-1

200

-~ s
10090

39 19 111
I1I1=J
50 10 110

TE(TSAVL.EALNY f) T9o 29h”

[SAY=ISAY + 1
SC=1G.

SLIISAY-11=0.0
33 179487 K=TSAV,N
IF(22G6(K).2Q.0.7) GO TO 1060

RIK)I=275(K)Y 7 Q7G{ISAV)
SLIKYI=SL{K=-1) + 2(K) ¥ L(K)
IF(SLIK).EQ.D4D) GO TO 1050

S=(HGL(ISAY) -HGR(K+1)) /7 SLAK)
IF (S.5E.33) GO 79 10540

1060

IF (ST LT.10.) 50 70 10¢€5
30 1752 J=TISAV N
IF (DIACY=-1).EQ.0.83) GO TO 1063

1763

JTAUJY=0TACS-1)
S22 =3%0I)
SOMTINMUE

{SAT=K
G2 TO 1105
90 1109 K=TISAV,KIAY

SPTRKY =50 ¥ 2H(KY
D=((576.%G(K)) / (03 * SQRT(1035.*SP(K)))) *x
IF (De6Gze24%40) GO TO 10830

D=0 720750(KYY 7/ TCA ¥ SORT{I000.¥5SPURY Y *¥
IF (D.GT.PIPMTINY 50 TCO 1070
AIA{K)=PI2MIN

XP

1070

50 TO 11Jd7
IF (0.65.12.3) GO 7O 10830
JX=2/2"

10839

JITAKY=JX*?
53 7O 1130
IF (D.GF45540) 6D TO 1020

JX=T75 .7
JIAK)=JX*3
50 TO 1100

1099

JX=Y/».0
DTACK) =JX*5
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*X¥¥  PIOGRAM LAKMLP  ¥xxx

SONTINJE

[I=15S4yY :
32 11353 I=TI,KShy
I# (3IA(IV-22.0) 1120,1120,1130

ZX=CA
G2 TO 1140

SX=Cn

HF(I) =L (I} *HIT)
HOL(I+1)=HGL(T)-HF(T)

HUDY=0ETV77s D ANy /(O F OX F 0TI FREL D)

1150

= (AL + D) G AGRIIFIYY GO 1O 1150
50 T3 1150
SONTINUEZ

1150

T=K52V
50 10 1210
SH=EH(TISAY ) -SP (T SAY)

0TI UEISAV, T
IF ({(H{1)=SP(J)).LT.SH4) GO TO 1174
SH=H (1) =-SP(J)

1179

T T TIETMIATYLGE IO TGO T 11RT

JRETPEY
SONTINU®
J=JKE=P

JTA(HI=DIA(UY+ 2.0
I (J.FQ.ISAV)Y G) TO 1209

1180

IT=J-17
52 T2 1119
IF (DIA(J).GFa5440) GI3 TG 1130

ATACIY="TATINV+F 37T
IF (J.EQ.ISAV) G0 TO 129"
IT=J0-1

1130

GOTTOTITY
3TA(YY=D2Ia( ¢t €E.0
[F (J.ZQ.ISAVY GO TD 1227

1200

11=J=-1 ~_
GO 10 1113
I1=J

121+

TLUTTO TN

IF (KSAV.EQWN) G3 T0 23040
ISAY=KSsAY

3O

5J 10 1003y

S

(98]

AGES

(A8

ARITE INPUT ER702 M

c

20930
2010

ARITE (5,2013) HGR(I),STAL(I),AYH

FORMAT {//710X, 44 HGR,F10.2, 7H AT 3STA,F10.2,

I2H TS

GR

TATEC

THAN

TR IOULC TINVHTTIIRY T

JOOUNT=1




T-1762 | 70

xR ¥¥F ‘QR(\GQAW L{\L(yLQ ¥yr¥x

[y=1+1

50 T 2°
2200 WRITE (5,2213) GS(I)+STA(T),HYH
2210 FORUMAT (//12X, 44 G3 4F13.2, 7H AT STA,F13.2, 294 IS GAEATES THAN

TAVH,F10.2)
JTOUNT=1
IY=1+1

S5 T 3055 ' :
2220 ARITzZ (5,2218) CGSINL),STAINL),HVH
53 TD 9939

2300 ARITE (5,2313)
2310  FORMAT (/// LaH NO. OF PIPZ LENGTHS ARE GREATER THAN IPZMAX)
53 T3 99G9

L0 WARITE (5,2%10)
241 EORMAT (s/7 41H ND, OF DBELIVERIFS IS GREAT=R THAN NDEMAX)
G T3 9999

~
Le

C SOMPUTE EARTHWANRAKL,VELCCITY,HEAD CLASS

> ZARTHATNEK [S BASED ON USPR DHG, MO,47-0=-07324 MAY 7,13£2
C PRESSUDT PIPE  TYPITAL TRCNGHZS REV. A2RIL 20,19¢%

~

W

2300 IF (LAITS).NEL.L1Y 50 T2 3000

- T {TKASELVEY.UVIY 50 TO 33070
TFINNT.NEL.") G0 TH 30880
ML (LASAY)Y=TKWSZL

I3=T35*1
02 2219 [=I8,LA%4Y
NNI=LASAY +#1 -7

HSL (NNMIV=HFINNTY + HGU (RNYT+TY
2310 SOMTINUE
[SAV=LASAY -1

IF IS AVCER NY LD T 577
52 TO 13930
3003 23 3043 I=IS,N

I o7 Yty GT V2. JY 50 70 3010
ATAODLTI)=(DTAL(TY+2, 7Y /12,
TRHIDTHIT)=?.1

SY T 3ITLY
3010 IF (DIA(IV.GT.18.0) GO TO 3820
FIAIDLIY=(DTA(TY+5,7) /12,
THIDTE (I =0V O83¥ oI ATV F2500)
50 TO 3049
3020 TIF (OTA(I)GT.24.03) GO TO 30390

DTADOTTI = (ATATTI Y ¥ Ty 712077
THIDTHLILI)=0.083%(DIA(I)+40,0)
523 T3 3041

T30 0T DAY IV EIVIS TR LAY /T2
TAINTH(TI)I=",0833*%{1.157%*0IA(7) +36.0)
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¥¥¥¥  PROGRAM LAKMLP  ¥¥rx

IY=TS

SOANTINYEZ

92 3137 I=IY,N
NN=NN#+1

TF (NNUGTL.IPEZMAEXY GO 10 2302
VI =Q(I) /7 ((3.15159*2TA(TI)¥**2.1) /7 57%.)
HY (TI=(V (DI *VIIY) /84432

TF (HYAWNT 0.0y 5070 307¢C

HYHCK=0.0
IF (I.G2.LASAY)Y 50 TD 30/D0

HVHTK=E1.10
QYH= (HGL(IY#HGLII+1)) /2.9
59 TO 3479

K EY]
3070

HUH=TKISEL + 5.1
IF (GSHUIY.GT.HYH)Y GO TO 22090

TWd= (HYH=-(GS(I}+G5(I+1))/2.00) + DIAQCD(IN/2.0 ¢PTRPCOV

3080

IF  THYHCK. A, 070V 50 7O 3037
HyH=0.9
AUMHO=T4/25

MACTNNZHT (T

ACTIT=E0UAHT ¥ 2570 +# 25.4
W)IA(AU)‘UIA(I)
CINN)=L(TI}

EXCAV=THINTHLT) *L (IV*¥((RPIPCIVENIAND{INYI /27 )
FKFL=2XCAY=-(((3.14159%0TA0D(II¥*¥2.)/4.) *LULI)/274)

IF1I.t2.I3Y R0 10 3730
SZXCAY(I) =EXCAV+IEXTAY (I-1)
SIKFLIT)=RKFL&¢SAKFL(I=1)

BOTTTUINOY
SEXCAY(IY=2XCAY
S3KFLAT)Y=8KFL

TIINT T
IF (TYYSEL.EQ.0.0) GO TC 3139
IF (LAfIS)WNS.1) GO TO 3119

311
3121

I (NL.2QL.LEASAVY 0D T 31270
IF (HVH.NEL(TKASTLES,)) GO TO 3137
YH=TLHSEL + 5.1

3130

[F  AGTTNCYGTVHVHY GO 10 2227

f!

SIZs JELIVERIS

4]

I

o e Ne]

IR=1IS+1
DIL(IS)I=0.0

TEFTICATTISY NSO G0 T RTLD

IF MO ECTETIY G T " 4170
23 4167 I=IRWML
LIV =041

IF (I.52.LASAV) G) TO 41630
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¥xxx  PROGRAM LAKMLP  ¥*ex
L013 IF (I.E0.NL) GO T2 4020

I (CATO I CATIYY 60 T 4ig?
I (D2(7T).5T7.3.80) GO TO 41330

L9249
57 T3 L1535
030 [F (DI .GT7.0.02) GO 79 L0040

T R0sT

DZL(I)=1.3
52 1O 4137

TIEUUICINUSTL 0V ESY 60 YOG Es T

DZL(I)=1.5
G0 TO 4153

LTST TR (DATY 5T L. 173 GO T0 L1160
2zL(IN=2.0
G3 TO 41579

4060 IF (DDO(I).GTa0s54%5) GI TO 4370
JEL(IN=3.0
50 TO 4151

LO70 TIF (O0NITY.GT.0.831T) GO TO 408%T

TTTTRUET

JTL(TY=6.0
G) 70 41453

FOOT TG 2T TTSY 60 T 49T
IEL(I) =040
67 T 4150

5090

IF ATy, 5T.2.87%Y 60 70 100
JzL(I)=8.1
50 T2 L1359

41018

IF OOy 570305557 GO TO 11T
JELITINI=10.3
G3 TD 4120

T % 15 R 0 10 1N (5 1) IR SRR U S I 1 B B B % -

IZL(I)1=12.9
G 7O 4159

T MATT) .57 00357 50 T3 L4130

L1720
JEL(TI)=14%.0
57 TO 4160

LT3V IF (O IV . GT 8. %5 7Y GO TU 4140
IEL(I1=1540
6 TO 4160

[N I (0T 5T, 17727y GO TO LIsT
ITL(IV=13.0
50 TO 41560

41570 JZUUIY=0.9

41560  3ONTINUS

L170 I 41230 J=T3,NL

TIFTMOELTYY JERVTVOY GOTOT G T3

NJI=MO#1{
IF (NDJGT.NDZ¥AX) GO TO 2409
SATLANDY=T=CIYY

IF (J.EQeNLY GO TO 4180
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FEX® DROGRAM LAKMLD  ¥Erw
IF (HO(J) LT HC(J=-1)) GO TO 4138

JHC N =T )
GY O 4138

18,  JUC UMY =HC(J=-1)
4197 CONTINGT
IF (LA(IS).NE,1) GO T2 7300
S READ T COSTY OF PIPF
7900 RRIWIND 3
REN] (34731C) MCL4,MC4NC
7910 FORMAYT H{3IT
RTAD (34,77320) ((3IM¢N)y,™=1,10),N=1,NC)
792. FORMAT (13°83,2)
c MC1 - SMALLEST PIPT DTA. FOR WHICH CGST IS GIVSN - KAS TQ Aar
c 245,02 8
™ MO T =TSUBSTRIPT LINIT FCR PIPT DIA (NMUST 3T 17,20, 379Y
C NZ = SU3STRIST LIMTT FOR PIP= JLASS
c C ARRAY IS DIMINSIONEDR T7 PRAOVIDE FOR OIAMETERS UP TN 1207 INCH
z ' AN H-2D UP TO 1030 +7. '
S COST VALUES SHOULO BZ GIVEN FOR HEANS [N INCREMENTS NF 25 FERT
|9
IFTUITUGT 20y G 10 739371
RTAD 13,73253) ((Z(MyN)4M=11,4C) yN=14NGC)
GO TO 794010
IEER RERTY 13,7327 oMM NY L, A=11, 271, =1, )
RIAD (34378201 ({2 (MyN) 3y M=214HMC)Y 4N=1,4NG)
c ,
7000 N=ML-1
RUCL=MT1
IITYL00IETSTN
IF (L{J).2Q2.0.0) G0 7O 8100
IRRC=IRS+1
IT=TIC0F:
430 (IC)Y=HT (D)
ACCIIC+#L) =42 ()
AT TIOE 2V =HT T
CCUTT+3)=HI (D)
HOC(IC+L) =HC (D)
THETHAZ IV ¥, 1Yy 7235,
I={J) =IRS
IF (DIACYIGTL12,) G0 T 7018
I3=DIE NN /2010 '
52 TO 7039
7010 IF (DI2(U)Y.5T.54,) GO YO 7029

ID=0TA (Y73 ¥ 717
G3 TO 7030
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FxEx OROGRAM LAKMLP  ¥#%s

7020

IJ=0Ia(41 /5, ¢ 13,

7030
7040

157 ((TD-1°Y. 67,2y GO 70 7353
IP(IS ) =PIPARP(IP#+4L)
JO(IZ+1) =PIPARR(IP+3

JE(TC+2) =OIPARR(IZF2)
IP(IC+3) =PIPARP(IP+1)
IP(IC+4) =PIPARS(TD)

53 T3 7379
I {(ID.GE.28) G2 TO 7362
DP(IC ) =PIPARR(ID+?)

IOIEFIT =TS AR (TOFI)
IP(ICH2) =1TACI)
IP(IS+3) =2IPAR(TN-1])

7360

IP(IC+5) =PI ARPIIN=-2)
53 T2 7071
I?(IC )y =PIPARR(31])

I (ICFIT =P I5850(29)
IO (IC+2) =CIPARZ(23)
IP(ICH3) =PIPARP(27)

7072

AP{IC+LY =PIDARDP(?25)
ICu=To+0
30 80840 I=TC,IC4

IPTOY=000Y 7 EVIS153¥07 IV ¥0P (1YY 7 5750
IF (DP(I).5T.22.) GO T0O 70835

2S=CA

72A0
73310

(@R

SOTTOT7YST
23=23

H2(IV=(331.775 * QM *0(J)Y) 7 (CS *® 0SS * JR(I)**¥3,25)

AVPATY=TVPIIY*VP({TYY 7/55%.32

LOOK UP COST JF PIPE

IF (IPIT).LE.10) GO TO 872°
IF (D°2(I).LE.544) GO TO 38014

8010

M=UP L) /5. #1747 -(RMTUT 72
50 70 20393
M=DP(IY /3. +342 ={2PU51/2.)

8020
2030

5T
M=0P(IY/2. + 1.2 -(RMC1/2.)
IF (NH,LZWMNCY GO TO 3059

- 122

3060

BO79

INENTRELT)

ALl Toy304%d0 27017 o H
FORMAT (/7% HTAD CLASS FQR PIPE *,Fo,n,+ IN, HMUST R’F *,75,0)
ININT2=1.3

TETTMTLE IS Y TGO T T 3070

ARTITE (5,30003) DB2(1)

FORMAT (/7% PIPE NUNK COST MUST THOLUDE CAST FOR ¥,F5,0,*%IN,PIFPY

)

SOSTRPI(I)=C (M ,yNH)
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80”3 SOMTINUZ
IC=IC+5
8100 SONTTNUT
C
o WRTTD FINAL AVSWERS
000 9J0 51793 I=IS,N
IF (A5(I) 5243400 GO TO 50490
B S § Sl oI £°0 B I I SV %1 I :
IF (LA(D) NZLLA(IS)) G0 TO 57227
ARITE (JW,>5019) STA(I) ZHGLII)LACCI) ,DQ(T)4DEL (I HHGRIT) GSH{T)
5013 'ORMAT—Tj.XyFiG- RXyF% Z,‘*iT’ UY :q7g0X9r302,F9 1;?‘ 29:3:"21
53 T2 =j61
5523 ARITE(JWLES03%)Y STA(D) yHGLUTY g (LATH(I,LIT) ,IT=1,2),A00I)4HGR(TI},,GS(T)
030 FORMAT (IXyFIT4Z243X 3 F34 2y LIX, AT, FT.2417Xy4sF342,FR.2)
G3 TO 50217
5340 ARITI (UW,5050) STA(I) ZHGL(I),GSA(T)
2550 FORMAT U173 F1 ¢ 243X 3F3ed4Y95X,F3,27
2063 ARITZ(UWZS073VQIT) ¢ DIACIY ¢V (I) G HY(T) 3 HITI) L (I) yHF(I)H,SACLTI),HCIT)
5070 :UD\%AT (1311F7 _Q’DYyF“nD,?Fbo(QFQ:O9F‘-12.“9F702924X'F13 ? 2 X r."oj)
I eIy weWw 07 GO T 5090
ARITEZ {JwW,3{37) =Q(I)
5083 TORMAT (1H+,34EQ=,F3,2)
TS U9y TONTINGE -
56493 YATITZ (7,5500) IS,N
650  FORMAT (21I3)
JJ o521 I=1IS5,H
ARITE (7,56510) L&(I),STA(T),(LAT(T II)yI1=342V A0 (1) ,=G(I),00(1},
1 DELCIYyHGRILY oGS {I)4Q{TIY,LITY,,SAC(IY,HOL(T)
- Bolf FORMAT TIS,FI7.2, )4179éF? CoFb e e Fo s Ly IR 2y F1 T2 ZF10.7y5 5410
IF (L(T).£0.3.3) GO T2 5516
IL=TL+1
ITL4=1IL+%
ARITE (756514) (DI2(I1),IT=IL,ILG)
5514 FORMAT (5F10,2)
ITL=TL*L
5510 TONTINUE
ARITE (74865270 ) NU
oo>21U SURTMAT (L0
ARIT (746515) LA(NLY)ZSTA(HL)Y,ACINL )Y yOQ (NLDY 3050 (ML) yHGR (ML) , GS(NL)
5515  FOPMAT (I5,F10.2420X4F424F5424F5,1,2F8,2)
[l G0N0 S (DU MR R 6 AP TRFEE TS B CY 6 R IO IR S A RN
NRITE (N SN STA(NL) yHGLINLY s ACINL) 4 DQINLY ,DEL(NL) yHGRINL) ,6SINL)
53 7O 9939
000 HRITE OW, 5010y STAINC Y y RO TR T 2 INDY y HG S INDY S, 52 T

5315 FORMAT
33993 RTTURN

(1x,F1

'§.2,L3X0qu_9hlx 2")( Fg. 2 17X PF?).Z)

TENTY
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*#%s  INPUT FIL- GATAL *¥xx

1.5 4,5 O 1.53 7.1 0 345 373
3 1 7.534 1183, 111u..
HAIN '
1 Je Go O 1113,
1 1557, 11C., 13S0, 1389,
2 29037 C. S 1078,
Sus 1t
2 J. Co O 1373,
3 *ann Gv So 107‘30
SU3 1-A
3 0. C. Js 1079,
0 it 11z, 1332, 1073,
¥ 13C<. 3. 1333, 1033,
2 4250 0. O 1071.
Su3 2
3 13513, 30, 107, 1073.
o 58505, 148, 13e3d. 1358,

o
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¥¥x%  INPUT FILE PIPRIC #¥%*

PIPZ CSIZES 4 THCHES THROUGH 27 INCHES

L 30 29 EXAMPLE PROJECT PIPE PRICES DEC.1973

2.68 3.65 L,65 5.73 5.77 8.31 10445 13,70 16.38 19.18
2.68 3465 4465 5.73 677 8.31 10445 13.70 16.38  19.60
2.568 3.65 4.65 5.73 6.77 8,31 10.45 13.70 1£.38 27.10
2.68  3.65 = L.65 5.73 6.77 8,31 10,45 13,713 16.38 21.10
2.58 3.65 Le65 5.73 5477 8431 10445 13.70 16 .38 21.60
2.68 3.65 4,55 5,73 65.77 8.31 10.45 13.79 16 .38 22.18
2.68  3.65 4 .65 5.73 6.77 8.31 10,45 13.75 1€.328 25.60
2.68 3.65 Le55 5.73 6.77 8.31 10.45 14,20 16.88 25460
2.68 3.65 4,65 5.73 6.77 8.81 11.05 14.20 16,88 25 .60
2.68 3.65 L.55 5.73 6.77 8.81 11.95 14,20 16.88 25 .61
2.8 3465 455 5.73 6477 .81 12.95 16+70 20 .38 26460
2.68 3.65 4,65 5.93 7.07 9,91 12.95 16,70 20.38 264560
2.58  _3.85 4.85 5493  7.037 9.91 12.95 16.70 20.38 26460
2.68 3465 L85 Hel43 7.77 10.21 13445 17.20 21.38 26460
2.68 3.65 5.95 6ol43 7.77 10.21 13.45 17.20 21.33 27 .69
2.68 3465 5.05 6.77 8.17  10.81 12,95 18.29 22.38 27.50
2.83 3.85 5435 673 B.17 10.81 13.95 18.20 22.38  27.60
2.83 3.85 5.35 6.73 9.47 12.81 16.45 21.20 26.38 27 .60
2.83 4,05 = 5,75 7.52 9,47 12.81 16,45 21.710 26.33 28.60
2.83 4405 5.75 7.53 9.47 12.81 16.45 21.70 26.38 28.60
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¥¥¥¥  INPUT FILE PIPRIC *%¥%
PIPE SIZES 30 INCHES THROUGH 57 INCHES

+82 24406 27 .29 30454 33.30 36437 40434 43.52 L6.92 55452

«32 25.06 28,29 31.54 34487 38,07 42,34 45,62 49,92 58.52
2.82 26,06 29.29  32.54 36,80 40.07 44,34 47.62  51.92  61.52
3«82 27.06 30.23 34454 37+33 4207 4he 34 50.52 54 .92 AL W52
he82 28.06 31.29 35.54 39.88 Ly, 07 48,34 52.62 57.92 67 .52
5.82  28.06  33.29 36454  40.80 45,07  50.34 54,62  59.92  70.52
8.82 33.06 37.29 41.54 45,88 50.07 55,34 58.672 64,32 76.52
9.82  33.06  37.29  41.54 46,80  51.07  56.34  61.62  66.92  77.52
3.82 34406 38,29 42454 46 .83 52.97 57+34 h2+62 £7.92 78,52
3.82 34406 38.29 L3454 47,80 53.07 58.34 63.62 £8,92 80.52
9.82 34,06  39.29  43.54  48.80 53,07 58,34  54.62  69.92  82.52
D82 35.06 39.29 43e54% 48.810 54,07 59.34 54 eH2 70.92 83.52
0.82 35,06 39.29 44,54 48480 54,07 6034 55.62 71.92 84,52
1,82 36,06  40.29  45.5% _ 50.80  56.97 _ 61.34  67.62  72.92  87.52
1.82 36.06 41.29 45.54 50 .80 5797 62.34 £8.62 7L .92 88 .52
2e82 37 .06 42.29 Lo.54 51.83 58.,07 63.34 538.62 75.92 89.52
.82  38.06 42,29  47.54  52,8)  59.07  64.34  69.62 75,92 90,52
3482 39.06 44429 4754 53.80 59.17 55434 70 .62 77 .92 92 .52
3.82 40 .06 46,23 48.54 54,89 60.07 67.34 71.62 78.92 94,52
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¥%%% [NPUT FILE PIPRIC ##%*
PIPE SIZES 60 IWCHES THROUGH 66 INCHES

hel6  72.83

7.16  77.83

te.ip  81.83

5.16  R6.83

9.16 91,83

3,16 95.83

516 98.83

8.16 101.83

0.16 103.83

.15 105.83

4,16 106,83

6.16 111.83 —

7.16 111.83

9.16 116.82

.16 116.83 B L -
.16 121.383

6.16 121.83

1.156 126.83

1.16 126.83

6.16 131.83
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gEEx SUBTOUTINE SURSAC  #xxx

SHAAQYTINE SACH (NS,SAL,AL,0,0D04NF)

ATFIRSION SACST T VL, ACC 1T Yy,5C 1 7,0 C 1)

c SXAMPLT 9204I0T  0=6.1 GPM/AS 11-29-73
C
I2 507 I=NS,NF
WWII=3AC(I) *#0,0135
5U0T S ONTINOT
NT1=NF &1
23 500 I=NS,NFi
TITIVEACTT) 0. 0135
500 CONTINUT
2TTYRN
D
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DYNAMIC PROGRAMMING SOLUTION

(GRAVITY PROBLEM)

ECOHOMICAL PIPE HYODRAULIC STUOY

STATION

0.00
1500.00
2900.00
2900.00
4250.00
5850.00

Q HGL

1100.00
7.68
1097.14

1065.23

DIA

21.
13.
10.
10,

8.

3.19
3.50
6436
4ot
3.90

HV

16

19

63

24

PIPE CLASS DESIGN ELEVATION =

SLOPE

001907
002779
«019101
«009518

«009479

LENGTH

1500.00
1400.00

0.00
1350.00
1600.00

MAIN

1110.00

LOSS SUBLATERAL NAME AC

110.00
sus 1 200.00
75.00
sus 2 80.00
100.00

SAC bDQ DEL

565.00
1,50 6.0
455.00

255.00
1.02 6.0
180.00

100.00
1.36 6.0

HGR

1090.00
1089.73
1080.00
1078.00
1060.00

75/04/13,
NGS HC
1110.00
25.
1089.00
s0.
1078.00
50.
1077.00
S0.
1071.00
75.
1058.08 ‘
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DYNAMIC PROGRAMMING SOLUTION

(GRAVITY PROBLEM)

ECONOMICAL PIPE HYCRAULIC STuDY

STATION Q HGL DIA v
0.00 1091.75
2.72 12, 3.46
400,00 1089.94
1.22 8. 3.51
1000.00 1085.34

HV

19

19

Sus 1

PIPE CLASS DESIGN ELEVATION = 1110.00

SLOPE LENGTH LOSS SUBLATERAL NAME
+004512 400.00 1.80

SUB 1-A
+007678 600,00 4e61

75/06/13.
AC SAC DQ DEL  HGR  NGS HC
1078.00
200.00 _ 0.
110.00 1084.32 1079.00
90.00 0.
90.00 1.22 6.0 1085.00 1083.00
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DYNAMIC PROGRAMMING SOLUTION

(GRAVITY PROBLEM)

ECONOMICAL PIPE HYDRAULIC STUDY

STATION

0.00
600.00

Q HGL DIA v

1088.44
1.50 10, 2.74
1086.31

HY

12

PIPE

SLOPE

«003554

SuB 1-A
CLASS DESIGN ELEVATION = 1110.00
LENGTH LOSS SUBLATERAL NAME
600.00 2.13

AC

110.00

75/06/13.

SAC DQ DEL HGR NGS

1079.00
i10.00
1.50 6.0 1082.00 1078.00

HC

$0.
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DYNAMIC PROGRAMMING SOLUTION
(GRAVITY PROBLEM)

T-1762

ECONCMICAL PIPE HYCRAULIC STUDY sus 2 75704713,
PIPE CLASS DESIGN ELEVATION = 1110.00
STATION Q HGL DIA v HV SLOPE LENGTH  LOSS SUBLATERAL NAME AC SAC  DQ DEL HGR NGS HC
0.00 1078.90 } 1071.00
€Q= =-250.00 1.09 10 1.99 «06 .001880 800.00 1.50 80.00 50.
1050.00 1077.40 80.00 1.09 640 1075.00 1073.00
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¥¥®r  PROGRAM LPFTN ®¥xx

PROGRAM ZLPANS(LPANS,FTANS,TAPEL12=LPANS,TADPTIg=FTANS)

JITHENSTON WIRO ()
ZTQUIVALANCE (WORP (1), IACRD)
REATL2) X, (HOREIK) yK=1,47)

WRTTE 18,100 WoRT(7)
100 FORMAY ( 1¥,F15.2 )
119 READ (12) X, {(A43RI(K),K=1,7)

T IF TUTHORDVNE Y T3 RXTIY G0 10 1L
G2 T0 125
120 RIAD (12) X, ({U0R3I{K) (K=1,7)

T Y25 IF UINOROLVED, ZHEIY RO OTO 999
IF (IWORD.EQR.7HTITNDSIY GO TO 993
WRITE (8,130) WOIN(L),WCRDI(2)
A3I0 OFORMAT CIX, AL, FIgLey S T T T T o
50 TO 123
8933 CAaLL =XIT

— Y yo —
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#¥2% PROGRAM LEOQANS  *¥eE

P20GRAM 2EP02T (ANS,FTANS,CUTPUT, INFILE, TAPEB=FTANS,

1 TAPT7=0NS, TA3=c=0UTPUT,TAP-10=INFIL=-,TAPED)

GRrexx PROGPAY REANS FR0M TWC TAPES TQ GINEZRAT® A FTINAL PEOCET
Crexx ANS - FILD CREZATZO 3Y LakmLe
T TE¥ERTTT LTINS TS FITT TREATID Y LPFTH
C¥eex
SOMUMON HYOUM, TESLOS,IVALVE, IDUM
T T A TE N T T LT Y S TAL C T Y S HELI T ST, AT Y SRV C Y,
2 LAZ2(12%),STAZ2(125),HGL2(125),LAT2(57,2),HY2(125),
3 LA3(233),STA3(230)4HGL3(230),LAT3(125,2) . HY3I(23D),
L CEG L7 3y, STAG UL 7Y L AGLG I 7Y, LATR (230, 2) , Ry stL7sy,
5 LASC 731, STAS(E 73Y,HAGLS L 75, LATS(172,2),HVS{ 77,
b AHGRL C S0 4 WHGR2(125) , WHGR3I (23081 3 WHGRL(L75) yWHGRS( 751,
7 ST LI U EM L, D22, e 3 230y, D=L (17357, 3= U 757,
] AZ11 =30),AC2(125),AC31230),AC40175}Y,AC21 75},
g HGRL (O 37)  HGR2({125) 4HGPI(23:) 4HGRLU17T) ,HGRAL 75),
i ST 297,652 1125, 653023071 ,653T1735Y,G55 (0 750,
2 FRL0 53),5320128),2330230),2G3(1753),7Q50 73)
JIMENSION TODAYI2),TLOSS(Z0)
SALC OOy RTTO0AYY
I159=9
AY3UM=9.3

RFEAY 75,100y (CATI LIy, ITT=1, 37, T TYPE, STATNIL, TEZLCS, ATHI
FoeMay (3A19,I113,3F10.2)
ARTTE (H,11) (LATI(IT),11=1,3),TOaDAY

FORMAT TIH1;35H — “ECONOMITAL PIFT HYDROULIC STUTY, 25X, 3817, 25X,
1 201077)
50 TO (120,123,150,150) ,ITYPE

127 RERT YISy HY Y, TOUH
130 FORMAT (F10.2,I19)
WRTIT® (Hy140) HVHA
141 FOFZAT UL8X, 30F 2Pz CLATSTS A SILN ey ATLION =,+10.277%
53 TO 177
150 ARITE (A, 150)
1b7J FORMAT (38X, s 09P T2 COASS JESIGN L VATION = HYDRAUL T CFETY Uil
RTAD (7,153) INUM
165 TORMAT (I11)
170 ST T O (27 0y 25 0 I 210y L ITYFE
180 RIAD (7,190) TKUSTL,STASAV
190 FNPMAT (2F19.2)
ALTH 1oy 2007 TRASFL,,STARATAY
207 FORMAT (28X,33H JOWN TO THE KMOWN TANK WATIR SURFAGE (,F10.2,
1 9H ) AT STA,F1".2/)
GO TO 230 —
210 2580 (7,139) TKHSTL,STASAY
A2ITE (5,22 ) TKASEL,STASAY
2 FORMAT (22X T PH  YOWNT TS  THE COMPUTS D TANK WATS R SURFATT (L, F107°7,

1 3H ) AT STA,F10.2/)
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C*0e

¥rE¥  ORAGPAM LEDANS ¥¥r®
230 TF (STASAV.ZR.STAINTL)Y GO TO 278
NITTE (5,2470) STASAV,TKWSEL '
240 FORMAT (25%X,10H AFTE2 STALF10.2,38H ,THE PIPZ CLASS NESIGN SLEYATI
10N = L,F10.2, 10H + 5,3 FT./)
50 10 2710
250 WRITE (6,250) AYy4L
250 FOTMAT (28X,17H WATER SURFACE IS (,F10.2,37H } IN THE TANX NEAR TH
AETRUEE NG PIANTY ) :
275 A2ITT (5, 28(0)
280 FORMAT (¥ STATION ] HGL  DIA Y HyY SLOPE
T TENGTH CHS3 SUALATERAL NAME T SAC o DL HGC=
2  NGS HG*/ /)
G
CT¥¥¥¥ WRTITT FETN LATERAL
c
RTAD (r,300) TOTANS
300 FOZAET (I, Fis 20
Sx¥xx IS (JTYPL,GT,.2) 30 TO 22
305 SALL WRTANS (LAL,STAL,HGLL1,HY1 450 ,AYH14I1,MN1,SULOSSL,4HGRL)

O¥¥XFOYRITE (5,303 WHGRL{IY, T=1, 91

FORMAT (1X,F842,/)
Ni=N1HL

318

T=0
I=I#1
IF (T.GE.N1) GO TN 8000

Crrex

TFCALT DY NEG2Y G0 19 2179
WARITZ SU2S »
280 (7,329) (LAT2(T,II),11=4,2),IVALVYE

324

3390

FORMAY (2318, 1710
W2TTEZ (/,37%77) (LAT2(T,T1I),IT
FORMAT (1H1,35H SCONGCHMICA

=1,23,T0ODAY
L PIPE HYDRAULTIC STUDY,33X,2A16,30X,

1 281077)
50 7O (340,340,353,350),ITYPE
AYH2=HGLAL(T)

HYDUOM=HYIIT-1)
57 To 270 ‘
IF (5TA1(I).GT.STASAV) G2 TG 360

TYH2=TKASTU
50 1o %73
AYH2=HGLL(T)

FTTIHETHYITI=T)
READ (74137%) HYE
NRITE (5,1%3) HYA

Crrex

ARITE 5, 280) - -
CALL WRIANS {(LAZ2ySTA2 HGL?,HV 2,125, AYH2,I2 N2, ULDSS2,HHGR2Z)
ARITE (H4328) (HWAGE?2(J) 4J=TI24N?)

TSPs TS F T
TLOSS(TS?) = 3ULISS?
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88

*¥¥x  PROG2AM LCOANS  *¥¥¥x

,“”"““”"’""f{«?ITE,

(G4 371)

12,42

¥71 FORMAT (2TL])
N2=M2 +1
J2=1

FEREN EN R
J3=J8+1

FRRRXFIARITEAE, 3310 4,LA2000,35TA2(J),HGL2(J)

3!

EORMAT AZTITT, 2FIT.7

IF (J

e HEWN2)

50 T

IF (LAZ2(JYMNELI)

2 317
50 7O 3318

RTAD (7,320Y (0AaT2(J,11) TI'is’T TVaLve

AR_ITE
REAN

(54330}
741372)

(La
KV B

T3(JyTIIV,II=1,2),T0DAY

W2TTE
ARITH

(o, 1527)
(5,280)

HY

HYDUM=HY2 (J-1)

nexraxx

IVHI=
caLL

HLLZ T

W2TANS (LA3,STA3,HGL3, HVS, 304 AVH3 3 I34N3, SULOSE3, WHGRE)
HRAITE (6,328) (w%PD?(K),K—¢u,d?)

390

ISP=

ISP+ 1

TLOSS(ISP) =

N3=\3
TRYET

K=K3+
K3=K73

+1

SULD

553

I3
+1

I KGN 3T
IF (LAY JNELG)

RIAD

RZAD

(7,320

(7,138)

WRITE (5,15

L0 T

(LAT

T 387
50 TO 3912
L{K,II),II=1,2),TVALVYE

HV K

Hl/.‘

ARIT= U5y 335y (LT IKTIT, ITI=1I5, 2T TOURY

W11~

Oy 2RI

HY DUM=HY3 (K-1)

AvHY4

=HLGLIAK)

TATC
IsP =

TLOSS

WRTATIS TURLGGS

ISP + 1
(159) =

SULD

TR HGLU Gy HYLG, 175 AVHLG , T4, NG, SCLISSTLZARGR ST

SS4

NGENEET

L3=1D
=L+

T4

UR=03
IF (L
IF (L

+1

Oh‘—.o\” )

GO T

l_'il..([_’., EQE)

VIR
ARITT
R=AD

n 39T
GO TO 4G

(75320 tCATSH(CYT )y T I=1 32V TVALYS

(6,330
(7,137)

(LA
HVH

TS(L,IT),TI=1,2),TO0AY

ARITE
ARTITE

5V L)
(5,290)

THYA
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*¥¥¥  PROGRANM LEQANS ¥¥*x

JNUMTHYLIL=-1)

BTHS=HGLL (L)
CALL “Y7TANS (LAGS,STASZHGLEZyHYS 373, AVHE, T5,NE,SULOSSH, 4HAR3)
ISpP=TI37P+1

TTCOSSHTISPY=S0LCSSS
N3=NG+1
53 TO 590

A00 ARTITE (5,7939) TIOTANS
7393  FOFMAT (//7/717X,*TOTAL CCST QF PIPT IS $£#,F15,7)
Crxxx JAITE (H,4235) (TLOSSH(ILN),IRN=1,T15P)

C¥2z FIOPYAT TIX,F8.2,7)
RTAD 17, 437) TRILOS,PIPCOV,DWSADD,X,Y,CSS,CS,7IPMIN,IPSOST
%30 FORMAT (2F5.2,3F10.2,2F1C43,F10.2,110)

=JADD = DWSAD
43403 = 3.0
A2TTE (3,43%°) TTILOS,PTIPLCOV,OWSANE,XyY4CSS,0572,

RTAD IR LISY 0T, SENTRY, ITYPE,TAP,T
1 INPYCT
435 FORMAT (215,110,551 0.2,F5.2,75)

s+ B

ARITE 3,433 MOZL SENTRY,, ITYPE, TP, 37
1 INPUOT

RTAN (10,440) (LATL(ITI),II=1,3)

T OTRED FORMATY UZATOLILM
ARITE (Qya4n) (LATL(II),I1=1,3),I0UM

J1=10
I=1
J=1
L=
=0
=0

TRERNDTIT LTy DR UL Y, U AT ), ST AT UYL AC I U G ARG I T T, GST Ty =T (I

L5373 FORMAT (F5.241%545F103.2)
IF {I.F2.1) G2 T3 455
I 017 YP- .05 2)Y 0 70 §5¢2
IF(STAL(I) o ZQ«STASAV) MWHGRLIIY)=! 59

IF (LA (D) .EQ.1) GO TO 4od

&
Ui
N

TF UYL I =R 2ZY GO T Y355
HGE1(T)Y = HGRL(IY + £04ADD
VRITE (3,420) OELI(I)ytﬂl(I).STAi(I),ACi(T),HG?l(I),BSl(I),?Qi(T)

ER R NP
455  ARTT= (3,450) D 4(I) 4 LAL (T gy STAL(I) JACL(I) 4 HGRL(T) 4631 (1) ,-721(1)
50 TO 445

SE0 T AR ITE Yy LTy DI T Y U AT Ty S S T AT T S A T (T Yy REGE T Ty s DYy, 7Ty
53 TD 445
L5 WRITT (2,450) DF_L(I),LAL(T),STAL(TI),ACI(I),H5R1(T),GS1{(T),FOL(T)

FTATTILTETCY T2 Iy T Y S TIE I 2Y S IVALYT
470 FORMAT (2A10,I17)
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$r¥¥  DONGAAM LICANS  Tewx
J1 = Ji1+1
MUTTS(A,E75Y (LET20T, 11V, I1=1,2),IVALVFE, TLOS~(JI, TLASS(ID)
475 CAYMAT (241 ,T1:,2F3,2)
TSAY2=TLOSS(J1)
JI = J+1
480 J = Jei
READ (10, 5501 DEL2(JI,LA2(J),STA2(JIZAS2 () ,HGRF2(J),56352(J),502(J)
IF VTNV ROTTTY 93
IF (LA?2(J).EQ.2) GO TO 430
IF (LA2(J).EN.3) GO TO 43s
WGP T =2"H5R7203Y ¥ EORTD N -
A2ITE (9,450) DTL2(J)4LAZ(JY,STA2(U) 3 AC2(J) 4HGR2(J) ,6S2(J),502(J)
50 TO Lu3 _
LS5 ARITE (R, 450Y DEC2{I),CAP U, ST82 (Y, ACZ (JT, HoR
50 TN 4837
495 WIRTTE (3,450) DSL2{J)sLA2(JY sSTA2(J) JAC2 () 4 WHHGR2(J)HS2(Y),552()
5 TOEED ‘
495 ARITE (3,430) DEL2(JY4LA2(J) 4 STA2(I)ZAC2IINL,HGFR2()) ,,65200),°62(J)
READ (10,470) (LAT3(I,IIV,I0[=1.2),4IVALY"
JI = JTF1
TLOSS{J1)=TLOSS 1Y +T5AY2
TSAY=TLOSS(JL)-TSAV?2
ARITE I 573y (CRT 305 IS ITE15 2y, IVaLyV ™, TEOSSTITY, TSV
TSAVI=TLOSS(J1)
KK = K+1i
>UT XT=KF1
REAN (10,5450) DTELIIKYIZLAZIK) 4STAZIK) yACI(K) ZHGRI{K) 46GS3(K) 4+ Q3 (K)
IS (K.EQ.KK) 530 T 535
IF 1A (R)VERTSY GO T0 517
IF (LA3(K) . Q.4) GO TO 515
HGR3(K) = H4GRI(K) + £QoarT ,
AT T (3, =L R, A3 TR ST RS (RY AT S IR HHGZA KT L3 Ky . -3 TK)
50 TO 433
505 WRITE (3,450) DFL3I(K) 4LAZ(K) 4STAZIK) 4 AC3(K),HGP3(£),533(K),*03(K)
SOTTOTSUYT T T T
51 WRITY (94452) DELI(K)SLAZIK) 4STATIK) LADZI(K) yHHGPI(K)435S3(KY , 53 (X)
50 7D 507
oL D A I TS Sy a0y O ARy, L83 Ry ST AT L AT T EK Y, AG 3T XT L G333 KT ¢ =33 1KY
READ (10,470) [LATL(K,TII),II=1,2),IVALYF
J1 = Jist
TCOSSTIIYETLUSSTIITHTSAYS
T5AY=TLNSS(J1)-T3AY3
ARITF (23,4751 (LATL(KGTITI),II=1,2),IVALYT,TLOSS(J1)},TSAY
TSAVEETLDSS (I -
LL = L+1
520 L = L#+1
T T, 45T fit_Lq»(L),L_l\T(Ll,S!Exﬁ(EI,T\LQ(L),Hb*’u(b),bbio(l.),'.‘Jle(L)
IF (L.FO.LL) GO T0O 3525
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¥r®x  PROGEAM LEOANS  *¥%¥

I (Las{L).EQ.4) GO T2

[C) 1B
N O
Ul &

I (LA%(L).71.5) GO 19
AGRPL (L) = HGRa(L) + QADQ
W2ITZ (2,4532) QE;&(L),LGw(L)ogTﬂk(L),ACa(L)sHsiu(L).GS&(L!,;Q4(L)

50 TO =03

525 WRITF (9,450) NZ_a(L)Y, LA (LY ySTALLIL) ATHLLY ZJHGP A (L)Y ,GS4 (LY o204 (L)
59 179 ©22
530 ARITE (3, <53) DNELLIL) yLASTLY ,3TAGIL) yACL (L) 3y WHGPL L) 3 GSL L), -G (L)
50 TO0 523
535 WAITE {(34430) JEL+(L),LAw(L),QTQ+(L),Apu('),HG“ fL),rﬁQ(L)yrQQ(L)
RLAD {170, 477) {(LATE{L,IIY,1I=142),y VALV~
J1 =01+1
TLOSS{J1)Y=TLNSS(J1L)+TSAVL
TSAV=TLOSS U1y -TSAVG
WRATTE (3,07%5) (LATS(L,ITYIT=1,2),TJVALVT,TLOSS(JL),TS\Y
MM = M4+
S4Q M = M+l
2TAD (104450) NELSAMIZLASIMY ZSTASIM) JACS (MY JHGR5 (M) G358 (1) ,7 N5 (¥~
I (M,E80.4M) 50 T2 3545
IFTTAS M E2.S) GO TO 5210
HGR5 (M) = HGRS (MY + Z0ADD
ARTITE (Q,450) DELS(M)Z,LAS (M) ZSTASI{M)Y JALZS{MY LHGPS (MY ,655({M) ,T035¢(
T TR Yy 5eE
545 WRITE (3,453) DEL5(M)4LAS (M) ,STAS(M) ZACS (1) 4HGR5 (M) 4,555 (M) ,ER5(M)
50 TO 340
550 A2TTF (3,47%70) SIMY S LES (MY, STES M) AT (Y yWHGRE (M), GS5(+) , =55 (M)
530 TO 647
555 WRITE (34,5506)
556  FORMAT (¥ ¥7¥ ¥y
RIMINT g
SALL RERPLAL (SHTAPTSQ,AHOUTFIL)
SALL =XIT '
ZND
SUNR0UTINE WRTANS (LA, STALHGL  HY, T3, 8UH, TS, NSAV,SULIST ,WH3F)
S CHAON THYDUMNy TFELDS,, IVALVE, 100
JIMENSION LAD(I0D)Y,STAD(3IND) yLATD(Z0N0,2),0CD0300),720(3102),
1 DADIZN0)4DELD(300)Y,H r”D(’U'))y SN(309),00(0332),L0C0330),
2 SLEUIOUSUIY HOD 13007,
3 WD(?DU,)),LQ(3GO,5)qL:J(30015)'39J(3*f,5)

ITMENSION (4 (TN),STACIO),HGL (IN),HY (I0),WHGR(I")

T EN S IO LT (L 2T AT (3N ), DT (R Y  OF U (30, L (300, LS 13807
3(379),0(300),Vv(303¥Y,4{300),L1330),4F 130013,
2 SAG{300YHO(324) 4E{R07)

REALTCTLS LRITER -
UNDER1=74047604740474047
JUDERP?2=740474047434L3

Cryes

2TA0 THS TWO IMPUT FILES
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LR R pPE OGOAV LL’AA S ¥xzx

~
2:13-) (7,10 )I)y
130 F2=24AT (2I9)
30 1. I=T3,H
REAT (7,11 LAY STAC ), (CATDMI L, I, IT=1, 27, AT (1), - (1),
1 GADUIYI 4Dl D Ty G20 (T ) ,GSDUT) W 20(T) yLOLI) 4 SACD(I) JHAD (T
110 FOPMAT (I5,F10.292010,2F 04237 5424,F54142FR,2,F1045,251 47,F2,2)

Ly, ., 7. 50 Ty 157
RTAD (7,127) (DCUTILIT),II=1,5)
120 FO2MAT (5F10.72)

50 14 J=1,°%
RTAD (R,137) LRITLJ)
1330 FORMAT (14X,F10.2)

147 CAONTTHU:
150 OSONTINUZ
RTAD {7,1567) NL

150 FIARYMIYT (I3) ' '
RZAD (74172) LAZINLYZSTADINL) LASO(NLY,,DCO(NL)Y s DZLO(NL )Y ZHGPDINLY,
1 G3SD(NL)

173 SOYMAT (I\,T-"IU";_:,ZGK f'j'l_q",.)oé,ur?'d., F3,.,2)

"
Crexx ADD THO ARAYS TO FORM ONE (NEW SUBSLRIRTS)
C .
NSAY=
=I5

THT O 2T TETSTN
IF (LA(I).NELJ.0) GO TO 185
JRoN=1

TTTTTTUUITYEDLD
G2 T Q 2"a
185  JCOM=9

T3 14] J=T,5
IF (L2(I,44).°¢

0
D

2.0.6) 60 1O 1990

JOON=JCON ¢ 1'
CrRIUTIUnmT = U1l 4yJ)
IPJUTLJSON) = D3I, J)

130 SOMTINGS

2N I =AY
STA(IT)=STAD(I)
CATITIT, ) =LATD (T, 1)

CAT I 2V =0ATatIvey
SUICY=A30(T1)
SACISY=EaQntD)

IYTCITTEIND (T
DELAIT)I=IILA(L)
452 (10)=H520( )

~53TICYEGSITY —  — -
A(I5)I=2D(T)




93

*rx®  PEOGRAM LEZOQANS

PR 33

SAN(ISY=3A50(T)

31Oy =HT0(T
IF (LI(T) 724047 50 T2 230
GJ) TO (201,202,7173,203,263),JCCN

231

RIS EDENIARER
LITCY=LRI(I,1)
53 1O 222

202

20ICY=n2(T,1)
LA(CICH+L)=LAD(TS)
IMIC+1)=9RPJ(I,2)

STACICH#HIT=STA(IO) # LRJI(I,. 1)
CIC+1)=Q0 (D)
ACLIC+21Y=0."

SACICH+) =EQID)
II(CIC)I=0.)
SAC(IZ+1Y¥=SA00(D)

SSOTRFIYETS
HSA=HOD(T)
HOA=HAD (T #1)

203
204

HT IS+ )Yy =AM T UHTAHTOR)Y
L{IS)=LRJ(T,1)
LUIC+1)Y=LRUILI,L2)

SOTTOTZLY T
ARITE (5,204}

FOPMAT (1H1,* £ 2 2 0 P - ADD MORI STAT MINTS AT

233 *)

T e —'—'—F\“A‘

2110

SALLD ZXIT
J=1+1
IG=IC+JOON

T2 HETLH
LACIG)Y=LAD (M)
STA(TIGYI=STAD ()

LATUIG, V=0T isyTY
LAT(IG,2)=LATD(¥,2)
AS(IGY=ACD()

ERAGRDIENE RO
72 (IGY=NADIM)
ITLATGY=05LD ()Y

HGPUIGYEHLGRPTI(YY
GS(IGY=5G33()
A{TS)=N11{H)

220 T OMNT TR -

SARCTTGYSSASDTT) THUR S ;

42 (I6) =HED (M) A AADO SCE i po 8040t
15=1IG+ cOY N cOoLe

L I G+l GOLDE ’

NTAV=MSAY IS0 -1

222 NSYL=MNSAY+1
TR NS Y EUADTUNL,Y T - T

STA(NSYL)=STADINL)
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¥re¥  PEOGRAV

LL’CANQ LR R 2

AS INSYL)Y=ACD(NL)

TN VIY=3997070)Y
DELINSYL)Y=0sLD(NLY
HG2 (NSVL ) =HGRI (NL)

SSTNSVOY=GSTT(ND)

230 I5=I04+400N
247 SOMTINOE
— o AITETIYR
£SB=,2371

n

- CF¥¥¥x T OMPUTT PIPE AYDRAULCTIC PROPTRTILS

i
1282 DO 177 I=TS,NSAY
HFTDY =73
IF (L(TY,E2.,0,0) GO TO 1025
VIII=Q(I) /7 ((3.,15159%D(I)*2(I)) /576.)
= 00"y .GT.27.) GO0 721019
55=3.141593¥%(CSS
50 T2 1829
TO1I0 S=E3L.IT41I59%F7S%
1227 HUI)=(331.775¥D(1Y*Q(1)) / (CS*¥CS*¥O(I)**5.2%)
HY (T) =y (I)*YLIYV) /644,32
HF{T)Y=HIY*L{T) o
623 Y0 1030
1725 HYLI)=HV(I-1)
I73C CONTINUD
C
Crrxx COAPUT: HYISAJLIC GRANE LINE
T v e —
IF (LA1TSY.m0,.,1) GO TO 4098
IF (IYALYE.EQ.D0) GO TO 4Cn)
TTILS=1,. 25 FHYTUTS)
ARTITE (6,10420) AVH,HYOUM, TRULS
156 FQQWAT(1¥4AV“ILA?LE HEAD =*7Y (F3,2/1X*¥YELANTITY HIAD =%AX,FR,.2
17 1IX*1: LOSS =F¥T13X,F347)
gquS) Hy CUME T ULS
32 TO 4932
S IFTO0T= ., LEoT7 Y B0 T 407°¢%
IF (Y{IS) LT.,10.2)1G0 TO 42298
4005 TRULS = 1,25 * HY(IS)
JRUUS = o4 F HVITR)
WRTTE (65,4013) AVH,HVOUM,TRULS,D(IS),VRULS
4010 FORMAT (1X*AYATLARBLS HEAD =*¥7X,F3.2

T7TX®=VTENCITY "HER) =¥ TFRT2
1/71X¥TE- LOSS =*13Y,F8,2

1/1X,F3.0% INGH VOLVS LOSS =¥2X,F8.2 )

TRUS2Z=0.T
53 70 4993
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xxxE P2OG7AM LEOANS Fexw

L9020 YSavE = V(TIS)

ASEVE =7D(T™)
IK = 10
IL = 290
4 = °
4930 NN 4050 IN=IK,IL,IN
OTesT 2

T TR TR AUy 7T TR LS TR IS TR TES T 7570
TE (YTIST.LT.VSAVTLORWVTESTLGT.10.0) GO TI 4049
Y3AYE = YTEST

NSAVE = 07557
4040 IF (DTESTLGZ.D(I3NY GO TO 40510
4250 SONTINUG

IF (AT=EST,ED.72) 50 10 40358

IK = 24
IL = 72
TET

50 TO L339

40560 HVSAVT = VYSAVEZI®YSAVI/BL .32
TPLS2 = 15 ¥ (HI/SAVE-HV(IS))
TRULS = 1.25 * MPYSAVE
YJULS = 4 ¥ HYSAYE
T ATITZ 15,5070 BvdHY IO, TRILS,,
1 OSAVE,VRUL3,NSAVE,D(IS),
1TPLS?

h L7 FORMET (IX¥RYRATLASLE HERD =¥7X,FR.Z
1/74X*VZLOCTTY HEADY =%8X,Fa.2
1/74X*TES LOSS =%,13%,F8.2

I7 0o TN CH VALYT TO0SS =¥ 2YL,Fa.2
L/7IX¥TACER ¥, F3.0% TO *,F3.0% LNSS =*%,FR.2)
4998 SULASS=HYDUY & TAULS +# YLRULS + T2LS2

TIIGHYITE 155 L0707
1370 FOPMAT (24X, % =m=a==m- *)
ARITE (5,45080) SULOSS

FUBT  FORYAT (IXy S TOTAC LOSS*5I3X;Fua27)
57 70 50131
4798  AGLIIS)=4VH

o T LUdR
5000 HSL{IS)I=AYH-SULNSS
5301 37 1050 I=TS4MSHY

ST F I =HACITY=AFTT)
1958 ~2ONTINMUE
J = ISs-1

09SO TEISTISAY
TF (6S(T).E3.7.) 50 T0 5005
J = U+t

TS0 ST T IE AT ROV AL Oy YT O 505y
IF (T.5Q.ISY GO 7O 50490
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¥r¥¥  DOQOGRAM LECANS ®¥%¥

IF (LACI).NELLACIS)) GO TO 5029

IF1IOHU+. =21y 63 10 5908
AHGR(J) = HGRIID
50 T3 =019

TOR T WHGRUJ)Y = HGRITY + HY(I-1)
5909 WRITE (5,5010) STA(I),HGL(I),QC(I),DO(I),O’L('),HFC(I) G3(I)
5'310 ;02\1.\7 (1X9F10oZgg‘XgFgo?qL‘i’(’ZD‘('quZ ng")t? CRIL,F%!\.'C;‘I?.)

TR 55
£023 WRITE (5,5030) QTQ(I),HQ_(I),(LAY(I IN,I
5030 FO=MAT (1X,F19.2,8%,FR.2,41%X,2413,F3.2,25

1 AC(TIY 4GSH{I)
‘F

I=1,2%,
XeF842)

HGR{IT=T.13
53 TO 5753
5040 WRITE (6,5750) STA(I},HGLI(I),GS(I)

DIST - FORPTAT (IX s F10.2,3XFF42.35X,F 3,20
5055 IfF (ABS(HGL(I)~HGR(IN).GT.0.1% GO TO 5033
ARTITE (6,57293) UNDERL,UNDERP2,UNDER1L ,UNDER?

S5TU59  FOPIRT (THF,IIX 335, R6,, R3X 3, R5]
5358 IF (LIT)eNT.0.0) GO TO 5369
ARTITZ (2,50548) 2UT),SAC(IY L HCLD)
ST56  FOFMAT (I3X3F 732y  oXsFI1vZ 328X, F5.7 7
50 TO 5075
5060 WRITE (545073) QUIVyD(IN, Y (I),HV(IY JH(IY,,LITIY,HF(IY,SAC(I),HC(I)

SU70  FORMAT TL3X, F7 2 AX FE 05 2F 625 F 03 F 12423 F 7+ 23 20X F 103232555 Fo o)
¥075  ARITE (5,5076) LACI)
¥0?76  FORMAT (1H#,19X,I5)
5075 I Q) W REL L)Y LU TO 2037
WRITE (6,5080) =2(I)
5380 FORMAT (1H+,3420=,73.2)

NL-NSAV*l

IF (DIL(NLYLEQ.0.G) GO TC 500G

W2IT Ay oIS T A N )y RGN A0 TN Y, O UL Y , O U INL Y JHLR ALY , GSTRD)

GO0 TO 58232
6000 HARITE (H405310) STAINL) JHGLINL) ZJACINL) (HG2IMNL)Y L GSINL)
By T R IR F I e 2y ARy F e 29 81X 4207 3 F 3. 291 7 X, 2F 32T
6320 IF (ARSLIHGLINL) -HG2(NL)), GT + 0,1) G2 T0O 3397

HRITE (645053) UNDEZRLIZUNDER2,UNDERL,,UNDER?2
3939 2T

ZND

SUBRJUTING DAMOYR (TODAY)

IITPENST O MONTT2Y 5000 TETS) TUUAY ULV, LREUTD)

DATA (MON(I),T1=1,12)/10H JANUARY y 10+ FE3RUARY ,10H *A5SH ’
1 10H APATIL + 13H MAY s 10H JUNE , 104 JULY ’
2 HTAUGUS T T T S IR T E R E Ryt H NS T O E YT S I HT ROV AT

3 10H DECEMRER /

CALL OATE(DAY)
ESOYT TS 7S y O Y IO TS Y IO TS 2y AT E D) _
J=JDATH(2)
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#¥¥x  PENGRAM LEDANS

rxxy

JIAT=(2)=400)

JOXYEUIy=INET= (3« 1977
20007 (13435,JDATZ(2)) CK3L
23 83 I=1,5

I (OKaLIY.E9.,149 ) GO TO 949

80 CONTINUZ
' I=7
37 J=1+73 T
ENCODZ (11,95,F¥T) J
ENCODT (20,FMT,TI0AY) JRATE
7>  FORMAT (3{1X,72))
85  FORMAT (4X,56(31))
35  FIARMAT (SH(IZ2,0,T2,4H,1I5))
2= TURA
ZND
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T-1762

FINAL REPORT
(GRAVITY PROBLEM)

ECONONICAL PIPE HYORAULIC STUDY

STATION

0.00

1500.00

2900.00
2900.00
3671.11
4250.00
5665.00
5850.00

Q HGL

1100.00
7.68
1093.57
6.19
1089.68
347
1089.68
2445
1086.87
2445
1081.36
1.36
106794
1.36
1000,00

DIA

“18.

13,

12.
10.

8.

HV

.29

+19

31
.Np

75

MAIN

PIPE CLASS DESIGN ELEVATION =

SLOPE

004285

«002779

«003655
«009518
«009479
«042923

LENGTH

1500.00

1400.00

771.11
578.89
1415.00
185.00

1110.00

LOSS SUBLATERAL NAME

6.43

3.89

2.82
5.51
13.41
T.9%4

sus 1

susg 2

AC

110.00

200.00

75.00

80.00

100.00

13 APRIL 1975

SAC DQ DEL HGR NGS

1110.00
565.00
1.50 6,0 1090.00 1089.00
455,00
1078.00
255400
1.02 6.0 1080.00 1077.00
180.00

0.00
180.00
-1071.00
100.00
. 0.00
100.00 )

1.36 6.0 1060.00 1058.00

HC

25.
50
s0.
S50.
75.
75.
75.
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T-1762

FINAL REPORT
(GRAVITY PROBLEM)

mnczoxmn»r PIPE HKYDRAULIC STUOY

STATION Q HGL DIA v

AVAILABLE HEAD = 1089.68
VELOCITY HEAD = 19

TEE =~ VALVE LOSS = 1.31
0.00 1088.18
2.72 15. 2.22
16.15 1088.16
2.72 12, 3.46
400,00 1086.43
1.22 10. 2.24
1000.00 1085,00

HV

«08
19

<08

SLOPE

001398
004512

«002379

sus

PIPE CLASS DESIGN ELEVATION

1

1110.00

LOSS SUBLATERAL NAME

SUB 1-A

LENGTH

16.15 «02
383.85 1.73
600.00 1.43

AC SaC oQ
200400
200,00
11 0.00
© 90.00
90.00

DEL

1.22 6.0 1085,00 1083.00

13 APRIL 1975

HGR NGS HC
1078.00

s0.
0.00

S0.
'1079.00

50.
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T-1762

FINAL REPORT
(GRAVITY PROBLEM)

ECONOMICAL PIPE HYDRAULIC STUDY

STATION Q HGL

AVAILABLE HEAD = 1086.43
VELOCLTY HEAD = «19

TEE == VALVE LOSS = 1.31
0.00 1084.93
1.50
499.57 1083.15
1.50
600.00 1082.00

DIA

10.

8.

2.74
4.29

HY

12

«29

SLOPE

«003554

«011470

Sug 1-A

PIPE CLASS DESIGH ELEVATION

LENGTH
499.57 1.78
10043 1.15

1110.00

LOSS SUBLATERAL NAME

AC

110.00

SAC DQ

110.00

110.00
1.50

13 APRIL 1975

DEL HGR NGS HC
1079.00

50.
0.00

S0.

6.0 1082,00 1078.00
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T-1762

FINAL REPORT
(GRAVITY PROBLEM)

ECONOMICAL PIPE HYDRAULIC STUDY

STATION Q HGL'  DIA v

AVAILABLE HEAD = 1081.36
VELOCITY HEAD = « 31

TEE -- VALVE LOSS =  1.19
0.00 1079.86

EQ= -250.00 1.09 8. 3.12
1050.00 1075.00

TOTAL COST OF PIPE IS ¢

suB 2
PIPE CLASS DESIGN ELEVATION = 1110.00
HY SLOPE LENGYTH  LOSS SUBLATERAL NAME Ac SAC DR OEL
«15 006067 800.00 4.85 80.00

80.00

59317.86

13 APRIL 1975

HGR NGS HC

1071.00
50.

1.09 6.0 1075.00 1073.00
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¥eRy  TNPUT FILE DATA2 *¥%&

1.5 4.5 0. 1.53 7.1 e 345 « 3780 £

9 2 £.551 48
MAIN LATERAL

1 g. 0. 0.09 110.

1 200, 47, 195, 190,
2 23386, 0. 0. 33,

SUB LATERAL A

L 2 0. 9. 0. 98,

2 1200, 80 192. 97.
0 25@9-83 1202 1860 90.
2 49010, 0. 0. 86,

SUBLATERAL B ,
i G 0. 0. B6

- 3 1000, 0. 0. 764 -

Sud LATERAL B8-1
3 10G. T 0. 756

o 0 2019.87 103, 161, 66.

9 2130 . 80, 141, Lbe
1 £300. £l 151, 56
0 783G, 25. 157.9 B2,
8
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DYNAMIC PROGRAMMING SOLUTION

(PUMP PROBLEM)

ECONOMICAL PIPE HYORAULIC STUDY

STATION

0.00
200.00
2000,00
4900.00
6300.00

7300.00

Q

5.55
491
3.66
1.21

o34

HGL

231.00
229.84
20335
179.68
169.17

165.14

WATER SURFACE IS (

DIA

15,
12.
12,
8.

6

v

HV

32
.61
34
.19

«05

MAIN LATERAL

PIPE CLASS DESIGN ELEVATION = 236.00

SLOPE

2005824
014716
«008162
«007508

002683

LENGTH

200.00
1800.00
2900.00
1400.00
1500.00

231.00 ) IN THE TANK NEAR THE PUMPING PLANT

LOSS SUBLATERAL NAME AC
1.16
47.00
26449
SUB LATERAL A 92.20
23.67
SUBLATERAL 8 180.00
10.51
6400
4,02
25.00

SAC

408.20
361.20
269.00

89.00

25,00

oaQ

-1

«87 40

34

OEL

4e0

3.0

HGR

195.00
203.17
179.16
151.00
157,00

75704713,
NGS HC
110.00

150.
100.00
150.
98,00
i1s0.
86.00
175.
56400
200.
62.00.
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T-1762

DYNAMIC PROGRAMMING SOLUTION

(PUMP PROBLEM)

ECONOMICAL PIPE HYDRAULIC STUDY

STATION Q HGL 0IA v
0.00 201.85
1.25 8. 3.59
1200.00 192.18
17 6e «85
25649.83 191.32

PIPE

SLOPE

«008058
«000639

CLASS DESIGN ELEVATION =

LENGTH

1200.00
1349,83

SUB LATERAL A

236.00

LOSS SUBLATERAL NAME

9.67

« 86

AC

80.00

12.20

75/04/13.

SAC DQ DEL  HGR  NGS HC
98.00

92.20 150.
1.09 6.0 192.00 97.00

12.20 150,
«17 2.0 185.00 90,00
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T-1762

DYNAMIC PROGRAMMING SOLUTION

(PUMP PROBLEM)

ECONOMICAL PIPE HYDRAULIC STUDY

STATION

0.00
1000, 00

2100.00

Q HGL DIA v HV
178.18
2045 10. 4.49 31
168.56
1.09 3. 3.12 .15
161.99

PIPE CLASS DESIGN ELEVATION = 236.00

SLOPE

«009518
«006067

LENGTH

1000.00
1100,00

SUBLATERAL B

LOSS SUBLATERAL NAME

O.mN
SUB LATERAL B-1
6.67

Ac

100.00

SAC

180.00
80.00

75704713,

DQ.  OEL HGR NGS HC
86,00

175.

168.14 76.00
1.09 6.0 141,00 46.00
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T-1762

DYNAMIC PROGRAMMING SOLUTION

(PUMP PROBLEM)

ECONOMICAL PIPE HYCRAULIC STUDY SUB LATERAL B-1
PIPE CLASS DESIGN ELEVATION = 236.00
STATION Q HGL DIA V¥ HY SLOPE LENGTH  LOSS SUBLATERAL NAME Ac
100.00 167.16
1.36 10. 2.49 .10 .002938 1919.87 S5.64
2019.87 161,52 100.00

SAC DQ DEL

100.00
1.36 6.0

75704713,

HGR NGS HC
76.00

175.

161.00 66.00
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T-1762

FINAL REPORT
(PUMP PROBLEM)

ECONOMICAL PIPE HYDRAULIC STUDY

STATION

0.00
200.00
1385.49
2000.00
4900.00
5538,20
6300.00

7800.00

Q HGL

231.00
229.84
224443
215.39
191.72
186.92
161,02
157,00

WATER SURFACE IS (

DIA

15.
15.
12.
12.
8.
6e

6

v

4452
4.00
6425
4e66
3.47
616

1.73

HY

32
«25
«61
o34
.19
59

.05

MAIN LATERAL

PIPE CLASS DESIGN ELEVATION = 236,00

SLOPE

«005824
+004560
«014716
«008162
«007508
033999
«002€83

LENGTH

200.00
1185.49
614,51
2900.00
638.20
761.80

1500.00

231,00 ) IN THE TANK NEAR THE PUMPING PLANT

LOSS SUBLATERAL NAME AC
1.16
47.00
Seil
9,04 .
SUB LATERAL A 92.20
23.67
SUBLATERAL B 180.00
4e79
25.90
64.00
Le02
25.00

SAC

408.20
361.20
361.20
269.080
89.00
89.00
25.00

13 APRIL 1975

0Q DEL HGR

o6k 4.0 195.00

«87 40 151.00
o3k 3.0 _157,.00

NGS

110.00
100.00

HC

150.
150.
150,
150.
175.
200.
200.
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FINAL REPORT
(PUMP PROBLEM)

T-1762

ECONOMICAL PIPE HYORAULIC STUDY

STATION Q HGL
AVAILABLE HEAD = 215.39
VELOCITY HEAD = 61
TEE -~ VALVE LOSS = +89
0.00 213.89
1.25
770,29 207.68
1.25
1200.00 192,00
17
2549.83 191.14

SUB LATERAL A 13 APRIL 1975
PIPE CLASS DESIGN ELEVATION = 236.00
SLOPE LENGTH  LOSS SUBLATERAL NAME AC SAC oQ DEL HGR NGS HC
98.00
«008058 770.29 6.21 92.20 150.
0.00
«036488 429.71 15.68 92.20 150.
80.00 1.09 6.0 _192,00 97.00
«000639 1349.83 «86 12.20 150.
12.20 «17 2.0 185.00 90.00
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ECONCMICAL PIPE HYCRAULIC STUDY

STATION Q HGL
AVAILABLE HEAD = 191,72
VELOCITY HEAD = 1
TEE -- VALVE LOSS = 1.16
0.00 190,22
245
1000.00 180.70
1.09
2100.00 150448

FINAL REPORT
(PUMP PROBLEM).

DIA

10.

6o

4el9
Se54

HV

«31

43

SUBLATERAL 8

PIPE CLASS DESIGN ELEVATION =

SLOPE LENGTH L 0SS SUBLATERAL NAME
«009518 1000.00 9.52

SUB LATERAL B8-1
027471 1100.00 30.22

236.00

13 APRIL 1975

AC SAC DQ DEL HGR NGS HC
86.00
180.00 175.
100.00 76.00
80.00 200.
80.00 1.09 6.0 141.00 46.00
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T-1762

FINAL REPORT
(PUMP PROBLEM)

ECONOMICAL PIPE HYDRAULIC STUDY

STATION Q HGL DIA v
AVAILABLE HEAD = 180.70
VELOCITY HEAD = 31
TEE -= VALVE LOSS = 1.19
100.00 179.20
1.36 8. 3.90
2019.87 -162.00

TOTAL COST OF PIPE IS 8

SUB LATERAL B-1

PIPE CLASS DESIGN ELEVATION = 236400

HV SLOPE LENGTH  LOSS SUBLATERAL NAME AC SAC DQ DEL

e24  <009479 1919.87 18.20 100.00

100.00

75279.43

1.36 6.0 _161.00

13 APRIL 1975

HGR NGS HC

76.00
175.
66.00
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