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ABSTRACT

A computation technique based on the dynamic programming
approach using the interactive Fortran language has been developed.
The computerized design procedure can be used to obtain optimal
design for single source water or other compressed fluid systems
with a finite number of diverging branches and loops. Pumping
effeet on a single source system cammot be optimized, however, the
developed procedure does allow quick evaluation of many alternate
pumping pressures. Similarly, multiple source network with con-
verging branches can only be evaluated by the repeated use of the
computerized procedure.

Dynamic programming has been proved to be very powerful for
the analysie and design of a water network. From an engineer's
point of view, this approach can be used to design any conceptual
water network with little limitation.
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INTRODUCTION

Fluid transport systems guide fluid flow sequentially from one conduit
to the next. Close relationships exist between these adjacent conduits.
Based on these relationships, the designer selects the most economical con-
figuration to meet the system requirement. Large numbers of nonlinear re-
lationships complicate this design problem. Past approaches to the solu-
tion of this type of problem include linearizing the problem by Dajani et
al. (1972) and Goda and Ogura (1967), solving the simultaneous equations by
the Hardy Cross method (Morris 1963; Voyles and Wilke 1962), using analog
computers or electric analyzers to evaluate alternate designs (Kozobkov et
al. 1965), developing special formulas for selecting pipeline diameter by
Downs and Tait (1953; Culver 1954 and 1955; Kennedy and Strieve 1964; Luce
1955; Pietrkowski 1952; and Voyles and Wilke 1962). All of these efforts
depend on over-simplification which prevents the achievement of an overall
optimum design. Wong and Larson (1968) and Larson and Ree (1971) studied
the problem of delivering petroleum gas through a tree-structure network.
Their work is probably the first documented effort in the application of
dynamic programming to optimize the operation of a fluid transport system
‘with a known configuration. Operating pressure differences between pumping
stations were their decision variables. The problem of arriving at an op-
timal configuration for a fluid transport system was not considered. Re-
cently, Liang (1971) developed an optimization procedure based on dynamic
programming which selects an optimal system design. Each pipe segment of
a system was treated as a dynamic programming stage. The total heads at
the inlet and outlet of each segment of pipe are the input and output state
vartables of each stage. The pipe diameter is the decision variable of
each stage. The sum of all cost phases, which includes pipe material cost,
power cost, and wasted water cost of all stages, was used as a criterion
for measuring the overall system effectiveness. However, the head loss due
to sudden expansion or contraction between two adjacent pipe segments of
different diameters was not accounted for. This omission may affect the
accuracy of the final result, as the head loss in junctions could be signi-
ficant compared to the head loss in pipes, especially when the length of
pipe segments between junctions is shorter than 1000 times the diameter of

the pipe.



The computation method developed by Liang (1971) was relatively ineffi-
cient and inflexible. The optimization (or computation) was performed on a
computer in a batch fashion, which permits no communication between the de-
signer and the computer once the calculation is started. This inflexibility
has at least the following disadvantages:

1. Allowable pressure range, pipe length, etc., for each segment of
the pipe of the entire fluid distribution system under design must
be preselected before starting calculation. Knowledge gained in
the selection of the earlier stage cannot be used as a guideline
for selection of later stages. This forces designers to adopt very
wide trial pressure ranges which result in superfluous computation
time as well as computer memory.

2. Psychologically, the batch process puts pressure on the designer
by requiring all correct assumptions and input data before the com-
puterized design process starts. The result is revealed only after
the completion of the computing process. When a program is de-
signed to solve problems as complex as the fluid distribution sys-
tem, a minor error could mean a lot of wasted money and time. De-
signers naturally feel preséured when no recourse is provided to
make minor changes during the optimization process. |

The method of checking compatible relationships between the inlet and
the outlet total heads of a pipe segment, as well as the dynamic programming
(DP) stage in Liang's computer program (1971), can be improved. Since the
allowable maximum and minimum total heads permitted at both inlet and outlet
are preselected, the desired resolution interval that divides the pressure
range between the maximum and minimum heads into a series of equally spaced
values of pressure head can be obtained. Then each outlet total head, to-
gether with each available pipe size can be tested and an attempt can be
made to find a matched or compatible inlet total head. The trial and error
process in finding the matched inlet and outlet total head requires a great
deal of time since the head loss in pipe is greatly affected by flow rate.
The flow rate, however, is a function of the total head difference between
inlet and outlet and pipe size. The interaction between these variables
makes this trial and error approach a time consuming process.

In this study, an improved method of finding the relation between inlet

and outlet total heads was developed. The Moody diagram was stored as an
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array in computer memory for pipe friction coefficient searching. In order
to obtain accurate values of the friction coefficient, a large amount of
computer memories to store the many discrete values from the Moody diagram
was required as well as a great deal of search time to find the value being
searched. The speed of finding the pipe friction coefficient can be im-
proved and the computer memory storage needs can also be reduced by using a
different method. A modified program of the IBM FORTRAN SSP program, RTMJ,
is suitable for this purpose. This program can search the value of the
friction coefficient by means of the Mueller-S iteration method of succes-
sive bisections and inverse parabolic interpolation, which starts at two
preselected initial bounds. This method will save time in comparison to
the direct chart searching method. Finally, the DP approach adapted in this
study was limited only to the design of sequential or serially connected
conduit systems. An extension to nonserial conduit systems is definitely

needed.
DEVELOPMENT OF THE MATHEMATICAL MODEL

Structure of a Fluid System

A single source fluid network system consists mainly of a power source
(one flow inlet) and one or more outlets. Between inlets and outlets, there
exist some branch pipelines and loops. Each loop is formed by several
branch pipeline can also have its own branch pipelines and a loop can be a
sub-loop of another loop. A complex fluid network resembles very much a
net. Figure 1 is a schematic drawing of a fluid network, consisting of many
loops and branch pipelines, with each pipeline having similar features.
Pipelines are constructed with many serially connected pipe segments and
are subject to the following restrictions:

1. Each pipe segment may use different diameter pipes with, at most,
one discharge outlet near the end as shown in Figure 2a. The dis-
charge rate from each outlet depends upon the discharge pressure
at the discharge outlet and its size. Pipelines may use 0-90°
elbow segments, Figure 2b, to change flow direction.

2. No discharge outlet on an elbow segment is allowed. Flow with more
than a 90° direction change can be facilitated by installing more

than one elbow.
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3. Either sudden change of diameter or gradual change of diameter
type of connections between two adjacent pipes of different diam-
eters is accomplished by installing connectors as shown in Figures
2e and 2f. Two segments of pipes having the same diameter are
connected directly, without a comnector between them.

4, Two or three pipelines may branch out from, or merge to, a pipeline
by adding a tee, Figure 2c¢c, or cross joint fitting, Figure 2d. A
series of tee and/or cross joint fittings can be used to handle more
than three branch or merge pipelines at the same point; however,
there are no discharge outlets on tee or cross joint fittings. Both
tee and cross joints have the same diameter inlets as well as outlets.

An example of a fluid network is shown in Figure 3.

Transformations and Constraints

In fluid systems where fluid flows sequentially from one conduit to
another, quantified relationships exist between the adjacent conduit seg-
ments. The design of this type of system can be readily solved by the use
of dynamic programming. A segment of pipe, elbow, tee or cross, in a fluid
network can be treated as a dynamic programming stage. The inlet and out-
let total head in a segment of pipe corresponds to the input and output
state variables of a dynamic programming stage, while the pipe diameter
corresponds to the dynamic programming decision variable. The DP return
function of a stage refers to the total cost of using this pipe. The
transformation equation between the input and output state variables can be
established by investigating the hydraulic relationship between the inlet
and outlet total head of a pipe. Figure 4 shows the corresponding relation
between a dynamic programming stage and a pipe segment in which Xi repre-
sents the input and Xi-] the output state variables of Stage i, D, being
the decision variable, and rs the stage return.

The transformation equations for state variables X;, Xi-] and the de-
cision variable Di used by Liang (1971) was first modified by adding expan-
sion or contraction loss due to diameter change between two adjacent seg-
ments of pipes. The pressure head loss in the pipe junction caused by the
change of pipe sizes can be expressed in terms of velocity head, Equation 1.
The head loss in sudden type connector change depends upon the ratio of cross

section areas of inlet to outlet. Loss in gradual-change type connector is
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affected by both the gradual change in angle and the area ratio. The loss
coefficient, CL, in a sudden change or gradual change type connector can be
found from curves in Albertson, Barton, and Simons (1964). The loss then

can be calculated by using the following relation:
Loss = (Vi_])(CL) (1)

velocity head of the ith stage outlet, in psi, and

It

where V.
i-1

CcL loss coefficient

The general transformation, Xi-l = ti(xi’Di)’ between the inlet and
outlet pressure of a fluid, such as water being transported through a seg-

ment of pipe, can be expressed as

fioH o Q)
Xi—l = Xi - 0.0252 - Vi-l °CLi
(0,/12)°
(2)
froH e g’
= X, - 6270.5664 ———— -V, .+ CL.
i 5 i-1 i
D.
i
where Xi = jnlet total head of the ith stage, in psi,
X = outlet total head of the ith stage and inlet total head of

i-1
(i-1)th stage (a pipe and the connector attached to its



outlet end together are treated as one stage), in psi,
f. = friction coefficient of the ith stage, dimensionless,
H., = length of the ith stage, in feet,
Q. = flow rate in the ith stage, in cfs,
D. = diameter of the ith stage, in inches,
= velocity head of the ith stage at outlet, in psi, and

(]
-
]

head loss coefficient due to change of diameters, dimen-
sionless.

‘ The term Vi-l multiplied by CLi in Equation 2 is the head loss in the con-
nector between stage i and stage i-1. The resistance coefficient of the
ith stage, fi’ can be found by solving the following equation (Albertson,

Barton, and Simons 1964):

7%? =1.14 - 2 Iog(-B?-+'%?3%}) (3)

where e

R.
i

The Reynolds number can be expressed as

pipe roughness, in feet and

Reynolds number for the ith stage, dimensionless.

R, = 18 Y (4)
i
m™ Di
where v = fluid kinematic viscosity, in square feet per second (1.21 x

1075 for water at 60° F).
Equation 3 is valid for R > 4000. For cases where Ri < 2000, Equation

3 should be replaced by the following relation:

- 5k
f. =3

i .
The flow rate through the ithlpipe, Qi’ is the sum of Q;_, and q;
which are the flow rates of the (i-1)th pipe, and the discharge rate from
the ith discharge outlet respectively. That is,
Q = Q. *+aq (5)

i
For fixed discharge orifice size, the discharge rate is usually proportional
to the square root of the discharge head. The proportional constant dis-
charge coefficient can be determined experimentally. For this study, a
value of 0.0033754 cu ft/sec/sq ft of psf was used. Thus, the discharge

rate from the ith pipe, in cubic feet per second, can be expressed as
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q; = 0.0033754 v/ (PD,) 14k.0
= 0.0033754 v (Xi_; - Z;-V!_,) 14k.0
where PDi = pressure head at discharge outlet, in psi
X;_I = total head at discharge outlet, in psi

Z; = elevation head at discharge outlet, in psi

V;_I velocity head at discharge outlet, in psi.

The relation between the heads, flow and discharge rate in a pipe are shown
graphically in Figure 5. The transformation, Qi = Fi(Qi-l’ Xi-l’ Xi)’ can

be explicitly expressed as

Q; = 0.0033754 v (X!, - Z; - Vi_}) 140 +Q;_,

The variable, V! ., can be obtained from the following expression
i-1

2
Vi (..fgi:l__) / [2g + (33.9 ft of water/atmosphere) -
Tr(Di/IZ)2 (14.7 psi/atmosphere)] (8)

225.8 Q;_,2/p;*

where g acceleration of gravity which is equal to 32.2 ft/sec?

X;_] = the outlet total head of the ith stage before subtraction of

head loss due to change of pipe size.

j— 1
X4y = Vi, +Z; +PD,

FIGURE 5. HEADS AND FLOW RELATIONS IN A PIPE
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By modifying Equation 2, X;_; can be obtained as follows:

) -
Xiop = X * Vi oy

O eH -2 (9)
i
Xi - 6270.5664 .—_E;E—-——

The term, Zi,,expressed in psi, can be converted from feet of water by sim-
ply multiplying a constant 0.433 psi/ft of water.
The head loss within the elbow, caused by changing the direction of

flow, can also be expressed in terms of velocity head Equation 1 as

s CL, (10)

X; i-1 i

= - y! . -
iy =X - Vi +CBy -V

where, CBi’ the loss coefficient due to change of flow direction, is a
function of elbow angle and the ratio of the radius of the bending curva-
ture to the elbow diameter. The values of CB can be approximated from the
curve in Albertson, Barton, and Simons (1964). The term V;-l °CBi’ in
Equation 10 is the loss within the elbow and Vi-l 'CLi, the loss within the
connector between the ith and (i-1)th stage. A corresponding relation dia-
gram between an elbow and a dynamic programming stage is shown in Figure 6.
Since no discharge is allowed in this case, Qi is equal to Qi-l'

When two or more pipelines branch out from one pipeline or merge with
another pipeline, head loss again occurs at the junction. A tee or a cross
joint is usually used. Energy loss caused by a tee or a cross joint fit-
ting has not been described exactly by any simple relation. However, the
flow is quite similar to a sudden expansion or contraction (Albertson, Bar-
ton, and Simons 1964) and a change in flow direction. The transformation

of a tee or cross joint then can be approximated by

Xiop =X, = (v, - Vi) Cd, -V, ecCLy ()

The head loss coefficient, CJi, due to branching or merging (tee or
cross) can be determined from the curves which were used for determining
the loss associated with sudden expansion or contraction of pipe size.
This approximation makes the tees and crosses much easier to handle. How-
ever, some inaccuracy must be tolerated by the designer in order to solve
the problem within a reasonable time. The term, (Vi - V;_]) CJ;, in Equa-
tion 11 is the head loss within a tee or a cross and Vi-]CLi’ the loss

within the connector between the ith and (i-1)th stage. A corresponding
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relation between a dynamic programming stage and a tee or a cross is shown

in Figure 7. Other relationships between Q or X besides Equation 11 are:

Xi-1 = %0 (122)
Q =0+, tee¢ joint for branching (13a)
and X; =X (12b)
Qi =Q +Q tee joint for merging (13b)
X (12¢)

i-1 = %o, = X2
G = Qo * Qo Y
X, = X, ., =X (12d)

cross joint for branching (13c)

-~
i
"

Q +Q ; +Q; , cross joint for merging (13d)

Stage Returns and the System Effectiveness

The overall measure of system effectivenss, or design effectiveness,

in this study is cost which includes:

N

1. X CPi = cost of pipes, elbows, tees, and crosses, in dollars
i=1 ‘ per year; :
N

2 z cei = cost of energy put into fluid, in dollars per year;
i=1
N

3 )X Cwi = wasted water cost due to discharge exceeding the design
i=1 requirement.

For every individual conduit segment or dynamic programming stage, the

terms Cpi’ Cei’ C . can be expressed as

wi
Coi = (HiCqy *+ Ccy) I+ '(;_%_?%'fl)'] (14a)
C.; = [0.262 .o T ﬁ'—"é:_'l)]
+ [0.262 C_(Q;-Q;_|)T léi]
+ [0.262 C_ Q,_, T£512%151212] - (15a)
C,; = 3600 T[0.0033754 v'{X{_ |-Z,-Vi_|-P;) ThE.0'] -C, (16)
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and for elbows, tees, or crosses,

* ) [%'+ i%‘i‘%%%'] (14b)

(Xi=Xi-1)
I

c

pi = (4

C

ci 0.262 Ce Qi T

c . =0 (15b)
wi

where

pue o
]

length of the ith pipe, in feet

o
It

d4i = unit cost in dollars per foot of the ith pipe with a diameter

of d in.

= cost of connectors either sudden change type or gradual type
between the ith and (i-1)th stage in dollars; this term will be

the cost of all connectors if a tee or a cross is used.

ci

. = cost of an elbow, a tee, or a cross in dollars with size d in.

life of the fluid network, in years

w O
1

= salvage value of conduits, as a fraction of the original cost

= annual interest, as a percentage

= unit power cost, in dollars per horsepower-hour

usage of the system in annual hours

m - O
il

= conversion efficiency from electrical or other power source to
water power, in decimals

P, = desired pressure head of the ith stage, in psi

= water cost, in dollars per cubic foot

w
The measure of effectiveness, C, as the sum of cost items of all pipe

segments may be expressed as

N

CX, 5D 5XgsXg s - - %o For i=l,...,N) = iEl(cpi + 0o + cwi) (17)
where

Di = size of pipe, elbow, tee, or cross of the ith stage and XO’XOI’

on""’XOL are final states of each branchline.
Then, a fluid system design problem can be looked upon as

, N

Minimize C(Xi’Di’xO’XOI""’XOL for i=1,...,N) = izl (Cpi + Cei + Cwi)
subject to X, ; = ti(xi Di)

Q.

; Fi(Qi-l’Xi-l’xi) for discharge stage

Q =1z Q(._]). for elbow and tee, or cross in (18)
J =t branching
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Q,_; = z Qij for tee or cross in merging
J
The function, C(Xi’Di’Xo’XOI""’XOL for i=1,...,N), is nondecreasing

and also decomposable in the DP sense, therefore, dynamic programming tech-

niques can be applied readily in optimizing the problem.

Dynamic Programming Optimization of a Fluid Network

The use of the dynamic programming technique in the modeling and opti-
mization of a general fluid network can be illustrated by an example shown
in Figure 8. Each branchline of the loops with many segments of pipes can
be optimized separately by following the serial-type optimization procedure.
The optimizations that need to be obtained at all stages are:

1. For Stages 1 through M of the branch pipeline 1

i (X]]) = Max r]](Xii,D]]) for Stage 1 and

Dy
o1 Xpp) = gax {ro X P * ooy 1 Lty (% Dpg )1} for
m}
m=2,...,M (19)

2. For Stages 1 through M of the branch pipeline 2

flz(xlz) = gax rlz’Dlz) for Stage 1 and
12
Fop (Knp) = Max {r o (K5 0000) + iy oLy (Xpp o001} for
m2
m=2,...,M (20)
3. For Stages 1 through j~1 of the main pipeline
f](X]) = Max r](Xl,D]) for Stage 1 and
D,
Fx) = gax {r (x_,p)+f [t (x,0)]} for
n
n=2,...,j-1 (21)
where r, = measure of effectiveness attributed to the ith

conduit, i.e., the cost in this study, C(Xi’Di’XO)

4. For the merging Stage j

£ = Max {ry (,07) + 5 e; (x5,001 )
J

(22)
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The principle of merging is that same input pressure must occur

in each branch at Stage j, thus

5 = %01 = Xo2

For Stages j+1 through k-1 of the main pipeline

X

fx) = gax {r (x,p) + f [t (x ,0 )1} for
n

n=j+l,...,k-1

(23)

Each branchline and mainline from Stages k-1 to -j are so opti-
mized that its optimal return is expressed as a function of the
input total heads of stages M2, M1, and k-1, respectively. These
optimal returns can be combined at Stage k. The remainder of the
optimization, from k through N, can be carried out as a serial

pipeline.
For the diverging Stage k,

Framianz Xi) = Max {r (x,,0) + £ [t, (X, )] + f [t (X,,D)]

Dy
(24)
* iyl (X,,001) ‘
For the remaining Stages k+1 through N
f -
n+MHMZ(Xn) B gax {rn(xn’Dn) * f(n—l)+M]+M2[tn(xn’Dn)]}
n
(25)

n=k+t,...,N

The terms, fM]’ fMZ

be thought of as representing an absorption of the diverging

which appear in the equation for fk+M]+M2 can

branches into the main serial system. The principle of this
absorption is that same output pressure must occur in each branch

at Stage k with transformation tk’ thus,

= = X (26)

X)) = Y = Xy = Xy = Xy -
Then the optimal returns from the branches, including Stages 1

through k-1 of the main branch, as a function of Yk is
(V) = o X [F oy X ) * gy Xy ) +Eyp (X))

f(k—l)+MI+M2 X = .
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Once f (Y,) has been determined, it is combined with

(k=1)+M1+M2
the Stage k return as follows:

f (X (28)

KEMT4M2 = Max {rk(Xk,Dk) + f

) (k- 1)+ Lo Ky 1)

After Stage N, this main pipeline can absorb other branches or
can be absorbed into other main pipelines as a branch. Thus, the
term "main" used here is relative as each pipeline can be the
mainline or a branch to other pipelines and is dependent entirely
upon its relative position to other pipelines in the whole system.
Other loops, or loops within another loop, can be optimized by the
identical procedures described above. Equations (19) to (28) can
be used repeatedly in the design of a complete network; in other
words, this optimization procedure is general enough for a general
fluid network of any configuration. The repeated use of this pro-

cedure will finally lead to the optimal design.

COMPUTER ASSISTED OPTIMIZATION PROCEDURES

A dynamic programming modeling of the diverging branch type fluid net-
work can be programmed and optimized on a digital computer. The DP optimi-
zation procedure used is a final state problem and backward recursive
approach (Luce 1955). The final state variable is the desired discharge
pressure head and its range at the last stage of each branch pipeline of
the network. Once this pressure head, its permissable range of variation,
and the elevation at the discharge point are given, the feasible total
pressure head range at this point can be calculated. Then, many alternate
inlet total heads of this stage can be derived for the different pipe sizes.
The total number of inlet heads depends on the selected inlet pressure
resolution interval which, in turn, depends on design accuracy and network
complexity. A desired range of the total inlet head must be selected to
eliminate infeasible inlet heads and to keep calculations manageble. The
resolution interval and pressure range also determine the number of total
pressure heads necessary at the next upstream stage outlet. After calcu-
lating the head loss in stage junction, pipe or elbow, a set of total inlet
heads are generated. Some inlet heads are not within the desired total
head range specified by the design; some have discharge heads exceeding the

desired limits, or some have the same values or very closed values. Designs
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which have the same inlet total head but higher costs than other designs
and the designs which have total heads or discharge heads outside the range
are considered infeasible designs which are eliminated from this stage. '
This stage elimination makes it unnecessary to evaluate all possible system
designs and still reach the overall optimum design. Without eliminating
the infeasible value of the state variables, the number of alternate or
possible values will exceed the storage capacity of any computer memory
after a few stages of calculations. Application of dynamic programming for
more complex problems is made possible because of this approach.

The range of resolution interval is selected by the designer. Broad
intervals save more computer time and memory but obtain less accurate re-
sults and vice versa. The designer must decide on this matter. For pre-
liminary design, low resolution or broad intervals probably should be used
until the final design stage is reached.

The outlet total head of a stage is the input state variable or inlet
head of the next downstream stage. This procedure is executed repeatedly
until a tee or cross is reached.

After all branches of a tree or cross have been analyzed with the
optimization procedure, these branches will be brought together. Only the
total heads which are common to all branches are used. If a loop is formed,
the total inlet head of each branch at merging point should also be iden-
tical. Again, it probably will be very difficult to find identical total
head at each branch. A slight difference of total heads among branches
must be allowed in order to achieve an optimal solution. The allowable
tolerance of this difference can be specified by the designer, and it
should be as small as possible in order to obtain accurate results. Two or
three branches can be absorbed into one pipeline through a tee or cross.
The outlet total head of a tee or cross is the input head of the next down-
stream stage following a tee or a cross. The optimization procedure repeats
along a pipeline until another joint of branch is reached. Then all
branches are absorbed. This procedure is repeated up to the last upstream
stage of the whole system.

The flow rate, discharge rate, and the cost of each stage for a given
input state variable and decision variable are also computed by using the
transformation between input and output state variables during the optimiz-

ing process.
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The available energy range for the whole network at the inlet will
eliminate the computed total heads outside the range at the final stage.
Then, among all feasible total heads, the one with the lowest cost is the
optimal cost of the system. The total head corresponding to the optimal
cost will be selected as the input total head of the whole network. Search
for the optimal design with the lowest cost is conducted from upstream to
downstream stages, just opposite to the optimization process. Figure 9

shows a diagram of the optimal design searching.

CHARACTERISTICS OF THE INTERACTIVE COMPUTER PROGRAMS

Since the batch processed computer program (Liang 1971) provided no
flexibility for human interaction, an interactive type program was adopted
for this study. An interactive program using FORTRAN language has been
developed in such a way that it consists of a main program and a set of
subprograms. The subprograms were designed to handle stages of different
nature such as pipes, elbows, or tees, etc.; the main program was designed
to take care of the overall calculation using both '"processed" results from
subprograms and other data. A program developed in this way is rather
flexible for expanding and debugging. Since all subprograms are independ-
ent, they can be tested separately and other subprograms can be added easily
as necessary in the further development of a more complex network.

The interactive program keeps the computer and user in contact while
the program is being executed. Whenever the program requires input, the
terminal will print messages or instructions and then wait. These messages
or instructions show what type of data it needs, or asks the user to make
certain decisions. After the requested data or decisions are received, the
computer will continue to execute the program. Because of fast computer
computation speed, as compared to its input and output time, the user will
feel he is the only one using the computer. Communication between the user
and the computer is instantaneous and it seems that the program is going on
like a conversation. The computer printed messages are simple to follow;
no special training in computer programming is needed. This makes it pos-
sible for most designers to use this program.

This program requires 3 data sets which are created on magnetic disks.
One is created in a sequential manner for the purpose of storing the unit

cost of pipe, elbow, tee, or connector, etc., and other information which
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will not be changed during the execution of the program. In order to save
time, this data set is created through the batch process instead of the
terminal, and will be read into the computer memory after the program starts
to proceed. This data set usually contains a vast amount of data; however,
all of the data cannot be entered efficiently through a terminal. Data,
other than material cost, can be overridden by entering data through the
terminal after being read into the memory bank. The old data set can be
updated. Several data sets for different sets of materials can be stored
simultaneously on the disk for convenience, thus, the user can have access
to the set he desires by copying that data set into the system.

The other data set which stores the feasible values of variables is
created as a direct-access data set. Since the program is developed for
capability in handling very complex systems with many branches, it is im-
possible to store the feasible values of variables from all previous calcu-
lations and their branch stages in the computer memory. When branches are
merged in an optimization process, the feasible values of variables in pre-
vious corresponding branch stages can be retrieved from this data set and
programmed into the computer memory for optimization. Since a direct-access
data set is very convenient for fast data retrieval, the feasible calculated
results of each stage are moved to this data set before starting the next
stage. Every time before the program is used, enough storage space on the
disk should be allowed for the direct-access data set. If the test will be
interrupted and continued later, the third data set is used to store the
intermediate data.

When this program starts, the information on the sequential data set
will be read into computer memory first and will be printed on the output
paper for checking. Then, the program will request input data or decisions.
After receiving the input, calculation will start automatically. Inter-
mediate results for each stage will be printed and stored on the direct-
access data set while the programs wait for data or decisions needed for
the calculation of the next stage. After all stages of the system have
been analyzed, the program will also search the optimum solution from the
direct-access data set and print the optimum solution.

The flow chart shown in Figure 10 explains the general structure of
this program. The five important subprograms, ENDSTG, CONECT, MERGE, ELBOW,
and BRANCH, were designed to handle different kinds of stages:



Read the data of material cost and
others from data set on disk into
computer memory and then print

them on the paper

Want to

material cost)?

use different data {excluding

Input those data
through terminal

wWhat type of work will be done?
1) for calculating the end stage of some branches
which have no further branches; 2) for connecting two stages;
3) for merging branches with tee or cross; 4) for turning
the flow with elbow; 5) for branching
pipeiines with tee or cross

Assign a line
number to
this branch

Enter the
designed dis~

charge head

witch
e pipeline fro
last work

YES

nter the assigned
number of pipe-
lines which will
be merged

Switch
the pipetine fro
last work

witch
e pipeline fro
last work

Enter the
assigned number
o

f this pipelin
1

Enter the
assigned pipe-
line number

Enter the length
of this stage and
the discharge

elevation

Enter the length
of this stage and
the discharge
elevation

i

after merging

Enter the
assigned number
of this pipeling

Enter the assigned
number of pipetine
which will be branche
and the ratio of
flow rate

Call Subroutine
ENDSTG to calculate
inlet head, cost,
}f low rate, discharge

Call Subroutine
CONECT to calculate
inlet head, cost,
flow rate, discharge

Call Subroutine

MERGE to calculate

inlet head, cost.
flow rate

Catl Subroutine
ELBOW to calculate
inlet head, cost

€all Subroutine
BRANCH to calculate
inlet head, .ost

1

|

1

]

Print the feasible

results of anly
inlet head

1) To print complete results
2) To print inlet head only otherwise

Pripl the feasible
results of inlet head,
cost, diameter, flow

rate of this stage

Move the feasible results of
this stage from computer core to

the direct-access data set

Are more stages needed?

Search the optimum solution from

the direct-access data set

FIGURE 10.

Print the
optimum solution

MAIN FLOW CHART




25

(1) The terminal stage of branch pipeline,

(2) Ordinary stages with or without discharge,

(3) Branch pipelines merging stage,

(4) Flow diversion or direction change stage, and

(5) Branch pipelines branching stage.

This program contains 1079 Fortran statements. A complete program

listing is shown in Appendix B-1.

APPLICATION OF THE COMPUTER PROGRAM

In order to illustrate how the developed computer program can be used
to design a fluid network system, the following example problem is provided.

A fluid network design is required. The network layout is shown in
Figure 11, in which circled numbers are assigned pipeline numbers; numbers
within rectangular boxes are design discharge pressure and maximum allowa-
ble discharge pressure, in psi; the numbers enclosed within a triangle are
discharge outlet elevations, in feet; and D represents discharge outlets.
The design and maximum allowable pressure establish the pressure range for
that particular discharge pqint. The discharge outlets are spaced 200 feet
(61 m) apart along each pipeline. There are 10 different sizes of pipes,
elbows, tee joint, and cross joints which may be used in the design. Both
sudden change and gradual change type connectors provide the designer with
a choice of desired alternatives. The maximum available total head at the
inlet of the whole system is 62 psi (4.3586 kg/sq cm). Other required
information is listed below:

Network l1life = 10 years,

Annual usage = 500 hours,

Annual interest of investment = 5 percent,

Unit power cost = $0.05/horsepower-hr,

Efficiency of converting source power into fluid power = 0.90,

Pipe roughness = 0.0002 in.

Fluid cost = $0.40/1000 cu ft.
Material costs can be found in Tables 1, 2, and 3.

Following the design procedure guided by questions from the terminal
outlet, the designer can obtain the optimal design if he feeds the proper
data into the computer. In short, the designer will be requested or prod-

ded by the program to give data or to make decisions during tee execution
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TABLE 1.

COST OF PIPES, TEES, CROSSES, AND ELBOWS
P ———————— e —— ————
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COST ELBOW
SIZE PIPE TEE CROSS ELBOW RADIUS
in. $/100 ft dollars in.
2 25.30 2.18 2.89 1.54 6.00
3 38.20 3.87 4.10 1.85 7.00
4 51.10 4.12 4,58 2.24 7.50
5 68.00 L.86 5.05 3.56 8.00
6 93.70 5.38 6.63 b4.13 10.00
7 126.90 6.98 7.45 5.68 12.00
8 154.20 7.74 8.10 6.35 14.50
10 210.50 9.70 11.18 8.16 16.00
12 285.30 13.85 17.44 11.98 17.50
15 408.70 21.65 24,84 16.58 20.00
TABLE 2. COST OF GRADUAL TYPE CONNECTORS
END END SIZE, in inches
SIZE 2 3 b 5 6 7 8 10 12 15
in. dollars
2 0.64 0.77 0.9%% 1.19 1.53 1.80 2.36  3.22 L4.48
3 0.90 1.07 1.32 1.66 1.93 2.52 3.31 4.62
b4 1,20 1.4 1.79 2.07 2.73 3.8 4.71
5 1.63 1.96 2.23 2.84 3.75 4.88
6 2,22 2.49 3.06 3.89 5.04
7 2.82 3.40  L.16 5.42
8 3.76 4.52 5.70
10 5.06 6.25
12 7.12
15
NOTE: ALL CONNECTORS ARE 2 ft LONG.
TABLE 3. COST OF SUDDEN TYPE CONNECTORS
END END SIZE, in inches
SIZE 2 3 L 5 6 7 8 10 12 15
in. dollars
2 0.58 0.70 0.8 1.13 1l.45 1.72 2.16 2.93 4,08
3 0.87 0.91 1.21 1.54 1.83 2.32 3,17 4.35
L 1.09  1.34 1.63 1.93 2.54 3.29 4,51
5 1.48 1.81 2.09 2.72 3.42 L.68
6 2.08 2.31 2.84 3.64 L4.92
7 2.62 3.08 3.94 -5.18
8 3.47 4,21  5.43
10 4.87 '6.11
12 6.74

15
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of the program. Eventually, the designer will obtain optimum design of the
fluid network. A complete list of instructions of using this program is
also shown in Appendix B-5.

The design method discussed here was used and it yielded an optimum
design with its system effectiveness rated at 3667.40 dollars per year. The
optimum inlet total head of the whole system is 56.9470 psi (4.0034 kg/sq cm).
Two printed solution messages shown in the computer printout indicated that
identical total heads of corresponding branches did not occur at two merge
points of the loops. In this situation, pressure reducers will be added to
those branch pipelines with higher total head to bring them down to the low-
est head at the merge point of the loops. Those pressure reducers are neces-
sary in order to keep down stream stages to satisfy required flow conditionms.
The solution printed by computer is shown in Table 4 and is also summarized
graphically in Figure 12.

An IBM 360-65 computer was used. The program was run under the IBM TSO
system with an IBM 2741 remote terminal. The total terminal connect time
used to solve this problem is about 3 hours and 40 minutes. The actual CPU
time used was around 280 seconds and approximately 37 tracks of IBM 2314 disk

packs storage were used for intermediate storage during optimization.

CONCLUSION AND DISCUSSION

The design procedure based on dynamic programming and coded in inter-
active Fortran language has been applied successfully to the design of a
water network with diverging branches and loops. The direction of flows
within any branch or loop of the network was preassigned. Moderate pressure
regulation may be needed occasionally at the downstream junction of a loop
and, whenever it is needed, the computer printout will indicate the amount
of pressure regulation required. Strictly speaking, the final design, with-
out considering this pressure regulation cost, is not optimal. However, in
a large network, this error will probably not be great compared to the over-
all cost of the system.

The design procedure does not provide explicit means for handling pump-
ing or pressure stepup consideration in the intermediate stages of a network.
Branches of the network converge at a downstream point; a conveying network,
such as a multiple water source network, was not considered. However, the

computerized design procedure can be used to handle these problems reasonably



OPTIMAL SOLUTION:

TABLE 4.

SOLUTION OF THE EXAMPLE PROBLEM FROM COMPUTER PRINTOUT

TOTAL COST = 3667.40 DOLLARS PER YEAR
STAGE  I.HEAD DIAM. LENGTH I.FLOW D.HEAD DISCHARGE ELEV. TYPE LINE NO. BRANCHES NO.
34 56.9470 15.00 200.00 6.409837 53.2847 0.295671 6.0 CONG 1

33 56.0538 15.00 6.114166 CRBG 1 1 5 6
32 56.0173 8.00 200.00 1.164472 53.4055 0.296005 4.0 CONS 6

31 55.1820 8.00 200.00 0.868466 52.2871 0.292890 5.5 CONS 6

30 54.6876 6.00 0.575576 ELBS 6

29 54.6829 6.00 200.00 0.575576 50.9151 0.289021 6.5 CONS 6

28 53.7354 4.00 0.286555 ELBS 6

27 53.7264 5.00 200.00 0.286555 50.0499 0.286555 7.0 END 6

53.0854 '

26 56.0014 8.00 200.00 1.162068 52.0918 0.292342 7.0 CONS 5

25 55.1749 7.00 200.00 0.869726 52.2545 0.292798 4,5 CONS 5

24 54.2373 7.00 0.576928 ELBS 5

23 54,2324 7.00 200.00 0.576928 51.3924 0.290373 5.5 CONS 5

22 53.7864 6.00 200.00 0.286555 50.0499 0.286555 8.0 END 5

53.5190

21 56.0076 15.00 200.00 3.787626 51.4910 0.290651 9.5 CONG 1

20 55.6615 8.00 3.496975 CRBG 1 1 2 3
19 55.3684 12.00 200.00 1.923263 51.5765 0.290893 8.0 CONG 3 .
18 55.0723 6.00 1.632370 TEBG 3 3 4

17 55.0096 10.00 200.00 1.107689 52.1319 0.292455 6.0 CONG 3

16 54.7491 10.00 0.815234 ELBG 3

15 54.7466 10.00 200.00 0.815234 51.5549 0.290832 7.0 CONG 3

14 54.5966 10.00 0.524403 ELBG 3

13 54.5956  10.00 200.00 0.524403 52.3581 0.293088 5.0 CONG 3

12 55.0084 7.00 200.00 0.524681 52.4576 0.293367 5.0 CONG 4

62



TABLE 4. CONTINUED
STAGE  I.HEAD DIAM. LENGTH I.FLOW D.HEAD DISCHARGE ELEV. TYPE LINE NO. BRANCHES NO.
THE OUTLET PRESSURE OF STAGE 12 WAS REDUCED FROM 54.6313 TO 54.5272
11 54.5272 4.00 0.462629 TEMG 3 3 L
10  54.5023 10.00 200.00 0.462629 50.9781 '0.289200 8.0 CONG 3
9 55.3657 10.00 200.00 1.051632 53.3809 0.295937 4.0 CONG 2
8 55.1131 3.00 0.755695 ELBG 2
7 54.9125 8.00 200.00 0.755695 52.3499 0.293065 5.0 CONG 2
6 54.5293 4.00 0.462629 ELBG 2
5 54.5023 10.00 200.00 0.462629 50.9781 0.289200 8.0 CONG 2
4 55.3675 7.00 200.00 0.522081 51.5586 0.290842 8.0 CONG 1
THE OUTLET PRESSURE OF STAGE 4 WAS REDUCED FROM 54.9938 TO 54.4479
3 54.4470 8.00 0.578096 CRMG 1 1 2 3
2 54.4433 12.00 200.00 0.578096 51.8068 0.291541 6.0 CONG 1
1 54.4095 10.00 200.00 0.286555 50.0499 0.286555 10.0 END 1
54.3863

0¢
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well if the network can be broken down into several manageable segments. A

general guideline is provided (see Fig. 13) to accomplish this:

1.

The downstream network below a predetermined possible pumping sta-
tion (such as point C) should be separated from the rest of the
network. The design procedure can then be applied indépendently of
the rest of the network to this segment of network. The design will
provide cost, C(pc), as a function of the water pressure at point
C for any given design pressure at points D.

The design procedure can then be applied to the segment of network
ABE and ABC while C is set at the most economical pressure range,
indicated in the cost function obtained in t.

For any given C pressure, the cost function, C(pA), of the segment
(ABE and ABC) of the network can be obtained in terms of water
pressure at point A.

Let C(Pi) be the cost of the segment from point A to point i as the
most upstream point at pressure Pi. The s]A network segment and
the 52A segment can be analyzed separately for any A pressure. In
other words, any water source to point A is identified as an inde-
pendent segment for design analysis. For the network in Figure 13,
two cost relationships C(ps]) and C(psz) can be obtained for seg-
ments from s to A and s, to A.

For any feasible sequence of pressures (psl’ Pgpr Py pc) at points
sl, s2, A and C, the total cost of the network form segments is
equal to C = C(ps])+c(p52) C(pa)+C(pc). where p_, < p'_; >

P2 f_p'sz and p'sl,p'52 are the highest attainable pressure at
points $1 and Sy- The pressure sequence (p*S], p*sz, p*a, P*C)

which minimizes C determines the optimal network design.
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APPENDICES

Appendix A. Glossary
Cost of connectors between ith and (i-1)th stage, in dollars

Unit cost of the ith pipe with a diameter of d-inch, in dollars
per foot

Cost of an elbow, a tee, or a cross, in dollars with d-inch size
Unit power cost, in dollars per horsepower-hour
Cost of energy put into fluid in jth conduit, in dollars per year

Cost of ith conduit such as pipes, elbow, or tees, etc., in dollars
per year

Water cost, in dollars per cubic foot

Cost of water wasted as discharged in excess of requirement in ith
conduit, in dollars per year

Loss coefficient due to charnge of flow direction in elbow, dimen-
sionless

Loss coefficient in a tee or a cross, dimensionless

Loss coefficient in a connector between ith and (i-1)th conduits
due to change of size, dimensionless

Size of ith segment of conduit, in inches

Conversion efficiency from electrical or other power source to
water power, as decimal

Pipe roughness, in inches

Friction coefficient in ith conduit, dimensionless
Length of the ith stage, in feet

Annual interest, in percent

Life of the fluid network, in years

Total number of conduit segments in the fluid network
Designed discharge head of the ith stage, in psi

Discharge head at discharge outlet of the ith stage, in psi



Inlet flow of the ith stage, jth branch, in cfs

Outlet flow of the ith stage, jth branch, in cfs
Discharge rate at the ith stage discharge outlet, in cfs
Reynolds number for ith conduit segment, dimensionless

Cost, return function, due to ith segment of conduit, in dollars
per year

Salvage value of conduits, as a fraction of the original cost
Usage of the system, in hours per year
Velocity of the ith stage at outlet, in psi

Velocity head of the ith stage at discharge outlet (orifice), in
psi

Inlet total head of the ith stage, in psi

Outlet total head of the ith stage or inlet total head of (i~1)th
stage, in psi

Total head at discharge orifice, in psi
Elevation head at discharge orifice, in psi

Fluid kinematic viscosity, in square feet per second
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Appendix B-1.

(198601, *YANG* +MSGLEVEL={1,1)}
TSOCATP ,NAMF='T619880.YANG.PIPE.FNRT?
TSOPDS ,NAME=3T619880.YANG, PTPE FORT® ,MEMBER=NFMO

/730.5YSIN DD, *

R R N Ry Ny Rl Y o N R Ny A s sk abaXa ks haalatatatatataka R ka R Ratala o R e R Ra Xa R Ra Yo Rada kaRataketatataka X taRa o tata s takatake RaXaRa k)

T BT R VI

o ®

THIS IS THE MATIN PROGRAM

vis : FLUID KINEMATIC VISCOSITY, IN FY.**2/SEC. {1,21E-5 FOR
WATER AT 60 DEGRFES F.)

cp s PIPE UNIT COST, IN $/€T,

H t PIPE LENGTH, IN FT,

z 1 DISCHARGE ELEVATIN, IN FT,

F t PIPE RDUGHNFSS, IN IN.

Do t DIAMETFP OF PREVIOUS STAGF, IN IN.

00 t EXIT FLUTN FLOW RATE, IN CUBIC FT./SEC.

X0 t QUTLET TOTAL HFAD, [N PSI,

co t TOTAL COST UP TO PREVIOUS STAGE, IN 8

op t DISCHARGE RATF, IM CUBIC FT./SEC.

RE 2 REYNDLD'S NUMBFR, NIMENSIONLESS

0 1 PIPE NR NTHER JNINTS DIAMETER, IN IN.

o1 : INLFT FLUTD FLOW RATE, IN CUBIC FT./SEC.

¢ © TOTAL COST UP TO PRFSENT STAGE, IN $

x1 T [NLFT TATAL HFan, IN PST.

XMAX 1 DFSIGNFN “AX, INLFT TOTAL HEAD, IN PST,

XMIN 1 DESIGNFD MIN, INLET TOTAL HEAD, IN PSI,

XDEL 1 INTFRVAL £0R FLIMIMATING SAMF INLET TOTAL HFAD, I% PST,
XDMIN : DFSTGNEDN NISCHARGE PRFSSURF, IN PSI,

XDMAX t DESIGNED ALLOWARLE MAX, DISCHARGF PRESSURE, IN PSI.
xp : DISCHARGE HEAD, IN PST.

ne ¢ DISCHARGF CNEFFICTENT, IN CURIC FT,./SEC./SQ.RT.APSF.)
£c : CONMECTNRS COST, IN 8

GH : LENGTH DF GRADUAL CHANGF TYPF CONNECTNRS, IN FT,

X00 1 BUTLET TOTAL HEAD BEFMRE HFAD LOSS IN CONNFLTNP, IN PST,
VP I VELNCITY HEAD, [N PST,

(4} i HFAD LOSS COFFFICIENT, N{MFNSIONLESS

95 s PFQUIPED DISCHARGF RATF, N CUBIC FT,./SFC,

(34 : DFCISINN FOP DI SCHARGF TYPF

K0 : DFCISION FOR INCLUNING WASTED FLUIIY (OST

KK t STAGF CATAGNKY

KV t CONNFLTION TYPF

KSZ : OFCISION FOR ALLOMING SMALLER PIPE IN UPSTRFAM

kP : DECISION FOP INCLUDING FPOWER CNST

nca : ASSTGNED PISCHARGE CNEF,., IN CUBIC FT./SEC./SN.RT.IPSF,)

L] 3 KO NF DIFFERENT STZF NF PIPFS (R OTHER JOINTS

niA t PIPF NP JRINTS SIZF, IN N,

copt 1 COSY NOF PIPE, IN $/FT. 4

COTEF @ COST OF TEE- JOINT, IN §

CACRS t ¢NST OF CROSS JOINT, IN ¢

COFLH ¢ COST OF FLHOW, IN $

LLAr ¢ PADIUS OF AFNDING CURVATURE OF FLBNW, TN [N,

COSUG 1 €0ST OF SUNDEN CHANGF TYRE CONMFCTNOS, IN $,
LOSUNET,J) & COSUD(JS,I) ARE THF CNST OF CONNFCTAR AETHFSN
ST2E 1 ANP J PIPFS, I¥ I[=J THEN COSUN=0,

COGRA 1 CNST 0OF NRADUAL CHANGE TYPE CONNECTMR, IN ¢

XLAAA, CAAA,QAAA,DAAA,XDAAA ARE WNRKING SPACES ¥N STORF FEASIALF
SOLUTIANS AT FACH STAGE

AR APFE CUNSTANTS

L : ASSIGNED PIPELINF NUMBFT

N : NO. GF FEASIBLF SOLUTINNS AT FACH STAGF

NI : KRFCORM TNNEX NN DIRFCT-ACCFSS NATA SFY

1B i N0, NF STAGFS

148 T NO. OF HRANCH AND MERGE JNINTS

10 @ NP, NF MERGE JOINTS C
MP : Nile CF BRANCMES NF FACH BRANCH 0P MERGF JOINT

TKKN g TRKL o TKKKy TLNP, TKKYy TLLL ¢RQQND ¢ HKKHy ZKKZ 4DCE X ARF WOARKING
SPACFS TN STOPF INFNRMATIAN NF FACH STAGF
LF T LIFF DF FLUID NFTWORK, TN YR,

INT 1 IMTEPFSY OF TINVFSTNFNT, IN PFRCENY

s i MATEPIAL SALVAGE VALUS, IN DECTMAL OF NRIGINAL VALUS

cE I UNIY ENERGY CAST, IN $/HP=-HR.

T ¢ AMNUAL USAGF TIME, TN HOUR

FFF t FFFICTENCY NF CONVERTING SOURCE PAOWER T FLIID POWFR,
1N DECIMALS

CF 3 FLUID COST, IN $/1000 CUBIC FEET

REAL LF,INT

CIMMON /TTFML/VIS,CPsHZyFyD04Q0,X0¢COpQDRF 4D9QLrC o X1 o XMAX I XMIN,
EXNEL o XOMTN ) XNDMAX 3 XD DC ¢CC sGH ¢ XOO p¥VP o CL 405y KQ ¢ KNy KKy KV o KSZoKP,NCA
COMMDN ZITEM2/NO,NIA{30),CNPTCI0),CNTEE(30},CNCPS{30),C0FLATI3N),
*ELBAR(30},COGRAL30,30),CNSYDI30,30)

COMMON /ITEM3/X1AAA(2000),CAAAL2000),QAAA(2000)+NAAAL2000),
=XOAAAL 20000 vy A28y LoNyNI

COMMON /TTEMG/TT,TL,TQ NPy IKKNELI00)y TKKL {100) o THKKEL00) s ILNP{50),
*IKKV{100), 1LLLIS5043) ,RQUQ(50,3) +HKKH{200}+ ZKKZ{100),NCKK(100)
COMMIN /TTEM3/LF . INTSsCFy T ,FFF,CF

VIS=1.21F-5%
NCA=0.00%3754
1=l

1L=0

1Q=0
IKKNIL1)=0
Ax=10.E25
B==10.F30

Dr 1 1=1,50
POl J=l,3
RQAQ(T4J)=0.
OEWIND 1
DEFINE FILE
@FANL142) NO
FOPMAT (I%)
N 3 I=1,KN0
READ(L,4) DIALI),COPT(T),COTFECT},COCRSIT),COFLB(T)ELBRIT)
FORMAT(Fto3+FBa4y4F6,2)

RFADILsS) FoLFoINTS4CE,T

FORMAT(FR.615641¢3F6.2,F6.1)

READI1+6) FFF4CF,GH

FORMAT(3F6,2)

nn 10 ts1,NO

Ji=1

J2=6

IF(J2.GT.NO) J2=NO

READ{Y,9) (COGRA(T,Jbed=d1,4J2)

FORMAT(6F6.2)

JizJleo

J2=42+6

203000,20,L,NT)
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Main Computer Program

TF(J1.GT.ND) GO TO 10
GD TO 8

10 CONTINUE

00 20 T=1,4ND

Ji=t

J2=6

TE{J2.6T.NO) J2=NO

READ(L,9) (COSUDLTvd)ydndlsd2)

Jimjle6

J2=J2¢6

IF(J1.6T.NO) GO YO 20

GO TO 15

CONTINUF

WRITE(6421)

21 FORMAT(*OENTEP | TO PRINT DATA OF MATFRIAL CAST, NTHERWISE 0%)
READIS %) K2
IF K2 «NE. 1) GO T 45
WRITF(6,22) NO

22 FORMAT(/VONUMBER OF AVAILABLE SIZF = %,015,//,°0070, %43X, "D 1AM IN.*,

*2Xe*PIPF COST,$/FT*e2X ot TFE COST,8%,2X,*CROSS CNST 8% ,2X, *ELAOW N
*STe$0,2X 'R, OF BENDING CURVATUPE,IN.*}
DO 25 I=1,ND

2% WRITE(6,26) 14DIALTI,COPT(L},COTEETTILCOCRS(T)COFLAIT),FLBRIT)

26 FORMATI 0% 13,4X,F6uBrSXoFBebo8X Fha296X Fb.2,8BX Fh.2,1TXoFA,2)
WRITF16027) GH.(DIALT),1=1,NO)

27 FORMAT {/'0CDST OF GRADUAL CONNECTOR BETWEEN PIFFERENT DIAMFTIRS, |

*N $9,/,90CONNECTOR LFNGTH = ",F6.2,% FT.%,/, (TX,10FA.8))
N0 30 I=1,ND
30 WRITE(&+31) DIA(T) {COGRA(T J},J=1,NN)
31 FORMAT(1X+F6.3,10FB.2+7,(TKe10F8.2))
WRITE(6432)
32 FORMAT{/'0COST OF SUDDEN CONNFCTOR BETWEFN DIFFECENT NTAMETFS, TN
L)
DO 40 I=1,N0

40 WRITE(6431) DIACI)(ICRSUDLT d}odm1,N0)

45 WRITE(6446)

46 FORMAT('OENTER 1 iF CONTINUE FRNM PREVIOUS INCOMPLETE TFST, NTueay

*1SE 0%}
READ(S5,%) K1
IF(KL.NEaL) GO TQ &7
CALL CONTUL
60 10 100
&7 WRITF(6,48) VISsFoLF4INT,S,CEyT,EFF,CF,0CA
%8 FORMAT(/'OFLUIN KINFMATIC VISCASITY & *3E10.3," FT . %%2/SEC.%y/, 0P
*IPF ROUGHNFSS = *4F10.641 TNa® /9t 0PTPF LIFF = #,F8.1," Y0.4,/,¢0
*NTEREST = ¥,F8,2," PERCENT*,/,"0SALVAGE VALUE = *,F3.2,* OF NRIGIM
AL VALUE®,/ P OENERGY COST = *4FR,2," $/HP—HR,*s/+"OANNUAL USAGF Tt
ME = 1,FAL1,T HR.Y./,*OCONVERSINN EFF. FROM PDWFR SNURCF T1) FLUTD
*POWER = *yFB.2y/4"OFLLID COST = ',FBa2,' $/1000 CUBIC FT.%,/,00NT1S
ACHARGF COEFFICIENT = ' 4FLL.7," CFS./SQRTIPSF.)%,//)
WRITE(6,49)
49 FOPMAT{'OFNTEP | If YOU WANT T USE RATA OTHER THAN GIVFN AROVE ry
*CLUDING MATERIAL COSTS, OTHERWISE 0t}
READIS,*) K1
IF(KL.NE.1) GO TD 60
WRITEL6:50)
50 FORMAY (*OENTER FLUID KINFMATIC VISCOSITY, PIPF FrUGH'TSS, PIPE (I¥
*Fy INTERFST, SALVAGF VALUE,*y/,*IN THF SAMF UNITS AS ARVE)
READIS »®) VEISsFyLF INT,S
WRITE(6,55)
55 FORMAT(®OFNTER ENERGY CNST, ANNUAL USAGF TIMF, CWV725[. M #F., FL
SUID COST, AND DISCHARGE CNEF., ./, 'IN THE SAMF 1INTT, AS 2anvel)
READ(S,*) CF,T,EFF,CF,NCA

60 NI=l
WRITEL6s61]

61 FURMAT{*OENTFR 1 [F SMALLFR STZFD RIPE AT UPSTHSAY IS MNT ALLWFD

= OTHERWISE 0'}
READ(S,*} KS7
WRITE{6,62)
62 FORMAT{'OFNTER 1 IF WASTED FLUID COST SHOULD 5F TNCLUDEN, OTHERTS
*€ Q')
READ(5,*) KD
WRITEL6,63)
FORMAT (*OENTFR 1 TF POWER COST SHOULN AF IMCLUDEN, ITHRRWISE 04)
READ(S,*) Kp
WRITF{6+66)
FORMAT{*OFNTER THF ASSIGNED NUMBER NF PIPE { INE')
READ{S5,#) L
KK=]
100 CONTINUE
Kv=]
Hal.
7=0.
NeO
NO 110 11,2000
110 X1AAALT)=8
IF (11.EQ.1) GO YO 160
WRITE(6+115)

115 FORMAT{'OENTER 1 TO CALCULATE THE END STAGFS®,/¢%07,6X,*2 Y0 Crwme
*CT THD STAGES?,/,%0%,6Xs*3 TN MERGE PIPELINES WITH TFE JNINTY,/,
2P0% 46X ' 4 TO MERGE PIPELINES WITH CROSS JNINT®,/,00%,6K, 45 TO Tuen
* THE FLON WITH ELBOWY/,%0',6X,"6 TO ARANCIt PIOTLINES WITH TFE yot
ANT?,/7,%0%,6X,97 TN GRANCH PIPELINES WITH CROSS JIINT®)

READ(S %) KK
120 CONTINUE
GO TO (13041304240+24041304130,130) KK
GO vo 100
130 IF (KK EQ.1) GO TO 140
WRITF(6,132)
132 FORMAY{*OFNTEP 1 TN SHIFY PIPE LINE, OTHERWISE 0')
READIS ,*) Kl
IF (KL .NE. 1) GO Tn 150
140 WRITE(8466)
READ(S,*) L
150 IF (KK.EQ.5) GO TO 260
IF (KK.EQ,6 JOR, KK.EQLT)

160 WRITE(6,162) .

162 FORMAT(*OENTER 1 TO SPECIFY RFOUTRED DISCHARGE®,/,%0¢,6X,*2 70 Uk
* DIFFERENT ORIFICE SIZE (OR NO DISCHARGE AT THIS STAGEN'»/s'0%y4X,
w13 TQ USE OPIGINAL ORIFICE SIZF'}

READIS %) KO
GO TO {170,180,190) K0
G0 70 160
170 WRITE(6,172)
172 FORMAT(*OENTER THE REQUIRED OTSCHARGS, IN CFS.T)
READIS,*) Q%
WRITE{6s174)
174 FORMAT(®OENTER THE PESIGNED DISCHARGF PRESSURE, THN P31.*)

13

w

2

-3

w

[

&

>

G0 TN 280
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Appendix B-1 (Contd)

READ{S,%) XDMIN
G0 TO 210
180 WRITE{6,182)
182 FORMAT(*OENTER THE DISCHARGE COEFFICIENT, I CFS./S@RTIPSF.)*,/,'0
*ENTER 0. IF DISCHARGE IS NOT NECESSARY®)
READ(5,+}) DC
IF{DC.LT.10.F-35) GO TO 210
G0 TO 200
190 DC=0CA
200 WRITE(6,202)
202 FORMAT(*QENTER THE DESIGNED DISCHARGE PRESSURE, AND DESIGNED ALLOW
#ABLF MAX, DISCHARGE PRESSURE, IN PSI.*)
READ(S %} XOMIN, XDHAX
210 WRITE(6,212)
212 FORMAT (*OENTER THE LFNGYH DF THIS STAGE AND THE DISCHARGE FLEVATIO
®N, IN FT.*)
READIS %) H,Z
CALL RANGE
IF (KX +EQ. 2) GO TO 220
CALL ENDSTG
CALL RFSULT(£100,51000,5300,£400)
220 CALL CONECT
CALL RESULT(E100,E1000,8300,£400)
240 CALL MERGE{£100,8250)
250 CALL RESULT{£100,£1000,£300,8400)
260 CALL RANGE
CALL ELBOW
CALL RFSULT{£100,81000,£300,8400}
280 CALL BRANCH
CALL RFSULT{E100,81000+£300,£400)
300 WRITE(6,305)
305 FORMAT {TOND RESULTS PRODUCED, RE-DO THIS STAGE?)
G0 TO L20
400 CALL CONTU2
GO TO 1500
1000 CONTINUF
CALL OPTIM
STOP
END

1500

SUBROUTINE CONTUL

REAL LF,INT

COMMON /ITEML/VTS,CPeHo2ZsE+N0,Q0,X0,C0OQ04RE D5 015Cy X1 e XMAX,XMIN,
#XDEL ¢ XOMTN ¢ XOHAX XDy DC 4 CC ¢ GHo X001 VP CL QS 1 KQ 9 KN KK 4 KV KSZyKP,DCA
COMMON /ITEM3/X1AAA{2000),CAAA(2000)+QAAA(2000),DAAA(2000),
*XOAAA(2000) A Byl oNyNIT

COMMON /[TEM&/T1,IL,1Q,NPoTKKN{L00} 4 IKKLILOO},IKKK{100), [ILNP(50),
*TKKV{100),1LLL150,3),R0OQQ150,3)HKKHIL100),ZKKZ(1030) 40CKK1100)
COMMON /ITEM5/LF ¢ INT,S,CEsTEFF,CF

REWIND 3

READ{3,1) II,IL.1Q

FORMAT(15,213)

00 5 1=2,11

READU3,7) IKKNUCI) o IKKL{TH o IKKKAT}g TKKVIT) JHKKHET Dy ZKKZ LT ) yDCKKET)
FORMAT(14,13,211,344)

IF (1L.LE.O} GO TO 25

DO 20 I=1,It

REAN(3,9) NP, {ILLLCI+J)+d=1,NP)

FORMAT(13,313)
20 ILNP(I)=NP
25 TF {IQ.LE.0) GO TO 35

Do 30 I=1,1Q

30 READ(3,32) (ROQQ(I,J)eJdul,3)
32 FORMAT(34A4)
35 CONTINUF
READ{3437) VISIEGLF¢INT .S

READ(3,37) CE,T,EFF,CF,DCA
RFAD(3,437) KSZ4KPo¥D

FORMAT {544}

IK=11-1

WRITE(6,40) IK,IKKLLIT)
40 FORMAT(*OTHE LAST STAGE IN PREVIOUS STAGE WAS'¢15,°, AND THE LINE
*NO. WAS *,13,/,"0ENTER A NUMBER N SUCH THAT THIS JOB WILL CONTINUE
* FROM N STAGES BACK OF THE LAST STAGE OF LAST J0B',/,
®¢QENTER 0 [F CONTINUE FROM THE NEXT SYAGE')

REAN(S5,*) [STAGE

LF{ISTAGE.EQ.O0) GO TN 60

DO 50 I=1,ISTAGE

JI=II-(1=1)

KK=IKKK({JJS}

IFIKK.EQel +OR. KK.EQe2 OR. KK.EQ.S5) GO T 50

TL=1L-1

IF(KK.EQ.&6 +OR. KK.EQ.7) IQ=1Q-1

CONTINUE

I1=11~1STAGE

CALL CONTU2

L=IKKL{IT)

NI=IKKN(ITH+1

RETURN

END
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SURROUTINE CONTU2
REAL LF,INT
COMMON /ITEML/VESsCPyH¢ZyEsDO1Q0X0yCOADIRE 1 04QLrCoX1oXMAX,XHIN,
#XDEL o XDMIN ) XDMAX » XDy DC » CC yGH, X00 , VP, CL 9 QS ¢ KQ /KDy KK+ KV 1 KSZy KP4 DCA
COMMON /ITEM&/TI,1Ls1Q¢NPsTKKN(100) ¢ IKKL11003,1KKK(100), ILNPL50},
*IKKVEI100) TLLLI50+3),ROQQ(50,3), HKKHE 1001, ZKKZ{100),DCKXE100)
COMMAN ITEMS/LF (ENT 4§ ,CE,T,EFF,CF
REWIND 3
WRITE(341) Tl,IL,1Q
FORMAT(15,213)
o5 fe2,1t
WRITF(3,7) TKKNCI)yTRKLOT)  EKKKEED o IRKKVEE)oHKKHE Ty ZKKZ (1D 4DCKKETY
FORMAT (14,13,211,3A4)
IF {IL.LE.0) 6O TO 25
nO 20 I=1,1L
NP=TLNP(1)
20 WRITE{3,23) NP, {ILLLUI,J)eJ=1,NP)}
23 FORMAT(13,313)
25 IF (10.LE.0) GO YO 35
DO 30 I=1,1Q
30 NRITE{3,34) {RQQG{I,J},J=1,3}
34 FORMAT(344)
35 CONTINUE
WRITE(3,37) VIS,E,LF INT,S
WRITF(3,37) CE,T,EFF,CF,DCA
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WRITE(3437) KSZeKP,KD
FORMAT {84A4)

RETURN

END

SUBROUTINE  ENDSTG
REAL LF,INT

COMMON ZITEMI/VIS,CPyHsZyEyD09Q0,X0¢COQD2PE,DyQLsCy X1y XMATRNENEN ,
*XDEL s XOMIN+ XDMAX s XD9DC 5 CC GHy XOO 4 VP y CL 1QS 1 KD s KD 1 KK 1KV, KSZoKP,DCA
COMMON /TTEM2/N0,DIA(30),COPT(30),COTEE(30),LOCRSI30) ,CNELBI30),
*ELBR (30) ,COGRA(30,30),COSUN(30,30)

COMMON /1TEM3/X1AAAL2000) 4CAAA(2000),QAAAL2000)50AAA{2000),
*XOAAAL2000) 14,ByLsNyNI

COMMON 7ITEMS/LF, INT,S,CE,T,EFF,CF

Q0=0.

CO=0.

€C=0.

VP®0.

DO 100 J=1,10000

Aged

XOTEMP=XDMIN+{ AJ-1.) xXDFL

TFIKQ-1) 15525,15

[F(XOTEMP.GT.XDMAX) GO TO 200

GO TO 35

TF(XOTEMP.GT.XMAX) GO TO 200

XO=XOTEMP+Z%14.7/33.9

X00=X0

00 90 I=l,NO

D=DTALT)

CP=COPI(I)

CALL PRFS{£90,E80)

CALL COST

CALL STORE

CONTINUE

CONT INUF

RETURN

END

SUBROUTINE CONECT

REAL LF,INY

COMMON /ITEML/VIS(PoH 2, F4D0,Q0¢X0rCO4QDIRE 4D ,QL,CoX1 o XMAX, XMIN,
®XDEL s XDMINy XDMAX s XDy DCoCCyGHoX00 VP9 CL 4 QS vKQ ) KDy KK 4KV, KSZ4KP,DCA
COMMON /ITEM2/NO,DIA(30),C0PT{30),COTEF{30),COCRS{30),COELB(30),
*ELBR{30),COGRA(30,30),COSUD(30,30)

COMMON /ITEM3/X1AAA(2000),CAAAL2000) ,QAAA(2000),NAAA(2000),
*XOAAAT 2000} 1A4ByLoNoNT

COMMON /ETEM4G/TT4IL, IQyNP, IKKNE100), IKKL(100) 4 IKKK{100),TLNP(50),
*TKKV{100) yTLLL{504+3),RQQQI50+3),HKKH(L00)+ZKKZ(100),NCKK{100}
COMMON /ITEMS/LF INT 4S+CEVT,EFF,CF

CALL  RETRVINJ,IND,IY, IK)

00 80 I=1,NJ

READ({2°NI+5) X0.,C0sQ0+D0,XORETV

FORMAT (5A4)

TF (IND.FQ.1 .OR. IND.EQ.2} GO TO 35

GO TO 43

QO=QO*RQQO{IY,IK)

1F {IND.FQ.1} CO=0,

VPIoQO®# 2% 1 6. ML 44, 082514 T/ (DO*k453,1416%%202,432,2%33.9)

DO 60 J=1,ND

NsDIALJ)

IF (KS2.EQ.1 .AND. D.LT.DO) GO TN 60

CP=COPILJ)

IF {KV,EQ.1) CALL SUDDEN
1F {KV.EQ.2) CALL GRADU
X00=X0+CL*VPY

CALL CcONCO
VPROO*#2%1 6, %144 . ¥020 14, T/ (D*%a%3, 14 165%2%2,%32,2%33.9)
CALL PRES(£60,850)

50 CALL CnST

-1
8

1

L]
0

CALL STORE
CONT ENUE
CONT INUE
RETURN

END

SUBROUTINE MERGE(%, %)

REAL LF,INT

COMMON /TTEML/VIS,CPyH 2y EoDO+Q0 X0y COQDsRE N, QLyCoX1oXMAX XMIN,
HXDEL » XDMIN ¢ XOMAX 3 XD DT 9CC o GHy XO0 VP o CL y0S 1 KQ oKD 1 KK 9KV 4 KSZ KP4 NCA

COMMON /1TEM2/NO,NTA{30),C0PI(30),COTFE(30),COCPSI30},COELBI30),
*EBR{30),COGRA(30,30)+LOSUD{30,30)

COMMON /ITEN3/XLAAA12000),CAAA{2000),QAAAL2000},NAAAL2000),
*XOAAA(2000) )A,BsL+NyNI

COMMON /ITEM4/I14 L IQeNP,TKKN(100), IKKL{100),IKKK(100),ILNP(50},
®IKKV {100} ILLLIS0,30,RQQQ(50+3)HKKHI 100} ¢ZKKZ {100} 4DCKK(100)
COMRON /ITEMS/LFINT,S,CEsT,EFF,CF

DIMENSTON LLU3}2INDI3) 4IX1E30,IX203),XLTEMP(3),CTEMP(3),QTAMP(3]),
*DOTVEMP(3)

K1=0

NPaKK—1

WRITE(6,42)

2 FORMAT(*OFNTER THE ASSIGNED NUMBER OF PIPELINES WHICH WILL RF MERG

w

>

5
6

-

o

“ED')

READ(S %) (LL{T),Ix2,NP)

WRITE(6,3)

FORMAT (YOENTER THE ASSIGNED PIPFLINE NUMBER AFTFR MERGING')

READ(5,%) L

WRITE(6,4) )

FORMAT (*OENTER 1 FOR SUDDEN EXPANSION OR CONTRACTION TYPE OF CONNF
ACTION® 47400 46X, 12 FOR GRADUAL EXPANSION OR CONTRACTION TYPE QOF Cn
ANNFCTION®)

READ{5 ,*) KV

WRITE(6,6)

FORMAT{*OENTER THE ALLOWABLE PRESSURE OIFFERENCE AT THE MERGING PO,
®INTT)

READ(S,%) DIFF

1F (KL1.EQ.1) GO TO 7

CALL RANGE

IK=I1-1

D0 20 K=1:NP

DO 10 I=1,1K

JelI=(1-1)

IF (LL(K) «EQ. TKKL{J)) GO TN 15

CONT INUE

WRITE(6,11)
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39

11 FORMAT (*OFRROR®) TFIRATIOLGTLRDIT) AND. RATIOLLT.RD{I+1}} GO T 50
15 IXL{K)=IKKNCJ=1)+1 30 CONTINUE
1x21K}=IKKNLJ) 40 CL=E90({1)%ANG/90,
20 IND(K)=EXL(K} 60 TO &0
1Yl=ix1(1) S8 CL=ESO{IN-(EFO(T)-E90(T1+1) }*(RATIO=RD{T))I/IRDII+1}=RD(T))
1Y2=IX2(1} CLaCL®ANG/90.
nO 80 Y=iYl,1Y¥2 60 X1eX00CLEVP
Nl=1 Qbw0.
FINDI2NT) Ql=Q0
READI2'NT,3L) XITEMP(1),CTEMP(1),QTERP{1},00TEMPIL), X0 CALL COSY
31 FORMAT(5A4) CALL STORE
DO 50 K22 NP T0 CONTINUE
1Z1=TNDCK} 80 CONTINUE
122=1%X2(K) RETURN
Ni=121 END
DIFF2=D1FF
00 40 J=IZ1,122
FINDE2'NI) SUBROUTINE BRANCH
READ(2NI,31) X1,C,01sDyX0 REAL LF,INT

DELP2=XLTEMP(L1)-X1

DELP=ABSINELP2)

TF{DELP2.LT.0. .AND. J.FQ.IZ2 +AND. DELP.GT.DIFF)
1F (DFLP2.GT.NIFF JAND. INDIK}.EQ.TZL) &0 TO 80
IF (DELP.GT.NIFF2Z +AND. DIFF2,LT.DIFF) GO YO %0
IF (DELP.GY.DIFF2) GO ¥D 40

DIFF2=NELP

IND(K) =

X1TEMP{K)=X]

CYEMP (K] =C

G0 To 90

COMMON /ETEML/VISeCPeHeZoFoDDoQ0+X0+COsODRF 4D¢Q19C o X1y XMAX, XMIN,
SXDEL ¢ XOMIN ¢ XOMAX ¢ XDy OC »CCo GHy XO0y VP o CL 9RS 9KQ o KNy KK KV ¢ KS 2, KPy NC A
COMMON /ITEM2/ND,DIA(30),CO0PII30),COTEEL3N),CNCRS(0)4CNELRLIO0Y,
SELBR(30)4COGRA{I30,30),C0SUN(30,30)

COMMON /ITEM3/X1AAA{2000},CAAAL2000),0AAA12000),NARAL2000),
SXOAAAL2000) yA+B4L ¢NyNI

CONMON /UTEM&/LI,TL,1Q NP, IKKN{LO0), TKKL{1001, [KKK(LO0), ILNP{50),
SIKKVI100)  ILLLES043),RQOQIS50+3) yHKKH(100},2ZKKZ (100} ,NCKK{100}
COMMON /ITEMS/LF 4 INT+5,CE,T4EFF,CF

DIMENSION RQ(3),LL(3)

QTEMP{K}=Q! NPeKK—4
DOTEMP (K )=D WRITE(6,1)
40 CONT INUE 1L FORMAT(*OENTER THE ASSIGNEN NUMBER OF PIPELINES WHICH WILL AF BRAM
50 CONTINUE SCHED)
Q0=0. READ(S,*) (LLUID,F=1,NP}
co=0. WRITE(6,2)
DO 60 K=1,NP 2 FORMAT(YOENTER THE RATID OF FLOW RATF IN THESE PIPELINES, THE $uw
QO=QO+QTEMP(K} “OF THESE NUMBFRS 1S L., FOR INSTANCE, .5,.3,.2'}
60 CO=CO+CTEMPIK) READ{So#) (RQ(I)oI=1,NP)
X0=X1TFMP(1) CALL  RANGE
VPL=QTEHPL 1) ##2%16.%144.9920146,T/{DOTEMP| L) #2403, 14| 600292,832,2¢ CALL RETRVINJLIND.TY, IK}
«33.9) DO 30 I=l,NJ
DO TO JI=1,NO READI2*NT, 5} X0,C04Q0,D0,XORETY
D=DIALII) S FORMAT(5A4)
TCCa0. VYPLaQOE 2416, %144, 402414, 7/(DO*4%3, | 4164292, ,%32,2%33,9})
DO 65 K=1,NP DO 20 J=1,NO
DO>DOTFHP(K) D=D1A(J)
TF (KSZ.FQ.l +AND. D.LT.NO) GG YO TO IF (KS2.EQ.1 .AND, D.LT.DO) G0 TN 20
CALL  CONCO IF (KK.FQ.6) CP=COTEE(J)
65 TCLeTCCHCC 1F {KK.EQ.7) CP=CNCRS{J)
ccavCe IF (KV.EQ.1) CAlLL SUDDEN
IF(KK.EQ.3) CPeCOTEF(SJ) IF (KV.FQ.7} CALL GRADU
TF{KK.FQu4) CPaCOCRSEJJ) XO0=X0+CL*VPL
IF(KV.FQ.L1)  CALL SUDDEN CALL comen
IF(KV.FO.2} CALL GRADU DO=SQRT(D*N/NP}
X00=X0+CL*VPL CALL  SUDDEN
NO=SART(NPD*D) QTEMP=QO*RQ(1)
CALL SUNDEN VPR {QO*E2-QTEMPRRZ )X 16 . €144 £42%14, T/ (N RAXI, |41 6%42¥2,%32,2%33,7)
VPe{QOX*2=QTEMP[1)#42) %18, %146, ¢+201 4, 7/(Da"4e3, L4 loen202, 032,28 X1=X00+VPACL
+33,9) o1=Q0
X1=X00+VPRCL QD=0.
Q1=00 CALL COSY
Qb=0. CALL STORE
CALL  €05T 20 CONTINUE
CALL STORF ' 30 CONTINUF
N=N+ 1 TL=ELel
70 CONT INUE 1Q=10+1
80 CONTINUE DO 40 K=1,NP
90 CONTINUE TLLLE LK) LK)
1F (N Q. 0) 6O TO 1%0 40 RQOQUIQ.K)I=RO(K}Y
ILelL*l TUNPLIL)=NP
D0 120 K=1,NP RETURN
120 ILLLETL, KD =tLtK) END
ILNPLTL)aNP
G0 YO 200
150 WRITE(6,155) SUBROUTINE RANGE :
155 FORMAT (0NN MATCHFD PRESSURE, ENTER 1| TN RFENTFR INTERVAL, ENTF® 2 COMMON /ITEML/VISsCPyHyZyEoDDsG0X0,CO,0NRED4CLyCyX1s XMAXy XMIN,
* TO GD BACK TO DO OTHER CONNECTINNS®) XDEL o XDMTNy XDMAX s XDy DC 4CC o GHo XO0 s VP CL +QS5 1K Q1 KD o KK KV 1 KSZp kP9 NCA
READ{S 4*) Kl WRITE{G,1)
IF (Kl .EQ. 1) 6N Y0 § 1 FORMAT(*OENTER THE DESIGNED MIN, AND #AX. TOTAL INLET HFAD, [N PS!
TF (K1 .EO, 2} RETURN 1 )
200 RETURN 2 READLS ¢} XMINsXMAX
END WRITFL6,2)
2 FORMAT(*OENTER THE INTFRVAL FOR ELIMINATING SAME INLFT HEAN, IN PS
«l.t)
SUBROUTINF  ELBONW READ(S,#) XDEL
REAL LFyINT RETURN
COMMON / ITEML/VISsCPoHoZyEyN0,00,X0sCOsQD RE ¢DsQLrCy X1y XMAXyXMIN, END
SXDEL s XPMIN, XDMAX XD ¢ DC oCCoGHy XOO0 VP o €L 1 QS yKO oKDy KK o KV o KSZoKP o DCA
COMMON /7 LTEM2/NN,DTA(30),COPTL30},COTFEC30),COCRS(30),CNELBI30Y,
SUBROUTINE RETRVI(NJ,IND,1Y,IK)

*ELAR(30) ,COGRAL30,30),COSUD(30,30)

COMMON /ITEM3/X1AAAL2000) yCAAA(2000) ,QAAA(Z000),DAAAL 2000},
*XOAAA{2000)+A4B,LsNyNI

COMMON /TTEMA/TToTLTOWNPy IKKNIT100), IKKL{100D . IRKKI 100}, ILNPLSOY,
*IKKVIL100}TLLLES0+3) yRAGQATISO0,3) s HKKHIL00), ZKKZ (1001 ,NCKKI100)
COMMON /ITEMS/LF,INY S CEsTHEFFyCF

DIMENSTINN £90(9),RD(9)

DATA E90/1.2611a0veTv04002290139.10.08,.08/

DATA RD/0eve25ye5raT51las20s4096051000.7

WRITE(6,2)

COMMON JITEML/VIS,CPoH, Z4EyDOs00, X0y COyADIRE 4NN L Cy X1y XMAX ) XMIN,
@XDEL s XDMIN XOMAX ¢ XD DC CCoGH ¢ X0 s VP, CL ¢QS 1KQ 1 KD ¢ KK oKV 1 KSZ, KP, DCA
COMMON ZT1TEM3/X1AAAL2000),CAAAL2000) s QAAAL2000) »DAAAL2000),
«XOAAA(2000) sAeByLoNoNI

COMMON JITEMAZTT o TL 41O NP, TKKN{200) ¢ TKKL £100) ¢ IKKK{100}, TLNP(SO},
'lKKVllOOhILLL(50'3).ROOQI507BI'HKKH(lOOl'lKKZH.OOhnCKK(IOO)
WRITEL643)

3 FORMAT(*OENTER 1 FOR SUDDEN EXPANSION OR CONTRACTION TYPE NF CNNNF

SCTION® 4/,%01 6X¢*2 FOR GRADUAL FXPANSTION OR CONTRACTION TYPF OF CN
*NNECTION®)

2 FORMAT[*OENTER THE FLBOW ANGLE, TN DEGREE®)
READ(5+%) ANG READ(5 %) KV
CALL RFTRVINJ,IND,1Y,IK} 1Kk=0
DO 80 TJ=1,NJ ty=1Q
READ{2*NI,4) X0,C0,Q0,004XORETY IX=IL
4 FDRMAT{5A4) {ND=O
VPLmQO®S2%16.4144.%02014.T/(NO**483,141694252.932,2%33,.9) fl=ll-1
PO 70 J=1,N0 DO 60 I=Ll,111
D=DIALJ) Jall=-t1-1} .
IF {KSZ.FQ.1 +AND. Dl.LT,.DO) GO TO T0 IF (IKKK(JD.€Qe3 OR, [KKK{J).EQ.4) IX=IX-1
1F{KV.EQ.1) CALL SUDDEN TF (IKKR{J) o EQ.6 «ORe IKKK{J)}.EQ.7} GO TO 30
TFIKV.EQ.2)} CALL GRADU IF (L .EQ. IKKL(J)} "GO YO 80
X00=X0+CL*VP) G0 TO 60
CP=COELB{J} 30 NPsILNPLIX)
CALL CONCO DO 40 K=1,NP
VPRQOR#2416,9164 %5201 4. T/({Nekie3, 14 16002¢2,%32,2633,9) IF (L.EQ.ILLLUIXyX}} GO TO 50
RATIO=FLBR{J) /D 40 CONTINUE
Do 30 I=1,8 IX=IX~1
IY=ty-1

TFIRATINLEQLRDIT}) GO TO 40
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GO TN &8

50 INDal
IF (KeFQal) INN=2
TR=X
G TY A)

40 CONTINUF
WARITFL6,42)

62 FORMAT ('QFRR{IRY)

80 Ni=IKKN({J-1)+1
FIND(2°*NT)
NJeIKKNIJ}=1KRN{J=L)}
RETURN
END

SUARDUTINF  CONCO
COMHON /TTEML/VIS,CPoNoZyByD09Q01X0,C00QDRE oDeQLeCo XL o XMAXXMIN,
SXDEL y XDMIN g XDMAX e XDo DC ¢ CCoGHe XOO o VP CL 9QS 9 KD oKDy KK 4 KV g KS Lo KP4 DCA
CNOMMON /TTEM2/NO,0TA(30),C0OPT(30},COTEE(30),COCRSIINI LCOELILIND,
*ELAR{30),COGRA(30,30),COSUDI30,30)
MO 10 I=l4ND
IF (DO.EQ.OLALI)) €O TD 20
10 CONYTINUE
20 N0 30 J=1,N0
IF {(D.EQ.NIALJ}) GO TO 40
30 CONTINUF
40 IF{XY.FN.1) C=COSUNEL YD
FF(KV.F1.2) CCaCDGRALL W)
RETURN
END

SUBRMUTTNT  SHIRREN

COMMIWN /ITFAL/VEIS,CPyHoZsEoNO¢Q0sNOCOsANIRE 4NeULyCoXL X HAKyXMIM,
SXDFL o XDMTE ¢ ¥OHAX g XN DC s CCoGHoXOO s VP CL QS o KQ o KN ¢ KK 3 KV KSZe K Py NCA
NIMENSINN HaTIOLL)

NATA  RATIN/ 200439037 0e3042%9¢2901%000190077,03904/
IF (D.LT.D0)  (L=(le={D®N)/{DOENQ) jwe2

1F (D.FQ.D0) Ctwd.

TF (D.GT.DO} CO TP 10

G0 TO 850

ADO*®2/D*N2

DO 20 I=1,10

Al={1-1)*0.1

BI=1%0,1

1F (A.EQ.Al) GO TN 23

IF (ALGT.AT LAND, ALT.IT) GO YO 30
20 CONYINUF
25 CL3RATIOLT)

G TN S0
30 CL=RATIVL )= (RATINUI)I=RATINI L +1) )R(AT=RATIN(1)) /0.1
50 RFTURN
FHD

1

2

SURROUTIME  GRADY
COMMON JITCML/VES CPeHsZ yF DN 00, XDeCOoQN o RF ¢Ne(V Lo CpX T o XMAY, XMIN,
HXNEL o XDATH ) XOMAX ¢ XD 0 ¢ LCo GHy X00 s VP CL 905 4 KQ oM p XK o XV, KSZo KPP, NC A
DIMENSION THETALQ) ,VAL(S}
DATA THETA/1800090096049300915097e39004-1800,=360.7
DATA VAL/495+¢90+0R31.78,,32¢0012900:0.48,0.48/
TFIN.FNLNO) GC TO RO
TF(n NG GO YO 10
1F{N.LY.00} GC TN 20
GO Th 90
10 ADA=NOM=2/DR%2
ANG={DN-D0)/2./GH/12.
ANG==ATANIAMG)*180,76,2832
60 YO 30
20 ADA=DR*2/00%%2
ANGa ({DO~D)/2,/GH/12,
ANGRATAN(ANG)%1%0./6.2832
CLO=(L1-ADA) ¥ e2
N0 40 1=1,7
IFLANG.FQ.THETALT)) GO TN SO
IFUANGLLToTHETA(L) AND. ANG.GT.THFTA(I+1}) 601 7O 89
40 CONTINUE
50 CL=CLO®VAL(1})/0.9%
GD T 90
VALBaVALUT)=(VALLT}-VALIT4L1) ) =(THETA(T)=ANG} F{THETALT ) =THETA{Te1)}
CL=CLO*YALR/0.95
60 T so
80 CL=0,
90 AFTURN
END

3

o

=3

3

SUBRDUTINE  RESULT(®
COMMON /ITEML/VIS,CP M s2eE9D0yQ0,X01CO9QD o RE yNeQL oLy X1 o XMAX lllNo
AXNEL g XDM TPy XDMAX ¢ XDy DC ¢CC o GMe XO0 e VP CL o 0S 1 KQ oKD o KK oKV 1 KSZoKPoDCA
COMMNN /1TFM3/X1AAAL2000) 4CAAAL2000) ,0AAA(2000) s NAAAL2000),
*XO0AAAL2000) e AsB oL ¢NyNT
COMMON FITEMA/TE,TLoTQoNP,IKKNE100), TRKLUL1D0) »IKKK(200), LLNPUSO),
SIXKV(10D) 4 ILLLI50,3) »RQQQ(5053) ,HKKH{100) o ZKKZ{100),DCKK(10D}
TFIN.EQ.O) RFTUPN 3
NT=IKKNETT)#]
FIND(2NY)
NN=IFEX{{XMAX=-XMIND/XDEL#2.)
1F (NN .GT. 2000} NN=2000
Je=l
0N 10 tal,NN
TF (X1AAACLF) LLY. &) GO YO 1O
XIAAALD)»XLAAALL}
CAAA(JI=CAAA(TY)
QAAALJ)=DAAALT)
DAAALY)=DAAALT)
XOAAALJI=KOAAALTY
Jagel
10 CONTINUF
Mug=1
WRITE(6,11)
11 FARMAT(YOENTFR 1 TO DISPLAY THF RFSULTS, ENTER 2 TN NISPLAY OMLY T
*HE INLET HFAD, DTHFRWISE 0%}
READ(S,%) K1
I1F (K1 .FQ. 1) CALL PRINY
IFIKL.€Q.2) GO YO 15
60 TN 25
15 WRITFL6,17)

17 FURMAT(*OENTER THE NUMBER N SG THAT TRE INLET hEAD WlLL 8E PRINTED
* EVERY N NUMBER?)
REAC(S5,*) 11
IF (KL JEne 2} WRITE{G6419) (X1AAALI)sI=1oNs1L)
19 FURMATIBLLX:Flcab:4%)) 2
25 DC 30 [=L,N
30 WRITE(2'Niy35) XllAA(l..LAAAII).QAAA(l).DAAA(ll.xOAAA(il
35 FURMAT (5A4)
11=11+1
IKKNUTID s IRKACLI=1)¢N
IKKLCL D)=t
IKKRKLEE) oRK
HKKHET T)=H
InKZL1T)=L
DCRKEIT)=DC
IKKVLT 1) =KV
WRITELG 40}
40 FCRMAT('QENTER 1 IF MURE STAGES ARE NEEUEC*»/+'C%y6re%2 IF YCUL WAN
*T TU CONVINUE THIS JOb LATER",/,t0%,0X,"0 1F END 3F ThIS JGu°)
READ(S+%) X}
IF (KL +EQ. 0) KRETURN 2
IF{K1leEde2) RETURMN &
RETURN L
END

SLBRCUTINE PRES(®,%)
CUMMGN ZITEML/VIS CP ok oLe€oBU R0, X09COsQU KL sDedlo Ly XLoAMAK, XMIN,y
SAUEL s KUMIN, XUMAX ¢ XG1DC oCCaGHo KOO o VP o LL 4G5 oKQ 2 KD o KK 9KV 9 KSZy 8P DL A
IPaZ®14.7/33.5
XD=aLO=-vP=1pP
IF(KUeEGL) GC TO Ly
Ik (DCLT.10.E-35) GC YO 5
IF (XDLToXDMIN +CRe ALGT.XCHAX) GO TU 2v
QD=DC*SQRTIXD* 1442
GU TC 15
LF(ADL T XIMIN) GC TU 2C
QuaCS
OCRGD/SQRT(ACMIN®LAG L)
JERCTE NI
REmG.#QL/ 3. 14l00VISHD/124)
IF (E.LT4lUeE~-35) GC TC 30
IF (RE LT, 2€00.) GC TC 25
IF (REJLT.40U0.) GC TO 35
LALL FRICQLF)
GG TU %0
20 RETURN 1
&5 Fr64o/RE
GG TC 40
FaGo 3lu/hE**0.25
w0 TO 40
35 FR3.24%10 8% (=5 ) *REWS0 .65
40 ALl=X00+0.02928F*HQIS#2/({D/12.)%25)
RETURN 2
END -

v

i

c

3

c

SULROUTINE FRICOCF)
EXTERNAL +CT

EPS-U-OOI

1END=500

CALL  RTHJLF VAL FCT XL 1o XRILEPS,1END TER)
HETURN

END

FUNCTICN FCTLF)

CCMMON ZITENL/VISsCPyHeZ9E9D09Q0,X0¢COQDeRE1D9QLsCo XL XHAX ) XMIN,
®XDEL o XDMINy XOMAX 9 XD 9 0DC s CCoGHy XUO0 o VP9 CL 405 s KU 9 KD 9 KK ¢ KV KSZ ¢ KPyDCA
ARG=E/C+9.35/ (RESSURTIF})

FCT=Lo0/(SQRT(F) )~1.1442.%ALOGLO(ARG)

RETURN

END

SUBROUTINE COST

REAL LFyINT

COMMON I[TENIIVIS'CP'N.lyEvOO'GO.XO.CO.QD'RE. 2QLyCoXLoXMAX s XMIN,
BXUEL s XDMINy XKDAAX o XLoDC o CCoGH KOO o¥P2CL o US oK G ¢ KD o KK oKV KSZoKP9DCA
COMMON /ITEMS/LF 9 INT»5oCEoT2EFF,CF
PIPECO=(HSCP«CCI®L1,0/LF#(L1.0~5)9INT/200.)

AKP=kP
EREGCO®0.2620CERT# QLS (X1-X00) +X00*QD¢{X00-X0)*G0) /EFF*AKP
IFIKQ.EQ.1) GO TO 10

1F (KKEQal oCRe KK.EQ.2) 60 TG 5

GO VO 10

ACD=XU=XDMIN

1F(XCD.LT.0.) GO TO 10

AKD=KD

FLUDCO=CF/L000*TADC*SCRTIXDO® L1444 J*AKD
CnCO+PIPECU+ENEGCL#FLUCCE

G0 Y0 20

10 CaCO+PIPECU+ENEGLE
20 RETURN

END

w

SUBRCUTINE STORE
COMMON ZITEML/VISoCP ¢MoZ oE DU G0+ X0y CO9QDoRE ¢DoULoCy X1 s XNAX ¢ XMIN,
SXDEL s XCMINo RDMAX 9 X0 DC ¢ CCyGH ¢ X00 WPy CL9 QS s KA oKD 3 KK ¢ KV 1 KSZ KP4 OCA
COMMON /ITEM3/X1AAAL20GC) oCAAAL20Q0) ¢ CAAAL2000),0AAA(2000)
*XCAAAL2000)¢AsBoL shoNI
IF (X146T<XMAX oORe X1oLT.XMIN) 60 TO 100
DC 10 !=1,2000
Als]
UP=XMAX~(AI-1.}®X0EL
DOWN=UP-XDEL X
IFU1eEGel 4ANDe X14LE.LP «AND. X1.GE.DCWN) GG TO 20
LIF(X1.LV.UP .AND. X1.GE.DONN) GO TO 20
10 CONTINUE
20 1FIX1AAA(L) .LT. A) GO 10 30
IF (C «LT. CAAALI)) GO TC 30
IF(C.EQ.CAAALL) +AND. D.GT.DAAACI)) 60 TO 30
G0 TCo 100
30 Xlaaaill=x)
CAAMALL)=C
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QAMACT)=Q1
DAAA(] )=D
XOAAALT=X0w
KoN¢l

100 RETURN
END

SUBROUTINE PRINT
COMMON /ITEN3/X1IAAAL2000):CAAAL2000) »QAAAL2000) yDAAAL2000)
#XOAAA{2000) 1A +B el vhoNI
WRITEL6+5)
5 FORMATU?OINLET TOTAL HEAL®¢TXo *DIAMETER® 10X, *COST*»8X,*OUTLET TOT
#AL HEAD® ,6X+* INLEY VOLLMN®)
D0 10 I=1.N
10 WRITE(6,15) XLAAACID(DAAALE) »CAAALLY ¢ XOAAALY ) QAAALT)
15 FORMAT{90% 42K sFl2e6010RsF0.205X1F120249X4F12.648X,FL1.6}
WRITE(6,20)
FLRMATL/)
RETURN
END

2

-3

SUBROUTINE GPTIN
COMMON /ITEML/VISoCPyh1ZoEvDOsQ0sXOsCOoQ0IRE 4D e@LyCoXL o XNAX, XHIN,

OXDEL o XDMIN y XOMAX o X o DC +CC ¢GH e X0 o VP CL 9GS oKQ o KD ¢ KK 2KV ¢ KS 29 KP o DCA
COMMON 7 ITEN3/XLAAAG206C) ¢CAAAL2000) » CAAALZO00) s CAAA(2000} s

#X0AAALZ000) oA 7Bl oMo NI
COMMON /ITEMG/I141Lo1QoAPyIKKNCLOO} o IKKL U100 ) ¢ IKKKA100) ¢ ILNP(50),

@IKKVEL100) s ILLLE5003) JRGGQE30s3) ,HKKH{ 1000 ,ZKK1(100) sDCKK (100)
DIMENSION XOMINEL00) JNAPE(14) ¢ XORD(1CC) s XHRD (100}

DATA NAME/® END®,® END®,#CONS® ¢’ CONG® ¢ *TEBS? o ® TEBG® s * CRBS® ¢ *CREG® s
HYELBS® ("ELBGY o P TENST,  TEMG ) *CRANS? 4 SCARG®/
CALL  CONTU2
WRITE(6y1)
1 FCHMAT (YOENTER ThE MIN. AND MAX. AVALLABLE TCTAL HEAD AT POWER SOU
®RCE, IN PSI.*)
READ(5¢#) XMIN)XNAX
DO 5 I=1,100
XGRDAT)=8
IX Ik
CMIN=10.€20
DO 10 I=ieN
IF (XLAAACI) oGT.XMAX oCR. XIAAALI).LT.AMIN) GC YO 10
IF (CAAALL).GT.CHIND GC 10 10
IF (CAAA(I).EQ.CMIN oAND. DAAALI).LE.CAAALL)) GC TO 10
CHINCARACT)
XLAAACL) XLAAALIL)
UAAALL)~QAAALL)
DAAA(L)=DAAALL)
XOAAA(L)=XOAAACI)
10 CONTINUE
WRITEL6411) CMIN

11 FURMAT(///,*00PTIPAL SCLUTICN 3%,//,'0TCTAL CCST = *,Fl2.2,% OOLLA

*RS PER YEAR')
WRITE(6912)

12 FURMATL//4*OSTAGE® ¢3Xy* I.HEAD® 93X ¢ ' DIAM. ® 44X s "LENGTH? ( 6X s * LLFLON®,
46Xy *DoHEADY ¢ 3%y SDISCHARGE ® y 3K s PELEVa * ¢ 2X ' TYPE* 12K o 'LINE NC.?  2K,?
#BRANCHES NO.*)

LF (KRhoEWe3 oUR. KKoEQad)
XOMINCLY=XOAAALL)
60 10 25

15 DO 20 K=l NP
L1=ILLLEIX oK)

20 XOMEN(LLI=XOAAA(L}
Ix=Lx-1

25 IKall-1

IF (il.LE.2) GG TC 100

00 80 J=2,IK

Ju=11-(4-1)

KK=IKKK(JJ)

L=IKKL(JJ)

NIxIKKN(JI=1)eL

NJ=IKKK(JJI=EKKNLJI=1)

FINDL2'NT)

IF (KKeEQe6 «OR. KK.EQaT) GO TO 26

60 TQ 35

LleILLLULX, 1)

XOTEMP=XOMINGLL)

NP=ILNPLIX)

Kisi

DO 27 K=l,NP

LL=ILLLEIX,K)D

EF(XOMIN(L I} .GT.XCIENP) GG TO 27

XOTEMP=XOMINILL)

Kiak

27 CONTINUE

DG 30 K=1,NP

L1sILLLUIX KD

IF(NONINCLL) .LE.XCYENP) GO TO 30
Jisg

Je=)-1

DO 28 J3=1,42

JJlegaeds

Jlegi-1

IF(IKKL{JJL) EQ.LED GO TO 29

28 CONTINGE

29 XORD{JL)=XOTEKRP

XHRD (J1)=XOMIN(LL)

CONT INYE

1X= X~

XONIN(L)=XOTENP

35 DIFF=10.E25

DO 40 [=lyNJ

READ{ZNI,37) XLRETV,CRETV,URETV,DRETY XORETV

FORMAT {546 )

DELP=XIRETV¥=XOMIN(L)

DELP2=#BS(DELP)

IF (DELP2.GT.DIFF)

XLAAA( J)=XIRETY

CAAA(J)=CRETV

QAAALJ)=QRETV

DAAA(J)2DKETV

XOAAA{ J)=XORETV

DIFF=DELP2

CONT INUE

IF (KK+EQe3 «ORe KK.EGe4)

XOMINCL) =X0ARALJ)

w

GO Y0 15

2

o

3

©

3

-

GO T0 40

4

=}

GO TO &5

PN aNa o e ot ta et et a e s Ta e Raka o X Al a X a W o Mo Wo N o N e RN e N o Ho T R oo KoYl s X o Rk o}
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GO va &0
45 NPsILNPLIX)
DG 50 k=lNP
LiefLLL{IXyK)
50 XOMIN{L1)=X0AAALJ)
IXmfXx-1
80 CONTINUE
100 00 200 I=1.1K
Jell=11-1}
Jud=-1
HHsHKKHEJ)
KK=1KKK(J)
LeIKKL{J)
I=IKKZLI)
DC=DLKK(J)
Ky=1KKV(J)
1JmKK*2¢{KV-2)
IF(KKEQ.L) [J=l
IF(KK<EQed «OR, KK.EQ.4) GO TO 180
IF (KK.EQa6 +OR. KK.EQe7) GO TO 180
Ilml¢l
Ix=IL
ICi=lg
DU 420 Ki=Il.1K
J1=II=-{Kl~1)
IF [IKKK(JL).EQe8 .ORe IKKKLJ1).EQ.7) GO 7O 112
IF (Lo.EQ.IKKL{J1)) GO TC 125
60 70 120
NPL=ELNPLIX)
DO 113 K2=1,NPL
L2=tLLLEIXsK2)
IF (L.EQ.L2)
113 CONTINUE
[X=]Xx-1
1Qi=iQi-i
60 TO 120
118 UD=QAAALT)-RQACQIIQ1,KZI*QAAAIK])
GO 70 135
120 LONTINUE
IF (KKoEQ.d) GO TG 130
WRITE(6,121)
121 FURHAT{*QERRUR"'}
125 CD=QAAA{I)—QAAALK])
IF(KK.EQ.5) GC TC 170
GG TO 135
130 QD=QAAALL}
135 IF{DCLT.10.E-35) GO TC 140
XO={QD/DC)**2/ 144 .0
60 710 150
140 XD=Q.
150 WRITE(6,150) JJeXLAAALL))DAAACT ) 1HH,QAAALT ) s XDyQDsZZ o NAMET LI oL
150 FURMAT(00? 140 lXeFSady2X F0u392X1FB8a292KeFLlleby2XsF9.442X,F10.6,
®2RhgFbalypeXeAdsIXelb}
IF(KK.AE.l) GC TC 200
WRITE({649155) XQAAALL}
155 FURMAT('Q'y5XsF9.41)
GG 1O 200
L7V WRITE(6,175) JJrXLAAACE) ¢DAAACT) »QAAALT) JNAMELTS) WL
175 FORMAT(*0® )14, 1XeF9.402X,F6.3102XsFLLo6y33X5A%3X,14)
G6U TO 200
NP=ILNPLELY
MRITE(6,185) JJo XLAAACL) ¢DAAALT) ¢QARALT) ¢ NAMELTI Dok,
SLILLLEIL oK) o KuLsNP)
L85 FORMAT(00% s 141X FGass 2K FOal3y12XsFLl1o6933XsA423X91495X0314}
fL=ii-1
IF (KK.EQe6 «CRe KK.EG.7) [QuIQ-l
200 IF(XORDLEDebuTar) WRITE(6,205) JJeXHKDII) ) XCROLID
205 FURMAT (/370 ,7X,*THE OUTLET PRESSURE CF STAGE'y14¢" WAS REDUCED FR
2OM *4F9.4y* TO *4FS.44/)
RETUNRN
END

©

N

i

6O TC 118

<

L8

SUBROUTINE RTMJ

PURPOSE
YO SOLVE GENERAL NONLINEAR EQUATIONS OF THE FORN FCT(X)=0
BY MEANS CF MUELLER=5 ITERATION METHOO.

USAGE
CALL RTMJ (XoF ¢FCT XLIoXRI1EPS ¢ LEND2IER}
PARAMETER FCT REGUIRES AN EXTERNAL STATEMENT.

DESCRIPTICN OF PARAMETERS
X ~ RESULTANT ROOT OF EQUATION FCYIX)=0.
RESULTANT FUNCTION VALUE AT RCCT X.

F -

FCY ~ NAME OF THE EXTERNAL FUNCTION SUBPROGRAM USED.

XLl ~ INPUT VALUE WHICH SPECI+IES ThE INITIAL LEFT BOUND
OF THE RCOT X.

XRI — INPUT VALUE WHICH SPECIFIES THE INITIAL RIGHT BOUND
OF THE RGOT X.

EPS ~ INPUT VALUE WHICH SPECIFIES THE UPPER gLUND OF THE

ERRCA COF RESULT X.
IEND — MAXIMUKM MUMBER CF 1TERATICh STEPS SPECIFIED.
RESULTANT ERROR PARAMETER CODEC AS FOLLOWS

IER -

1ER=O ~ NC ERAGR»

jERal — AO CCNVERGENCE AFTER IENC ITERATICA STEPS
FGLLOWED BY IEND SUCCESSIVE STEPS CF
BISECTION,

1eR=2 - BASIC ASSUMPTION FCT(XLID®FCT(XRI} LESS
THAN OR EQUAL TC ZERC IS NOT SATISFIED.

REMARKS

THE PROCEDURE ASSUMES THAT FUNLTION VALUES AT INIVIAL
BOUNDS XLI AND XRI HAVE NOT THE SAME SIGN. IF THIS BASIC
ASSUMPTICN 1S NOT SATISFIEC 8Y INPUT VALUES XLI AND XRI, THE
PROCEDURE IS BYPASSED AND GIVES THE ERRCR MESSAGE IER=2.

SUBROUTINES ARG FUNCTICN SUBPROGRAPS -REQUIRED
THE EXTERNAL FUNCTION SUSBPROGRAK FCTIX) MUST BE FURNISHED

BY THE USER.

METHOD
SOLUTION OF EQUATION FCT(X)=0 IS DUNE BY MEANS OF MUELLER-S

ITERATION METHCD CF SUCCESSIVE BISECTICAS AND INVERSE
PARASULIC INTERPOLATION, WHICH STARTS AT THE INITIAL BOUNDS
XLI AND XRl. CCONVERGENCE IS QUACRATIC IF THE DERIVATIVE OF
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Appendix B-1 (Contd)

FLT(A) AT RCCT X IS NCT ECUAL TC ZERL. UNE (TERATION STEP
KEQUIRES TwC EVALUATIONS GF FCTUX)e FUK TEST OUN SATISFACTURY
ACCURALY SEE FURFULAE {(3,4) OF MATHEMATICAL DESCRIPTIUN,

FUR REFERENCEy SEE Go Ko KRISTIANSEN, JERU CF ARBITRARY
FUlLTIUN, BIT, VCLe 3 {1963}, PP.2u5-2Ct.

aocneccc

SUCRGUTINE RTMJIURFoFCT oALT o XRI4EPSy TENU 2 1ENRD

«

CCMMON ZITENML/VISLPeHZ+E9D01G0 X0y COsQDsKE yCymwlyCo Xl o ANAXy XMIN,
®ADEL y ADMIN g XUMAX 9 XUpUC sLL pGH XU s VP s CLaUS oW s AU p KK 9KV 9 KS L9 KP4 DCA

co

PREPAKE 1TERATICA
LER=Q
XiLmxil
XK=XRI
K=KL
TCL=X
FaFCTLTULY
[F{Flisloql
1 FiL=F
AR2XR
TiL=X
F=FLT(Tub)
IF{F)delose
FR=F
TEOSTUNL Le o FLI#STONG L. oFRID2D0 3425

~

LASTC ASSUMPTICN FL*FR LESS THaN U 1S SATISFILEC.
C GENERATE TULEFANCE FOR FURCTICN VALUES.
> l=¢

TOLF =100 *EPY

o

~

. >TAKT ITERATICA LCCP
4 lal+l

s

START EISECTIUMN LCCP

UC k3 k=l,lehl

K=o 5% (XL+XR)

TLL=xX

FEELTOTUL)

IF(F)Syl0e
TFISIGHRELayFIeSTUNILLsFRIDTe00?

P

(o)
.

N INTERUHANGE AL ARG XK In CRUER T GET The SaME SIGN IN F ANL FR
TCL=AL

XLaXFR

XR=lCL

TLL=FL

FLeFK

FR=TeL

TUL=k-FL

AsFRTCL

AzA+A
TF(a-FR*(FR-FLIDusS 9
LECI-TENDFLT LT 0%
ARER

FReF

©

-

+a

. TEST LN SATISFALTCRY wLCURACY IN oidECTICA LLLY
TUL=EPS
AzABSEXK)
IFCA=L b 1L,11010
10 TueaTli=a
L1 LFLABS (AH=XL)-TLL M2y b e13
1l TFUABSIFm~FLI=TLLFI L4y 14013
i3 oend luE
EAU CF BISECTICA LCCY

NL ULLAVERGENCE AFTER JEAD ITERATION STEPS FullUmEu dY [&hu
SULLESSIVE STEPS Lr oISECTICN GR STEALILY INCREASING FUNLTION
VALUES AT RIGRT BLUNDBS. ERRUR RETURN.
1ER=}

14 Ir({ADSIFRI-ACSIFLIIIC, 16,15

A3 X®AL
FzhyL

it RETURN

cce o

. CUMPUTATIun UF ITERATEL X-VALUE BY INVERSE PAKAGCLIC ENTERPULATION
L7 AsFR~F
DXRUX=XL)®FL* (L. $F(A=TCLI/ LAY (FR=FLI) I/ TLL
A=
Fh=¢
X=XL~UX
TcL=x
FaFCTETLL)
IF(F) 18016410

TEST LN SATISFALTLRY ACCURACY IN ITERATION LECP
16 TUL=EPS
AmABSLXY
IFEA-1.120,20+19
1y TCLaTCL®A
¢y LFLABSIOR)I=TCLIchoclyee
21 LFCABSIF)-TuLF)l6elbe22 -

cc

o

L PREPAKATION CF NEXT ulSECTICN LCCP
22 TFUSTONULe pF)#S1GNAILayFLY)E4023,24
25 AR=X

FRaf

LC T0 «
4 Xiax

FL=F

Ah=XM

FR=F¥

LL TU &

END OF ITERATICN LCCP

coc

ERROR RETURN IN CASE CF WRCANG INPUT LATA
25 LER=2

RETUKN

END
/%
/7



Appendix B-2. Program for Creating a Data Set of
Material Cost on Disk

//0ATA JG8 (198815 VANG® 4,52 5.06 0.0 T2
// EXEC EGRTCG 4e4B 4062 4.T1 4eBB  5.04 5.42
//7SYSIN DD * . 5.70 6.25 7.12 0.0

c : 0.0 058 0.70 0Ool6 1.13 1.4%
c THIS PRUGRAM IS FCR CREATING A SEQUENTIAL DATA SET QF MATERIAL 1.72 2416 2,93 4.08

[ CLST UM THE MAGNETIC OISK - 0.58 0e0 0487 0e91 1e21 1.54
¢ 1,83 2.32 3,17 4435

c 0.70 0.87 040  1.09 1.24 1.63
L NC t NU. CF DIFFEREAT SIZE OF PIPES UR GTHER JOINTS 1.93  2.54 3.29 4.51

[3 viaA t PIPE GR JCINTS SIZE, IN IN. 0e86 o9l 1409 CoC  1o48 1.381
¢ CGPI & CUST OF PIPE, IN $/FT, 2.09 2472 3.42 4.68

3 CUTEE 3 COST OF VEE JCUINT, IN $ 1e13 1e21 1e34 1.48 0.C 2.08
L CCCRS 3 LOST CF CRuSS JLINY, IN 2031 2484 3,64 4,92

c CCEL® 3 COST GF ELuCWs IN § 1.45 1.54 1463 1.81 2.C& 0.0

[4 ELBR &t KADIUS OF SENCING CURVATURE CF ELBOme IN INe 2,62 3.08 3.94 S.18

c 3 t PIPE KRCUGHNESSe IN IN. 1a72 183 1,93 2.09 2.31 2.62
L LF t LIFE GF FLUID AETRORKy IN YRo Vel 3e47 4421 5,43

[ INT 1 INTEFEST U INVESTMENT, IN PERCENT 2,16 2,32 2.54 2.72 2.84 3.08
c s & MATERLAL SALVAGE VALUE, IN DECIMAL CF ORIGINAL VALUE 3,47 L.0  4.87 6.11

[ CE : UNIT ENERGY CCSTy IN $/HP-HR. 2493 3007 3429 3.42 3464 3.94
c ¥ s ANNLAL USAGE TIME, IN HOUR 4e2l 4.87 0.0 6.74

¢ EFF 1 EFFILCIENLY CF CCNVERTING SOURCE POmER TC FLUIC PUNER, 408 435 4.51 4.58 4.52 S5.18
¢ IN DECIMALS 5.43 6.1l 6.74 G.0

L CF s FLULL COST, IN $/1000 CUBKL FEET /»

[ GH : LENGTH GF GRACUAL CHANGE TYPE CONNECTORS, IN FT. /7

[ CCSLE  t CUST UF SUDOEN CHANGE TYPE CCANECTURS, [N, 8,

c CUSUL(E4d) & CCSUD(Jy L) ARE THE COST OF CONNECTOR BETWEEN

[ SICE | ANC J PIPES, IF l=J ThEN COSULD=0.

[ CCGRA : CUST CF GRAGUAL CHANGE TYPE LCNNELTCR, IN §

¢

5

REAL LF¢INT
DIMEASION CLGRAL3U),CUSLDE30)
REWIND 1
READ(S L) NG
FLAMATL15)
WRITEC Ly L) WU
WRITE(6,24 NO
FURMAT('0%,1b)
oC 5 I=l,NU
REAGU593) DIA,LUPLCOVEE,COLRSICOELGELBR
FURMATUF0.30FBa4 y4F6.2) "
wRITE{L+3) DIA,CCPILCOTEE,COCAS,CLELE JELUR
WREITE{Os4) L4C1A,CUPToCOTEESCCCRSCUEL Yy ELBR
FURMAT(00% 41 54Fb6030FBet s 4F0.2)
CUNT INUE
REAC(596) EsLtoINVoSoCEoToEFF yCFoGH
FURMAT{FB.00F6a113F6.2+F601y3F6.2)
WRITE(Lodl) EsLFoINT SoCEST
FURMAT {FBo01Fbel 13F642F0ul)
WRITECOr12) EoLFoINToSoCELT
12 FURMATU('U? 1 Fda01F6el93F602,Fbal)
© WRITE(1,13) EFF,CFeGh
13 FORMAT(3F6.2)
WRITE(bel4} EFF,CFyGh
L4 FORMAT('0Q*,3F6.2)
OC 20 I=1.N0
Jisl
J2=o
15 IFLJ2.GT.ND) J2=NL
REAC{5¢16) (CCGRACJI s ImdLsd2)
WARITE(Ly 216} (CUGRALI) vJ=dl o2}
L6 FCRMAT(oF642)
WRITELG¢1T) (CCGRALJD $JI=L0d2)

(LS . ~ -

4

-
-

17 FCRMAT('0%,6Fb.2)
Ji=Jise
J2nJ2+&
IFLJ1.GT.NU) GG TO 20
Ll YO 1>
20 CCONTINVE
0U 30 I=1,NO
Ji=L
Je=6
25 IF(J2.GT N3} J2=h(
READIS916) (CLSUCLIEyJ=ILed2)
WRITE(Ly16) (COSUDLI) ou=Jdled2)
WRITE(6+1T) {CUSUDIS) v I=ILyd2)
Jimjl+o
J2mJi+b
IFtJl.GT.NO} GO TO 30
GC TO 25
30 CONTINUE
S¥CP
END
AR
//7GUFTGLFOUL DD DSNmT619B8CYANGe INFORML.DATA UNIT=TS5DAL,
/" SPACE=(TRKe(131))oDISP=(NEWSCATLG ),
/" DCB=(RECFM=FH pLRECL=4Us0LKSIZE=7280)
.

//7uG.3YSIN LD
10

200 Ue2530 2448 2.89 1.5 6.00
3400 043320 3287 4.10 1.85 T.00
4.00 0.5110 4412 4.58 2.24 7.50
5.00 Us6800 4«86 5.05 3.56 €.0C
60U  Ce93TV 5038 6463 4.13 10.00
1«00 1.26850, 6.9 T.45 5.68 12.CC
Be0U  Le5420 To74 B.10 £.35 14,50
lueU0 201050 9.7C 1l.18 Ealo 16.00
12,00 2.8530 13.8% 1744 11.968 17,50
45400 4.0870 21.065 24.84 16.58 20.C0
U.UL0200 1U.0 5000 0.05 0.0% 500.0 0.9C 0.4v 2.00

Ued Ueb4 0.77 0.94 115 1.52
LeBu 2.36 3422 4,48

Ya b4  U0.C UeS0 107 1e32 1l.06
193 2.52 3.31 4,82

Vel GeSU 0.0 '1.20 led6 L.79
2,07 2473 3448 &4.71

Ce94 1.07 1.20 0.0 L.63 1.96
2eéd 2484 3.75 4,88

lal¥ 1432 le4b 1le63 0.C 2.22
<e49  3.06 3.89 5.04

1.53  1le6b6 lo?9 1.96 Le22 Ue0
2.02 3.40 4.16 5.42

LeBU  1a83 2407 2422 o466 2.82
veu 3.76 4452 S5.7C

2430 2052 24713 2,84 3.08 3.4C
3«16 0.0 belb 625 .
de2é 3431 A.4B .75 3.89 4ul6
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Appendix B-3. Program for Creating Direct-Access Data Set

//CREATEL JOB  (1988,20S),'YANG'
// EXEC FORTCG
//SYSIN DD =*

THIS PROGRAM WILL ALLOCATE A SPACE ON DISK FOR THE DIRECT-ACCESS
DATA SET WHICH IS FOR STORING THE CALCULATED RESULTS OF EACH
STAGE

OOO00

INTERGER A,B:CyDyE
DEFINE FILE 1.{(3000,20,L4N)
N-1, :
10 READ(5,1%,END=100) A,B4C,D,E
11 FORMAT (5A4)
WRITE{(1*N,11) A+B,C,DyE
WRITE(6+12) AyBsCyD,E
12 FORMAT(1H ,5A4)
GO TO 10
100 STOP
END
/%
//GO.FTOLFO0L DD DSN=T61.9880.YANG.RESULT.DATA,UNIT=TSSDAL,
// DISP=(NEW,CATLG) y SPACE=(20, {(3000,50))
//G0.SYSIN DD  *
AAAAAAAAAAAAAAAAAAAA
BBBBBBBBBBEBBBEBBBBB
ccceeececececcececccecccec
DDDDDDDDDDDDDDDDDDDD
EEEEEEEEEEEEEEEEEEEE
FFFFFFFFFFFFFFFFFFFF
GGGGGGGGGGGEGGGGGGEG
HHHHHHHHHHHHHHHHHHHH
TITITITIITIIININIINIIII
NNNNNNNNNNRNNNRNNNNN
KKKKKKKKKKKKKKKKKKKK
LB LR e
MMMMMMMMMMMMMMMMMMMM
NNNNNNNNNNNNNNNNNNNN
0000000000000CCoCo00
PPPPPPPPPPPPPPPPPPPP
QQQQAQAAAQARQARANAAAA
RRRRRRRRRRRRRRRRRRRR
SSSSSSSSSSSSSSSSSSSS
TTTTTTTTTTTITITTTITTTT
/%
//




Appendix B-4. Program for Creating Intermediate Information in Case
of Interruption during Execution of the Main Program

//CREATE2 JOB  (1988),'YANG'
// EXEC FORTCG
//SYSIN DD *

THIS PROGRAM WILL ALLOCATE A SPACE ON THE DISK FOR A SEQUENTIAL
DATA SET WHICH IS FOR STORING INTERMEDIATE INFORMATION IF THE
PROGRAM HAS TO BE INTERRUPTED AND CONTINUED LATER

OO0OO0

INTERGER A,BsCyDyE,F
10 READ(5,11yEND=100) A,B,C,DyE,F
11 FORMAT (5A4,Al)
WRITE(1,12) AyByCsDyE,F
WRITE(6,12) AyBsCyDyE,F
12 FORMAT(' ',5A4,Al)
G0 TO 10
100 STOP

END
/%
//GD.FTOLFQ0L DD DSN=T619880.YANG.CONTU.DATA,UNIT=TSSDAL,
// SPACE=(TRK, (1y1) ) sDISP=(NEW,CATLG),
// DCB=(RECFM=FB, LRECL=21,BLKSIZE=T7245)
//G0.SYSIN DD  *
AAAAAAAAAAAAAAAAAAAAA
BBBBBBEBBBBBBBBBBEBEB
CCCceeeeceececcececececcececec
DDDDDDDDDIDDDDDDDDDDD
EEEEEEEEEEEEEEEEEEEEE
FFFFFFFFFFFFFFFFFFFFF
GGGGGGGGGGGEGEEEEGEEE6
HHHEHHHHHRHHBRHHHESHAEH
ITITITITITITIIINIIIII
NNNNNRNNNNNNNRNNNNNNNN)
KKKKKKKKKKKKKKKKKKKKK
LELL bbbt b
MMMMMMMMMMMMMMMMMMMMM
NNANNNNNNNNNNNNNNNNNN
C00000000000000000000
PPPPPPPPPPPPPPPPPPPPP
QQQAQALANARAAAAAAAAAA
RRRRRRRRRRRRRRRRRRRRR
SSSSSSSSSSSSSSSSSSSSS
CTTHTTITITTINTE T et
/%
//
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Appendix B-5. Printout of Actual Program Run to Solve
the Example Problem.

>
~wexec yong.comm,ctist 'yang.informl.data' Vigt

ALLOC DACYAILG. IHFORM1.DATA) FI(FTUlFO0l1)

ALLUC DACYAIG,RESULT.DATA) FI{FT02F001)

?LL‘E)C DA{YALG.COMTU.DATA) FI(FTO3FOOL)

T

CPU ~ 00:02:46 EXECUTION = 00:17:29 SESSION -~ 01122338
LOALGO YANG,PIPE.OBJ(DENO) FORTLID LIB{'SYS1.FORTLD2') LET

EHTER 1 TO PRIWT DATA OF MATERIAL Q‘o + OTHERWISE ¢
-
RUNBEK OF AVAILABLE S12E = 10
HO.  DIAM.IN. PIPE COST,$/FT TEE COST,$ CROSS COST,$ ELBOW CO3YT,$ R, OF BEHDING CURVATURE, (K,
1 0.2530 2.18 2.3% 58 §.06

2.00 .
2 3.00 0.3320 3.87 . %10 1.85 1.00
3 &.00 0.5110 .12 h.52 2,26 1.50
L3 5.00 0.6300 4.86 5.05 3.56 3.00
H $.00 0.3370 5.32 G.63 h.13 10.00
6 7.00 1.2690 6.9 7.45 5.68 12,00
7 $.00 1.5420 T.7% 1.10 6.35 16,50
] 12.00 2.1050 s.70 11.18 8.10 16.00
8 12.09 2.3530 13.8% 17,564 11.98 17.50
10 15.%0 4.0870 21.65 26,86 16.58 20.00

CUST OF GRADUAL CONNECTOR BETUEEK DIFFERENT DIAMEYERS, 1N §
CJiNECTOR LENGTIl = 2.00 FT,
2,00 3.00 &.00 5.00 5.00 71.00 8,00 16.00 12.00 15.0¢
2.00 0.0 0. 64 9.77 0.9& 1.19 1.53 1.30 2.3 ;.;{ \

L]
3.00 0.6 0.0 0.90 1.07 1.32 1.66 1.93 2.52 2
4.00 0.77 0.90 - 0.0 1.20 1.4 1.719 2,07 .73 1
5.00  0.94 1.07 1.20 0.¢ 1.03 1.9% 2,23 2.8 1]
£.00 1.19 1.32 1.46 1.63 0.0 2.22 2.49 3.06 04
1.00 1.53 1.66 1.79 1.96 2.22 0.0 2.82 3.40 A2
.00 1.30 1.95 2.07 2.23 2.49 2.82 0.0 3.6 5.70
10.00 2.36 2.52 .73 2.8% 3.06 3.40 3.76 0.0 6.28
12. 00 3,22 331 3.4 3,75 3.9 416 4. 52 5. 00 1.12
15.00 &,.48 §.62 471 §.88 5,04 S.A27 5.70 G.25 0.0
COST OF SUDDEN COMMECTUR BETWEGN D)FFERENT DIAMETERS, IN §
2.00 0.0 0.58 0.70 0.86 1.13 1.45 .72 2,16 2,93 [N
3.00 0.58 0.0 0.87 9.91 1.21 1.54 1.33 2.32 3.17 .3
4.00 0.70 0.37 9.0 1.99 1.3% 1.63 1.93 2.54 3.28 k.51
5.00 0.26 0.91 1.0% 0.0 1.4 1.31 2.09 .1 342 (813
6,00 1.13 .21 1.34 1.42 0.0 2.08 2.3 2.3% 3.64 8,92
7.00 1.45 1.5k 1.63 1.81 2.02 0.0 2.62 3.08 3.9% S.18
.00 1.72 1.83 1.53 2.09 2.3 2.82 0.0 3.67 [ 9531 5.43
10.00 2,16 2.32 2,54 .n 1,84 3.08 3,87 0.0 .87  6.11
12.00 2,93 3.17 3.29 3.82 366 3.9 b.21 837 0.0 s.7h
.00 4,08 4.35 4,51 4.08 .92 5.18 5.43 6.11 8.7 0.0
EKTER 1 IF CONTINUE FROM PREVIOUS INCONPLETE TEST, OTHERWISE 0
?
- - .-
lgzon zsxasno/w
¢ togon t618280/dy
HKS401L1 TS0 IS -NOT ACTHE
,r— logon t€19€80/dy
=*lognn :msnn/dy
._rdwco LOBON | PROGRESS AT 13117403-0N. JUNE- B, - 187k —
©OS/31/THL .. SUBROUTINE READTD 1S NOW OPERATIONAL
6-2-74: J3.i OF TOO UTILITIES COPY, NIRGE, LIST, FOMMAT INSTALLED
— *2 STARTED Jgb #1986 - 1519660 - APPROX IMATE_PALANCE o 63187 4
CPO - 00360:02 EXECUTION - 00:00:14 SESSION - 00:00134 -
READY
L_comuno #0608 . woT-Foum
© READY
~exec YaNg.corw.cilst 'ynn{.lnﬁrﬂ.dnta’ st
~ ALLOC DALYARG INFORML. DATR) Fi(FTOIFBOL)— — —-
ALLOC DA(YANG,RESULT.DATA) FI(FTOZFOQL)
ALLOC PALYAND. couw DAYA) Fl(FTa?ﬂoN)
— TIME ¢ s et - e o —_
CPU - 60:00:04 EXECUTION - 00:2:2 ..zsswu -~ 00:02333
lDADGo YANE.PIPE.OBJCDEMO) FORTLIR LIB('EV61.FORTIBZ®) LET
R 3 T0-PRINT- DATA-QF MATERIAL- COST; -OTHERMIPE 94—
-0 N
~ ENTER 1 IF CONTIRUE FRON PREVIOUS-IRCONPLETE TEST, OTHERMISE @ -

-3

—— .

FLUID KINGRATIE VISCOSITY = 0.121£-04 FT,es2/SEC,
P'PE ROUGHMESS = 0.00020C 1N,

“-PIPE LIFE 5 - 19,0 R, — -
IKTERESY = 5,00 Eg
SALVASE VALUE = £.05 ommML YAWE . . .

—-ENERGY COST = -G.056- §/HR: —_— T -
uwvu. USASE TIME = 500.0 ‘l

wlON EFF. FROM PONER GOURCE TO FLUID POWER » 0.0

~— FLUIP €05 - D.hO 1[1000 CUBIE FY =m-m—

mscnmm CREFFICIBHT of 0.0033754 CFS,/S0RT(OSF. 2

ENTGI l " VCJJ HMI’ Tc DS—E.DLTA OTKRR THAN QIVH\ AROVE EXCLUD IR MTENAL €NSTE, OTRERRISE 2

E.N'IER I—I‘[ SMM_LHl SIZEP I"IPE AT UPSTREAM 16 HOT ALLIUED, Oml.’-ﬁ a
T

-0 — e e ——— —
;N‘IER 1 IF WASTED FLUID COST WILL BE CALCULATED, OTHERLNSE 0

|; '"W“ —‘—-U.‘.i"‘ 1"&“" l\;‘—N'TH-C-[Um, UTHE&;IFE-O

i . e a2
[d :g«fsn THE ASSIGHED MEMBER OF PIPE LING

- . —
ENTER 1 10 ccfv wmw mscwms
H 1 T DRIFICE S17E (OR NO DISCHARSE AT THS STAGE)
3T Emw‘ﬁg :Rh FICE S zé&

.- ENTEK THE DESIGNED DISCHARES PRESSUPE AKD DRI!/GHED- ALLOWIDAE WAY DISCIDGSE PRESSURE 1K PS)



Appendix B-5 (Contd)

T
»50,,50,1
. g"ﬂﬂ THE LENGTH OF THIB STAOE AND THE DISCHARNDE (LEVATION, H-FT m o o mmovmems o s s e e

--00,,10,
ENTER THE DESIAUED WIN. AND MAK, TOTAL INLET HEAD, N P8I, - - - s =-=- o e e s
?

~-=53,,62,
- _;.NTEK THE INTEAVAL -FOR EL1MIHATINGSAME-1RLET- HEADS - 18 PGy -——— hasl

g, 0%
—»-?NTGA 1 70 -DICPLAY THE RESULTS, ENTER—-TO -DISPLAY- OHLY THF INLFT- KEAD; - OTHERMISE @  —

-
— HLET TOTAL uuw - mmzun————— so— =~ OUTLET TOIAL BEAD - —- INLET VOLUNN-—--~—
il I ; xsn.n 5%,4%626% 0, 286696
n. onva s.oa 139.52 54 ,386261 0.230555
——— $6. 31161 b GO 1B Db ————— — 5k A3R26H - — - B, 208688 e e e
56.359670 5,00 129,92 54, 386261 1.28655%
55.677081 5,00 12,75 5443628 0, 296638
——- - 55,027288 - .- -—- 5,00 131.59 4. 506261 0. 288555 —————————
T.703832 %.00 137.33 54 oh3p26k 0.1t4k98
54.653a10 6.00 137,17 54,360261 0,5RGSSS
—o S5, 684188 - - - 7,00-————-— 345,28  ~-- -~ - 54 W302GH - -~ - D, 796698 - -~ -——s- oo
5451802 7.9 . 185,10 54, 336761 4.20855%
54452705 8,09 161,73 $4, 386261 0,206555
— e~ 35,.4063485 - . 38,08————J65.:57 54,386261 4. 386555
54,955951 12,00 188,05 56, 386361 - Q,206555

“TERTER 1 1F MORE STACKS ARE WFEDED
2 15 YOU WANT TO COMTINUE THIS JOB LATER
2IF ton SF WIS aoh o

1 70 CALCULATE THE rua STARES

2 TO COMNECT TN® STAGES

3 70 KERGF PIPEIINES WITH TER JOINT
& 70 MERGE PIFELINES wITH -CROSS YOI
5

6

7

3

70 TURN THE FLOW WITH ELBOY
T0 BRANCY PIPELINES wITU TEE JOINT
TO BRAKCH PIPELINES WITH CROSS -JQIKT:

-2
— ENTER 1 TO-SHIEYT PIPE LINE, OTH sE-4
?

-G
ENTER & T0 SPECIPY REQUIRED D
2 TO USE DIFFERENT MIFICE bhF (or ko IH"CHAR"! AT THIQ STAM)
3 TO VEE ORIBINAL ORIFICE stre

1 ,,,,, —

E’"u Twe LENGTH OF THIS STAGE AND THE DISCHABQE ELEVATION, IN FT,
? . e e o e 2 21 e et

~200.,5,
ENTER THE DESIGNED HIN, AND WAX. TOTAL INLET WEAD, (K PSI.
P e e e
~~54,,62,
ENTER THE INTERVAL FOR ELINIKATING SAME IMLET MEAD, 1M P34,
~-=0.05

FRTER L FOR SUPDEN LXPANSION DR CONTRACTIOM TYPL OF COMMECTION

' 2 FOR GRADUAL EXPANSION OR CONTRACTIQH TYPE OF CONMECTION

T
e -
--;“TEV' 1 70 DISPLAY- TUE REBULTS, EWTER-2-T0 DISPLAY ONLY THE IXLET HEAD, OTHERWISE © .
-1 .
- INLET VOTAL HEAD DIAMETER —— e —GOST o OUTLET TOTAL uun ~——— PMLET - VOLUMNH — - ——
61,3355 a0 294,20 Sh, 65361
61.260858 6,00 302.12 5k, uuus
———- 8L.188751 5,63 301c25 54514023
61.1248738 8,00 54453705
B1.u78033 8,00 54,469%85
—— 50,936807 - .- . - E,00 54 566148
55.78k668 5.00 54,514023
56,723150 5,80 Sk, 453705
56,675055 5,00 £y, hOLES
55.50799% 6.90 5L, 56h145
55.457031 6,09 Sh, 514023
r— -~ 55,393240 - - é.00 - 5h 453705 -
55.333028 €.00 §4,395981
55.013753 7,00 55,565148
— 54963226 - -~ 7,00 54514023
54,802679. 7,00 54453705
54,45 7,900 5%,409885 .
2,00~ 54 50biab - U, 576660 - e
£.00 Se.514023 0,578350
g.ud 54,4537¢5 0,576210
10,66 54, 564100 L 87BE P
10.0u 54,519023 0.8756568
Sfo JE34Tes 16,90 54,353705 0,57821%
— o SN ASGEY - 10,8 54 WUIEB5 - ——-— - - B 5TAYY ———————— =
Sh.4k3294 12,90 352.3¢ 54, 409485 0.578086

INTER 1 {F MORE SYAGES MRE NELOED
2 IF YOU WANTTO GONTIKUE THIS 40 LATER

—- - O IF EMD OF TWiS JOB -

?
-1
FITER 1 1D CALCULATE Tne :nv _ETADES e
i 2 TO CONNECT 70 &
9 70 MERGE le.mst vau TE JOINY
- - 4 TO MERGE PIPELINES WITH CROSS JOINT: [P,
5 70 TURY THE FLOM WITH ELBOW
G 7O BRANCH PIPELINEG WITH TEE JOINT
5T 7 TQ BRANCH PIAELINFS WITH CROSSJOINT .
-7
;NIER 1 70 SHIFT PIPE LINE, OTHERMISE @ ——--m— - oo e e e e - -

- .
5!”'59& THE ASBIQNED WUNBER -OF PIPELIRES WRICH WILL-BE BRANCHED, HAIN-LIRE FIRST— - —-———— ~— = -—-

-i,3,3

WER THE RATIO OF FLOM RATE IN TMESE PIPELINES, THE SUM OF THESE NVIGERS 15-1;,” FOR IRSTANCE, ~:5,.3,.2"
"0

EHT!R THC ELEVATION OF THIE BTACE, I8 Y - o om oo o o e s s —emirem s m e
ENT!R THE DESISNER HIN, AND MRX. YOTAL INLET HEAD, (N P8I, - . T o T

54,,62,
?H‘Til THE INTERVAL FOR ELIMINATING SAME IMLET MEAD, IR PSI,

7,05
ENTER.J £nD <DDTN CXDANTUON OR CONTRACTION TYPE OF LOMECCT*AN

47
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a Y am EXPADG 10 OA CONTAKCS OM TYRE OF mwm

TEARGR 110 DISPLAY THE RESULTS, BXTBA 2 TO DISALAT GMLY THE INLET u_ﬁib; OTHERVISE ©

6'{57_2152. GL.N81155,  S1.ALIMG,  £1.867950,  §1.945520,  61.708362, 1. 320082,  GL.I9T87S,
1.146a72, 61.093623, 58.032086, 57.97’52:, #7.037097, $7.571674, 38 :nlno, §7.020032,
6, 56.911682, . 3. .

-- we766, 1, S6. 7997k, 56.703461, 36,529
£80045 56.157074 sl.oluzi, s;.”ss;&. 55.041081, sl L2908, ls.li
55.790354, 56.692688 55.631780, $5.582785 85 551593, s.487701, 1
~— B35.333433, 5. -~ 55, 285588, -—55, 1“531«——” 138183, --— 55, Ouus,-—-—ss 037827, n 53 ',
54,933268, 54. 875504, 25 sa.7310¢2, 54.720627, 58, 698074, 58,6256, S4,5K777,
s; ?a 463, 1 lﬂlu, 54, 4A7937, =
IF MOIE ® U R
2 1F You unr w cs“'nun ?mt on’ urn
+ ° IF o0 oF Twis I
SNTER 1 TO ALaiATE T THE EUD ETADES e
<% .- -1 TO CONKECT THO STAGES - e R AT I R R TP Sem
3 T0 HGASE PIPELINFE WITH T 0INT
4 TO MERGE PIPELINES WITH CRQSS JOINT _
- 5 TO TUMN THE FLOW WITH ELAOH
£ 79 SRANCN PIPELINES WiTH ToE Jo

T TJo MCH nm.uus H"ﬂ CROS‘ JOIIT

{d
mil 1 'I'O ‘NIFT PIPE UN!. Dﬂwu Q

FNTER l 70 SP‘CIFV REGUIATD DISCHANGE
USE DI ERERENT OIIFICI SIZE (OR MO DISCHARSE AT THIE STAQRY - o
! '(0 USE ORIGINAL ORIFICE 3126

SHTER THE DGSIGNGR DISCHARGE PRESSURS, AMD DESIGNED ALLOWRBLE MAX. DISCHAGSE PRESSURE, 1N P51,

9.5
entER iue LENGTN OF Tlll‘ ‘TAGE AND ‘Wl Dllﬂm HNITIW. i FI,

gméi THE DRSIGNER NIN, AND MK, TOTAL INLET HEAD, IR PSI.

it 0, R
Bl'lh TME INTZRVAL FOR €L ININATING SANE INLET HEAD, IN PR,

pTea I m GDD!IN UNMN WY'IACTIO’I TYrs OF COMMELTIOH
FOR CRABUAL EXPANIIOH D\ WII'R)C'HDI TVPE oF tomecTion.

;II'IGR 1 7o piseLaY The REWLT‘_. _B'TB’: 210 QISFLAY QALY TME INLET WEAD, OTHEAHISE @

>
Eu THE Ml'.l&ﬁ &0 THM‘ Tl& fer HEAD WILL BF PRINTED EVESY W reLa

4

8l. su:u, 61.538727, 61.872877, €1.430093, &1,374875, 61,3232602, 61, 272095, 61.206553,
n..g 61.302310, 61855939, £5,930540, , 50.005190, €0, |o7.51, £0.751558,  6€0.636284,
£0.6372%, 80 581781 60,538355 80,470184, 60. k12837, 60357423, 80.31100%, 601206033,
60,147232,  60.085628, 80, aumn 59.957642, 57.450993, s7 705;1 57745422, 57.692333,
§7.645320, 57,5953, 87.529968, 57.431519, 57.428298, 57 3ezage; 57.721136, $7,292206,
57.zssus, 57.1K168%, 57.009569, 57.027328, 56,977851, 56.225305, 56,830569, 56.013451,
. 56,7608%. 58,708755, 56,063940, £6.601929, 56.57896%, 56,534 398, 56.432408, 56.420929,
— 56,374648, - S6.319816,- ——B:275585,—— 56. 21808 - 551854407 sc 12107¢, - 5%.089%550, 56,026348, "~
$5.944909, 55,967435, $5.877536, §5.812296, £5,777908, 5.716705, 55.659058, 55, 607001,
$5.563558, 55,502457, 55.062708, 55.411729, 55,367523, 55 306656, 55,205675, 55,249028,
—- 55,154022, - 55,12094%, - -§5, 070503»—-5 021750;-—-54.877520) — — 54916910, —S5¢.4062077 ~— Su.$21783; —— —= = ——
- Sh 795883, ':.a.nsnz, 54,602993, 1616699,  54.505613, 54,526520, 56475983,

E NEEDED
~= 2 1E 10U WANT TO COMTIMIE THIS: JOB -LATER—— — ——— —— = m m —m - ~ [
O IF EMD OF TNIS JOB

2 - . . C L e e e e e _
TIVE

o S SRRE s St NOTE: CPU TIME USED = 24 - 4

o i (R e A N o ‘? Aa":r‘“v?ﬁm — CONNECT TIME = 24 min 47 sec.

LAST_BLE_PYRLTRL): 20! &1l -87 BIRC_BLKS: 0 BLKS_USED:
€T FINST LAST LENG  EXT FIRST LAST LENG T FIRSK LAST lw —_
0 »: 3 2 5 1a72 1873 2 -10- 192- 197 -y - - - -
i s 786 ) § 179 1750 2 31 188 1%
2 108: 1068 1 7 130 13 112 204 204 1
3 1352 125) 1 - l 134-—488 ~—1--- 13— 22422 — L — T
4 s 292 2 187 187 1 s 22 228 1

D TDTM. TMCKS ALLM! 2l = I

pY

ogoff
753 TIME JOS /A4S = TCISU8Y 0N 02¢, CONNECT= -0,20,01Miss— 0,060,438 - - R Rt
T613580 LOGGED OFF TSO AT 10:48:10 OR JUNE 3, 1974s

P P y—
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19460/4; e i —— - —
-E?“B*B‘LMIIN mcsns:c AT mmox on .rm W

/30178, .., OBROUT (Ml READTS 15 now ] L .
z 1-7&: V3.1 OF 188 UTILIT es Ntn: LIST, PORMAT INSTALLED -- - — —— ' - o e e

ve JTARYED JOB *193¢ - APRROXIVATE BALANCE =  411K8.99

e - 00:00:02 JXBCUTION - oo:eono sm-ou - omomxs

cABY

11st ’ Informl, date’ 11t

ALLoC vA(i::’;‘I;H!):HI D“:) FI(FI‘OIFMHM.LDC u(’f‘lﬂ NES‘UH‘ DATA) N(FTGIF"I)
-nl..oc DACYARG,CONTU,DATA) FICETO3FOQM) - - —— . e

cw 00:00:3 SKWUTION - 00:00:38 SEESION - 00101124 e
*mm.m oay(DEMO) ENTLIR LIBCISYSY, na:nnz E)T - UG
w nur:?'um OF MATGRIAL COST, oTHERNISE ©

-::mz 1 1E CONTIMUE FROM mu@vs JMCOMELETE TEST, QTHERWISE 0
. OF STAGE 1N PNYIOUS JOB WAS 1 o
u"' Y Tg c'i:ﬂwu'ft THE EYP STACES

EF
N ¥ HtI!SE 7”7-3':‘!“6“'" TEG JOIIl’n

ﬂ

o umn&r&tl’e&& vllw i . R R D,
o BEANCH FIPELINES WITH Jo1my

o

GRANCH wnuns Il’m W JpINT e

FRYER 1 TO SHIFT PIPE LINE, OTHERSE © .

jtrm THE ASGIGUED KIMBER. OF PIOE URe

TG SPRCIFY RGAUVIRER DISCHARLE
wu : g USK DIFEGRENT GRISICE S1IB- (DR KO-DISCHARGE -AT .THIS-STAGE)
370 J62 ORIGINAL OXIFICE SIIE

“ENTER. THE DRSIGNED 01 SCHARGE PRESSURE, AND DEGIENAD ALLOWABLE MAX. DISCHARSE PREGSURE, In P8I,

woySay

mrm. Tllf. LENGTN OF TNIS iTAOB ANR THE DlSﬂImE ELEVATION, I FT.

PR

ENTER 'mt BES1GNED MaN. AMD MR, TOTAL lnl.!‘l' HERD, 18 PL),

La,,u2, P e e e e
EMTEK THE IKTERVAL FBE ELIMINATING SAME MPLET NEAD, l’l rsy.

TER 1 FOR SLDPEY EXPAMGION PA mvmnoﬂ TYPE OF COMNELTION
w o 2 FoRr FRA&ML EXPANSIOR OR ceu'rur.non TYPR OF CONHECTION

N e v+ - e e—————— et e e = e
=

;"TE’ 1 T0 DISPLAY THE RESULTS, ENTER 2 TO DISPLAY CNLY THE INLET HEAD, OTHERWISE ¢
-

Ernu THE MOMRER R GO THAT THE ITNLET HEAD WILt BF PRINTED EVERY K WLUED

?

-
60.470737, 60.405319, $0,362305, 6o, Jmu $0, 200880, 60, 205673, 60, 140554, 60.0%1782,

— - 60.036738, $.%0570, .-5; 223873, 50, 7,- - 59.8480332, 39.75232%, 53 687576, 59.629010, - - - ——
59.573196, 55,5i3616, “n72627, 59, nanso £9,349208, 59,295410, 50,249222, 59,16125%,
59, 036196, 59.005341, su 951181, 5% 498126, 57.487770, §7.425323, 57.38212%, 51.528407,

. 57.283325, 57.230774, . S57.168533, ___57.119385, __57.066%8k, . 57.0024¢), . 5696017y, 50.931229, . . . _
56.877747, 56.750887, 56728718, 56. 566702, 56,616052, $6,464896, 5@, 520157, 56.453267,
56.400875, 56.384262, 56.303864, 56.271827, 56,262096, 56,170164, 58,14 5022, 56.06u085,

—56.015976, £5,064645, 55,936844, ... .56, 856566, sn.«;szn, s s ---65,726060,——-55.872913, —
$5.628584, 55.5C7474, 55,5097, 55458654, 55,414358, 55,330658, 35,2578%8,
55.231082, 55, Lun;e, 55.129562, 55,073705, £5,022354, 54927124, 54, 850832,
54,535754 51,793%83, 5A.748713, . 5A.M57028, .. 54.R0643C,. . SL.552887, . . $4.50235a, 54, 470673, .  ~—— ~——

ENTER L If M!i STAMS ARE MEEPED
2 1F 70U WANT TO WTINUE THIS JO@ LATER
— -8 IF BND OF THIG 4Q5 ———— o —

1
IMTER 1 TQ CALCLMATE THS EXD STAGES

TO CQMNELT THO STAGES
TR MIRGE PIPELINES WITH TGE JOIMT
TQ NERSE PIPELINES. uxfu cmss4c:ut___ —— e et e
TO YRV THE FLOW 1T,
TO BRANCH DIPELINES ulfu Tu JOINT

|
i
-..m..'e\,~

TO RRAMCH PIPELINES WMITHM cpOSS oMt .

Pl
ENRTER. L.7D SHIFT PISE. LINE, OTMERMISE O .
> :
ENTER THE DESIELED MIN, AND. NAX, FOTAL-INAET- HEAD, IN.-PSI, .~ —

sT,e, .
BITER THE INTRRVAL FOR ELIMINATING -SANG- INLET. WRAD,— JM-PS}, - — — o - —
2 .

s
ENTER THE FLEVATION OF THIS . STAGR, - IR FTg e . -~ — ———

5.
ENTIR THE ELBOW ANGLE, IN DEGRER - [ — - —_—— ——— -

3¢,
CHTER 1 FOR SUDDEN EXPARSION NA CONTRACTIOP TYDE OF CONMECTIOR-.— - —

2 FOR APATUAL EXPANSION N0 CAWTRACYINN TYPE OF COXNEGTION
Im

ERTER 1 70 DISPLAY THE RESUITS, BRTER 2 TO DIEPLAY ONLY THE IHLET WEAD, OTKERWISE O
3= o
EXTER TUE MOMRGR K SD THAT THT INUET HEAD WILL 8E PRINTED EVERY N HIMFER

€0.227097, 60,761734, 60,71273s, ¢b.¢62025, &0,61638 &0, 581340, 60.54€029, £§0,437885,
60.447098, £0.39.70¢, 60.533L08, ¢0. 204050, 60,28280 60,1759, €0.119881, 60.063%1%,
€0.047639, 69,9291, £9.02¢407, £9.87.1475, 59.813207, $9.769518, 59,76210%, 59,6947 4,
§9.600145, §9,59%a8h,  B9.545552,  59.499323, 59.42533%,  £9.37467%, 59.322250, $9.2760A7,

59,2367, 59.161407, $9,112915, §9.090571, 59,0320%9, 58,97787%, 53,9t4866, 37.843080,

§7.781296, $7.738129, 57.6854%9, 57.£38905, 57.564560, s7.502029, 57,458832, - -
$7,376617, 57 ndm 57.257998, 57.1295C10, 57.195862, 57.134277, 57.698€13,

$6.973146, 55.917328, 56.87240¢, 56,81618), 56.752243, 56,782722, 56,055197,

56.59300%, §56.534103; 56.496506, -  56.418365,-  56,379562, 58.317719, 56,255005, - ~
56,158722, 56143568, 56080953, 56,040029, 56,477509, 55,9133, 55,850057,

55.765269, 55,703984, Js 555716 $6.E0409%, 55,586 95, 55,530853, 56,490 67,

55.959375, 55.2!230, E? 55,208023, 55,18781 is ; ;ssz, 55, 0 s

54.964193) 53328029, 25, 54.826401, 5477571 48527 shle 8 .

54577377, 54.572206, sa ¥97538,
ENTER 1 IF MORE STpoLS ARE NEEVED

49



Appendix B-5 (Contd)

IF You'want To casTIMUE THIS 308 LATER
TFEND OF THIS JOB

i—_ . o - = — [,
L2

CALEULATE Tee GO ‘le .
STABEE . -

TH ELBOW -~
SAAKZH PIPEL INES WNIYR TEL JOINT
oty

ER 1 TO SMIFT PIPE LING, OTHERMISE &
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INTF_R THE NUPBER N $0 TYAT THE INLET HFAD WILL BE PRINTED GVERY N HUMBER
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ENTER THE DESIGKED MIN. ARD NAX. TOTAL INLET HEAD, W PEI.

62,
w&l( TAE INTERVAL FOR ELI)‘IMTIN M IM.‘T uw. IN Ps).

"ERTER THE CLEYATION OF THIS STAEF, VB H.

:o'cmz TWE DY AKELE. 1N DEGREE

%7, .
ENTER 1 FOR SUBDER TRPANGCION Dl WMTUW m CTION
¥ FOR GRADVAL V!MNGID‘ $ CQ‘!TRM:YION ys OF COMNECTION

EXTER 1 70 DISRLAY THE RESULTS, llﬂ’EI\Z TO DITPLAY OMLY THE IRLET HEAD, OTMERWNSE ¢
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570131530,  57.089:07,  57.01924,  56.96CEE8,  cé. 921836, 56.853665,  56.801727, __ 56, 75390

—- 56.704620, 56.036321,  S&.6u2671, " 56.599313,  “5G.5A5813, " 56.4E7621 56.415182, 56363617,
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54.60398S,  SL.u46led,  SL.5G3BSE, _ _ 54.5243eM, o

TER 1 [F MORT STAGES ARE NEEDED

T IF YCU WANT TQ CONTINUE THIS JOB LATER

O IF END OF THIS a8 e i i e

1 70 CALEVLATE Thg’N ITAGES
2 TO CONVECT TWO -
3 10 MERGE PIPELINES WITH TRE JOINT :

4 7o MERDE npz;mu un’u CROSS JQINT ——
G

7

TO TURK THE FLOM MITH E1BOH
70 SRAMOH mrumu ul'm YEE JOINY
TO BRANCH PIPELINES WITH CROSS Jamny

ENTER 1 TO SHIFT PIPE LINE, OTHERMISE B - i e quim -

-

ENTER THE ASSISNED NUMIER OF PISL LINE

ENTER 1 TO SPECIFY RGE
To 1313 w":@'rlgmu 128 “(of WO BIECAARGE AT THIS STAOE)
0 USE ORICIVAL ORIPICE SIZE

ENTER TWE DEGIRNER WSUMM PRESSURD, AXD DESIGRED ALLOARLE MAK, DISCHASDE PRESIURE, 18 RSI,

£53.
ENTER THE LENGTH OF THIS STAGE AXD THE DLSCHARGE ELEVATION, ¥ FT,

TN,
ENTER THE DEGIGNED MIX, AMD MAX. TOTAL THLET HEAD, lv R,
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AR THE MR W $0 TUAT THE INLST URAD WILL 35 PRINTED IVERY N MBGR
T
$0.331379, ©b_220680, 4028,  &4,56600, __ll) 540350, _ 60,08A528, GO M2TET2, 6037307, _ _ _
T OBRUINTE2E, TTER, 27’6li IU 230A%, 60, IOUN, 8,113358, 60,07983;, 57.001008, 56,535080,
56.8636€32, li.l$9167, 55.7“126, 5&,73204¢, 5‘ 675862, $6.5659C5, 56.535049, 6. 441003,
$8.429062, 5(,3’6‘05( ES,!’!X!I‘___ 55 5133”, 55,723511, 5% 671']5, 55.617!11‘__._55.“)1‘(1‘__.___
T 55, 5A1k58, T TS LA2822, S UINES, 5!.3'-.71}, 55. Sa,nl 55,258406, 55 20219%, 55,151230,
55.226462, S5.062820, . 55.009423, 54.372535, Sih, 048212, 53.]!!517, S&.836017, 54,750832,
54, 72572! 5., 699707, 5§ GhElul, 58,305581, ~ 5‘.52.399,
ENTER KD!! STAZES ARE- %L

l F YOU WARY to CUNTIWI: 18 JOR LAYER
o IF NP OF THIS JOB

.L
c\-a-uoan 35 EvecuTion - eoranae sGEIWCT WA T T NOTE : CPU TIME USED

HAPDS. 613880 YANS. BES
wane: Tu198 S Ei T oAT, . YoL=SERY uMT3Dl__ -
B ry a0 A180 PReEbs 1SS " DE-OROT—FF REC_Fi CONNECT TIME
REC_LEN: ":a r:;w” :3 ”umpg:%‘r”: 2 ALL_TYFEa TORM
LAST BLK_PTROTRIG: 26l &3 - S
At L;ﬂi tewg BT eresT LAsTuene T EKT nnsf‘ugg 7 it
s 3w %23 4 2
T T O I S Fy
=3 068" 7m0 Y 1T M a0k Y
Poaemoms o6 oIMoamo 3 b oo 1
« 1My 2 371 a8 _iz8 3 . .
A R b e -
™o
oy . O e [
Ui .

TEE TINg DB lt“l « T679880 OR 020, CONMECT= 0,286,801 MUS= 0.01,08
nmuo LW OB T80 AT 11328143 OR MK &, 1’1.‘ e e e i s ——— - - -

20 min 27 sec.



Appendix B-5 (Contd)

“lagon tC19046/dy
TCI9820 LOGON m AY 09121122 OK JUNE 5, 1578
LATEST NGNS Gk~ TSN
48 STANTED MO ueh - TEI9080 , APPROXIMATE DALANCE = 31028.0%
cPu 2790100102 SXECUTION - 00100114 SESSION - 00100125

*-u:c Y”QY‘M‘““ nux informl, dau' Tt
HEORNAL . DAT. n(walnun
ALLOO DACYANG. RESULT . DATA) €1(FT0IFaY1
OC DA YAMS. CONTY. DATA) FI(I"(O)FOOI)

CPU ~ £0:aC:83 EXRCUTION - 00:00125 SESSI0K - 00101:52
LOADED TANG.PIPE,06J(REMS) FORTLID LIB{*SYSI.FURTLEZY) WY
1

REASY

~=engc yang.comm.clist 'yang.inferml.data® Vst
ALLEC winm. ILFDAML. DATAT FI(FYO1FO0L)
ALLOC PA(YANG. RESULT . DATA) BI{FTH2¥001)
étkgc DA(VAMNG.ColTY. DATAY FI{#T03RROL)

CPU = D0:00:06 CXLEUTIUN = 40101107 SESSION - (03103115

LOADED YANG, V) Ps.08d (PEND) FORTLIS LIB('5Y51. POI'".IZ') LET
El’l’ik 170 PAIAT BATA OF MATERIAL COST, OTUERMNIS

-0
unzz 1 IF COMTINUE FROW PREVIOUS 1PLETE TEST, [

LHJE K. OF LAST STAGE IN PR(YIOM JOC WAS 3
ey ENTER 1 TO CALCULATE THE Edb
YO CORNECT TNO STASE s
TO MURGE PIPELINES WITH TEE JOIKT
TO Minid CIPELIMS wITH CROSS JOIIT
70 Tuikh THE FLOW WITil ELIA
TO ZWANCH PIPELINES WITW TEE JOIAT
TG BRANCH PIPELINES wITH CROSS JIIKT

NN B uN

]
?

T¢ SHIFT PIPE LINC, OTAGRUISE O

b

-5
ENTER
1
ENTER 7TAE DESIGHED MIN. AND MAX. TOTAL INLEV HEAD, ik P3l,
?

.5, 02,
ENTER THE IXTRRVAL KoK ELIMINATNG SAME INLET HEAD, 1K PS),
?

—=g.05

EMTLER THE ELEVATION oF TEIS GTAQE, N FT.
?
-7,
ENTER TRE ELEON AMGLE, N DEGREE
T
=30,
EMTEX 1 FOR SUDDEN EAPANSION OR CONTRACTION TYPE OF CUNNECTION
2 FOR SRADUAL EXPARSION OH COKTRACTION TYPE OF CONNECTIoN
?
-2
ENTER 1 70 DISPLAY YAE ATIULTS, ENTER 2 Tu DISPLAT ONLY TAX IM.ET HEAD, OTHERMISE C
2

-2
EITEE THE NWMBER N SO THAT THE INLET HEAD WILL € PRINTED EVERY W MUMIER

sl .
$1.23529%, 61.173592, 61.007455, 41,019363, 60, 992447, £.929002, 60.166473, 60.817886,
60.755371, 80.757503, 60679474, 60.603425, $0.581373, 60.52k888, §C. 092311, §0.467455,
£0. 315648, 60,31%56, «0.257hki, £9.239670, 0. 15462, 80.147675, 80.0%542, §7.453156,

£7.330588, 57.315567, 57.281367, 57.238124, 57.182953, 57.130559, 57.895495, 57.017685,
56.361029, 56.957273, SR.H34155, 56.823208, 56. 768617, 56. 743811, 56.856533, 56.631589,
56.551580, 56.5L2755, 5§.463518, 56.445567, 56.394116, 55,3499z, 56.272715, S6.374562,
56.322238, 56, 067595, 56.0153R4, $5,945773, 55.906052, 55.599490, 55.810R31, 55.761818,
55. 71425k, 55.U51855, 55.610817, 55.873932, 55,547319, 55.A%6481, 55.830145, 55.363590,
£5.335104, 55, 299155, 55.237000, 55.186085, 55.13030%, 55.037565, 55.043152, S4. 943354,
55.949234, 54.864731, S4.8L6725, 54.760331, 54,7334k, 54.699951, 54.630152, 54.506573,
54542961, :
ZHTER'2 1F WORE 3TAGES ARE AGEDED
2 |F YOU WAKT TQ CONTINUE THIS JOB LATELR
0 IF EKU OF THIS JOB

-
-
ENTER L To CALCULATE 'mt :m  STAGES
2 70 CANNECT Thd
3 10 HERCE vurnuL unu TEE JOINT
L T MERGE PIDELINES WITH CLUSS JOINT
- 5 TO TURN THE FLOW WITH ELBOU
G TO SRANCH PIPELIHES WITH TE& JOINT
7 7o BRANCH PIMELINES WITH CHOSS JOINT
-
-]
GNTER 1 TG SHIFT PIPE LINE, UTHCRMIGK O
S
9
EXTER 2 TC 3PECIFY REQUIRED DISCHARGE
T 70 USE DIFFERERT ORIFICE SIZ& (OR MO DISCHARGE AT THIS 5TARC)
3 TO USE ORIGIRAL ORIFICE S128

-
-
ENTER THE DESIENER DISCHARGE IMREESURZ, AND DRSIGNED ALLOWARLE BAX. DISCHARGE PHEBSURE. N P51,

-~ 5 .

EﬂfEE THE LENGTH OF TRIS STAGE AND THE DISCHARLE ELEVATION, IN FT.
“‘.Zﬂb .7

ENTEI THE QESIGHED NIN. AND MAX. TOTAL INLET READ, IN PSI.
- "’Sﬂ

iNT(ﬁ ‘IHE INTERYAL FOR ELIMIGATING SAME INLET HEAD, I 0S1.

?
49,08
ENTER 1 FOR SUDREN EXPANIION OH COMTRACTION TYPE OF COMNECT!ON
2 FOR GRAMUAL EXPANSION OR COUNTRACTION TYPE oF CORNEETION
o 7
-
gﬂTER 3 16 DISPLAY THL RESULTS, ENTER 2 10 DISPLAY LALY THE SELLT KEAR, OTHERNISL 0

-1
sﬂ“( THE RUMAER N 5O TAAT THL INLET HEAD VHLL BE PRINTED EVERT N WUMBER

-—]
59, 397893, 59,438211, 59.789337, 59.687271, £9.605M08,  59.559M45, 59.40h658,  3M.440521,
£9.383392, 53.347427,  89.298131, $9.233672, $9,196991, 5. 107010, 59.08%ke6, X5, 213204,
5%.93798%,  6B.3GMRL,  $3.830147, 58.77i168, 52.3%0729, 81, 57.194229,  57.10062%,
§7.0kbs523, 57.001635, 56 '23, 56.893051, S6. 805184, :c 7roun, 56,769838,  36.%22928,
56.516312, 56.491135, 56.5 0, 56.3:31719, $6.2%9012, 36, 730072, 56.179520, 56.142048,




56
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' 55,p60000,
55.571457

%Rk

$6.076569, 5%, 0240113,

59. 67:&;!1 55.627761,

55,336377 sS.

et ucn:ﬁ winm
K1 IF HORE GTAGES

lr YOU WANY 18

IF &Md OF THIS JO8

aw

?
-l
i CHTER 10 CALCULATE THE EAD 3TAGES
MHECT Twh $TAGES

CITH TEE JOINT
NITH CRUSS JOINT

TH ELOQW
TO BRANCH le.nlu WIIN TE2 JOINT
(9 Summ PIPILINES WITH CROLS JOINT

wEwowaer
-

oG o
-
<

-3 +.
::h'u 1 70 SHIFT PIPE LINE, OTREAXISE O

-0
i,u'ren THE DESICHED MIN. ARD MAX. TOTAL INLET

--55,.5,62
EN'I‘EK THE INTEWVAL POR GLIMINATING SAMG INLET

-DU
ENTR THE ELBYATIOK OF THIS 3TAGE, I FT.
1

-8,
tnnx THE ELBON ANCLE, IN DEGREE

4.432535,
55.4292¢a,

Ny

56.181097,
55.348513,

LR L

56.928%45, 55.373216,
55,338713, 55. 480055,

g1

TIAYE THIS JOB LATER

HEAD, 1K P3).

HEAD, 14 P3l,

-N’a
GNTER £ SO SUPREN EXPAUSION OR CONTAACTION TYPE OF CONNECT IO

2 FOR GRADUAL EXPANSION UR SONTRACTION

TYPE OF COMKECTION

.4
‘Eh'IER 1 70 PISPLAY THE REEULTE, ENTER 2 70 DISPLAY ONLY THE IKLET HEAD, OTIEMASE O
1

-2
ENTER THE NUMEER N 50 THAT THE 1ALET neAp WILL BC MNTEy EVERY N NOMGER
7

-1

60.93¢571, 0.932922, 50.98512%,  &0.779861, 60.700857, $0.853122, 60.387892,
©0.4T4E5S, 60. 437880, 60.376352, .  €0.32%435, 60, 286911, 60.178743, §0,128918,
§9.025711, 33.976893, $9.933132, 59, 278484, 5. 243221, 59. 799162, $6,727\04,
59, 490052, 59.578830, $D.535080, 39, 440887, 58. k46381, 59.393374, 5%, 330200,
59, 208596, 59.171436, 59.124510, 39, 000N, 53.€13i99, 58.901821, SI,9A7375,
50.447732, 56.7¢973k, S5.h584Q2, 58,383438, 58, 285767, 58,201035, 58.158752,
36.0%0054, S7.980281, 57.691953, 57.33956§, $7.798340, 57.710268 57.682112,
57.52a210, 57. 450098, 57.426130, 57.359436, §7.345221, 57.891023, 57, 212906,
57.125351, 57.995851, $7.020309, 56.967911, 5€.811713, 58, 194529, 56.321915,
56. 728119, 5%.663071, 56.843515, 56.,564240, 5§. 504 28K, 56.486019, 56.412781,
Bh-437952,°  66. 2744, 54. 10708, 5c.160958, 5¢.10923q, 54,070 2K, $¢.001872,
S5.234402, 55, 376473, 55.321823, $5. 763397, 55. 711559, 55.663283, 55,335113,
55.992823, 55.%39456, 55.435181, 55.394714, 55,318547, 55.291778, 55.214264,
35.1478%9, 55.057166, $5.035660, 5h. 998836, 54.905138, 5h, 296773, 5k,830209,
54, 7H99 33, 53.838795, Sk. 532550,

7h90%3, 4. 6985
ENTER 1 IF mu, CTAGES ARE NE

NELDED
TOU WANT TO COMTINUE THIS JOB LATER
. IF ENR OF THIS 00D

?
-—
- EnTEL 1 TO CALCULATE THE EAD STAGKR
- 2 TO CaMRECT Twe STAGLEX
3 T MEAGE PIPELINGS WITH TER JOINT
B To MEdeE PIPELINES WITH cm: JOINT
S TO TURN THE FLOW WITH €
& 70 #RANCH PIPELIKES unx TEB ;gn
. 7 70 ALK PIPELINES WiTH CAO3S JOINT
T2
EATEA 1 7O SHIFT PIPE LINE, UTHERUILE O
R
- O
GHTER 1 70 SPECIPY REQUIRED DISCHARGE
- 2 TO USE BIFFERENT DRIFICE SIZE (OR MO DISCHAREE AT THIS STASK)
3 T4 USE DRIGINAL ORIFICE JIZE
?
-

-—n.,ss.

MH THE LERGTH OF ﬂ'll STACE ARD THE DISCHARGE ELEVATION, IK PT.

BNTER 1 IF MOKE STAGES ARG NEEDED
2 IF YU ®ANT TO CGNTINUE THIS (00 LATER
0 WF EHD OF THIS Ju8

14
-2
TIE

CPu - 001001468 EUECUTION ~ Q3106133 SESSION - 00328136

NOTE:

3
ENT‘I THE DESIGVED DISCHAKCE PRESSUKRE, AD DESIGMEF ALLOWAYLE MAX. OISCHARGE PRECIURE, IN PSI).

-ozon. ..
cc'lsz THE DEBIGULD MIN. AMD KAX., TOTAL IMLET HEAR, IN PSI.
—-‘5 %.5
Enn w: INTERYAL Foh €LEMNATING $AME INLET HEAD, 1K P51,
_—Dn oS
EWTER 1 FOR SUDDEY EXPANIION DR CUNPRACTION TYPE OF CONNECTION
1 FOR GRADUAL EXPANSIDM ON CONTRACTION TYPE OF CUKNECTION
- 1
e 3
ENTER 1 TO DISPLAY THE RESULTS, ENTER 2 TO OISPLAY OWLY THE INLET HEAD, OTHEKUISE 0
H
-2
CNTER TAC N4fEA N SO VAAT THE INLET HEAR NILL OC PRINTEQ EVEQY N HUMEEK
]
—.1
£1.875818, 59, 155249, 54201013, 59,179067, #5.100733, 59. 063833, 59.0122e8,
SE. 916855, 58, 3523%0, s8.753aL8, $3. 717858, $G. 6597, 53,831000, 58, 514004,
5%.3¢4262, 56,288 26, 59,218245, 5B, 105499, 55.868139, 57.971313, 57.5%2487,
57.757141, 57.685814, $7.630947, - 57.554881, 57.47395%, 57.805045,  57.343333,
57.230KR1, 57. 178284, 57.13313), 57.087549, S7.0h44N5, 56,551935, 56.957269,
56. 704554, 56.674057, 56.645713, 5¢,593521, 56.535431, 56, L§3398, S6.45283,
§6.305386, 56, 256866, 56,202713, 56.198044, 56,139572, 56, 076721, 56,03038%,
- 35.931975, 55,895643, 55.839243, 55, 751480, 55,7426k 7, 55.6972%4, 55.612518,
55,844312, 55.459564, 55. 104417, 55.399829, 95.318607, 55, 297241, $5.285229,
95.24%714, 55,094315, 55.009552, 54,997331, Jh. 944824, 5. 874866, 54, 804947,
Siy, J43R04, Sk, 675140, Sk, 820589,

MAPRS TE1930, VANA.RESULT.DATA
DSHAMET T6LNTRO,YANG,REJULY .DATA
LREATWD: 78100 PuRSE! ¢ IUSC DS, ORGt
PRC_LEN: % BLKSIZ#: 2IND ALLOC:
LAST_BUX_MTR(TRLY s 281 011 -n DIRG_SLRST
BAT FIRGT LAST LEN(ZJ !’:T FIRST ;.:;l’ LEM?
22 4

-
o

o

by

-

W i
b33
.
oo

>

-

=
FOaw
[

TOTAL TRACKS AtLLO6a n

von.-sen TS0l
ko
z Au_ﬁvsx TRK
BLKI_LEKD 3
sn nu‘r aar LENG
10 52 1

-
"
~»
a
»
Nay
o
x
[T

6. 745304,
56.385345,
5%.912282,

60.53258%,
40.074327,
$3.897256,
53.395975,
58.582065,
58.093384,
57.576721,
57.139787,
56.763860,
56, 308748,
55.965268,

55, 197981,
5&.76599!.

§8.966217,
53.5472458,
51.828172,
57.2949%9,
$6.774522,
% .376450,
55.978775,

55.572148,

55.166357,
5. 785200,

CPU TIME USED
CONNECT TIME

46 - 6 = 4O sec.
26 min 42 sec.



P
~~208.,8.
ENTCR THE DEGIGHED HIN, AHD IAX. TUTAL VULET HEAD, N P8I,

-0.u5
ENTER 1 FOR SUDDEN EXPANSION OR CONTRACTION.TYPE OF COMNECTION

Appendix B-5 (Contd)

c>exec yang.comn.clist 'yang. Informi.data’ 1ist
ALLOC DALYAKG, ILFORI, DATA) FL(FTO1F003)
ALLUC DACYANG, KESULT.UATA) FICFTO2F001)
ﬂ.:}gc DACYANG.CONTU . DATA) FICFTO3FOUL)

CPU - 00:180:12 EXECUTIOR = 00:01¢52 GESSION - 083 ’
LOAUGU YARL.PIPE.USJ(DEIW) FORTLIS LIBC'SYS1.FORTLB2') L&V
g&ﬁﬂl 1 TU PALUT DATA OF HATERIAL CO3T, OTHEAWISE §

-—p -
;H‘l!l 1 IF COUTIMUC FRON PREVIOUS INCOMPLETE TEST, OTIERVISE @

THE LAST STAGE U PREVIOUS STAGE WA3

17, AHD THE LINE HO. WAS

ENTE# A RUNGER 1 SUCH THAT THIS JOB WILL CONTIWUE FROM N STAUES m‘ OF THE LAST STAGE OF LAST JO8

;M?El ® IF CONTIIRIE FROI THE HEXT STAGE

-9

ENTER 1 T0 CALCULATE Tlli €0 S‘lM!l

o 2 Tu CULHECT TWO STAGES
3 TV NEkGE FIPELIM!- MITH TEE JOINT
& TO NEUGE PiPELIHES I"TII CRO-»S JINT
$ TO TURN THE FLUW WITH El
G TO UHAUCH PIPELIUES UlTll TEE JoiInY
7 TO BRARCH PIPELIHES WITH CRO33 JOINT

-3
;N‘I’!R THE ASSIGUED WUHBER OF PIPELIMES WINICIH WILL 8E MERGED

-3, 4

sll‘l’ﬂl THE ASSIGHED PIPELIHE MUBER AFTER HERGILG

-3
ENTER 1 FOR SULDEM EXPANSION OR CONTRACTION TYPE OF CONMECTION
2 FOR GRADUAL EXPANSION OR COHTRACTION TYPE OF COMUECTION

1

-2
;l‘f!k THE ALLOMABLE PRESSURE DIFFEREUCE AT THE MERGING POINHT

+0.005

;mn THE DESIGHED MIN. AUD HAX. TOTAL IHLET HEAD, IN P3|,

-55.5,

->0.0% .
ngER 1 TO DISPLAY THE REGULT3, EHTER 2 TO DISPLAY ONLY e INLET ITEAD, OTHEMWISE O

-»2
ENTER THE HUMBER W 50 TIMT THE IHLET HEAD WILL BE PRIUTED EVERY X WUHBER
?

2.
%ﬂl’ﬂ THE TNTERVAL FOR ELIHINATIHG SAME JHLET IEAD, IN PBI,

1
61.705231, 61.661128, 61.588349, 60.717830, 60.686652,
59,9554k, $9.1230L7, 58.987015, 58.571338, 58.427185,
58.125377, 58.034714, 57.96%818 57.37611s, $7.686118,
57.438672, 57.309464, 57.273468, 57.212509, 57.198502,
56 9!1919, 56.856523, 56.802307, $G,7243)5, 56.666092,
491307, 56.325195, 56.156479, 18633, 55.931881,
SS 65530, $5. 57830', 55.543294, 68399, 55.549451,
55.212501, 55.1835655, 55.139432, SS 0723217, 55.043427,
ENTER 1 IF MORE STAGES ARL NEEDED
2 lF TOU WANT TU CONTIMUE THIS JOB LATER
. 0 IF END UF THIS JOB
~-i
ENTER 3 YO CALCULATE TUHE EWD STAGES
2 TO COMNECT TWO STAGE
3 TO MERGE PIPELIHES VITH TEE JOINT
4 Tu JERGE P)PELINES WITH CRUSS JOINT
5 TO TURN THE FLOW WITH ELBOW
6 TU BRANCH PIPELINES WITH TRE JOINT
7 TU MKAHCH PIiPELINES WITH CRUSS JOINT
] .
2

-,
ENTER 1 T0 SHIFT PIPE LIHE, OTHERWISE O
?

0
ENTER 1 YO SPECIFY REQUIREL DISCHARGE

2 TO USE DIFFERENT URIFICE SIZE (OR HO DISCHARGE AT TS STASE)

3 70 USE ORIGIHAL URIFICE SIZE

60,408676,
53.292404,
57.613073,
57,082916,
36.613983,
55.863251,
55.332e32,
54.908310,

-3
ENT!I THE DESIGHEL DISCHARGE PRESSURE, ANE DESICHNED ALLUMWABLE UAX. DISCIARGE PRESSURE, IN PBI.

'-5

.52
ENTER TIIE LEHGTH OF THIS STAGE AND THE BISCHARGE ELEVATION, IN FT,

-54,8,82,
ENTER THE INTERVAL FOR ELIMIHATING JAME IHLET HEAD, IN P3I,
?

2 FUR GRAUUAL EXPANZIIOH OR CUNTRACTION TYPE OF CONHECTIUH

ENTER 1 TO DISPLAY THE RESULTS, EHTER 2 TO DISPLAY ONLY THE JHLET I|EM, OTHERKISE @

2
EMTER THE WUWER H SO THAT THE THLET HEAD WILL BE PRINTED EVERY K KULBER
1

-1
§0,176605, 60.027G3%, 59.431717, 39.861771, 59. 736603,
59.5386835, 59.4530Gh, 59.430233, 58.35137%, 59.308625,
§3.012573, 53.576363, 58.1w4321, 58.032547, 57.963333,
57.667892, $7.8383086, 57.56123h, 57,535858, $7.466507,
57.210225, 57.151443, s7.122101, 56.971527, 56.65983G,
$6.289201, 56.163284, 56.092422, 56.036453, 55.973151,
55.751316, 55. 749354, 55.679230, 55.62199%, 55.581909,
55.368378, 55.337753, 55.286087, 55.202438, $5.187820,

ENTER 1 JF NORE STAGES ARE WEEDED
2

F YUU UANT TO CONTINUE TIIIS JOB LATER

@ IF END OF THIS JUB

=1

TIME

CPU - 080500129 EXECUTION - Nlohll
MAPDS T619880. YANG, RESULT . DATA

OSHAME: TG19880. YANG, RESULT .UATA

CREATED: Tuléh PURGED: 70185 DS_ONCs

REC_LEH: 0 BLKGIZE) 20 20 ALLOC:
LAST_BLK_PTR(TRL): 491 GOl 3% ODIRC_BLUS:
2893 2587 %0

TOTAL TRACKS ALLOC:
FIEE FI(FTOIFDDI) FILFTO2F002), Fl(”’ﬂ”.ol)

SESSION - 90122138

VOL«SER: UHTSO2
REC_FM: F
"nx
]

SEQ
50 ALL_TYPE:
¢ BLRE_USED!

59.667696,
$9.258209,
57.835922,
57.511063,
56.591141,
55.942505,
55.509171,
$5.1455660,

NOTE:

#0.283973, 60.095239,
58.237137, 58.191%22,
57.588928, 57.5k8220,
57.014572, 56.985336,
56.555481, $6.503433,
55.743185, 55.625537,
55.327896, 85.180212,
54.0894302,
59.638138, 59. 568348,
$9.159851, 59.110779,
57.766373, 57.738923%,
51 364899, 57.265006,
6. 453807, 56.387172,
55. 843218,
5 8500, 5 iz,
55. Ulﬂhl!, 54,995316,

CPU TIME USED
CONNECT TIME

57

29 12 17 sec.
12 min 39 sec.
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: U °$i33 o Hﬁ;x)-fgg;ﬁs u ‘ﬁs?‘r&?ﬁl'i Ler
) R iT r‘ g‘u‘u OF MATSRIAL w

< wnn 1_IF CONTINUR FROM_PREVIOVS IWI TEST, . OTHERVISE 9 —

- 1
T LAST STAGE 1M DREVIGUS SYAGE WAS  B1, AND Ti
SATER A MMER N SUGH THAT TKIS Jobulu CoNTY
muawmvw:mrnuﬂ A

LING WO, WAS 1

FRON M STAGES RACR OF THE LASY STAGE oF LAST JoF

-bz T
L Tee 1 ‘m CALCVLATE m o nbul
¢ CONNECT ThO STAGGE
: 1 rn MEREE PIPELINES 5!1“ TEE JOWT
4 TO NERSE PIPELIN cnoss.nw

m Wiy Y
770 m rlm INSS WITH ckoss J:'l'u'r

H‘TH TUE ASSIRNED MHBER DF NPELIIE‘ WRICH WiL apAERCHD

->J 2,3 -
m’ux ™ umm PIPRLIRE HAMER AFTER HERRING

Eﬁ.‘lfj. 1 FOR SUWIN ﬂ?llllﬂ OR CONYRACTION TYPE 0" CRWECTION

. 7 FOK SRADUAL EXPANSTON OR CONTRACTION TYPE OF COMNECTION

yﬂ'lk TWE ALLOWATLE PRESSURE DIFFERENCS AT TME NERGIRO POINT__

-0, 405
umz THE DESIGNGR_MMN, AND MIX, TOTAL IWLEY WEAD, !N BSI,

-n So82,
B mu INE INTERVAL FOR FLUMNATIAG GANE IRLET HEAD, 1M PSV.__ . _

"0.” .
. Eu\‘m 1 TC DISPLAY THE RESULTS, ENTER 2 TQ DISPLAY QLY THE HALEL HEAD. DTUEOWISE O

-1
JRLET 70T K2 unu —OYTLET TDTAL MEAD _ __INLET VO LMM_._. . . .
o §0.067520 ¥ %"‘—_‘— 2’” o 55 523 3.006975
i $7.193198 s. 17, ss .“n:s 3496975
56, 296488 L. see 13 S J55.067825 7.496375 g —— e
55,3639019 .00 H‘l 52 55.%7523 3. 40975
' 55, 661489 $.00 1976.76 5$.367523 3. \!59'5
. 55,A87339 10,90 1972.39 55.%752% -
; 55.425522 12.60 971,67 55.357828 3.035975
i_ 55.M1290 15,00 1972.90 55 967823 306975
ENTER L IF MORS STAGKG ARE WEEVED
2 1F YOU WANT To CORTIWUE THIS DB LATER
, 0 I¥ END OF THIC Y08
-2
:;uu 00:01:32 EXECUTION - 00:00 0) 3ession 08123301
- 1 H 1 -
Miws Telsudo vsScsuLT T T NOTE: CPU TIME USED = 32 - 19 13 sec.
DSNANE: T613¥68, YANG. RSEULT .BATA ou.-wu 'tmfﬂ!“

€REATEP: 74164  WURSWO: 7R165
REC_LEN: 0 ALKSIZO 20 g H N,L 'nrm_|
lA‘Ts!'.*_P"R(TPL)l sgsl €01 » m«u d iuc _USEDs

ACKS ALLOC:

CONNECT TIME

9 min 19 sec.

TOTA
:PSE Ft (FTDIFNU;F! CFYoITd2 LFT[FWFIIJ
| READY




Appendix B-5 (Contd)

~»logon tL}288 ‘
fouo L bUN 1% PFROGRESS AT 10:53:56 UM JUNE 15, 1974
LATI'. T NENS:t TIME SWARIIG NUMBER RENEWAL, 6-12- 7l, TYPE TSUNENS
we STAKTEL JUU #1988 - TG19330 , APPROXIMATE UALANCE » $512.67
::\l ; Qu:00301 EXECUTION - 00:100:08 3ESSIUN - 00100:08
AD
“>cxec yang.cobmmclist ‘yang. Inforul.data' 1lst

ALLOC DACYAHG. INFURIIL.DATAY FI(FTO1F001)

ALLUC DA(YANG.RE3SULT.UATA) FI(FT92F001)

ALLUC DACYANG.CUNTU.UATA) FI(FTO3FON1)

THE

CrU ~ 00:00:03 EXECUTIOH ~ 00:00:22 SE3ISI0N ~ 00101103
LOADGY VARG, PIPE.CU(DENU) FORTLID LIM('3YS1.FORTLE2®) LEY
ENTER 1 TU PRINT DATA OF MATERIAL CUST, UTIERUISE O

T

-0
ENTER ) IF CONTIWUE FROM PREVIOUS INCONPLETE TEST, OTHERWISE §

-

TH! LAaT STAGE IR PREVIOUS STAGE WAS 20, AIID THE LINE WO.

WA 1
H SUCH THAT TIHS JUB WILL CUNTINUE FRUIY N STAGES BACK UF THE LASY STASE OF LAST JOB

ENTER A MAMBER
(NTEI 0 113 GUNTIIWE FROM THE NEXT STAUE

0
ENTER 1 7O CALCULATE THE EWD STAGES
> TO COHHECT T STAGES

TO AERGE PIPELIRES WITH TEE JOINT

TO MERGE PIPELINES WITH CRUSS JUINT
TO TUAN THE FLUW MITH ELBOW

TO URANCH PIPELINES WITH TEE JOINT
TO URANCH PIPELINES WITH CRUSS JOINT

NPV N -
<

c

-
ENTER 1 TO SUIFT PIPE LIUE, OTHERVISE ¢
?

-0

ENTER 1 TU SPECIFY REQUIREVD DIGCHARGE
T0 USE DIFFEREHT ORIFICE SIZE (OR WO DISCHARGE AT THIS STAGE)
TO USE ORIGIMAL URIFICE SIZE

e

?

-3
ENTER THE DEGIGMED DISCHARGE PREDSURE, AHD USSIGHED ALLOVAMLE MAX. DISCIIARGE PRESIURE, In PSI.
T

“»51.,56.
!ITER TIE LENOGTH OF TIIIS STAGE AMD TIE D)SCHARGE ELEVATION, 18 FT.

200.. 9.5
En'lER THE DESIGUED MIN, AND HAX. TOTAL INLET HEAD, IN PSI.

"55 3,6

tNTER TIIE ILTERVAL FOR ELINIUATIUG 3AME JHLET HFAD, IH P31,

->

MI‘I’EI 1 FUR SUDDEH EXPAMSION OR CONTRACTION TYPE OF COMNECTION
2 FOR GHADJUAL EXPANGION OR CONTRACTION TYPE UF COWUECTION

T

et 3
EKTER 1 TO DISPLAY TUE RESULTS, EWTER 2 TO DISPLAY GULY TUE IHLET JIEAD, OTHERWISE O
!

-

IHLET TUTAL HEAD DIAMETER CusT OUTLET TUTAL HCAD (HLEY voLues
59,752839 iv.08 57.29319 g;alsg
58.2373069 10.00 5u. 290643 . ;
58.304657 10.00 55.3¢9019 3.78752
58.095215 10.00 55.661469 3.736988
57.920715 10.00 35.487339 3.780698
57.353,29 10.00 55.425522 3.738320
$7.693803 15.00 57.233138 3.792348
57.315323 12.00 2111 b! 56.206448 3.73321%
5G. 879871 12.00 2190.83 55.869019 3.787991
$6.663854 1z.00 2193, 34 55.581469 3.78733%6
56. 893663 12.00 2188.43 $5.487339 3.786902
56.431183 12,60 2186.83 55.425524 3.786725
Se.397110 12.00 2135.88 55.331286 3. 736629
56.220581 15,00 2211.46 $5.369013 3.783227
56.007599 15,00 2205.90 55.681409 3.7187626
55.330506 35.00 2200.93 55.487839 .
55.767593 15.00 2200.10 55.425522 3. 188909
55.733478 15.00 2200.3% 55.301296 3. 786852

EHTER 1 §F MORE STAGES AME KEEDED
2 IF YOU HAUT TO CUNITINUE THIS JOB LATER
@ IF EKD OF THIS JuB

-

-1
SENTER 1 TU CALCULATE THE EI0 STAGES

2 TO CUKNCCT TW4O STAGES

3 10 MERGE PIPELINES WITH TEE JUINT

& TO MERGE PIPELIULS WITH CROSS JOIWT
5 TU TURN TlE FLOU HITH ELOUM

6 TO URARCH PIPELINES WITH TEE JOINT

7 TO URANCI) PIPCLINES WITH CRUSS JOIHT

-
EHTER TIIE ASSIGRED HWISER OF PIPE LINE
1

-5
ENYER 1 TU SPECIFY REQUIKED DI3CHARGE
2 Tu USE DIFFERENT ORIFICE SIZE (UR NO DISCHARGE AT THIS STAGE)
N 3 TO UGE ORIGINAL ORIFICE SIZE

-3
EATEK THE DEGIGHED DISCHARGE PRESSURE, AHD DESICHED ALLUWAULE HAX. DISCIARGE PRESSURE, IK PSI.
?

~=50,,50.1
ENTLR THE LLHGYIL OF THIS STAQE ANU THE DISCIARGE ELEVATION, 1IN FY.
1

-=20

9.,8. .
EuTEI’l TUE DESIGHED MIN. AND MAX. TUTAL INLET. HEAD, IH PSt.
?
—-50.,62,
ENTER TIIE INTERVAL FOR ELINIHATING SAME IHLET HEAC, 1N PSI.
?
--~0.05
LNTEN 1 TO DISPLAY THE RESULTS, ENTER 2 YU DISPLAY ONLY TUE [NLET MEAD, OTIERWISE O
?

-3
ENTER THE HUMBER R SU THAT THE (MLET NEAD WILL SC PRINTED EVERY H MUIBER

-l

51.073%03, &1.022110, $5.4aNA12, $5.392731, $h,210632, 38, 160049, 3. 03450,
53.G96399, 53.6uuTls, $3.588488, 53.502236,
ENTER 1 IF MORE STAGEY ARL NEEDEV
z !E YUU WANT Tu CONTINUE TG JOB LATER

3. 706382,

59
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& 1 ond &F TIMS Job

r
-1
CHENTER 1 TO CALCULATE TIE :uo s'mws
2 T0 CUMNCET TWO STAQ!
3 T0 HERGE PIPELIHES w'ru TEE JoIuT
& T0 NERGE PIPELIKES WITH CHUSS JOINT
5 70 TURW THE FLOW LITI ELSOMW
& TO BHAUCH PIPELINES WITH TEE JOINT
. 7 T0 BRANCH PIPELINES WITH CHUSS JOINT
L]

€
5““ 1 70 SHIFT PIPE LINE, OTHERVISE O

e’
EMTER 3 TU SPECIFY REQUIRED UJ

SClARGE
2 YO USE UIFFCRENT UHIFICE SIZE (OR WO DISCHARGE AT IS STAGE)

3 TO USE URIGIHAL URIFICE SIZE

ilTllt TUE DESIGNED DISCHARGE PRESSURE, AN DESIGUED ALLOMABLE HAX, DISCHARGE PRESSURE, IN PSI.

-DSD. ,52.8

EHTEI THE LENGTH OF Tiis $TAGE AHD THE OISCHARGE ELEVATION, IN FT.

-blﬂ

53,5

0.0

5.5

guTER TilE DESIGHED MIH. AND HAX. TOTAL IHLET HEZAD, IN PSI.
2.

;llTEH THE ITHTERVAL FOR ELIHUHATIHG SANE IHLET MEAD, IN PSI.

5
ERTER 1 FON SUDDEHW EXPANGI01 OR CONTRACTION TYPE UF COMHECT 1L.OK

2 FCR GRACUAL EAPANSIOH OR CONTRACTION TYPE OF COHHECTION

T

-1
ENTER 1 70 DIJPLAY THE RESULTS, ENTER 2 TO DISPLAY OHLY THE INLET IIEAD, OTHERWISE @
?

-2
;l('l’!l THE HWIZER U SO THAT TIIE IWLET HEAD WILL BE PRINTED EVERY N WUHDER

-1

60.827233, 060.3306%3, 60,491G69, 60.4356455, 60.342712,

56. 430530, 56.427912, 56,100357, 56.0643096, 55.958309,
55.151093, §5.0J9670, 58.,776215, Sk, 725143, 56.661179,
54.550003, S4.405197, 54,300244, . 54.283020, 54.232391,
Sk. 022507, $3.932353, 53.931681, 53.881302, 53.521437,

53.622727, 53.57571s,
EWTER 1 IF WURE STAGES ARE NEELED
2 IF YUU UANT TO CURTINUE THIS JOB LATER
0 IF £ OF TS Juo

b4
-l
%' ENTER 1 TO CALCULATE TIIE EW STAGES
2 T0 CULHECT TWO 3T,
3 10 hEuuE PIPELIHE; ulTn TCE JOINT
& TO ICRGE_PIPELINES UITH CROSS INHT
S Tw TG THE FLOW WITH ELJOM
& TO BRAJCH PIPELINES WITH TEE JOINT
. 7 T0 BRANCH PIPELIMES WITH CRUSS JOINT

-5
ENTER 1 T0 SHIFT PIPE LINE, OTHERWISE O

ENTEI THE DESIGUED IS1H. AND MAX. TOTAL INLET HEAD, IN PSI,

-.5!55

2.
gI-TEk THE IHTERVAL FOR ELIHIHATIMG SAHE IHLET HEAD, 1K PSI.

Ein:n THE ELBOU ANGLE, IH DEGREE
30

f.N‘i’EH 1 FOR SULDEN EAPANSIOH OR COHTRACTION YYPE OF COHHECTION

2 FOR LRADUAL EXPAUSIOH OR CONTRACTION TYPE OF COMNECTION

?

“1
€4TEM 1 TO DISPLAY THE RESULTS, ENMTER I TO DISPLAY OWLY THE IHLET HEAD, OTHERWISE ©
?

haat ]
EHTER TUE HUMDER H 3U THAT THE MGLET IIEAD WILL BE PRINTED EVERY H NUHDER
?

-1

6l.597N22, G61.539861, 61.193990, 61.133672, 61,000516,
G0. 872530, G0.822568, b0.742108, 60.6Gu322, $0.607941,
60.433320, 60.336232, %0.32803%4, 60. 284544, 00.219650,
5C.727356, 5G.5674515, 56.646896, S6.5uk101, 56, 500620,
Sb.213884, 56.157578, 56.105255, 5G,0G81vo, 36.063360,
55,8733, 55.7990286, $5.741130, 55.689173, 55.364106,
55.108994, 55.00989y, 55.016327, 54.904951, 54,925283,
Sk, 734836, 5k.G66199, Sk.615097, 54,594223, 54.535522,
54.333852, 5k,288177, 54,237274, Sk,15234%, Sk, 124924,
53,933136, 53, 8839!7, 5!.!1611! 53.775543, 53.761089,

ENTER 1 (F IWURE STAGES AHE NEEOE
2 IF YOU UAHT TO CONTIIRE 11us WUB LATER
0 IF END OF TillS OO
?
-2
TILE

CPy = 00300:20 EXECUTION - 00:05:12 GESSION - 00:21:47

HAPDS Tb198E0. YANG.RESULT,DATA
DSRAME: 1619830, YANG. RESULT . LATA
CREATED: 7k1Gh PURGED: 74166 US_ORG:

N KS1ZE R ALL
LAE%fwtﬁ_brn(tuE)x B B8 Hc e
0 2823 2587
TUTA% TRACKS ALLOC: 50
FREE FI(FTO1F001), FICFTO2FOQ1},FI(FTO3FO0L)
ENb
READY
mapds t&198sd.sank. contu.duta
BSRAME: T613830. YANG, CONTU, DATA
CREATEU: 74142 PURGED: 74168 0§_0RG:
REC_LLN: 21 DLKSIZE: 7288 2 ALLUCE
lAST BLK_PTR{TKL): [ 2] 116489 DIRC_BLRS:
100 1
TOTAL TRACKS ALLOCs 1
READY
+lopoff
TS0 TIHE JOB #1983 - TG19880 ON 060, COMNECTe

VDL-SER l UIITSDI

SEQ REC_F!
ALL_TYP! l II.K
53 BLKS_USE 5 [

VOL=SER: UNTS01
SEQ  REC_Fi FB

1 ALL_TYPEL TRR

0 OLKE_USEG:  ©

0.24.15 IS 0.00.47

;5198!0 LOGGED OFF TSD AT 11123116 OH JURE 13, 1574¢

60,28652]1,
55.906250,
54.610199,
54.1903338,
$3.778931,

G1,003738,
G0,552475,
60,171463,
56.435291,
55.96334¢,
55.300720,
Sk, 378034,
54.45729),
Sk, 0740417,
53.600872,

NOTE:

60.221710,
55.844543,
5&.535946,
Shk.143951,
53.728745,

60.9277692,
60.533249,
57.109368,
56.447983,
55.926224,

Sk 025203,
53.640873,

60.173338,
55.798182,
5k.526405,
58.072%68,

53.5656'7,

60.923370,
60.476990,
$7.056625,
5G.260113,
55.864502,
55.159393,
54.738637,
54.369553,
53.933521,
53.598145,

CPU TIME USED
CONNECT TIME

20 - 1 =19 sec.
20 min 42 sec.



Appendix B-5 (Contd)

-
1496900 £323A%(H" pnocness AT 08144123 0N NE 37, 1970

LATESY HEWS 6/1G/776, TYPE TYSUNEUS

LOGUN PHROCCEDING

LOGLK PHOCEED NG

.#e STARTED JUs ¢1988 = T618380 , APPROXIIWATE BALAHCE = $082.38

cPy ; 00:00:02 EAECUTICOH - 003108313 S5ESSION - 00:05:18

K

> exec yang.comi.clist ‘yang.informl.dats' Mist

ALLOC DACYANG. INFURI1].DATA) FI(FTO2FQ01)
ALLUC LA{YANIG.KEIULT.DATA) FI(FTUZFO01)
ALLUC LA(YANG.CUNTU.DATA) FICFTO3FD01)

TIHE
CPU - 00500303 EXECUTION ~ 00:00:26 S3ESSION - 00306108
LOALGE YAUG.PIPE.OBJ(LEM) FORTLIS LINC'5YS1.FORTLEZY) LET

EHMTER 1 TO PHINT LATA UF HATERIAL CUST, OTHERUISE ©
T .
-0
;uTER 1 IF CONTIHUE FROIV PREVIOUS IIICOHPLETE TEST, OTNERUISE @

-1

THE LAST STAGE IH PREVIOUS STAGE NAS 28, AWD THE LIME KO. WAS 8

EUTER A KUMBER N SUCH THAT THID .m WILL CONTIMUE FROW N STAGES BACK OF THE LAST STAGE OF LAST JOB

EHTER © IF CONTHMME FROIS TIE HEXT STAGE

?
-0
Z+/EHTER 1 TO CALCULATE THE EWD STAGES
T0 CUMNECT TWO STAGES
TO BERGE PIPELIKES UITR TEE JOIHY
TO MBRGE PIPELINES UITH CLUIS JOIWT
TO TUlt THE FLUW WITH ELBON
70 BRANCH PIPELIUES WITH TEE JOINT
TU BRANCI PEPELINES WETN CROSS JOINT

~O N E N -

-2
ENTER 1 TO SHIFT PIPE LIUE, OTIERVISE @
?

haad ]
EMTER 1 YO SPECIFY REGUIKED DISCHARGE
2 TO USE LDIFFERENT URIFICE SIZE (OR WO DISCIIARGE AT TS STAGE)
3 TO USC URIGINAL ORIFICE 31Z€

=3
sNTEI THE LESIGHED DIGCHARGE PRCSGURE, AND DESIGHED ALLUAABLE HAX, DISCHARGE PRESSURE, N PSI.

=--50,,53.
EUT‘EI( TUE LENGTI! UF THIS STAGE AHD TUE DISCHARGE ELEVATIUN, IN FT,

"100
EIJTﬂl Tlll DESVAHED MIN. AL MAX. TOTAL {HLET WEAD, IN P31,

~~53.5

2.
EHTEI’( THE IHTCRVAL FOR ELIMIHATING SAME CHLET HEAD, IN PSI,

"0.05
EUTER 1 FOR SUDDEN EXPAHSION OR CONTRACTION TYPE OF CUMHECTION
2 FOR GRADUAL EXPANMSION OR CONTRACTION TYPE OF CONMECTION

-l
ENVER 1 TO DISPLAY THE RESULTS, ENTER 2 TO DISPLAY OLLY THE IHLEY HEAD, OTHERWISE O
?

-2
ENTER THE WWBER U SO THAT TUE IMLET NEAD WILL BE PRINTED EVERY W HUMBER
?

-1
59,60401%, 59.596506, §9.515701, 59.4717325, 59.427983, 59.367661, 59, 213518, 59.192918,
59.033736, 59.023870, S8,86L014, 53,809265, 53.783391, 58.714706, 58.660095, 58.639238,
58.576050, 53.403215, 58.432083, 58.335727, 58,335541, 56.977722, $6.863362, 56,815630,
56.712870, $6.533526, 56.439075, 56, 365814, 56.313524, 5G, 211975, 56.148475, 56.097103,
$G.0us730, 55.992880, $5.866053, 55,914011, §5.793152, 55.708314, 55.670105, 55.505605,
55.556900, 55.524366, 55.487381, 55,423340, $5.366486, 55.314896, $5.231598, 55.176982,
55,107574, 55.030591, 55.003347, 54,962753, 5%.9254921, 54, 219392, 58,762222, 54.727600,
5k.892764, 5k,641754, 54,563348, 54,517%71, Sh. 478638, 56.411301, 54.375h43, 54.315217,
54.283980, Sk, 235046, S4k.192154, 5k,128250, 54.050659, 54. 030182, 53.990723, 53.926437,
53.897383, 53,831%62, $3.792419, 53.743561, 53.097687,
ENTER 3 §F MURE SYAGES ARE KEEDED
2 IF YUU WANT TO CUNTIHUE THIS Jus LATER
# IF END OF THIS JOl

-1

“EMTER 1 TO CALCULATE TIE END STAGES
2 TO CUNNCCT Two STAGES
3 TO NEAGE PIPCLINES WiTH TEE JOIHT
& Tu MERGE PIPELIMES WITH CRU3S JOINT
5 TO TURN TME FLow WITH ELBOW
& TU DHANCH PIPELINES WITI TEE JOINT
7 TO BRANCIH PIPELINES UITH CRUSS JOINT

1

-2
ENTER 1 TO SHIFY PIPE LINE, OTHERJISE @
1

>0
ENTER ) TO SPECIFY REQIRED DJICHAKGE
2 TO USE DIFFGRENT UKIFICE SIZE (OR HO DISCHARGE AT TWI3 STAGE)
3 TU UGE URIGINAL VHIFICE SI1ZE
-3
ENTEK THE DESIGHED DISCHARGE PRESSURE, AND DESIGNED ALLOWABLE MAX. DISCHARGE PRESSURE, IN PSI.
-—Sl .54,
EJY{R T:l! LEHGTH OF Tuis 3TAGE AND THE DISCHARGE ELEVATIOH, 1N FT.
=»-200.,7.
ENTER TIIE DESIGNEU Miii. AND MAX. TOTAL INLET HEAD, I1H PSI.
1
~53,6,6
ENTER TIIE IHTERVAL FUR ELUHUNATIHG SANE IHLET HEAD, IN PSI,

0 3]

ENTER 1 FOR SUDDEN EXPANGION OR CONTRACTION TYPE OF COMMECTION
2 FOR GRADUAL EXPANSION OR CONTRACTION TYPE OF COUMECTION

?

-1
EWTER 1 YO DIIPLAY THE RESULTS, EHTEA 2 YO DISPLAY ONLY THE INLET HEAD, OTHERWISE 8
?

-2
:lﬂll TUE NUWER N S0 THAT THE IKLET HEAD WILL BE PRINTEC EVERY N HUMBER

1
cn ancasa on - me - R

€r srarca PPy
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]
ENTER 1 T0 DISPLAY THE RESULTG, ENTER 2 YO DISPLAY ONLY TIE IRLET HEAD, OTHERWISK O

-2
ENTER TIUE HUMCER M 30 THAT THE INLET HEAD WILL BE PRINTED EVERY N NUMBER
?

-3
ENTER

8. 350858, 60.243744, 09.187790,
59, 5663uvs, 59, 506089, 53.603792,

58,02966
58, 53805 $3.520041, 53.059871,
55.033364, 57.950287,

58,0117 6
$7.662292,  57.641%8,  37.553701,
§7.262222,  51.209308,  57.150101,
56.898622,  56.823105,  5G.7G023y,
56.474426,  58.421829,  56.3874a7,

56.00143%,  55.96789,
55.611786,  S5.553228,
55.203003,  55.163716,
54843648,  35a.797318,
S4.Wn00L3, 53359726,
ENTER 1 IF LORE STAGES AKC WEEDCD

§0.001940,
53.355073,

g
57.522095,
57.11755%,
56, 700043,
56.312164,
55.942337,
§$5.513184,
$5.142181,
S4,736221,
564.308472,

1 IF YUU WANT TU COHTINVE THIS JOB LATER

0 IF END OF THIS Jub

70 CALCULATE TIOE END STAGES
TU CONNECT TWO LKTAGES

T0 MERGE PIPELINEE WITH YEE JOINT

TO HERGE _PIPCLINES WITH CROSS JOINT
TO TURN THE FLUW WITH ELBOM

TO BRANCH PIPELINES WITI TEE JOINT
TO GRANCH PIPELINES. WITH CROSS JOINT

P YL PPeyey

-]
sl"!l THE ASSIGMED NUNSER OF PIPE LINE

-
ENTER

0 3PECIFY REQUIRED DISCHARGE

=~ -

0 USE ORIGINAL ORIFICE SIZE

5. 970169,
59. 387595,

Sh. LIk,
5k, 20562,

T
;0 UBE DIFFERENT ORIFICE SIZE (OR NO DISCIARGE AT TIIS STAGE)

59, 637897,
59, 232838,

57.%03112,
57.017517,
56.645081,
56,229G1%,
$5.833896,
55.541930,
55.0079G5,
Sh.0k2532,
5h.26a431,

8. 7688,
$9.177280,

57, 79!6&0.
$1.3677137,
56.955139,
56.59109%,
56.194712,
$5.757553,
35.3819328,
54.926730,
5h.59439]1,
S6.166763,

-3
ENTER THE DESIGNED DISCHMARGE PRESSURE, AND DESIGNED ALLOUADLE HAX, DISCHARGE PRESSURE, 18 PSI).
?

-=50.,50.1
ENTER TIE LERGTI OF TIilS STAGE AMD TIE DISCHARGE ELEVATION, [N PT,
?

20

*50.,82.
ENTER THE INTERVAL FOR ELIMINATING 3AME 1KLET HEAD, IN PSi.
[ .

e.,7.
;NTtI’I TIE DESIGHED MIU. AND HAX. TOTAL IHLET HEAD, IK PSI,

=-=0.05%
: ?ﬂ!l 1 TO DISPLAY THE RESULT3, ENTER 2 TO DISPLAY ONLY THE INLET HEAD, OTHERMISE &

-2
;NTER THE NUMBER N SO THAT TIE INLET HEAD WILL BE PRINTED EVERY N MUMBER

-1
60,645264, 60,5804 70, $5.010773, Sh.859091,
S) 2'5260, 53.213135, s$3.152m17, $3.101397,
ENT 1F HORE STAGES ARE HEEDED
Z IF YOU WANT TO COWTIHKUE THIS JOB LATER
0 IF END OF TS JOB
1
-]
i, ENTER

TO CALCULATE THE END 3TAGES
TO CONNECT T\ STAGES

TO MERGE PIPELINES UITH TRE JOINT
TO HERGE PIPELIHES WITH CHUSS JOINT
TO TURN THE FLOM WITH ELGOW

TO BHANCH PIPELINES WITH TEE JOINT
TO BRANCH PIPELINES WITH CRUSS JOINT

NRANEWN
o

-
ENTER 1 TO SHIFT PIPE LIMNE, OTHERWISE O
1

-0
ENTER THE DESIGUED HIH. AND MAX. TOTAL INLET HEAD, I PSL.
?

-

53.,62

ENTER “I'IIE TUTERVAL FOR ELIMIHATING SANE INLET HEAD, IK P8I,
?

0,05
ENTER TIHE ELSOM AIGLE, IN DEGREE
r

33.776993,
53.09509

k5,
ENTER 1 FOR SUDDEN £XPANSION OR COWTRACTION TYPE OF CORMECTION
2 FOR GHADUAL EXPALSION UR CUNTRACTION TYPE OF CONNECTION

-1

60.840637, e, 782990, 60.72607%,
54.966218, 53.364238, 53.818178,
53.336639, 53.286438, 53:232620,
ENTER 1 IF rORE STAGES ARE WECEDED
2

-

0 IF END OF THIS JUU

T
-]
! “EHTER 1 TO CALCULATE 'I'IlE EIID STAGES
2 TO CONNECT TWO 3FTAG
3 TO NERGE PIPELINEa \HTH TER JOINT
& TO MIRGE PIPELINES WITH CRO3S JOINT
5 YO TUKRN THE FLUW WITH ELeou
6 TO BRANCH PIPELINES WITII TEE JOINT
7 TO BRANCH PIPELINES WITH CRUSS JOINT
1
2

-
ENTER 1 TO SHIFT PIPE LIHE, OTHERIISE 0
7

Q2
EWTER 1 TO SPECIFY REQUIRED DISCIARGE
2T

60.659607,
$3.752918,
53.170s386,

YUU UANT TU CONTINUL TG JUD LATER

¥0.602798,
$3.735382,
53.1248451,

0 USE LIFFERENT ORITICE 312€ (OR O DISCIMRGE AT TS STAGE)

3 TO USE ORIGIKAL ORIFICE SIZE

-1
)
EnTEk THE OESIGHED DISCHARGE PRESSURL, AMD DESIGHED ALLOUAULE MAX. DISCHARGE PRESSURE, 1N P31,

-

-

“-»53,,062.
ENTER THE INTERVAL FOR ELIIIMATIHG SAHE IULET MEAD, IH PSI.
1

-0

!ﬂ

200.,6.5
EMEI’I THE DESIGUED HIN, AHD HAX, TOTAL IHLET HEAD, IN PSI,

$2.
tl'l[l( Tlit LENGTH OF THIS 3TAGE AHD THE DISCHARGE ELEVATION, IN FT,

0.05
ENTEK 1 FOR SUDDEN EXPANSIUN DR CONTRACTION TYPE OF CUNNECTION
2 FOR GRADUAL EXPANGION OR CUNTRACTION TYPE OF COMHECTION

$3.726h10,

58.118500,
53. 481160,
53.098160,

$3.402058,

$5.0§6711,
53.430832,

73.8741358,
59.132%3%,

57 )}5001.
$6.902138,
56.500153,
56.162385,
$5.705399,
$5. !lﬂitl,
54.925061,
Sh.514038,
54,003882,

$3.352132,

35.0135808,
$3.375107,
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» .
fll'l'tll 1 TO DISPLAY THE RESULTS, ENTER 2 TO DISPLAY QULY THE IHLET HEAD, OTHERUISE O

-5
ENTER 1 TO SHIFT PIPE LIHE, OTHERWISE O
T

ENTtR 'I’llE IHTERVAL FOR ELIMEHATING SAME THLET

ENTER THE ELBOY NIGLE. tH DEGREE
7

=45,
EHTER 1 FOR SUDDER EXPAHSIOH OR CUNTRACTION TV

-2
ENTER TIIE HWIOER § 50 THAT THE JHLET HEAD WILL UE PRIKTED EVERY H NUNDER
?

1.036280, 60.887057,
9. 764648, 59.715360,
G. 419525, 56.325195,
5.485153, 55.436203,
5.004791, 54.953033,
%.560774, 54, 509369,
4.167252, 54.131775,
3.650406, $3.610413,
3.192042, 53.128296,

-1
61.710338, 61.652649, 61.093491, ]
Gu.351028, $9. 981461, 59.830690, H
$6. 855953, 5G.8108G2, 5b, k72535, 5
55.921967, 55.683736, $5.537369, E)
55.150497, 55.1u2833, 55.093633, 5
Sk, 7723827, Sh. 705532, 54.602938, 5
58.342926, Sk.276321, 54.202530, S
53,820572, $3.753139, £3.711975, 5!
53. 445633, 53.383567, $3.340210, 5
GNTER 1 IF LURE STAGES AiE HEEDEDL
2 IF YOU WANT TO CONTINUE THIS JOB LATER
0 IF ENV OF THIS JOB
?
el
SENTER 1 TO CALCULATE Tll! IIID STAGES
2 TU CUHHECT TUO 3
3 TO MERGE PIPELIlES HITIG TEE JOINT
5 TO MERGE PIPELIHES WITH CROSS JOINT
5 TO TURN THE FLUW WITH ELWOW
6 TO BRANCH PIPELINES WITH TEE JOINT
7 TO BRANCU PIPELIHES WITH CROSS JOINT
T

-0
ENTER THE DESIGNED HIH. AND MAX. TOTAL HHLET HEAD, IH P31,
?

"5! 1,6

HEAD, IN P31,

PE OF COWHECTION

2 FOR GRADUAL EXPAIGION OK CONTRACTION TYPE OF CONHECTIOM

1

€1.96253%, 61.904537, G61.856750, 6
61,530G2k, 61.472931, 01, 3uk254, [
61.020155, 60.4963826, 60.93689%0, [
60.6158118, 60.3999Ly, LO. 535445, 6
©0.223533, 60.165253, 60.125427, 6
59.813527, 59.1735202, 59,73G404, 5
57.270588, 57. 254903, 57.167404, 5

-2
EMTER THE HUMBER M SO THAT THE IRLET HEAD WILL BE PRINTED EVERY N HUMBER
4

-1

1.42509%, 62.7678G8,
1.279282, 6l.2081560,
0.872147, G.801285,
0. 464359, L0. 404870,
0.094810, G0, 002000,
9.6u8015, 57.686301,
6. 971373, 56.912381,

$6.680557, 56.v27223, 56.530109, 56.526932, 50.455902,

56.282211, 56.240367, 56.131183, 5
55.855331, 55.302311, 55.795380, 5
55.439207, 55.8335000, $5.382660, 5
55.096420, 35.065455, 54.593123, 5

54, 087501, Sk, L}'Jll:, 54.590250, 5
Sk.28120%, 54.237366, 54.1G2781, 5
53.855270, 53.328402, 53.74n023, ]
53.471497, 53,4 BGN!, 5! 399323, H

ENTER 1 lF erRE ..TAGE ARL_HEEDE!
YoU ANT 10 OM'I'IWE TIHS JOB- LATER

d F EWb UF TIII.,
»*

-2

TIHE
CPU - 00:00:45 EXECUTION - 00:06350 SCSSION
HAPDS TH17280. YANG, REGULT (DATA
LSAAME: T619880, YANG.RESULT.LATA

CREI\TED' 74108 PURGED: 74168 DS_ORG:

REC_| 0 BLRSIZE: 20 210 ALLOC:
LAST_ HL\( PTR(TRL)! k9] 60| 34 DIRC_DLKS:

0 2098 5b7 50
L TRACKS ALLUOC: 50

Fﬂhi FI(FTOIFOOI) FI(FTO2F001),FI(FTO3FONL)

RiAbV

-Dln;o"

TIME JOB #1988 ~ TC19330 OH Ok1, CONHECTe
Yﬁl!llﬂ LUGGED OFF T30 AT 09:25:29 OH JUNE 17,

G.110382, 5L, 05 74T,
5.724838, 55.L98654,
$.330521, $5.28L100,
4.901260, 55, 801448,
4.51vl62, Sk. 458835,
b, 14854h, 56,070782,
3.714355, 53.L31514,
3.341537, 53.256:302,

- 00138325

VOL=SER: UNTSO02
$EQ REC_Flis F
50 ALL_TYPE: BLK
0 BLKS_USED: [ ]

0.48.59 MUS= 0.01.1%

1974

60.630173,
$9.G73%4.7,
$6.272232,
55.303101,
54.917832,
54.4992069,
54.005386,
53.581665,

-1
EHTER 1 TO DISPLAY THE RESULTS, ENTER 2 TO DISPLAY OHLY THE [ULET UEAD, OTHERWISE @
?

61.731323,
61.150803,
60, 784953,
$0.371689,
50963082,
57.59222%,
56.874008,
56, 423687,
56. 016693,
55.628555,
55.201343,
Sk, 805573,
5k, 420606,
Sk, 062009,
$3.641206,
53, 218445,

NOTE-:

60, 533966,
57. 287659,
5G.0741k3,
55,2510384
54.8G0158,
54.410998,
$3.903423,
53.548181,

G1.673569,
61.11450%,
GO, 7D7%9%,
80.335020,
59.543756,
$7.396011,
5G.820537,
5G.379036,
55.9%0433,
$5.57624L8,
55.189392,
$4,773315,
54.377808,
53.995333,
53.573995,
53.193253,

CPU TIME USED
CONNECT TIME

60.077188,
57.233932,
$5.980684,
55.236771,
54.800949,
S4. 354588,
53.361339,
53.861121,

61.680629,
61.057037,
60.850294,
60.2G231a,
59.851083,
57.342178,
56.775028,

55.523987,
$5.116501,
54.721466,
54.345352,
$3.925476,
53569869,
53.139383,

63

4s - 3 = 42 sec.
32 min 20 sec.
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w=gnec yang.comm.Clist ‘yang.laforml.deta’ Vist

ALLOC DA(YANG.1IIFORMLI.DATA) FIC(FTO1F001)
ALLOC DA(YANG.RESULT.DATA} Fi(FT02F001)
?LLOC OA{TANG.CONTU.DATA) FI(FTO3F001)

e
CPU - 00102:02 EXECUTION = 00:13:05 SESS10U - 001483183
LOACGO YANG.PIPE.OBJ(UENO) FORTLIS LIB('SYSL.FORTLEZ') LEY

imER 1 TO PRIHT DATA OF IATERIAL CUST, OTHERWISE @

-0
;n’uu 1 iF CUNTHIUE FROM PREVIOUS IUCONPLETE TEIT, OTHERWISE @

-1
THE LAST STAGE IN PACVIOUS STAGE WAS 30, AND THE L . WAS 6
EHNTER A NUMBER N SUCH THAT THIS JUB WILL CONTIRUE Flﬂ‘ L] SYAGES BACK OF THE LAST STAGE OF LAST 403
ENTER O IF CUNTIMUE FRUM THE WEXT STAGE
t

~0
ENTER 1 TO CALCULATE THE_END STAGES
2 TO CONMECT TWU STAGES
3 TO MERGE PIPELINES WITI TEE JOINT
& TO HERGE PIPELINES WITIH CRUSS JOINT
5 TO TURK THE FLOW WITHH ELBUN
§ TO BRANCH PIPELINES WITH TEE JOINT
. 7 T0 BRANCH PIPELINES WITH CRUSS JOINT
2

. .
;HT!R 1 TO SHIFT PIPE LINE, OTHERWISE ¢

-0

ENTER | TO SPECI" REQUIRED DI SCUARGE
TO Us FFERENT ORIFICE SIZE (OR MO OISCHARGE AT TIiS STASE)
T0 UaE ORIGIIML ORIFICE SIZE

e

?

-3
ENTER THE DESIGHED DISCHARGE PRESSURE, AND DESIGHED ALLOWABLE HAX. DISCHARGE PRESSURE, IN P8I,
?

—=50.,53.
ENTER TILE LENGTH OF THIS STAGE AMD THE DISCHARGE ELEVATION, N FT.
?

~»200.,5.%
ENTER TIE DESIGHED MIN. ANID MAX. TOTAL MLET HEAD, IN P3I.

»53.1,82.
I;II'IER THE INTERVAL FOR ELIMINATING SANE IKLET HEAD, M PSI.

“*0.08
EKTER 1 FOR SUDDEN EXPANSION OR CUHTRACTION TYPE OF CONRECTION
2 FOR CRADVAL EXPANSIUK OR CONTAACTIUH TYPE OF COMNECTIOM

-1
ENTER 1 TO DISPLAY THE RESULTS, ENTER 2 TO DISPLAY ONLY TIE INLET HEAD, OTHERWISE O
?

-2
gmn THE KWIBER B $O THAT THE IHLET HEAD WILL BE PRINTED EVERY N MUMBER
>l

60.2959%9, 60.058%60, 53.935211, $9.376175, $9.310150, 59.652527, 59.566696,
$9.443792, 59.308729, §9.171097, 39, 099288, 58,951534, 58.940018, $8.5783922,
58.716431, 53.69923%, 58,545111, 58.479019, 58.328136, $8.262421, 58.231293,
$2.102921, 58.061340, $7.886139, 57.827408 57.431107, 27.}10635. 57.199295,
56.923509, Sb. 7755006, 56, 740314, 50.65666 6.385051, 56.312546,
$6.235916, £6.177612, St.lu2158, 56.03008]1, 56.608083, 55.930222, 55.8681i%,
55.793328, 55.745117, 55.65472s, 55.618027, 55.581940, 55.5399%8, 55.478989,
55.352203, 55.300659, 55.253869, 55,236679, 55.181976, §5.112835, $5.001812,
5%.991272, 54,.917511, S&,.371307, 54,833832, 54.797119, 5k, 730148, 54.675125,
54,5891383, $4.518723, Se.436481, 54,415710, S$4.375061, S4.3u9239, S4. 271855.
54.134794, Sk, 056427, 54.03G99, $5.991840, 53.928925, 53.894104, $3.321872,
53, 61:5;;. T 53.6127%7, $3.5Gu071, 53.506302, 53.468074, 53.413956, 53.359233,
53,2182

ENTER l F MORZ STAGES ARE WEEDED

l TOU WANT TO CUNTIIWE THIS JOB LATER
9 IF END OF TS JOB

.

-1
i« ENVER 1 TU CALCULATE THE END STAGES
2 TU CURNECT TWO 3TAGES
3 T0 KEKGE PIPCLINES WITH TEE JOINT
& TO MERGE PIPELINES WITH CROSS JOINT
S 70 TURK THE FLOW WITH ELBOV
6 TO BRANCH PIPELINES WITH TEE JOINT
, 7 T0 URANCH PIPELINES WITH CROSS JOINT
-2

slﬂtl 1 YO SHIFT PIPE LINE, OTHERUISE O

-0

ENTER 1 TO SPECIFY REQUIRED DISCHARGE
TO USE DIFFERENT ORIFICE SIZE (OR WO DISCHARGE AT TH13 STAGE)
TO USE ORIGINAL URIFICE SIZ2E

wea

?
-3
slﬂ'tk TIUE DESIGHED DISCHARGE PRESSURE, AND DESIGNED ALLOVABLE HAX. DISCIARGE PRESSURE, 1N P31.

-»51,,54,
gk'léll THE LEHOTI! OF TINS STAGE AMD THE DISCHARGE ELEVATION, N FT.

~+=200.,4.
t'ﬂ'Ek THE DESIGUED NIN. AHD HAX. TOTAL INLET NEAD, IN PSI.

"5! 2,62.
!NTER THE INTERVAL FOR ELIMIHATING JAME JWLET HEAD, IR PSI.

'00 05
ENTER 1 FOR SUDDEN EXPANSION UR CONTRACTION TYPE OF COLNECTION
2 FOR GRADUAL SXPANSION OR CONTRACTION TYPE OF COHNECTION

-]
EN‘I’!R 1 70 DISPLAY TIE RESULTS, ENTER 2 TO DISPLAY OHLY THE INLET NEAD, OTIIERWISE &

-2
;NTER THE NUNBER H 30 THAT TUE INLET HEAD WILL 3 PRINTED EVERY H WUHBER

st}

61,930065, 61.921343, G61.843460, G1.727051, G1.076A98, 61.619797, G1.568115,

61.396831, 61.339020, Gl.234207, 61.136188, 59.2292126, 59.1680%0, $9.112518,
58.334763, 5s.760223, 93.708269, 58.666550, 11508, $8.542648,
$3.359%12, $8,2606571, $8.22311%, 58, 186630, 148895, $3.053832,
57.930646, $7.868180, $7.821305, 57.750671, 51 713363, 57.636172,
57,6542k, 57.395503, 57.340062, 57.25084), 57.212097, 57.17915)3,
51 063321, 57.029861, 56.992737, 56.940731, 506.896652, 56.387702, SG, 775437,
56.632251, 36.600306, 56.577133, 55.5055!9. 50.460632, 5G.eh9127, 56.388414,
5G. 2627 56,230067, 56.180450, 56,137268, 56,087051, 5G.017288, 55.997046
?5-.5165.1. 58.776352, SS. 7‘!9;5. 55.062206, 55.649246, 55.583058,

58.331588,
53.327886,
58.1533¢7,

55. l0057l,
$5.016673,
54.630615,
54,209137,
53.71a885,
53.261872,

$1,436323,
53.981705,
58.468231,
58.02331S8,
57.600%79,
57.183173,
50 103873,
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55.464421, §5.423601, 55.3713230, $5.345439,
55.099258, 55.035343, 54.956039, 54.910965,
5h.035541, 56.632477, 54.5511¢3, Sk.541153,
54.27351%, 54,210815, 54.160965,
5§3.393721, 53.83044%, 53.786896, 53.723485,
53.474609, 53. WIHS, 53,3734k, 53.301193,
ENTER 1 ¥ 1ORE STAGES ARE HEEDED
2 IF YOU WANT TO COHTINUE THIS JOB LATER
0 1F END OF THIS JOB

-]
=t ENTER 1 TO CALCULATE THE EWD SYAGES
2 TO CONNECT T/ STAGES
3 TO MERGE PIPELILES WITH TEE JOINT
& TO BERGE PIPELINES WITH CRUSS JOIHT
$ TO TURN THE FLOW WITIE ELLBOW
G TO BRANCH PIPELINES WITH TEE JOINT
7 TO BRAJCIL PIPELINES WITH CKO3S JOINT
1

$5.276459, 55, 244675,

§4.861954, 54, 802795,

§4. 408220, Sk.M17450,
8

54, 044952,
53.639896,

53.68174
53.253194,

-t
ENTER THE ASSIGNED WUMBER OF PIPELINES WIICH WILL BE MERGED
?

-+1,5,6
ENTER TIE ASSIGNED PIPELIUE WUNBER AFTER HERGING
?

e
ENTER 1 FOR SUDDEN EXPANSION OR COHTRACTION TYPE OF CONHECTION
2 FOR GRADUAL EAPAHSIOM U CONTRACTION TYPE OF COMNECTION

1

-2
ENTER THE ALLOUABLE PREIGURE DIFFERENCE AT THE HERGING POINT
1

-+0.01
ERTER TIHE DESIGHED MIN. AHND MAX. TOTAL IULET HEAD, 1N P8I,

-55.7

~0.05

El‘iTER 1 TO DISPLAY TNE RESULTS, ENTER 2 TO DISPLAY ONLY TIIE IHLET ItEAD, OTHERWISE &
1

.7,62.
ENTER THE (WTERVAL FOR ELMAINATING SANE IKLET WEAD, IN PSI,
?

-2
ENTER THE WUMOBER H 30 THAT THE JHLET HEAD WILL BE PRIHTED EVERY N HUMBER
T

59 71529!. $7.796021,  56.972839, 56.573330,
EKT. IF MUKE STAGES ARt NEEDED

2 IF YUU WANT TO CUNTINUE THIS JO@ LATER

0 IF END OF THIS JUU

1
-1

- EWTER 1 TO CALCULATE THE END STAGES
2 TU CUUNECT TUO STAGES
3 TO KLRGE PIPELINES WITH TEE JOINT
& TU MERGE PIPELINES WITH CHOSS JOINT
5 U TURN THE FLONW WITH ELSBUW
G TO SRANCIL PIPELINES WITH TEE JOINT
7 70 BRANCH PIPELIMES WITH CRU3S JOINT

1

-2
ENTER 1 TO SHIFT PIPE LINE, OTHERWISE @
4

-0
ENTER 1 TO SPECIFY REQUIRCD DISCHARGE
2

56, 259349, 58.119476,

TO USE GIFFERENT ORIFICE SIZE (OR WO DISCHARGE AT THIS STAGE)

3 TO USE ORIGINAL ORIFICE SI1ZE
T

55.198%82,
Sh.766296,
Sk.396622,
53.996017,
53.58550),

55.053757,

-3
%WER THE DESIGNED DISCIIARGE PRESSURE, AilD DESIGHED ALLOVADLE KAX, DISCIARGE PRESGURE, IN PSI.

*51., 54,
gMTiK THE LENGTW OF THIS STAGE AND THE DISCMARGE ELEVATION, IM FT,

200

-3

-’0.05

L
EHTE;l THE DESIGUED MIN. AHD HAX. TOTAL FNLET HEAD, IH P53

62.
Elﬂﬂi THE INTERVAL FOR ELIMINATING SAHE IHLET HEAD, 1N PSE.

ENTEK l FOR SUDDEN EXPANSION OR CONTRACT!OIJ TYPE OF CONMECTION

FOR GRADUAL EAPANSIUN OR CONTRACTION TYPE OF COi

1

-2
ENTER 1 TO DISPLAY THE REJULTS, ENTER 2 TO DISPLAY OKLY THE IHLET HEAD, OTHERUISE 0
T

-

g
59.620466, 59,215637, 58.878082, 53.756518,
56. 946360,
ENTER 1 IF NORE STAGES ARE NEE!
2 IF YOU WANT TO CDIIT!HUE Tl"s JOB LATER
0 IF END OF THI5 JOU

-0

ECTI0H

2
ENTER THE WUMBER N €O TUAT TIE IWLET NEAD WILL BE PRINTED EVERY H KUMDER
T

58.691299, 57,4702,

57.138859,

$5.14544%,
54.706116,
54.315158,
53937408,
530582740,

$7.012988,

65
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Appendix B-6. Program Procedures

The procedures described in the following are necessary steps, from

creating the program and required data sets to actual running of the pro-

gram, to solve a fluid network design problem:

1.

Create a data set for the program on a disk of the TSO system by
reading punched deck through batch. (YANG,PIPE.FORT is the data
set name in the example.)

Create three required data sets on TSO disk from batch:

a. Check all available materials such as pipes, elbows, joints,
and connectors first and then run the program which is shown
in Appendix B-2. A sequential data set for storing all mate-
rial costs will be created. The record length is 40. YANG.
INFORM1.DATA is the data set name in the example.

b. Create a direct-access data set with record length 20 to store
calculated results from each stage; allow enough space for a
large network design problem. The program for creating this
data set is shown in Appendix B-3. YANG.RESULT.DATA is the
data set name in the example.

c. Create another sequential data set for storing intermediate
data if the program has to be interrupted and continued later.
The record length of this data set is 21. The program for
creating this data set is shown in Appendix B-4. YANG.CONTV.
DATA is the data set name in the example.

Compile the created source program through terminal (by typing

FORT.YANG.PIPE.FORT [demo] in the example). During compilation,

the computer will print any detected errors. Correct errors

through terminal or batch and recompile. After compiling, the
computer will automatically save the object module. YANG.PIPE.OBJ

is the data set name in the example.

The above procedures are needed only the first time to use the program.

Once the program and required data set have been created, the user can

start from Step 4 to solve his problen.

4.

Prepare a layout or a drawing of the network with a number assigned
to each main or branch pipeline. A pipeline is a serially con-

nected pipe segment without branches. These numbers are assigned



67

arbitrarily, but all pipelines must be assigned a different number.
The pipeline number before branching, or after merging, can be
different 6r the same as one of its branches. These pipeline num-
bers are needed to identify pipelines in the network optimization
process and optimal result retrieval. Flow directions are pre-
determined in a complex loop system; reverse flow is not supposed
to be allowed. Other design criteria for each stage should also
be set up.

5. Turn on the terminal and type in the execution command. In the
example EXEC YANG.COMM.CLIST'YANG.INFORM1.DATA' list was typed in.
YANG.COMM.CLIST is a collection of TSO commands which are:

a. proc 1 input

b. alloc da(§ input.) fi(£ft01£001)

c. alloc da(yang.result.data) fi(ft02£001)

d. alloc da(yang.contu.data) fi(ft03£f001)

e. time

f. loadgo yang.pipe.obj(demo) fortlib 1lib('sysl.fortlb2') let
g. time

h. mapds t619880.yang.result.data

i. end

Three alloc commands will bring three required data sets into the sys-
tem. Whatever appears within quotes of exec command goes to first alloc
command. In this way, user is allowed to access his desired data set of
material cost if there are more than one on the disk. Two time commands
will print CPU time, as well as connection time, before and after running
the program. The differences of the two printed time messages are the
actual CPU time and connection time used to run the program. Command (h)
will show how much disk space is allocated to the direct-access data set for
calculated results storage. This command collection data set, -YANG.COMM.
CLIST, can be created from the terminal in Edit Mode.

6. Use the five different kinds of stages in the optimization process:

a. End stage of pipelines (no further stagesin downstream). The
end stage of pipelines which converge to other pipelines does
not belong in this category. Required data are pipeline num-
ber, stage length, discharge elevation, discharge pressure

range, inlet total head range and its resolution interval.
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10.

Regular discharge stage: This stage is the same as the end
stage (a) except there are other stages in downstream. Re-

quired data are the same as end stage (a) except that a connec-

tion type is also needed. In these two kinds of stages (a and

b), the discharge condition may be specified by required flow
rate instead of pressure range. Conditions of different ori-
fice size or no orifice on the pipe are also provided by the
program for broader application.

Merge stage: This stage is used to converge pipelines in op-
timization. The user is cautioned that this is a diverge
stage of fluid flow in an actual network, and since optimiza-
tion is done backward, branches converge into one pipeline at
this stage. Required data are pipeline numbers before and
after merge, allowable total head difference at branch inlet,
connection type, inlet total head range and its resolution
interval.

Elbow stage: This stage is used to change flow direction.
Required data are pipeline number, flow turning angle, connec-
tion type, inlet total head range and its resolution interval.
Branch stage: This stage is used to diverge pipelines in op-
timization. The user is cautioned that theis is a converge
stage of fluid flow in an actual network. Required data are
pipeline numbers before and after branch, flow rate ratio in
branches, connection type, inlet total head range and its

resolution interval.

Select a reference level such that all elevations of discharge

orifices will be positive.

Override data other than material cost through the terminal by

typing new desired data.

This program provides options in including or excluding wasted

fluid cost and power cost, also in allowing or not allowing smaller

pipe used in upstream.

This program can be interrupted during optimization process when

any stage in network is completed. The optimization process will

continue if the program is rerun later. Continuation may start

from the next stage or several stages previous to the last stage
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of an incomplete computer run.
In this way, it is possible for the designer to re-do the stages

with unsatisfactory results. Also, the designer can interrupt the

' program if undesired results were found, and re-run the program to

continue the optimization process from the stage prior to that
which produced the undesired results.

Input data through the terminal are integers (without decimal
points) for pipeline numbers and making decisions, and real numbers
(with decimal points) for the remainiﬁg calculation data. If more
than one data are required for each input, they are separated by
commas. (Input through terminal in Appendix B-5 is indicated by

arrows.)





