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ABSTRACT 

A aomputation teahnique based on the dynamia ppograrrming 
apppoaah using the intepaative PoptPan ~age has been developed. 
The aomputePized design ppoaedupe aan be used to obtain optimal 
design fop single soupae watep OP othep aomppessed fluid systems 
with a finite numbep of divepging bpanahes and loops. Pwnping 
effeat on a single soupae system aannot be optimized:l howevep:l the 
developed ppocedUPe does allow quiak evaluation of many altePnate 
pumping ppessupes. SimiZaPlY:l multiple soupae netwopk with aon­
vepging bpanahes aan only be evaluated by the pepeated use of the 
aomputePized ppocedupe. 

Dynamic ppogromming has been ppoved to be vezoy pO'UJepful fop 
the analysis and design of a watep netwopk. From an engineer-'s 
point of view:l this apppoaah aan be used to design any aonaeptual 
watep netwopk with Zitt'le 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 

variables 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. 
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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 pressured 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 

(OP) 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 connector between them. 

4. Two or three pipelines may branch out from, or merge to, a pipeline 

by adding a tee, Figure 2c, 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 Xj repre­

sents the input and Xj _ 1 the output state variables of Stage i, OJ being 

the decision variable, and rj the stage return. 

The transformation equations for state variables X., X. 1 and the de-
I 1-

cision variable O. used by Liang (1971) was first modified by adding expan-
I 

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: 

where V
i
-

1 
= velocity head of the ith stage outlet, in psi, and 

CL = loss coefficient 

The general transformation, x. 1 = t. (X.,D.), between the inlet and 
1- I I I 

(1) 

outlet pressure of a fluid, such as water being transported through a seg-

ment of pipe, can be expressed as 

where 

f. oH. oQ.2 
I I I 

X. 1 = X. - 0.0252 -~~-~ - V. 1 ° CL. 
1- I 1- I 

(D i /12)5 

= X. - 6270.5664 
I 

f.oH.oQ.2 
I I I 

0. 5 
I 

- V. 1 ° CL. 
1- I 

X. = inlet total head of the ith stage, in psi, 
I 

(2) 

X. 1 = outlet total head of the ith stage and inlet total head of 
1-

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



outlet end together are treated as one stage). in psi. 

fi = friction coefficient of the ith stage. dimensionless, 

Hi = length of the ith stage. in feet. 

Q. = flow rate in the ith stage, in cfs. 
1 

D. = diameter of the ith stage. in inches. 
1 

Vi - 1 = velocity head of the ith stage at outlet. in psi. and 

eli = head loss coefficient due to change of diameters. dimen-

sionless. 

9 

The term Vi - 1 multiplied by eli in Equation 2 is the head loss in the con­

nector between stage i and stage i-I. The resistance coefficient of the 

ith stage, f., can be found by solving the following equation (Albertson. 
1 

Barton, and Simons 1964): 

~ = 1.14 - 2 10g( D~ + t~.) 
1 1 1 1 

where e = pipe roughness, in feet and 

R. = Reynolds number for the ith stage. dimensionless. 
1 

The Reynolds number can be expressed as 

R. = 48 Qj 
1 

'lTV D. 
1 

(4) 

where V = fluid kinematic viscosity, in square feet per second (1.21 x 

10- 5 for water at 60 0 F). 

Equation 3 is valid for R ~ 4000. For cases where R. < 2000, Equation 
1 

3 should be replaced by the following relation: 

64 
fi =R:"" 

1 

The flow rate through the ith pipe. Qi' is the sum of Qi-l and qi 

which are the flow rates of the (i-l)th pipe. and the discharge rate from 

the ith discharge outlet respectively. That is, 

Q. = Q. 1 + q. 
1 1- 1 

(5) 

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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where 

qj = 0.0033754 / (POi) 144.0 

= 0.0033754 ./ (X! 1 - Z.-V! 1) 144.0 
1- I 1-

PD. 
I 

X! 1 1-

= pressure head at discharge outlet, in psi 

= total head at discharge outlet, in psi 

z. = 
I 

V! 1 = 1-

elevation head at discharge outlet, in psi 

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, Q. = F.(Q. l' X. l' X.), can 
I I 1- 1- I 

be explicitly expressed as 

Q. = 0.0033754 I (X! 1 - z. - V! 1) 144.0 + Q. 1 
I 1- I 1- 1-

The variable, V! l' can be obtained from the following expression 
1-

where 

Vi-l = ( 4Qj-l )2 / [29 • (33.9 ft of water/atmosphere) • 
~(Di/12)2 (14.7 psi/atmosphere)] (8) 

2· ~ = 225.8 Q. 1 /0. 
1- I 

9 = acceleration of gravity which is equal to 32.2 ft/sec 2 

X! 1 1-
= the outlet total head of the ith stage before subtraction of 

head loss due to change of pipe size. 

qj 

) , 
Q. I Qi-l I 

D. 
x. I 

! x. 1 
I 1 -' 

I-

I 
I 

X! 1 = V! 1 + z. + PD. 
I- I- I I 

FIGURE 5. HEADS AND FLOW RELATIONS IN A PIPE 
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By modifying Equation 2, Xj_1 can be obtained as follows: 

X! 1 = X. 1 + v. 1 CL. 1- 1- 1- I 

= X. - 6270.5664 
I 

f.-H.-Q.2 
1 I I 

0. 5 
I 

The term, Zj"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 

( 10) 

where, CB i , 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! 1 - CB., in 
1- I 

Equation 10 is the loss within the elbow and V. 1 - CL., the loss within the 
1- 1 

connector between the ith and (i - J)th stage. A corresponding relation dia-

gram between an elbow and a Aiynamic programming stage is shown in Figure 6. 

Since no discharge is allowed in this case, Qj 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 

X. 1 = X. - (V. - V! 1) CJ. - V. 1 - CL-
1- I 1 1- 1 1- I 

( 11 ) 

The head loss coefficient, CJ., due to branching or merging (tee or 
I 

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, (V. - V! 1) CJ., in Equa-
1 1- I 

tion 11 is the head loss within a tee or a cross and V. lCL., the loss 
1- 1 

within the connector between the jth and (j-1)th stage. A corresponding 
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relation between a dynamic programming stage and a tee or a cross 

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

is 

11 

shown 

are: 

X. I 1- =X i - 1,1 ( 12a) 

( 13a) Q. = Q. 1 + Qi-I,I tee joint for branching 
I l-

( 12b) and X. = X. I I I , 

( 13b) Qi-I = Q. + Q. I tee joint for merging 
I I , 

X. I = Xi-I, I = Xi-I 2 ( 12c) 
1- , 

Q. 
I = Qi-I + Qi-I,I + Qi-I,2 cross joint for branching (13c) 

X. = X. I = X. 2 ( 12d) 
I I , I , 

Qi-I = Qi + Q. I + Q. 2 cross joint for merging (13d) 
I , I , 

Stage Returns and the System Effectiveness 

The overall measure of system effectivenss, or design effectiveness, 

in this study is cost which includes: 

N 
1. L Cpi = cost of pipes, elbows, tees, and crosses, in dollars 

i = I per year; 

N 
2. L C ei = cost of energy put into fluid, in dollars per year; 

i=1 

N 
3. L C. = wasted water cost due to discharge exceeding the design 

WI i=1 requirement. 

For every individual conduit segment or dynamic programming stage, the 

terms C ., pi C e i ' C • 
WI 

can be expressed as 

C = (H.Cd · + C .) [1. + (1 - S)I] 
pi I I CI L 2 x 100 

( 14a) 

C = [0.262 Ce Qi T (Xi-xl-I)] 
ei E 

I 

- Xi-I + [0.262 C (Q.-Q. I)T-r-] e I 1-

+ [0.262 C Q. I e I-
T (x'i - ] -X i - ] ) ] 

E 
( 15a) 

C = 3600 T[0.00337S4 l(x! I-Z.-V! I- P.) 144.0 ] • C 
wi 1- I 1- I W 

( 16) 
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and for elbows, tees, or crosses, 

C = (Cd. + C .) [1. + (1 - S) I ] 
pi I CI L 2 x 100 ( 14b) 

C = 0.262 Ce Q. T 
(Xj-Xi-l) 

ci I E 

C . = 0 ( 15b) 

where 
WI 

Hi = length of the ith pipe, in feet 

C . 
CI 

unit cost in dollars per foot of the ith pipe with a diameter 
of din. 

= cost of connectors either sudden change type or gradual type 
between the ith and (i-I)th stage in dollars; this term will be 
the cost of all connectors if a tee or a cross is used. 

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

L = life of the fluid network, in years 

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

= annual interest, as a percentage 

C = unit power cost, in dollars per horsepower-hour e 
T = usage of the system in annual hours 

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

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

Cw = water cost, in dollars per cubic foot 

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

segments may be expressed as 
N 
r (C • + C . + C .) 

i=l pi el WI 
( 17) 

where 

Di = size of pipe, elbow, tee, or cross of the ith stage and XO,X01 ' 

X02 , ... ,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=I, ... ,N) = i:1 (C pi + Cei + Cwi ) 

subject to X. I = t. (X. D.) 
I- I I, I 

Q. = F.(Q. I'X. I'X.) for discharge stage 
I I 1- 1- I 

Q. = ~ Q(i-J)j for elbow and tee, or cross in ( 18) 
I branching J 
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Q. I = ~ Q •• 
1- • IJ 

J 

for tee or cross in merging 

The function, C(Xi,Di,Xo,XOI, ... ,XOL for i=I, ... ,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. 

2. 

For Stages 1 through M of the 

(X II) = Max r 11 (X ii' D II ) 
DII 

m = 2, ••• ,M 

branch pipeline 

for Stage 1 and 

For Stages 1 through M of the branch pipeline 

f
I2

(X
12

) = Max r
I2

,D
I2

) for Stage and 

DI2 

2 

f
m2

(X
m2

) = Max { r m2 (Xm2 ,Dm2 ) + f 1 2[t 2(X 2,D 2)]} for 
Dm2 

m-, m m m 

m = 2, ... , M 

3. For Stages I through j-I of the main pipeline 

f 1 (X 1) = Max r I (X I ' D I ) for Stage I and 
DI 

f (X ) = Max {r(X,D) +f l[t(X,D)]} for 
n n D n n n n- n n n 

n 

n = 2, ... ,j-l 

where r. = measure of effectiveness attributed to the ith 
1 conduit, i. e. , the cost in this study, C(X. ,D. ,X

O
) 

I I 

4. For the merging Stage j 

f.(X.) = Max {r.(X.,D.) + f. 1[t.(X.,D.)]} 
J J J J J J- J J J D. 

J 

( 19) 

(20) 

(21) 

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

in each branch at Stage j, thus 

Xj = X01 = X02 

5. For Stages j+l through k-l of the main pipeline 

f (X ) = Max {r (X ,0 ) + f l[t (X ,0 )]} for n nOn n n n- n n n 
n 

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

Each branchline and mainline from Stages k-l to -j are so opti­

mized that its optimal return is expressed as a function of the 

input total heads of stages M2, Ml, and k-l, 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. 

6. For the diverging Stage k, 

fk+Ml+M2(Xk) = Max {rk(Xk,Ok) + f k- 1 [tk(Xk,Ok)] + fMl [tk(Xk,Ok)] 
Ok 

+ f M2 [tk(Xk,Ok)]} 

7. For the remaining Stages k+l through N 

fn+Ml+M2(Xn) = ~ax {rn(Xn,Dn) + f(n-l)+Ml+M2[t n (Xn,Dn)]} 
n 

n = k+ 1, ... ,N 

(24) 

(25) 

The terms, fMl' fM2 which appear in the equation for fk+Ml+M2 can 

be thought of as representing an absorption of the diverging 

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 t
k

, thus, 

Then the optimal returns from the branches, including Stages 

through k-l of the main branch, as a function of Yk is 

(26) 

f(k-l)+Ml+M2(Y k) = Max [fk- 1 (X k- 1)+fM1 (XMl)+fM2(XM2)] 
Yk=Xk-l=XMl=XM2 (27) 



Once f(k-1)+Ml+M2(Yk) has been determined, it is combined with 

the Stage k return as follows: 

After Stage N, this main pipeline can absorb other branches or 
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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 prograunning mpdeling of the diverging branch type fluid net­

work can be prograunned 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: 
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(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 
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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 0 represents discharge outlets. 

The design and maximum allowable pressure establish the pressure range for 

that particular discharge point. 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 life = 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 

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 4.86 5.05 3.56 8.00 
6 93.70 5.38 6.63 4.13 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 4 5 6 7 8 10 12 15 

in. dollars 

2 0.64 0.77 0.94 1.19 1.53 1.80 2.36 3.22 4.48 
3 0.90 1.07 1. 32 1.66 1.93 2.52 3.31 4.62 
4 1 ... 20 1.46 1. 79 2.07 2.73 3.48 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 4.16 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 

EN) END SIZE, in inches 
SIZE 2 3 4 5 6 7 8 10 12 15 

in. do 11 ars 

2 0.58 0.70 0.86 1.13 1.45 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 
4 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 4.68 
6 2.08 2.31 2.84 3.64 4.92 
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 conditions. 

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 



TABLE 4. SOLUTION OF THE EXAMPLE PROBLEM FROM COMPUTER PRINTOUT 

OPTIMAL SOLUTION: 

TOTAL COST = 3667.40 DOLLARS PER YEAR 

STAGE I. HEAD DI,AM. LENGTH I.FLOW D.HEAD DISCHARGE ELEV. TYPE 

34 56.9470 15.00 200.00 6.409837 53.2847 0.295671 6.0 C<»G 
33 56.0538 15.00 6 .114166 CRBG 
32 56.0173 8.00 200.00 1.164472 53.4055 0.296005 4.0 CONS 
31 55.1820 8.00 200.00 0.868466 52.2871 0.292890 5.5 CONS 
30 54.6876 6.00 0.575576 ELBS 
29 54.6829 6.00 200.00 0.575576 50.9151 0.289021 6.5 CONS 
28 53.7354 4.00 0.286555 ELBS 
27 53.7264 5.00 200.00 0.286555 50.0499 0.286555 7.0 END 

53.0854 
26 56.0014 8.00 200.00 1.162068 52.0918 0.292342 7.0 CONS 
25 55.1749 7.00 200.00 0.869726 52.2545 0.292798 4.5 C()\lS 
24 54.2373 7.00 0.576928 ELBS 
23 54.2324 7.00 200.00 0.576928 51. 3924 0.290373 5.5 C()\lS 
22 53.7864 6.00 200.00 0.286555 50.0499 0.286555 8.0 END 

53.5190 
21 56.0076 15.00 200.00 3.787626 51.4910 0.290651 9.5 COf\X; 
20 55.6615 8.00 3.496975 CRBG 
19 55.3684 12.00 200.00 1.923263 51. 5765 0.290893 8.0 CONG 
18 55.0723 6.00 1.632370 TEBG 
17 55.0096 10.00 200.00 1.107689 52.1319 0.292455 6.0 CONG 
16 54.7491 10.00 0.815234 ELBG 
15 54.7466 10.00 200.00 0.815234 51. 5549 0.290832 7.0 CQI\X; 
14 54.5966 10.00 0.524403 ELBG 
13 54.5956 10.00 200.00 0.524403 52.3581 0.293088 5.0 CONG 
12 55.0084 7.00 200.00 0.524681 52.4576 0.293367 5.0 COf\X; 

LINE NO. 

1 
1 
6 
6 
6 
6 
6 
6 

5 
5 
5 
5 
5 

1 
1 
3 
3 
3 
3 
3 
3 
3 
4 

BRANCHES NO. 

1 5 6 

1 2 3 

3 4 

N 
1.0 
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TABLE 4. CONTINUED 0 

STAGE I.HEAD DIAfv1. LEt-¥;TH 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 TEf'IG 3 3 4 
10 54.5023 10.00 200.00 0.462629 50.9781 0.289200 8.0 C(N; 3 
9 55.3657 10.00 200.00 1. 051632 53.3809 0.295937 4.0 C(N; 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 CeN; 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 COt-¥; 2 
4 55.3675 7.00 200.00 0.522081 51. 5586 0.290842 8.0 C()I\l; 1 

THE OUTLET PRESSURE OF STAGE 4 WAS REDUCED FROM 54.9938 TO 54.4479 

~ 54.4470 8.00 0.578096 CRrIG 1 1 2 3 
2 54.4433 12.00 200.00 0.578096 51.8068 0.291541 6.0 CON; 1 
1 54.4095 10.00 200.00 0.286555 50.0499 0.286555 10.0 END 1 

54.3863 
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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 independently of 

the rest of the network to this segment of network. The design will 

provide cost, C(p), as a function of the water pressure at point 
c 

C for any given design pressure at points D. 

2. 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 1. 

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. 

3. Let C(Pi) be the cost of the segment from point A to point i as the 

most upstream point at pressure Pi. The slA 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(Psl) and C(P52) can be obtained for seg­

ments from 51 to A and 52 to A. 

4. For any feasible sequence of pressures (p l' P 2' P , p ) at points 
5 5 a c 

51, 52, A and C, the total cost of the network form segments is 

equal to C = C(P51)+C(PS2) C(Pa)+C(pc)· where Ps1 ~ p I

51 ' 

P 2 < pi 2 and pi 1,pl 2 are the highest attainable pressure at 5 - 5 5 5 
points 51 and 52· The pressure sequence (p'" 5 l' p* 52' p* a' P)~ c) 

which minimizes C determines the optimal network design. 
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Appendix A. Glossary 

Cost of connectors between ith and (i-l)th stage, in dollars 

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

L Life of the fluid network, in years 

N Total number of conduit segments in the fluid network 

P. Designed discharge head of the ith stage, in psi 
I 

PD. Discharge head at discharge outlet of the ith stage, in psi 
I 
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Q •• 
I,J 

Q. 1 • 
1- ,J 

q. 
1 

R. 
1 

r. 
1 

s 

T 

v. 1 1-

V~ 1 1-

x. 
1 

x. 1 1-

X! 1 1-

z. 
1 

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-l)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. Main Computer Program 

IIPIPE Joe IIQIt8t,'YlNG',P4SGlFVEl-11,1' 
II EXEC: TSOCATP,NA"'F.'T619880.YANG.p,pF..fn~T' 
1/ F.XFC TSOPOs,NAr4Fa l T619880.Y"'~r.. pIPF.F('IRT' ."'FMefA-OFMO 
lI';O.SYSUiI DO, • 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
( 

C 
( 

C 
C 

r. 
c 
c 
r. 
c 
C 
C 
C 
C 
C 
( 

r 
C 
C 
( 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
( 

VIS 

cP 
H 
Z 
F 
DO 
00 
XO 
CO 
on 
pF 
o 
QI 
( 

xl 
XM"'X 
XMIN 
XOEl 
xn"'l~ 
XOI"IAX 
xn 
nr 
~C 
GH 
XOO 
VP 
(l 

oS 
KO 
KO 
KK 
,V 
KSZ 
KP 
nrA 
NO 
OIA 
(flPT 
COTFF 
COCQS 
eOflH 

THIS IS THF MAIN PDOG .... M 

FlIJIO kINEoI4UIC YISCOSITV, IN FT ••• Z/SEC. fl.21E-~ FOR 
IwATER AT 60 OfGkFE'S F.I 

: PIPE UNIT COST, IN ./FT. 
t PIPF lENGTH, IN FT. 

01 SCHARGf ·~lEVo\TI'lN. IN FT. 
PIPF; "OUGHNFSS, IN IN. 

: OIA"IETFP OF PREVIOUS ST ... GF, IN I~. 
I EXIT FLUI" FLOW ~"'TE, IN CUIlIC ~T./SF(. 

IJUTLfT TOTAL HFAO, IN PSI. 
TOTU COST U" TO PRFYIOUS !\T ... GE, I~ S 

I OISCHAPf.'F AA,TJ:, I~' CUBIC FT./SfC. 
: RfY"'DlO'S "'UMBF~, nl~E~SIO~lFSS 
: PIP'= I")R "TH'=.P JOI"'TS 01 A""IFTER , IN IN. 

ita f::T flUID J:lOW lUff, IN CURIC FT ./seC. 
TnT 401 COH UP TO PRFSCt.!T 'ST AGf, It.! S 
l~lFT TnTH Hca." IN PSI. 
nFSIG~Fn ·~A)(. tNlr:T TOTAL HFAI'l, IN P'St. 
OES IC~Fn "'I~. INLET TOTAL HEAD, IN PSI. 
INTr:RVAL FOq, !'=lI"'UI"'TI~r, -; ... ",F INLET TOTAl HJ:AO, 1'1 p~'. 
OHIGr~,=n nl~CHIIA:GF PDF~SUR.F, IN PSI. 

I OFSIG~Fn AtlOwfRLF MAX. DISCl-tAJIGF ppeSSURE. '" PSI. 
OISO~4QGf HI=AO, IN pst. 
OISCt-lo\O:GF C!1fFFICIFNT. IN CURIC J:T./SEC./SQ.AT.fPC;F.1 
CON~IFCTnps COST, I~ , 
LC:NGTH nF GP"'OUU CHANGr: TVPF CO~Hw::rT""S, IN FT. 

s OUTlfT TOT&.l HfAO AEFnRF IifAn If'''SS Ih r:OfiNF(.Tnll', IN PSt .. 
I VFL"CtTY Hr:",O, IN PSI. 

HFAt) l~SS coFFFICIENT, nlMFNSIONlfSS 
I PF(JUt~FO OISCI14R:GF PUF, IN Cuelt: FT./SI7C .. 

:"IFC r $I ':"!N FOP OJ SCHARGF TVPF 
flFelSlnN FOR J~CllJnJNG W ... STFn FlUl1I CJ'c;r 

I 5TAGF CATAGnRy 
I CUNNFr.T 10 .. TVPF 

nFCfSION Fr')M ALLOWING C;M"'llf"P PIPE IN IIPSTA.FA'" 
I)H ISlnN FOP I"'ClUDI~C rOWFR (nST 

I A~SIG"'~O rlSCHARGF r.nI:::F .. , I~ cUinc FT./SH./St).NT.IPSF .. 1 
I ~Ll. nF OIFFFRENT "llF nF PIPFS OP "TI-I~R JOINTS 
I PIPJ: 'lP Jr.PHS SIlJ:. IN U~. 
I f.OST flF PIPE, IN "FT. 

r:(lST nF Tf-f- J(lINT, IN , 
, COST or GRf1SS JfJINT, IN , 

C(lS T !IF H HOW, IN , 
(lAQ ~A'JllIS 'JF BFNDI .... G CUIIVATIJQE OF FlI:iIlW, J~ .'1. 
r:f1SUO ,rI1~T ,II=- SUnOFN CH"'Nr~F Typr: rnm!Fr:TpoS, IN I, 

U)SUO(T,J) t CflSUDCJ,IJ AilE THF cnST (lr CONNFCT"~ J3ETWf::I:N 
SIH I lI. .... n J PIPFS, Ij: laJ THEN C(1SU""'O. 

(OGI'A I (O"T '1F r;DAnuo\L CHAI'fr.E TVPE cnNNECTfl~, fill , 
X1AO\II,C.A ..... IJU .... ,'>AAA.XOUA "R.E WnRKING c;p.'\rcs lfl STO~F FEASIRlF 
SI"'LUTlfY.IS 4T fACH STAGE 
4.,11, A~~ (IINSfAIIITS 
l ASSIGNI'O proElINt:' '"!l,,,,ern 

"-I NO .. (.F HAS lBlF S(lU1T1flNS AT FACH STAGF 
NI fiFCI"'IH\ ' .... !)fX flN OIRFCT-4CCFSS nAfA SJ:T 
,I Nl'. rtt:' ~TAr;J:S 

fl : ~ll. OF fHUNCH ANt> "'EQG~ JnINTS 
10 Nr. fll= Mr:IHjl!' JO' .... TS 
~H" : NlJ. (.F aDlINCMFS "F FACH BRANCH np MfAGF JllInT 
I K I(N, IICKl .1 KKI<" I. "IP, I KKV, IlU ,RQOI"J,HI(I(H, ZKK.l ,OCIO( ACl.F wnRK r~~. 
SPACf'S Tn STQP~ INrOR"'ATI'1N nF F;At':H ST ... eF. 
IF lIFI= ("1'= FlUlf) NfT"IIR.K, IN YR. 
INT I HHEPFST ('1F INVFST,..FNT, IN PFRCFNT 
5 ,IoIATI:P(U 5AlYAGF VIILUI:, ,~ nHI~.l (IF 0RIGINAl VAlU:' 
CF. UNIT F .... ERGV enST, IN t/HP-HA:. 
T ANt.lUAl US,lr.F TlMf:, IN HntJq 
FFF I FrFlClfNCV 'IF C(~V~RTI'¥i SOURCr: P'1wF;fI 'T., FLIJlO POW!=A, 

IN OECIMALS 
tF I HUIO cnST, IN S/lOOO CUBIC FlEfT 

OFAI. IF,INT 
CIlHHQN II TFHl/Y lS, CP,H ,Z,F ,OO,QO,XD,CO,QD,kF' ,0,01, C, XI.X"'AX, XMHI, 

"'xnEl. xmu N, xn", ... x, XO,OC ,CC ,GH,XOO ,VP,c.t ,OS, KQ ,l(fI, KI(, KV, K'SZ,KP ,oe fI 
CO"'Iol!1N II TEMZ/NO, OlAf 30' ,cnPlIlOItCf1TH,]O I, tOep SI ]<'1' ,COH 1:'11 30', 

.... El t\R (30) ,COGRAf30 ,30', cnSIJOI30, 30' 
(.OMMON If TEMlIX UAA( ~OOJI ,C ... A .... 20001 ,Q .... ,A( ?OOLl), 'lA"'A(2000), 

*XOAAAI2000' ,A ,ij, l ,N, NI 
C OMMOi" /I Tf"'''1t I, 1L, JO,N". IKKN( 100), I KlCl (1 Olll, '"KK f 1001, ILNPC ~O" 

*IKKVI100" Illl( 1)0, 3) ,ROfJQI500,J1 ,HKKHII ao I, ZKlCl C 100' ,nCKK( 100. 
COMMIlN IlTEJ'IIl'JIlF,INT.S,CF,T,FFF,(1= 
VfS-1.21F-15 
OCA-O. 00""13 754 
'1 .. 1 
IL-O 
10-0 
IKKNIlI .. O 
A--IO. E?5 
a--h). F30 
no 1 1"1,50 
fln 1 Jo::l,3 

1 ~uQ(lel,JI=O. 
0EwlNn 1 
OEFINF FrlF. ZOOOO,10,L,"1 I 
!.IFAnI1,2) NO 

2 FOP.'4AoT« rs, 
['If! 3 I zl,ND 

'3 R EAnl1 ,It' nl!'l, I J ,(OPIII. ,COlFEf r "coclise I I ,COFLB(II ,ft.S"II. 
It FORMATIH.j,Fij.It,ltF6.2' 

PFAnCl,'), ~,lr"NT,s,eE,T 

'5 FOPM.T(FfI:.b,"'6.l,3Fb .. 2,F6.11 
READIl,61 FFF,CF,GH 

6 FOR,..ATl3rh.21 
on 10 t"J.,N(1 
J 1-1 
Jl-b 

a IFIJ2.GT.NOI J2zNO 
AfAOI1,9) (C(1C.l~A(I,JI,J"Jl,Jl' 

9 f(1RMA T fbfb.2) 
JI-Jl+b 
J2:r:::J?+b 

fFIJI.Gl.NO. GO TO 10 
GO TO 8 

10 CONTINUF 
on 20 ,-I ,NO 
Jl-I 
JZ-6 

15 IFIJ2.GT .No, Jl-NO 
READ(1,9) (tOSUDII.J •• JaJl.J2. 
JI-Jl+6 
JZ-JZ+b 
IF • .I1.GT .NO) GO TO 20 
GO TO 15 

20 CO'HINUF 
WRITEC6.2U 

21 FO"M"'T"OfNT~ 1 TO PRI~T DATA OF MATFRIAL COST, 11THERWtSE 0'. 
RelD.5,.' k2 
IF IKl .NE. 1) GO TO 45 
WttITF(6.121 NO 

22 FnR~AT(/tONU"'8ER OF Ay .... l .. SLF= SIlF • ',n,II,'OWJ.',3X,''''JUf'l.UJ.', 
·ZX,·PIPF COST,IIFfI,ZX,'TFE' CI)ST,t.',2X,'CPOSS cnST,",2X,'F.LROW r.n 
*ST •• ',2X,'R. OF BENIlING CUAYATUPE,tN." 

00 25- '-1 ,NO 
2-; WRITE(6,Z6) t ,OIAI" ,COPt II "COTEFf I) ,COCR'Sf II ,CnFlec t I, FlBP (t I 
26 FORMAT (. O' ,t J,~x, F6." sx,Fe.~, 8X ,F6. 2 ,6]( ,Fb.?, 9X ,J:b.2, 17X ,F~.2 I 

WRJTFlb,21. Gtt,COUCll,l-l,NOI 
2' FORMATII'ocnST OF GR"'OU,u COl'f~fCTO't. BF;TwEEN I'JFFERENT OIAHr:TrQ,S, , 

*N ",/,'ocnNNECTflR lFHGTH _ I,fb.2,- FT.',I,Cn.,lOJ:A.811 
flO ]0 f.-I ,NO 

)0 NR ITf(6, 311 OJ&, I II, I COG""''', J ),J"l ,NO I 
31 FnRM.tT C lX,Fb.J, 10FB.2 .I., IU,lOF •• 2) 

WPITEC6,32' 
32 FORMATII'OCOST OF SUOO!N cnNNFeTf'JR eFTWEF~ IHFFFoE~T nU"'~TJ:oS, PI 

• S'I 
DO ~O l-l,NO 

~o WR.ITFC6,3lt nUIII,ICflSU[}((,J"J-I,~O' 
0\5 WRJTEC6,~bl 
~6 FORMAT,'OENTER 1 IF CONTInuE FR.O .. Il-RFVlnus INCn"'PlFTF TFST, flTI-l!=~\~ 

.1 SF. 0') 
RFADI50,.' Kl 
IF(Kl.~f.ll GO TO "7 
tAll cnNTUl 
GO TO 100 

.,7 WRfTFfb,4U YIS,F,lF,INT.S,CE,T,EFF,CF,OCA 
48 FORMATe/'OHUln KINFMATIC vlScnSJTv - ',ElO.3,· FT.$"'2/~EC.',I,'OP 

*IPF ROUGHNFSC; ... ,FIO.6,' IN.',I,'I)PIPF llFF .. ',FR.1,' VI).',I,I~r 

*NTF.REST" ',to6.2,' PfIl'CfNT',I,'OSAlV"GF; VALUE - ',Fq.?,' llr mqr.pl 
.Al YAlUf'tI,'OENERGV COST. ',J:".2,' l/HP-HQ.',I,'04NNIJAl lI"II.f,F Tl ."'F. s ',FA.l,· HR.',/,'OCONVER'StnN EFF'. FROM powr:R. snUACF TO Flllfn 
.POWF.11 - ',F8.2t1,'OFlIJIO COST = ',Fe.z,' 111-000 GUSIC FT.',!,'OrlT,\ 
"'CHARGF cnEFFICIHIT - ·,Fll.1,' CFS./SQRT(PSF.JltllI • 

WR ITElb,4<ij 
49 FOP"'IA.TI'OF~T~O 1 If YOU IIIII"NT Tn US'=" nAT", OTHFP' TlIl.N GI'II=N AK':1VI!' r.Y 

.CLUDING "tAT~Enu COSTS, nTHEqWrSF 0' J 
P ': ... 01'5,.1 Kl 
IF(lC.l.NF.lI Gn TO 60 
WP.JTF.lb,501 

50 F mn.1 AT ('OENTER FlUI') KINFMATIC VISCOSITV, PIPr ~rJtIGH·:r~.::, f"P!=' Ill: 
*F, INTFI<FST, Sl\lyAGF VIolUE,',I,'IN THF S ... MF UNITC; .'S AP."V<"lJ 

AE"'OI5,-' VIS,F,lJ:,INT ,S 

WP IT E Ib, 55' 
505 FOR ...... T('OFNHP F~fP:GV CI"JST, ANNUAL USAGF TC"'F, (.'11"I/-"sr· 'I (f., r.1 

*UI[l COST, ANO OISC~AAGF cnfF."I/,'1~ THE StMf IINfT' .. A'\ ~·\IIV~I' 
RFAOI5,.' CF,T,EFf,GF,I"IC4 

60 NIsl 
WRITE(6,bl) 

61 FURMU('OENTFA 1 IF S"'UlFR SIZFO PIPJ;' AT UPc::r~~,,·\ 15 mlT ;'1ll'lwr'1, 
• OTHEA:WISE 0' I 

FlF"'O(5,*t KSl 
WRlTE(6,b2' 

b2 FOA:M ... ,,'OFNTEP 1 IF WASTFO FLUro rnST 5Hf)lIl0 Sof:: rNClUrJFn, 'lTHF~'H~' 
.F -0') 
RFADI5,.' KD 
~RITFI6,63' 

63 FrHH44T('OENTFR 1 IF POWER COST SHOUl" RF nlcumF"I, 'lTHFPWISf 0'1 
REAOf5,.' KP 
WttITF(6,b61 

66 F(lfU",AT('OFNTeP THF "'SSICNEn NUpoiIafP nF PIPE l fN!=" 
READ(5,.) L 
kK-l 

100 COftTJNUf 
KY-l 
H-I • 
z-O. 
N-O 
DO 110 1-1,2000 

110 XU,A .... 1 )-8 
IF III.EQ.lI GO TO 1bO 
NRITF.C6,lL51 

115 FOII:M"T('OFNTf~ 1 TO C"'lClilATF; THE FNO C;TA\iFS',I,'O',6X,'7. Ttl r.rl"·I~ 
.CT TWi) ST ... GEC;'.I,·0·,bX,'3 Tn Hf'RGf' PIPElI'tES kITH HE JIllII,!T',', 
,'O',6X,'~ TO "'ERr.F PIPFLINES WITH CROSS Jnl'H',/,'O',6x,'5 TO TUIl"1 
• THE FLOW ~ITH El80W',I,'O',bX,'6 TO R~4NCJt PID!"lIf11FS WrTI-l HI: J'll 
*NJI,I,'O',6X,'1 Tn I:HU.~CH PIPfllNFS Wlnl CQOSS J1INT'J 

RE"'0(5,.' I(f( 

120 CONTIN~ 
GO TO 030,130,240,240,130,130,130 I ,ICK 
GO TO 100 

130 IF (IItK.EO.lI GO TO "'0 
WRITFe6, 132) 

132 F/)ft!l4AT('OfNTEP 1 Tn SHIFT PIPE LINE, nniF.RWISE 0') 

Rf"'Of5 ,.' Kl 
IF IKl .NE. 1) GO Tn 150 

140 WRITF'6,bb' 
RE ... O",.' l 

150 IF CKI(.EQ.5) GO Ttl 260 
IF IkK.EQ.6 .('Ilt. I(k.EQ.7) GO Tn 280 

160 WRITEf6,1bZI 
lb2 FORfIfIAT(iOENTEP 1 TO SPECIFV RFQUIPEO OlSCHAQGE'",'(}',6)(,',l Tn tlSr: 

• nlFFFftFNT DRIFIcr:: SIZF (Oft ~O OISCHARGF AT TI-tJS STAGE1'.I,·O',~-x, 
.') TO USE OPIGINAl ORIFICE SflF'J 

READI5,.' KO 
GO TO (170,180,190),KO 
GO TO 160 

170 WRITEllll1711 
112 FOR"'ATI'OENTER THF RE'QUIR:EO OJ~CH"'AGI:', IN r:FS." 

RFAD'5,.) OS 
WRITf:t6,17Iti 

170\ FOR"'ATI 'OENTER THE nES IGNEO Dr SCHARCr: PRES'iUPE, p~ [151." 
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Appendix B-1 (Contd) 

R.EAD(S, •• XDMUt 
GO TO 210 

180 WRITEI6,1821 
182 FOR"tT('OE~TER THE DISCHAW.GE COEFFICIENT, III CFS./S.TlPW.",I,'n 

.EHTER O. IF DISCHARGE IS NOT NECESSARY-' 
READ(5,.) DC 
IF(OC.lT.10.F-351 GO TO 210 
GO TO 200 

190 OC-OCA 
ZOO WRITE(6,20ZJ 
202 FORiI4AT(lOENTER THE DESIGNED nISCHA"GE PtIIE'SSURE, AND DfSIGNEO ALLOW 

.... BLF MAX. DISCHARGE PRESSURE, IN PSI." 
REAOI5,.' XDMIN,Xm'lAX 

210 WRtTE(6,ZI2, 
212 FORIIUT, 'OfNTEP THE LFNGTH OF THIS STAGE AND THE rn SCHARGE flE'yATIO 

_Nt IHFT.') 
RFADI5,.' H,l 
CAll RANGE 
IF fKK .EQ. 21 GO TO 220 
CALL ENOSTG 
CAll RFSUL T I &lOa, &1000, !:.loa, £,ltOO, 

220 CAll CONEeT 
CAll A.E'ioUl TI &lOa, £.1000,,]00, ,4-001 

240 CAll MERGEIUOO,&2501 
250 CAll RESUL H &lOa. &)000,,300, ,4-00' 
260 CAll RANGE 

CAll El80W 
CAll RFSUl T( UQO,&lOOO,lJOO,''''oo, 

280 CAll BRANCH 
(All RFSUl T (' 100, &1000, BOO, £.400. 

)00 WRITF(6,)05' 
)05 FORMATt'ONO I\ESUlTS PROOUCEn, RE-OO THIS STAGE" 

GO TO 120 
400 (All CONTU2 

GO TO 1500 
1000 CONTINUf 

CAll OPT I'" 
1500 STOP 

END 

SUBROUTINE CQNTUl 
REAL IF,INT 
C.OMMON I ITEMI/VTS, CP,H.l, E,no, oo,XO,CO,QD,RE ,0.01 ,C, Xl ,XMAX, XMI N, 

.XDEl, XOMIN,XDHAX ,X[l,OC ,CC ,GH, XOO ,vP, (l.QS ,KQ.Kf),KK ,KV, KSI,kP ,DCA 
COMMnN I fHIO/x lAAAI 20001 ,cu ... , 2000, ,O-.AAI2000I,OAAAIZOOO', 

.XOA.4AI 2000), A ,R, l ,N, NI 
COMMON If Tf Mit If I ,Il, IQ,NP, IKK.NII00" IKKlll 00 I, IKKK t 100 I, IL~Pt 50', 

.1 KKV t 100 I, flU t 50, 3), ROOOI 50, 3 I ,HKKHI10D), lKI(Zllool ,OCKKI 1001 
COMMON IITEM5/lF,INT,S,CE,T,EFF,CF 
RFWIND 3 
REAOC3,l1 1I,ll,IO 

1 FORMATCl5,2111 
00 ') I "'2, I I 

5 RFADI3 ,71 IKKNt J I, tKKl (t I, IKKI«( I h IKKV( II,HKKH( I hZKKl (II ,OCKk('» 
7 FORMATlI4,13,211,3A41 

IFIIL.lE.DI GO TO 25 
00 20 '-I,ll 
PEA0(3,9) NP,(ILll(J,J"J-I,NPI 

9 FORMATII3,31J11 
20IlNPIII-NP 
25 IF IIO.lE.OI GO TO 35 

0030 I:cI,IO 
30 REA0I3,321 (IHJOOII ,JI.J-l,3J 
32 FORMAT (3.0,4' 

35 CONT lNUF 
REA0I3,37) VIS,E,LF,INT,S 
Q.EA013,371 CE,T,EFftCF,OCA 
~FA0I3,31) KSltKP,ltO 

37 FORMAT(5A4' 
IK-II-J 
WRITEC6,40J IK,IKKL(III 

40 FORMAT('OTHE LAST STAGE IN Pq,EVIOUS STAGE WAS',IS,', AND THE UNF 
.NO. wAS ',I3,1,'OENTER A NUMBER ~ ~UCH THAT THIS JOB WIll CONTINUE 
.. FROM N STA.GES BACK OF THE lAST STAGE OF lAST Joe'tI, 
.'OENHR. 0 IF CONTINUE FROM THE NEXT STAGE') 

PEAf115,.) ISTAGE 
IFe (STAGE.EO.OJ GO TO 60 
0050 l-l,ISTAGE 
JJ-ll-(l...:ll 
KK_IKKK( JJ) 
IFIKK.EQ.I .OR. KK.EO.2 .OR. KK.EQ.5. GO TO 50 
n-Il-1 
IFeKK.EO.6 .(')fl. KK.EQ.7J 10-10-1 

"iO CONTINUE 
I'-II-ISHGE 
CAll (ONTU2 

60 l-IKI(l(II, 
NI"'IKKNlllI+1 
RETURN 
END 

SURROUTfNE CONTU2 
RF.Al IF,INT 
COMMON II TFMI/VIS ,CP,H, l,E ,00 ,00,XO,CO,QO,RE to,OI.C, Xl ,XMAX,XMfN, 

• XOEl, XO'" 1 N, XI)MAX, xo, DC ,CC ,GH, xoo, VP, C1 ,QS, KQ, KD, KK, KV, KSZ, KP, DC A 
COMMON II TFM41I I, Il, IQ,NP, IKKNlloo" lKKlIIOO), iKKKIIOO" IlNPI50', 

.1 KKVII 00 I, IUU '50,31, ROOOf50, ". HI(KHI 100 J, lKKl( 1001 ,OCKKC 1001 
cn~M"N IITEM51l'f',INT,S,CE,T,EFF.CF 
RFWINO l 
WRITE(3,IJ tl.ll,IQ 

I FOR~AT(J'5,213) 

fin 5 1-2, I t 
WPlTF(3,1) UKNC I J, (KI(LI I J ,IKKK( I), IKKV( I ),HKKHI t l,ZKKIII, ,nCKK( I J 
FOPMATI14, 13,21 I ,3AIt) 
IF I tl.lE.O} GO TO 25 
00201:al,1l 
NP-YLNP( I J 

20 Io.'RITEI3,Z31 NP'(IlllII,J.,J-l,NP' 
23 FOR~ATCI3,3131 
25 IF (IQ.Lf.OJ GO TO 35 

0030 1=1,IQ 
30 WRITEO,341 lROOOIt,JItJ-I,3) 
34 FORMATllA41 
35 CONTINUE 

WRITEI3,371 YIS,E,lf,INT,s 
WRlTFll,31) CE,T,EFF,C~,DCA 

WRITE(3,371 KSl,KP,K.D 
31 FORMAUSMI 

RETURN 
END 

SUBII:OUTINE ENOSTG 
REAL LF,INT 
eOMJ4ON IITEMI/VI S,ep,H,l,E, 00, OO,xo,CO.QO.PE ,O,Q!,C, Xl ,Xliii ..... , 

.XDfl ,XOMIN,XDMAX ,XO,DC ,Ce,GH, xoo ,VP,Cl ,QS ,KO ,KD,KK ,KY,K.Sl,IItJll',DCA 
COMMON I tTEMZ/~O, OUUOI ,COP l( 30" COTEEI 301 ,CoeR S130, ,CnELB(301 f 

.ElBR (301 ,COGRA(30, 3eu, COSU0(30,30) 
COMMON ItTE"'3/XU ...... IZOOO) ,CAAAI 2000., OAAA( 2000) ,OAAAIZOOOI, 

.XOAAAC 2000), A ,B,l.N, HI 
COMMON It TEM5IlF, tNT, S ,CE, T, EFF,CF 
00-0. 
CO-O. 
CC-O. 
yp-o .. 
DO 100 J-I,IOOOO 
AJ-J 
XOTEMP-XOMIN+C AJ-1.,.XOFl 
IFII(Q-II 15,25,15 

15 IFIXOTEMP.GT.XOJ4AXI GO TO 200 
GO TO 35 

25 IFUOTEMP.GT.XJ4AXI GO TO 200 
35 )fo-XQTEMP+Z.U.7133.Q 

XOO-XO 
00 90 l-l.NO 
o-OIA(1J 
CP-COPt( I, 
CAll PRFS(&90,£.ao) 

80 CALL COST 
CAll STORE 

90 CoNTINUE 
100 CONTINUf 
200 RETURN 

END 

SUBROUTINE CONfCT 
REAL LF,INT 
COMMON IITFM I/vl S ,CP,H,Z ,F ,00,00 ,XO,CO,QO,P:E ,n ,01 ,C,XI ,XMAX, XMI N, 

.XOEl ,XOMIN,XOMU .XO, DC ,ce.GH,XOO ,VP,Cl,OS ,KQ ,KO, I(K ,KV, KSZ, KP,OC ~ 
COMMON /I fEHZlNO, OlAO OJ ,coP I( 30. ,eOTEEI )0) ,COCRS( 30 I ,CfJElIl(30), 

-£laR(30, ,COGRA' 30. 30', COSUD( 30,30) 
caMMON IITEN3/XIAAA(2000) ,CUA(2000) ,OAAA120001 ,n ... AA (20001, 

.XOAAA(ZOOO) ,.o"B,l,N,Nt 
COMMON IITEM411 I,ll t IQ,NP, IKKNIIOO I, IKKL( 100 J, tKKKI 1001, tlNP 1 501, 

.'KKV(lOO), tllLC50,31 ,ROOQ(50,3) ,HI(KH( IDOl. lKKZ( 100, ,DeICKe 1001 
COMMON /tTEM'5/lF, I NT ,S ,CE ,T ,F.FF ,CF 
CAll RETRVINJ, tNOdV, IKI 
00 aD l-l,NJ 
FlEADeZ'NI,51 XO,(O,QO,DO,XORFTV 

5 FORMAT (5AIt) 
IF CINO.FO.1 .OP. INO.EQ.2) GO TO 35 
GO TO 45 

35 QO-QO*RQOOIIY,UI 
IF IIND.FQ.It CO-D. 

45 vPl-OO •• Z.16. *11t1t."Z.14. 7/1 OOUIt.3 .. 1416 •• 2.2 •• )2. 2.33.9 I 
00 60 J-l,NO 
n-DU(J) 
IF IKSZ.fO.1 .ANO. O.lT.rJOI GO Tn bO 
C P-COP II J 1 
IF IKV .. EO.ll CALL SUDDEN 
IF IKV.EO.21 CALL GRlOU 
XOo-XO+cl·VPl 
CAll CONCO 
VP-OO •• Z:.lb •• 144 •• "'2*11t. 7/1 0.*4*). lit 16 •• 2.2 •• 32.2·33.91 
CAll PRfSI&bO,&501 

50 CALL cnST 
CAll STORE 

bO CONTINUE 
80 CONTINUE 

RETURN 
END 

SUBROUTINE MfRGEe.,.) 
REAL IF,lNT 
COMMON I tTFMl/Vl S, CP,H, Z, E ,00,00 ,XO, CI),QO,RE ,O,Ol, C,)( 1 ,X"'AX, XM tN, 

.XOEl,XOMIN, Xf)MAX, XO,f)C ,ec ,GH, XOO ,VP ,Cl ,OS ,KQ ,KD I KK ,KV, KSl, KP ,I1CA 
COMMON IIHM2INn, OIA (30) ,COP 1130 I t COTFE( 301, COCP S( 30) .COEl B( 30) , 

*HBR (0) ,C.OGRA( 30, )01 ,COSUD( 30.30) 
COMMON I IT~M3/X UAA( 2000) ,CAU I 2000) ,OAAA 120001 ,nAUI 20001 , 

.XOAAA( 2000 I, A ,8, l ,N,NI 
COMMON !l TEK4/11, IL, 10 ,NP, IKKNC 100), I Kl(lllOO), (KKK (lOa), IlNP( 50), 

.IKKV (100), lllLC 50,31, RQQOC 'i0, 31 ,HKKHI lOa}' ZKKI 11001 ,OCKKII001 
CO~MON IITE"5/lF, tNT, S ,CE, T ,EFF,CF 
DIHENS ION III 31, INDI 31, 1X1131, 1X2(31, X1TEMP( 3) ,C TEMPI3 I ,QTF.MPI 31, 

·OOTFMP(3) 
Kl-O 
NP-KK-I 
WRITE(6,2) 

2 FORJ4ATI'OFNTEFI THE ASSIGNED NUMBER OF PIPElINES WHICH Will 81= ~F.PG 

·ED' ) 
READ'5,.) ILtC I), l-l,NP, 
WRITEI6,3) 

) FORMAT(lOENTER THE ASSIGNED PIPFLINE NU"IeER AFTFR MERGING!) 
RF.AO(5,.1 1 
WRITFlb,1t1 

It FORMAT('OENTER 1 FOR SUDDEN EXPANSION OR COf>4TRACTlON l1PE OF CON~F: 
*CTION' ,1,'0' ,6X,'2 FOR GRADUAL EXPANSION OR CONTRACTION TYP~ OF en 
*NNF(.. liON') 

REAO(5,.J KV 
5 WRITEI6,61 
b FORMATf'OENTER THE ALLOWABLE PRESSURE OIFFERFNCE AT THE MERGING PO, 
*INT' , 

REAOI5,.1 DIFF 
IF (Kl",EQ.1I GO TO T 
C"'Ll RANGE 
IK-II-l 

7 00 20 K-l,NP 
DO 10 I_I, IK 
J-II-(J-lI 
IF (LUKI .EO. IKKlfJI. GO TO 15 

10 CONTINUE 
WRHE(6,11 I 
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11 fORHAT C' OERR()ft·) 
15 IXlCK.·IKK~(J-U.l 

U2IK)-IKIOUJ' 
20 INO(K)-UUIO 

1YI-UIl1l 
IYZ-1X211} 
00 80 t-IYl, 1Y2 
NI-I 
f IHautHI J 
READt 2'1'0,)1,31' Xl Tf"Pll. ,CTF.MPC 1) ,GTE .. ,n t ,OOT e,. " •••• 

31 FORMAT 15.4' 
00 50 1('"'2,NP 
Ill·'~O(KJ 
IlZ-U2CK, 
NI-1l1 
OIFF2-01FF 
on ,,0 ,pill, 112 
F INa.ZltH. 
P:EAO(2'~I,]U Xl.(.Ol,O,XO 
OflPZ-Xl TEMPI II-xl 
DEtP.ABSI r"lelP2' 
IFfDElP2 .. lT.O •• ANOO' J.FQ.IlZ .ANO. DElP.GT.DIFF. GO TO 40 
IF (Of:lP2.GT.OIf:F .AMO. INOtK •• F.Q.UlI GO TO eo 
IF CllflP.GT.nIFF2 •• ~. OIt=Fl.lT.OIFF' GO Tn '0 
If (OF'lP.GT.OtFF2' GO TO ItO 
01 fFz-nElP 
INDIK,-J 
XITEMPIK,-xl 
CTFMPIKJ-C 
UTE'MP' K)-O 1 
onTEMP IK )-0 

40 CONT (HUE 
50 CONT I~Ur:' 

go-o. 
ra-o. 
00 60 K-t,NP 
QO-OO"QTEMP(K. 

bO CO-CO+CH"PIK. 
XO_XITP1PIU 
VP ._QTEMPI1I •• Z.16.*144 ••• Z.14. llC Don:_ll.**.*J •• 4, •• *Z*Z.·JZ.Z· 

"33.9' 
no 10 JJ-l,NO 
o-rHAtJJ' 
TCC-O. 
no 6S K::ol.~p 

DO,..OOTF"'PIK I 
IF (K~l.'j:'O.1 .A~!O. O.lT.nol GO TO 70 
CAll CONC') 

oS TC(_TCC+CC 
CC-TCC 
IF IKK.EQ.3, Cp.r:OTFFIJJ, 
TFIIO(.FQ.4) cP-COCpseJJI 
IfIKY.FQ.lI (All SUOl)f~ 
tFUV.F.O.21 CAll GRlOU 
XOO-XO+Cl*VPl 
no-sop T(NP*O*O, 
C boll SUflf)E~ 
YP_ (QO""*Z-QTEMPe I '**2 •• 16.*1~~. *.2*1~. 1II"*"' •• 3.11t l,.**z-,l •• Jl. Z­

*33.9' 

X I-XOO+YP*Cl 
01-00 
QO-O. 
CALL CflST 
CAll STOIlF 
N"'~+ I 

10 CaNT INUE 
BO CONT INUE 
90 CONTINUf 

IF IN .EQ. 01 GO TO I'D 
1l-IU1 
00 IZO K-l,NP 

120ItlLltl,U-llUtJ 
IlNPllll-~P 

GO TO 200 
150 WRtTE16,1551 
155 FOR"'UI'QNn IIIATCHFO "RfSSURE. E=NTFA 1 TO AFftil,FP HoITEAVll, E"TF~ 1 

• TO GO BACK TO no OTHER CONNfCTfrJN~" 
P EAD(S ,*1 Kl 
IF (1(1 .EQ. 11 GO TO I} 

IF (K1 .EO. ZI PETlmN 1 
zoo RFTURN 2 

END 

SU8ROUTt NF El80W 
PEAL IF.INT 
COMJIIIOH IITfl4l/YI S ,(P,H,l, E.no,oo,xo.Co.oO,ltc .D.QI,C,Xl ,X ...... D",. • 

• XDFl ,xn .... N, XOMAX, )(0, nc ,Ce,GH, XOO. VP, el.QS ,KO, KO,IO( ,Ky,It$Z,K~,OC" 
COMMON I (TFM2/NO,OUI 3D) .COPI(30)'COTFEt 30' ,COCRS' 3(1, ,COq,SI30', 

*H FH~ (JOI ,COCR AClo, 301 ,CO$(l0110,30' 
cnfo1MON IllF .... i!X lAAAllOOO, ,CAA .. UOOO. ,Q,U.l.CZOOO' ,OAAAC 2000'. 

"'XOAAA( 2000., .... B ,t ,N,NI 
COMMON It TF.M~/t I, IL, IO,NP, IKKNIIOO I, IKKLC 100., IKKKI 100" n ..... 50., 

.I.KI(VC 1001 t IllLl50, 3' ,RQQOI 50,3' ,HI(KHC too, ,ZKl(lC 100. ,1')(1(1( 1100' 
COMMON 11 TEfooIIS/l F, INT ,S ,eF,T ,E'FF,CF 
DtMENSlt')N E90'9 .. ~OC91 
OATA E90/1.l6, 1.0, .. 7,.1t, .22,.13,.1,. t)jIJ ,. 0111 
OAT A ADIO., .25,.5 roo 15 ,1. ,2. ,~, ,6. t 1000.1 
WR ITE(6,Z, 

Z fORHATI'OE."TER THF. Fl80W ANGL~, IN DEGRf!" 
REAO(5,.' ANG 
CAll RFTPYINJ,INO,IY,IKI 
DO 80"J-l,NJ 
READe 7.'N' t~1 XO,CO,QO,DO,XORETV 

4 FORMAT (SAlt I 
YPI-QO.*Z.lboo *1~4 ••• 2.14. 'II nO •• 4*3.141 ••• Z*Z.*'Z.Z*J3.9' 
nn 70 J-l,NI) 
O-OIAIJI 
IF O:.Sl.F.Q.l .... ND. O.lT.DOI GO TO 70 
tF(I(V.fQ.lI C"'ll SUDDEN 
IFIKV.FQ.21 CAll G~A"U 
XOO-XO+Cl*VPl 
CP""COElBI J. 
CALL CONcn 
YP-QO.*2.16."'1"4.**2-1~.1/' " •• "*3.1416"2.2. "'32. Z.), ••• 
RATlOaFL8f1CJ'/D 
Dl) )0 1-1,8 
IF(RATln.FQ.Rnll'l GO TO ItO 

l'IUTJO.5,.aOI ... "ND. IitAT10.lT.flDII+U) GO T'1 50 
50 CONTINUE 
40 a.-!90.1 '.AJlG/H. 

GO TO 60 

39 

Ie CL-E9OCU-IE901 II-E901 1+1» ,.,R"'Tlo-RDI' IIIIROII+I.-ROI I, I 
tL-CL.A./90. 

.0 Xl-Xoo.cL*VP _0. 
Ul-go 
CALL COST 
CALL STOltE 

70 CONTINUE 
eo CONTINUE 

IItfTUfl:N 
END 

SUBROUTINE MUNCH 
IItEAl LF,INT 
COfiUION IITEM1/"1 S,CP,H, l,F,DO.QO,XO,Co,OO.R.F ,O,Q 1,C,)(1 ,XMAX, XM'~, 

*JCO~l,XOfitIN. XDMAX, XO,DC ,CC, GH,XOO ,YP,Cl ,os ,KQ ,Kn,1O( ,KV ,KSl, KP, nf:h 
COMMON IITfM2/NO, 01 AI301 ,cop 1110 I ,COTEEe 30) ,(ncR. 51 JOI 1 C'l':LB I 301, 

"'eL8R.(J0, ,COGRA. 30,'30 I ,cosun( 30,301 
C~ IfTFM3/XlAAA( 2000) ,CAAA110001 ,QAA4(20001, OA6.A( 21"1001, 

*XO"'AI2000). A,8,l ,N,H' 
CO .... ON IITEM41 I I, Il, 10 ,NP, J I(KNII001 r t KKlll 00 I, (KKK« lao I, ILNP( 50), 

.JKKVnOO) .llLLI so, 3., RQOO(50,3) ,HKKH( lOa) ,lKJ(l (100. ,i'l(KI( lfIOI 
COMMON ItTEM5/lF, IfrH ,S ,CE, T ,F.FF,CF 
DIMENSION RQOltlUJI 
NP.KK-It 
WRITE(6,U 

1 FORMATI'OfNTF.R THE "'SSIG~F.n NUMHF.R OF PIPF.LINFS WHICH WIll Rr SPA.f'1 
·CHfO' ) 

REAOC5,.' (LlIlJ,I.I,~Pt 
WRlTElb,lJ 

2 FORM"'Te'OENTER THF R ... TIO or FLOW I:tUF IN THt:SF PIPELINFS, THF. SU'" 
*OF THfse NUM8FRS IS 1., FOP JNC;TANCF, .15,.3,.2'1 
RfAPI5,.) IAOClI,r-1,NPJ 
CALL RAN'GE 
CALL ItETRVINJ,INO,IY, II<.I 
DO 30 l-l,HJ 
RE"'OCZ'HI,5. xo,co,QO.OO,XORETY 

I} FOlitNATt5AltJ 
VP1-OO"2.16.*I~o\ ••• 2*1~. 71( OO ... ~.3.141b .. 2.2 •• 3~.2.33.ql 
00 20 J-l,NO 
0-0 .. ( J. 
IF (KS1.EQ.I .AND. D.lT.OOI Gn Tn 20 
If (KK.FQ.61 CP-COTEF.(JI 
JF ekK.FQ.TI cp-eOCFtSIJI 
IF (l(V.EO.11 CA.L SUO DEN 
IF (I(V.FQ.lI CALL GRAOU 
XQO-,I(O +Cl.YP 1 
C"'ll COHf':O 
OO-SQR TI O*~/NP' 
("'ll SUnDEN 
QTEMP-OO*RO 11' 
yP-( QO**l-OT~p.!P.*2 1* lb. *1 .. 4. ** 2* 14.111 1)**,.'" 3.10\16·.2"'2 .... 32. Z*33.~' 
xl-XOO+YP"'Cl 
OI-gO 
go-o. 
C"Ll COST 
CALL STORE 

10 tONTINUF 
JO CONTfNUF 

Il-fLH 
IQ-IO·l 
00 ~O K-l,NP 
IllLC Il,K'-lLCK) 

.0 RQQQOQ,KI-II:OIK. 
IlNPf IU-HP 
ItFTURN 
END 

SU8ROOTlHF R,NGE 
C~ON IITEMlIYI S,CP,H, l,e ,00. 00,)(0, Co,OO, ~E ,o,e l,e, X I, XMA)(,)eM IN, 

_xOEl ,XOMIN, XD~"'X,XO,DC ,ec ,GH.XOO ,YP,Cl ,QS ,K~ ,KO,KK ,KY, kSl,kP,n(t\ 
WRlTfC6,U 

1 F01U"A'I'OfNTffl. THf OFSIGNEO MIN. '..,0 MAX. TnTAl INLET I~F!\Ot IN PSI 

*.' » 
RfAOt5,"') XMIN,XM"'X 
V4UTF(6,2' 

Z FOIU~'T"OENTE. TH~ INTfRV ... l FOR ELIMINATING SAMI:= INlFT HFAn, IN P!' 

*f.') 
READI5,,,,' IOEl 
RETU,rtN 
END 

5U8,rtOUTINE IIETRYINJ,INO,IY,IKI . 
COMMON IITEMIIYI S,CP,H,l. E ,DO,OO,XO, CO,QD,RE ,0,0 1 ,C, Xl , X~AX,X"'IH, 

*.OEL ,XOMI", lOMAX, XO,DC ,Ct ,GH, XOO, Yp t Cl ,os ,KQ, 11.0, KK, KY. Kc; I, I(P, OC A 
COMMQH /1TEM3/X 14 .... '2000' ,CA ...... I 21)001 ,QA ....... ZOOO) ,OAAAI2000', 

.XO, ..... , 2000.,'" .8,l,N,NI 
COMMON 'ITEM"/II, H.I O,NP, IKKN( 100 J. I KKllIOO I, 1 1<.1< K (100 I, tLNP( 50 I, 

*tKKV nOOI, IltL( 50, 3., RQQQUO, 3' ,HKKHI 1001, lKKZI 100 I ,nCI(K (101)' 
W"'TEI6,3) 

J FO,rt,.ATC'OENTEII: 1 Fmt SUDDEN EXP ... NSION OR CO'tTR"'CTlON TY~~ 'IF CI1NNF 
"'CTlON',/,'0',6X,'2 FOR GRAOUlL ~XP"NSION OR CONTRACTION Ty"F OF cn 
"'NNECTICW' ) 

READI5,.' J(V 
11(-0 
n-IQ 
IX-Il 
IW-O 
fl1-lI-l 
DO 60 1-1,111 

t;I:~!~~~'.EQ.3 .OR. 'KKKIJI.EO.~' "Ix-tx-l 
fF ttKKKCJ •• FO.6 .OR. IKKKtJI.EO.U GO TO 30 
If It .EQ. IKKLlJ)) GO TO 80 
GO TO 60 

],0 N"'IlNPClX I 
DO ItO K-l,NP 
IF CL.fQ.ILLLlIX,K.U GO TO 50 

40 CONTINUE 
11-11-1 
IY-IY-l 
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GO Til .. 
so pm-. 

Ir lK.rO.lI IN".} 
'K-:( 
G(} T'1 !'I-J 

hO CONT l"lUt: 
',<jR.ITFlb,'Jl, 

b2 FO~"'AT(IOr~Anqt. 
80 N'.IKKN(J-l'+l 

rtND'Z'Ntl 
NJ-IItKNI J 1-llC.ltfofC J-l' 
EtfTURN 
J:'~n 

SUAROUTPIF CONto 
cnMM~ IITFHllVI ~,CI·, ... Z,!,DO,OO.XO,COtOD.Qt: ,n,'H.e. Xl ,J('UX.XMflt, 

• XOF:l ,XDM I ~ ,)(I)MAX, xn, llC tee ,GH, xao ,YP,CL ,OS, KQ, KD. U ,KY ,Itt; Z,KP tOC ~ 
Cr:tM'4ON IITF.H2/No,DfA UO. ,COP If 30ltCOrEEI Jot ,CoeR.,1 ,I), .COI:L~l3nJ, 

*l;l8R.(30) ,C"'GR~(30,30' ,CO$00130, 30' 
I'm 10 1-1,"1} 
IF (OO.fQ.nU.'u, co Tn 20 

In CONT '~UE 
20 no 30 J.l,~O 

IF (O.EQ.OIAIJtI GO TO 4>0 
30 CIlNflNlJF 
Ita IFP('1.F'n.1) r.c-cnSUOft ,J' 

IF(Kv.r'J.J) r.c-r.ncII'.CI,J' 
RFTUItf.,j 
>ND 

SUtsR.r]UP:"C'" Stl"nE~ 

COfi4!4'-' II TF,"l/vl c:,C',H.I,E ."O,QO.XO.CG,~,ltf ,fl,'" 1,t.XI ,x ...... " .. ,,.,. 
-X[)Fl ,XOlllfln., )'.)MU ,XO,DC ,tc .GH,XOO .~.Cl.OS ,KQ.l(fl,KK,ItY.IC.Sl,ItO,flCA 
fI'"~NSJI1N kA"'fllll' 
nAT A PA Tlfl/.~, ."", .11 •• J, .l~, .1., .I~ •• 1, .01, .OJ, 0.1 
IF IO.lT.ClO' (.l.Cl.-co*nt/CI)O*no,,*.7 
IF to.FQ.nll' Cl-(\. 
IF (O.GT.OIl' en Tr II) 
GO T(I 51) 

10 •• 00**2/0**2 
I'1n 20 1.1,1:) 
&I·e 1-11*0.1 
B 111"'*0.1 
IF IA.EO.AI) GO Tn 1" 
IF (A.GT."" ... ~n. A.lT.,]., GO T('I )1) 

20 cnNT I~IJF 
71j Cl-RATtnlll 

Gr) Tfl lliO 
JO Cl1l"PH I'll II-CPU rOil '--"'111' 1+11 ,*(41-11:"'101 II "0.1 
50 !IF TURN 

nm 

S Ut\P OUT P!f /,;u,OU 
c: D."4"'(l~ IlTr"l/YI S,r.P,H,Z ,f: ,1)('I,OO,'(I1,co,on ,.F' ,n.Ol,c ,Xl ,x ...... '(. )(1It'~' 

*x"El.xn ... '''J, XOP4o\)(,XO.DC .CC.GH,X()o,y~. Cl,'JS .Ko,kn,I(K ,k.V ,1(~Z,f(P ,nr A 
nl"'F.NSIr)~ THr:TU9) .YALCcH 
OAT.o\ THr-TA/180. ,qa. ,60. ,If). ,15.,1. '.0. ,-LSD. ,-)6~.1 
OAT A YA,l/.95, .90 •• A),. 78, .32, .12,1).,1)."",0.0\ 81 
fF (n.fQ.nOI GO TO ItO 
1F11:'.r.f.O(;' GO TI) 10 
IFCO.lT.OO) GO Tn 2(\ 
Gn Tn ~o 

10 AOA·f")O*·2/0 .... Z 
I,NG .. , 0-1)0112 ./CH/12. 
ANr..-... T ..... AMG'.1IlO./6. 28,Z 
GO TO )0 

ZO AO.l·O*",UOO**Z 
ANG·, nO-O"2. IGHIIl. 
... HG_AT AN( ... NG 1*1 .. 0./6.2832 

]0 CLO.Ii-An"" **1 
no .. 0 1-1,7 
IF'ANG.FQ.THETAt'" G(\ TO ,0 
IFIANG.lT.THFT"'CI) .A"'O. ANG.GT.THFTAU+lJl &n Tn 61) 

.,0 CONT INUE 
50 Gl·CLn*YAlIII/O.95 

Gn TO 90 
60 VALS-VALI I )-IYA,U J )-YALI 1+1' '-UHeTA I I )-'NG. ICTH~T"'III-T~T"" 1+1" 

CL·Clo*yALR/O.CJ5 
GO TO qO 

eo (L·a. 
qO AFTUfiN 

ENO 

SU8ROOTlNF "E~UlT(.,., ••• ' 
COfoIMON I J TE'IIl/YI s,CP ,H ,Z.E,OO,OO,xO.CO,QD.ftF ,O.Ql,C,Xl.J(-'AJI:,J("'~, 

.xnE-L ,XOMt~l, X(»ItjX, xO,O( .cc.GH,XOO,VP,Cl.QS ,I(Q ,fl:O,;(t( ,I(V,t(~l,I(~,I)C" 
cnMM"N I J HP41/xlA."'UOOO. ,C""1OOO, ,Q""'C 1000', n""'(1000). 

.XOAAA' ZOOD),A,~ ,L,N,N' 
tOfo'MIJN II TFMlt/l 1.1l, tQ,I'f~. IKIUH 100', '''''L t 100 I, "0'''1100, ,lllltPt '0', 

* IKJC'V' 10)) ,ILLlI SO, 3., Qgoo'50,). ,t4fCI(HtIOO', !KwllIOO I ,OtKt<f lOll 
fFIN.fO.O' R~TUPN ] 
NI-IKKN, I I 1+1 
FIN!)(?· ... " 
N~1t I FI xl C Xfr04j)(-Xfr04IN I/XOn+Z. J 
IF om .GT. 1000' !'roiN-ZI}()O 
J 0 1 
on 10 t.l,~N 
If IXIUAIII .LT. 4' GO TO 10-
XIA4"'CJI-XU4A' J. 
CA ... " IJ ,_C .. AAf I» 
Q ... a. ... IJI-IolA ... Afl. 
OAAI\IJI·OAAAIII 
XOAA4( JI-XOA.UII. 
J·J+l 

10 (.nNT (NtH" 
... ·J-l 
WRtTf(6,1I. 

11 rnRf1U" OFNTFP I Tn 01 SPlAY THF RFStfl TS. £NTcP 1 Tn III S"L ... V ".. V T 
.tlE INLET HFAn, OTHFR"'SE 0" 

AFAon ,*) Kl 
IF IKI .FO. 11 CUL P~INT 
IFIKl.fQ.?) GO TO I'S 
GO T'1 25 

15 WPITF(b,l71 

11 FuRMUI'OENTER 'HE NU"BE~ N sa ' .. AT H:E INLET "EAO wILL dE ~RI~'ED 
• ~'Vt:MY 1\1 NuMBER') 

RElICIS,.' 11 
IF 11(1 .E~. 2) .. PITE(6,19. 11U"'AlIJ,l·l,N,1l1 

!~ ~~fl~~T:~!!~'FI~.6""" 'f-o • 

lU wRITEt Z·Nt. J~. XU."I t. ,'AU II )'Q",,"'A ( I) .DA .... II ")(I1""'A t II 
35 FOIUUTU''''. 

11·11+1 
lKKh( I .1.1-110('" l1-II+N 
lKKLllU·L 
IM.kK( I II -IC,K 
ttlO(H'IU-H 
iIl.Kl(III-i 
OC.KK (II'·U(,. 
lKKV'IU"'KY 
WMneu.~U) 

40 FCfoIMATl'OENTEM. 1 If MlflE ~TAl.iES AR.E I\lEE:OEC·,/.'C',6A,·.l IF '([t.. "Alii 
.T TU C.CNTlNUE TfHS JOb lAfER',/,'O',bX,'O If Eto.O :.IF ThiS JGIl" 

tH:AO'S,.' lli.l 
If (KI .EQ. 0, IUTURP\ J 
IFIKl.t:IoI • .2:) R/::TURh ". 
RE:TuRN 1. 
~'O 

SI..I:ifl;CUT!Nf Pfc;ESI", •• 
COMMGN II TEM1/,,1 S.LP,M ,i. ,E ,Oll ,tJo ,Xll, cO,uu ,Kl ,0",1 1, C. IC! ,,,MAX,X" IN, 

.AOEL ,XIJMIN,XIJ"''''X .xt ,ot ,cc ,GH, XOI),YP .... L ,QS .KQ .KO ,t(", ,KV, KSZ, ",p ,Dl.A 
lP.Z"I". 7I33.Iii 
xo-"CO-~P-Z~ 
If(KW.E4".U uL TO h. 
11- CDC.lT.IIJ.c-l!»' Gt TC 5 
IF ,"'O.LT.XDI",t.. .ell. lI.c.I.;J.l(CJU., (,0 '0 2u 

~ IJO.OC.SQRTtXO.14".' 
GU TC ", 

hi J.fI.AO.lT ..... JMII\) GC Tu .it 
QU-~S 
JC_IojO/SQR T I XCl'llh.I"4.» 

1) wl .... '+""U 
~E.4 ."U1/,.J • ..,16.'V 1$.01 u •• 
IF U:.lT.lu.E-l~J (Ie 1C 10 
If (~E .LT • .2:(;00.' GC TC 25 
IF IR£.LI.4LHJO.J (it TO ::I, 
LAlL FHl(.OlF J 
GO TU ..0 

.2:U ~fTUfiN 1 
l) r:-b"./RE 

GC Te "1) 
.H' F-C.l1t .. /kt:**O.Z5 

"'a TO ''0 
j) f.J.Z".J.IJ ••• '-!'J.flf: •• o.e5 
It~ A!.XOO+IJ.02,.l.F*H'Ql •• 21I' DIll. J .*5J 

RETUM,. l-
E"D 

~uuRUUTlNt: flollCUCF) 
ExlEk~Al foC' 
XLI·O.DI 
ARI·g.fJ8 
EPS-U.OOI 
UhU·50U 
C"'LL RT .. ",'f '~'L ,FeT ,XL I.XU.EPS, 1 ENo,lERI 
"'ETUR~ 
~hD 

fWit""" FCTlfl 
C.CJUIION II TEMl/VI 5 ,ep ,H ,l, E .OU. QO,XO, CO ,oo.AE. O,gl,C, X I,XMAX, XMI N, 

*XOEL ,l~l N, XO"AI ,10,De .ce ,GH,X(lO. yP ,el ,QS ,KI.l ,KD,KIt ,KV ."$1 .litP .DC'" 
UG.E/C+9.l5/CRE.SgtilTC f" 
FeT-I.0I1 SQRTtfl.-I.l .. +2 •• ALOGIOIAItG. 
RETURN 
EOD 

$U8RIJU TI HE eel ST 
REAL Lf,I .. T . 
COMMON IITEMlIya s.ep,H ,I ,E rOo,'*O,XO, CO,OD,RE ,O,Ql. C.Xl,XM ... X,IMIN. 

.xUEL ,lOftiN, XO ... "" , xc, DC, ce, GH, XOO ,VP,Cl .filS .KQ ,litO. KJC. ,IC. v. K5Z. KP ,DC'" 
CO"IIIO" II TE"5/lf ,I"-T ,So .CE, T ,Eff .Cf 
P IPECO-CH*C.,+CC ).( I.O/LF+( 1.00S) .INT 1200. J 
UP-KP 
e .. EGCO.U • .lfU*CE*T. 1 Ql* 1 )l1-XOU) exoo.oo+' XOo-XO '.00. I EFF· ... "P 
IfIKQ.EQ.lI wo TO 10 
If lKK.E.Q.l .CR. t(K.EO.Z. '0 J(j 5 
GO TO 10 

5 XCD·Xo-xDMlN 
IFUGD.LT.O •• GO TO 10 
AKO·KO 
FLUOCO-Cf/l00U •• T.OC.S'Jtexou* u". ) .... kD 
C ""o+P IPfC.U+EhEGCC.FlUCCC 
GO TO ZO 

10 C..CO+PIPECO+EhE~C.(j 
20 RETUIUI 

END 

S~8IlCUTINE STORE 
COMftON II TEMI/V IS,CP ,N,l ,E ,DO ,QO,XU,c.o ,QO,RE ,0,Ql,C,Xl ,X"AX ,XMIN, 
.XDEL,XCltIH,lI.DMAX,XC.oc.,CC.GH,XOO,YP.'L.OS,KQ,ICO.KK,K~,KSZ.KP,OC' 

COMMON II H.M3/11AAA1200C' ,CAA .... ZQ.OO. ,'AA"200Q), O'A. (2000', 
.XOAAA( .2UDO) , ... ,B,L ,h,N' 
If IXI.uT.XJI ... X .OR. XI.LT.XM'H' GO TO 100 
DO 10 1-1.2000 
.... ·1 
UP-XPI"'X-C 'I-I. J.,xOEL 
OOWH-UP-XDEL 
If'I.E'.1 .AND. II.LE.I..P .AND. Xl.GE.OCwhJ (jot TO 20 
IfCXI.lT.UP .AND. lU.wE.OQwN' GO TO 20 

10 CONTINUE 
",0 IFU1'AA(J' .LT ..... fIW 10 30 

IF It .LT. ' ... AAUU GO TO 10 
IF(C..EQ.C.A"'''I,I .,NJ). D.GT.DA'''''J GO TO 30 
GO TO IUD 

3U XIAAA' U-Jet 
C.A ...... t I )·c 
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QUAIII-Ql 
OAAACI'-O 
XOA'" U-I.o. 
H-N+l 

100 REJUI'H 
.NO 

SUUOUTlH£ 'IUNT 
COMMON IlTe.U/XlAAAUOOG hCA"'IZOOO, • QUAI 2000, ,QA,u,'ZOOOJ • 

_10 ••• ,20001 IA ,BtL .... NI 
WRITEU," 

, fORMAU'OINLET TOUI. HUt',7X,'D1AMEJEIt',10x,'C05f',u,'OUTLET TOT 
*AL HEAD' ,6X,'lllilET VOLl.IIIN' J 

DO 10 l-l,N 
10 wAITEUlI,15' XIA"UU,O,l,UCu,C'.'CU.JOAAAtl.,QA.,.U. 
15 FolUtAT ('0' ,lX,f12.fI,10hF6.Z.!UI,flZ.Z ,9X,f1.z .6, •• ,Fll.6. 

WRlTEC6,201 
lD FGIIM.UII) 

RETURN 
END 

Sl.bROUliNE OPTJM 
CCNtON I ITE.U/VlS,CP,h,Z,E,DO,QO,XO.tO,QO,RE ,D,Ql,C,Xl •• ".x.XftlN. 

_'DEL. KOHl PII, XOMAX,XC. DC ,ct ,GH ,100 ,V"CL ,QS, ,KQ ,IlD.IU"'t(V ,ICSZ,KP ,DCA 
'OM"ON IITEM3/XU""l20'CI.CAAAC20001 ,''''AtlOOO' .04."2000., 

.xO .... uOOO ••• ,B.L,h.Nl 
CO""~ IITEft4t1l1 ,lL,IQ • ..,',IKKNUOOI. UKLUOOI,Utl(kll001,lL,.PUOI, 

.U.KVC 1001, ILLLI so. 3, ,RC;C;QUO,3 •• HKkHC 100' .tI(AL'IOOI ,O(.ItKC100, 
CIME~SION XOMlh( 100' ,H"'EU~IIXOROI1CC .. XHAD 1100 I 
DATA NAME/' ENO',' ENO','CONS',"ONG'.'TEbS'.'TE8G',"RSS','CRB6', 

_, El8S',' ELaG' ,'TEllS' I' TEM(;', 'CMMS', 'C"""'/ 
CALL CONTUZ 
IIlfCITEC6.U 

1 fuuUTl'OENTER HE Mlh. ANO MAX. AVAILAbLE TeTAL HEAP AT POttER sou 
.R,E, IN PSI." 

READ(5,-) XMUhXMAX 
DO S 1-1,100 

5 .. GROt I I-B 
IX-IL 
CMIN-10.EZO 
DO 10 l-ltN 
IF 'X1AAA(II.GT.XMA" .CR. ,UA ...... "J.LT.JlMUU GC TO 10 
IF It ... .lACI).GT.tMU. GO fa 10 
if IC.AAII).EQ.C"I~ •• "0. DAAAIIJ.U..CU"UU' Ge TO 10 
'MI~-'AAA(J 1 
XIUAIU-X1AA#Io( I) 
1.IAAAU)-gAAA(I, 
OAUIU-OAAAII, 
XUAAAt U*xOAAA' I I 

10 CONT INUE 
"RHEl6,1l1 ,MIN 

11 FURMATI/II,'OOPTIf'lAL SCUJTICN ~·,//.'OTCT'L CCST - ',f12.2,· DOLLA 
_RS PER YEAR'I 
~RJTEI6,I.lI 

12 fURMAT "" 'OSTAGE' ,3X,' I.HEAD' ,3X, 'OUM.' ,~X .'lE~TH· .U,' I.FLOW·. 
*bX, 'D.kEAU', lX, 'OISCHARGE' .3X, 'ElEw.' ,lX,' TYPE' ,lX.'LI/I4E -'C.' .Zx" 
* BR"NCHES NO.' I 
If 1I0 ... EI.I • .l .OR. KK.EQ.·\j GO TO 15 
XO'UNtU-XOAU(U 
GO TO Z5 

15 00 20 K-l,NP 
LI-ILlU IX,K, 

.20 XO'''IlhCLU-XOU,AU' 
I X-IX-l 

25 IK-II-l 
If- lil.LE.2' GO TC IDa 
00 80 J-2.1K 
JJ-t I-IJ-1) 
I<.K-U"-IC(.JJ, 
L-U,.Kl(JJ) 
N I!" IKKh( JJ-1)+1 
NJ-lKKhC.JJ.-IKKHIJJ-l) 
F INO(Z.fNJ) 
IF (KX.EQ.6 .OR. KK.EQ. U GO TD 26 
GO TO ]S 

l6 ll-ILLU 1.11., 11 
XOTE"P-XOI1INtLU 
NP-ILNP(lXI 
Kl-i 
00 21 K-ltNP 
Ll-ILlLC IX,K) 
IFIXOMINlLrl.GT.XQ,EMP' GC TO 27 
XOTEMP.XO'UNCL LI 
1<.1-1( 

27 CaNT INUf 
DO 30 K-l,NP 
Ll-UlU IX,K' 
IFlXtJI1INIll).lE.XClEMP) Gel TO lO 
Jl-J 
..I,z-J-l 
00 28 J.Jal,Jl 
JJi-JJ.J] 
JI-JI-1 
lFIIKKL(JJlI.EQ.LU GO TO 29 

lB CONTlNliE 
29 XOROIJU-xoTEjII, 

XHRO (JU-XOMINIll. 

]0 ~~~;!~~E 
XOMINIU-XOTEMP 

J5 OIFF-10.E25 
DO 40 '-l,NJ 
REAO(2'N,,371 XlRETV,CIltETV,UMETV.DRETV.XORET .... 

31 FORMAUSAltl 
VELP-X lRETV-XOMlhl L) 
DElPZ·'8SCOELP) 
IF COELP2.GT .DIFFI GO TO 40 
XUAA( J'-XiREn 
CAAA (J )·CRETV 
QAU(J'·QREH 
OAAA(..1 '-DMETV 
XOAAA( J'~)(~ETV 
OIFF-OELPZ 

~O CONTINUE 
IF IKK.EQ.l .oR. I'K.EQ •• ' GO TO 45 
xilMINI LJ -XOAAA( J' 

GO TO I<l 
~S H,,-,UI,I IX' 

DO ,0 K-l,IIIIP 
LI-ILLll IX.IO 

'0 XOM' .. ILl.· .. OA ..... IJ' 
U.-lX-l 

eo CONT IIIIILlE 
lOt;! 00 200 I-I,U: 

J.JJ-C 1-1) 
..1"-.1-1 
HH-HICKHIJI 
KK·IKKI(I J' 
L-IKKLIJJ 
Z,z-ZKKZCJ' 
DC-OCKKIJ' 
KV-JKKVIJ' 
1",-I(K.2+&1(1I-21 
1f(I(K.EQ.11 1..1-1 
IFCKK.EQ.3 .OR. I(K.EQ."" GO TO 180 
IF (U.EQ.6 .OR. KK.EQ.7J GO 10 laO 
II-I·' 
IX-Il 
"l-IQ 
ou 1201(1-I1,IK 
..11-11-11(1-1) 
IF (lIKI((JlI.EQ.6 .OR. IKKK(JlJ.EQ.7, GO TO III 
IF (L.E.Q.IkKUJII1 GO TC llS 
GO TO 120 

U2 HPI-1L~PIIX' 
00 113 KZ-l,~Pl 
l2-ILLU U"Kl J 
IF (L.EQ.LZ' GO Te 118 

113 CONUNlIE 
U-IX-I 
IQ,l-IQ1-l 
GO TO 120 

U8 4.lO.QAA.U I J-RQ'~' IQl,K2 ).QAA,t,(K 1) 
GO TO U!» 

Ill,} Lord !NuE 
If (KK.E\I.U GO TC 130 
WRITEU,121J 

121 FURHA T II OERRUR' , 
ll5 QD-gAAA( 1 I-QA"AIKl' 

IFlKK.EO.S) GC TC 110 
GO TO 135 

HO QO_QAA"I II 
US 'FtOC.LT.10.E-3SI GO TC litO 

XO-IOD/DC ).*2/ HIt.O 
GO TO 150 

l~U xo-a. 

41 

1:»0 WRITE (6, 15U JJ, XUAAll) .DAAA' I ),HH,QAAA' I', )lD,QO,ZZ ,hAMEl 1..11 ,L 
l!H Fl.l~HAT (' 0' ,I "',lX, F9.4 ,Z" ,Fb.~ f2X ,fe. 2. ,2X ,FU .6,2X, F9. "',2X, F10.6, 

t 

*",U.,F6.1,lX,A"'.lX, J-4. 
IFUU<.U.U GC TO 200 
IIIIRJTE 16 , 1S!;) XOA"A' 1» 

1~!I F(JRMAT"O'.~X,F9.~' 
GO TO zoo 

111.1 WR:lTEC6tl15' JJ,XUU'I •• DAAA(l),QAU(U,NAMEtIJltL 
,1,15 FOR"'tAU'O', I "',IX ,F9.~t2X ,Fb.,), U)I, FI ,l.6,.llX, A~.3X, lit I 

GU TO 200 
161,) NP_lLNPilU 

.RJTEC6, 18~) JJ, XUU( I) ,OAAA III ,QU,A( IJ ,~AME C IJ ItL, 
*( ILLL( lL,~U ,K-b~PJ 

1t15 FURI1AT 1'0' t J4a, IX ,F9.4, ZX ,F6.il. '?,X,Fll.6.'}lX,.", ,lX, ,",,5,11,31ItJ 
IL-lL-l. 
IF (IC.IC..EQ.6 .GR. KK.EQ.1) IQ-IQ-l 

lOO IFUORO'I).bT.A' 'IrIIRIlEI6,ZOS' JJ,XHJl.VI",XCROIU 
zu5 FUMHAfCl,'0',7x,'TH Ol..lLET PRESSURE Cf STAbE',JIt,' "'AS REDUCED ~ 

*OM f,F9.1t,' TG ·,F9.1t,/J 
RETUfiN 
END 

C. SUBROUTINE aTJIIJ 
t 
C PURPOSE 
, TO SOLVE GEhERAl .WNLINEAR EQUATIONS OF THE FORN FCTlX.-O 
C BY MEANS CF i'4UELLE.R-S lTERATlOh ""fTHOO. 
t 
C USAGE 
C CALL RH1J IX,F,FCT,)lLI,XRI,EPS.JENO.lfRI 
C PARAMETER FCT REC;LlIRES AN EXTERf\AL STAfEMENT. 

t 
C DESCRIPTlCI\ OF PARAIIUERS 
(; .Ie - RESlJlTAfl.T ROOT OF EQUATION FCTU,-O. 
C F - RESLLTAhT FUNCTION VALUE AT RCCT X. 
C FtT - NAfilf OF THE EXTERt.:AL FlJ~CT ION SLBPROGRAIt IJSED. 
C )Ill - INPYT v.tlUE WHICH SPECJtIES ThE INI TUL LEFT tlOUND 
C OF THE PiCOT X. 
C XKI - IhPlJT VALUE WHICH SPECIFIES. ThE INITIAL RIGHT BOUND 
C Of THE FlCOT X. 
, EPS - INPUT V"lUE WHICH SPECIfIES. Tt1E UPPER ijtutlO OF THE 
C ERRCR Of RESULT x. 
t; lEND - MAUNU,", "\litHER CF ITERATIC~ STEPS SPECIFIED. 
C IER - RESUlTAhT ERROR PARAHE:TE:R COOH AS FOLLOlolS 
C IEFI-a - ~C EKRG~, 
C IER-l - tlO CCNvERGENCE AfTER lENt ITEItATICt!. SH'PS 
C FGLLOIIEO BY JE~D SUCCESSiVE STEPS CF 
C BISECTION, 
C IER-2 - BASIC ASSUMPTION FCTCUII*FCTURU LESS 
C THAN OA EQUAL TG IERC Is. NOT SUISFIED. 

C 
" REM"RKS 
C THE PROCEDURE ASSUMES THAT FUhc..TJON VAllJES AT INITIAL 
C BOUNOS XLI A~D XRI HAVE ~OT THE SAME SIl.h. IF THIS BASIC 
C ASSUMPTION IS hOT SATlSflEC BY INPuT V"lLES XLI "NO XRl, THE 
C PROCEDURE IS BYPASSED AND GIVES THE EKRCR I'IESSAGE JER-2. 

~ SU.ROUTINES •• 0 FU," leN SU8PROG."S .REQU IRED 
C THE EXTERNAL fUNCTlOfil SUdPROGRA~ FCIIX, ,",UST 8E FURNISHED 
C BY THE uSER. 
t 
C METI100 
C SOLUTlQ~ OF EQUAlION FCTUI-O IS OONE B"f' MEANS OF I'IIJELLER-S 
C ITERATION METHCD Cf SUCCESSIVE eISECTlCflS AND INVERSE 
C 'ARAdULIC INTERPOLATION, IIIHICH STAkTS AT THE INITIAL iSOUNDS 
C XLI AND XRI. C{jN'lERGENCE IS Ql,JACRATlC IF THE DERIVATIVE OF 
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/-
1/ 

FI..TO.J AT Reel x IS ~CT E";UAl Tt lEMt... "'Nt; ITERATIO~ SlEP 
kEI"hJIRI:::S rife EvAlUATlONS GF FL1,).I. fUM TEST ON SATlSFACTIJRy 
~C'u~",l,;y SEt FUi("'ULAE «1,., I of ~ATHE"".lICAL DESCFI' PI ll:~. 
FUK RHb~H,Ct. SEE G. It. KRIST UhSI::N, HRu OF AftlUr ... MY 
F •. Jf,t..TJUh, tlll, vet. 3 U9b.H. PP.lw~.lCt.. 

tLHHC~ I I TE~ ltv I S ,LP ,H Il IE ,00 .1...,) ,Xl), e.C ,I.;D,KE ,e 'W 1, C,Xl ,,cM"",X" I", 
.XOEl, ,\UKIN ,XUHAX ,XU,OC ILL ,(iH,XO\J,VP,Cl ,loiS ,I\\J ,,,,u ,I(K .1(" ,KSl,I<.P,OC.A 

PRFP,tKE 1 fERAl IG~ 
I fR-O 
XL-XLI 
XIo:-XRI 
,r;,=Xl 
TCl-)!, 
F-Fe.. T (TUL I 
If-tFlJ.,lb,1 

1 FllE'f 
... ·Xl{ 
TLL-X 
F:o:HT( luLl 
IHFI.:.lo,,l 

;, t-R .. F 
J~I ;,JutH 1. II- U tSIt."" 1. ,fPI11"'~ ,l~ 

tJASI(' A3SlJHt-'rlct-; Fl*FR LESS TH .. ,... U IS 3All,fIfC. 
LoI:"l[KATi: flJlHAt~CE !-UR FlJ",..;TlC1\ vAl\JES. 

~ 1-", 
fLU .1~O. *EP::. 

~JAkl IHio\Af10. l((tJ 

't ,- 1+1 

~lAli.i tlSI:C.TI('" l((P 
UC 13 k-1, it"'!.: 
X-.5·',(l+XR) 
TLL-). 
t.rt.. T, rUl J 
I ttt J ':i ,l(),::' 

!i it-I!;, IGt.( 1.,f J tS ll .. t\, 1. If~11 I,u, 1 

XL·XI< 
XIol"1 ~L 
TLL-f L 
~ L.t- f( 

f".zT .. 1.. 
7 T(.L-t--FL 

AmA+A 
If' A-t-".,fP.-fL J Itl,9,9 

o IF' I-IlNO)17, 11,'0 

rt.!:.T Lf\ ::t/olTD,A(.1un /oII.C",IU('y l~ u'::tfLlICt. lU.t' 
Ti...I..-fPS 
~=AIiS( Xf( I 
If 'A-J.. J 11,11, IG 

it) TLL=>TLlIjIA 
1.1 I t 'A~::.I),Iol-xLI-Tl.ll J.i t J.~,J. 3 
1.£ IfIAds'r~-r-LI-1(.lfl14,l .. ,li 
d I..L"'lli~uE 

ff\U Ct- dl!:.I::l.TIC,,- LeC;.! 

f\L I..ll\vt:Rl:.Et\ct At-H-A lEl\C lTEluTlUN ~HPS t-l.IllliREtJ d'f II:t\LJ 
St..I..(.tSSlvE STI::PS Lt- r.)l::tE,rJ(;N OR !:.rfAL:ll'f II\lC.HASIN~ FUI~I..TlON 
\lAlUE~ 6.1 .tIG~T tlLlJ~OS. ERROR IolE1UltN. 
I [R.1 

14 ItUoSlfKI-AC!:.(HIIIt.,lt,l~ 

x· ... L 
f "'t-L 

it. Kt. TuliN 

CLMPL,.>TAT IlJl'l Of ITt-RAfEt. X-VAlUE ~y IP\lyfll:H PAk.6uCLIC. It.TEttPtJlATlOrll 
.I.' Aal-E-.-F 

OX" 'X-XL JHL*' 1. tf*' "'-HL II( .... (FR-h 11.,Tlol,. 
,(","'x 

FfiiI-t-
X-Xl-I.lX 
lCL-X 
f-h,Ttlt...ll 
1 t- CI-I 18, It, Id 

nSl LN SATlSfAI..TlH ':'L.CUR"~Y 1~ ITEItAJWI'I le" ... 
J.ti TLl-t:tlS 

",-t.HSn, 
If IA-l.)',hlO,19 

h ICl-rCl*A 
C::v J.fUbSlUx'-TlUd,,,,,,~~ 

l.J. If'At:lS(F'-T''LFHi.>r16,Z~ 

PIolt:PAkATlOfli c..F ~EXT tlISECTlCI'II llJep 
£c:: 1 F '::tlLohC 1. ,f) +~lGt\ll., fl,) JL .. ,.ll • .l1t 
LJ A~:II:X 

fR-f 
LoC ro .. 

,4 XL-X 
fl:><F 
","-Xl'! 
t-M-FI" 
loC. HJ" 
Ef'.4D OF J TEliAT. CN L(CP 

Ek",Oj.l f/HUKN I,.. C.",SE Cf .IolC~G .,..PUT LiUA 
L~ 1EJ.I.-,j! 

~ETU"~ 
tNt) 



Appendix 8-2. Program for Creating a Data Set of 
Material Cost on Disk 

IIDATA 
II EXEC 
115V$lN 
o 

Jed 
HiMT'G 
DO • 

U98U,'YANG' 

o 
o , 
o 

c 
C 

11115 P~uGRAJ4 1$ feR CRE,lTING A SEQUENTIAL OAT' SET OF MATERJAL 
I:(.SI U~ THE- I'4AliNET Ie. ~ISK 

NC 
UIA 
CGPI 
COTE~ 

'CtM!» 
'CElts 
I:L8M. 
E 
Lf 
I" 
S 
C~ 
I 
l:.ff-

Of 
~H 

('CSLC 

!;CGRA 

I hUe CF Dlf-fERUT SIZE OF PIPES UR aThE~ JOINTS 
, "'(PE Gft JCUITS SUE, , ... Jh. 
I GUST Of PIPE, Ih 11FT. 
I (.05T Uf TEE .,U,:un, I" , 
I (.OST CF- CFi.lI~S JLlfol.T, IN. • 
I (.OS.T UF ELtle., I .. $ • 

t:.AO'IJS OF dENtING ,"URYA'URE tf EulO", IN IN. 
PIPE KCyGhhESS, IN IN.. 
Lift:' Cf fLUID I\ETIiIOIUt, IN YfI.. 
INTEl<eST 1.. .. U.YfSTMEr.T, IN PEkC.ENT 

, MAT EIdAl SALVA(iE VALUE, IN (lEtH'AL (F OU'-'NAL VALUE 
I UNIT EhfRGY tC5T, IN I/HP-ttR. 
I At\lNl.AL i.lSAGt: t ,HE, IN H(jUR 
I i:FfICIEfl.c:. ... Cf CGNVERJlfIIG 50UMCE Po.ER Tt FLIJJC POWER, 

IN OH.I""lS 
FLU H: cost, I~ S/10CO tUllh. FEET 
LffllLoIH (jF GMACI..oAL CHAM.E TYPE CONNEt.:.TORS. IN FT. 
l.US, Uf SI..!UOH, CH.~GE TYPE C'''NECJuRS, IN " 
CUSUt.;(l.JI & CCSUUIJtll ARt THE caSt Of CONhECrOR 8EnIEE~ 
~14E J A"C J PIPES, If J-J T.,EN ,"OSLIO-U. 

, CUS, CF GRAOUAL CHANGE rv"'E ";'CN"'EI.. Teft, IN • 

~(AL LhHH 
UlfolE",SIUh t.:l.Gf<AClU ... eUSI..Ouo. 
REwlr.D 1 
REAO(5,l) HI; 

1 FLAMA'U!J' 
wRJ TEll, U NU 
WRITE(6,l. Ne 

1. FLAM.u "U' ,J~I 
DC ~ 1-1,NU 
Rt:A~,~.J I OIA,LlJP 1.~O'EE ,c..O'RS,C(jEL~, ELatR 

,) ft;kMA r CFb.J:. ... ti.4 , .. F6.Z I 
"tI] H (1,3. 0 lA,CGP I .CClEe .COCAS.CCELtio .ELt'A 
wf'( I THb,"" I ,t I A ,tUP I ,COTEE,CCU:S,eUELI:h ELSR 

't t-l),;tfitATI'O·,15,F6.,J..f8 .... , ... Fo.2. 
5 LoN'INUE 

REAC« 50 ,61 E, Lt" ,I'" ,5 ,eE, T ,EFF ,eF ,GH 
o FLMM ... , (Fti .. o,fb.l. JF6.Z ,F6.! ,JF6 • .l1 

IIjRITE41,ll) E,LF,."'Y,S,'E,T 
11 f,,"-Ri"4U'FB.eo,f6.1,3f6.Z,F~.11 

WRlff(eotlll E,lf,lhl,S,CE,T 
11. FOAMA' I' O' ,fod .eo,f6.I.lFb.2 ,Fb.ll 

idt IfE 11, 13) EFF ,'f .(,11 
13 FORMA1C3F6.2, 

wRITElb,I"" HF,Cf.GI1 
J.'t F06UtATl'O·,1F6.21 

DC 20 I-I,HO 
J1-1 
J~ .. 6 

15 If(J2.GT.MO' J2-hLo 
REACU,16, t(,C(iIolACJJ ,J-Jl,J2' 
idHTEI1,10) I(.l:GRUJJ,J-Jl,Jl. 

It. f(:RHAT 4ufo .. ~, 
,.fI;ITElb,l7) tc.CGPAlJJ,J-Jl,J2. 

11 FCRMAT('O' ,bfb • .l) 

JI-J l+tI 
J.l-J.!+6 
lFIJl.(jT.~U) GC TO lO 
loL TU 1> 

ill COd IHt"E 
OU l<l '-l,NO 
JJ.-l 
JZ-' 

.lS IFIJ2.GT.NU' Jl-"'C 
RU,O",lo' 'C"'SU[)'J"J~Jl.J2. 
WRITE'I.1tt. H.O~UO'J.,"-J1.J2a 
WRITElb,17) tCUStJOIJJ,J·Jl,J2. 
Jl-Jl+b 
Jl·J~+b 

IF(Jl.(iT .NU' GO TO lO 
GCo TO 25 

10 ,OfotlTlNUe 
STep 
e.o 

/. 
IIGU."FTOlfUUI 00 U!,N-T61988C.WANG.IHFOAA 1.0AIA, ... ". '-lSSDAl. 
1/ SPAl;t:-IIRK, 11,1.) ,01 SP- CNelll ,C"L~I, 
1/ oed-I ~ECFM-FH .LRECl .... U.I:SLKS IlE-12e~ I 
I II.a ... .)yS IS co . 

10 
l.Ou 1) • .2.53U 2.la l.89 1.!J't b.CtJ 
3.00 0.3820 1.81 .... 11l 1.85 1.00 
".OU 0.5110 .... 12 ..... }8 .l..2~ 1.50 
!J.OU 1J.0800 .... 86 5.05 3.56 e.cc 
u.OD !.i.9311J 5.1d 6.63 .... 11 10.00 
1.00 1.2f.l9o. 6.ljti 1."'5 5.68 12.CC 
b.Ou 1.S.ttlO 1.H 8.10 t.JS H.SQ 

lu.uU l..lu50 9.1e 11.18 I:.l~ 16.00 
l.l.UIJ ol.a511.1 U.8!1 17 .... 4 1l.f,l8 11.50 
15.uu 't.oal0 21.65 21t.B4 16.58 lO.CO 

1J.IJLo021J0 Iv.O ~.oo 0.0" 0.0" 500.0 0.9' o.'tu 2.00 
u.u u.tl4 0.11 0.9'" I.IIi 1.53 
1.8u 2 • .J~ 3.l2 4.48 
v.6'" o.c U.91) 1.1.11 1. J2 1.66 
1."9~ .!.5.l. J.Jl At.tl2 
oJ. 11 C.9\.! 0.0 "1.20 1 .... ' 1.19 
l.Ol l.lJ J.48 4.11 
0.94 1.01 1.20 0.0 1.(1.3 1.96 
i..4:J l.6 .. 3.1, ... ij8 

1.1'" 1.3l I.lto 1.03 o. C 2.22 
~.'t9 3.00 ).89 5.'1t 
1. ~3 1.b6 1.1~ .1..96 i..22 0.0 
.2.. Q.! 3.AtO It. Ie. ~.1t2 

.I..dlJ 1.C;3 .l.oJl l.t:3 .!.<I,"i l.b,l 
u.o 3.16 4. !j,l 5.11.: 
.!.3(1 l.52 ol.l] .!.tI ... 3.U l .... C 
.:SOlie. 0.0 ,.1.1(1 b.2~ 

"J.2l 3.';1 ::l.4B .;i. 1 !I: .;i. ali It.l~ 

.... 52 '.'6 0." 1.1~ 

.... Ate .... 62 ~.11 .... 118 5.'" '.42 
5.10 6.lS 1.12 0.0 
0.0 o.n 0.10 Q.tl6 1.13 1." 
1.11 2.16 2.93 "'.Q8 
\J.sa 0.0 0.81 0.91 1.21 1.S. 
1.83 2.32 3.17 ~.15 
0.10 0.81 0.0 1.0'il 1.2'" 1.63 
1.93 2.5-0 1.29 ~.51 
11.86 1,i.91 1.09 o.c 1.~1 1.dl 
2.09 2.12 J .... e: ".6;8 
1.13 1.21 1.34 1."8 O.C 2.00 
l.3l 2.11'" 3 ..... ....92 
l .... ~ 1.5" 1.63 1.81 2.C! 0.0 
2.62 3.08 3.'11'" ~.10 
1.12 1 .. 8J 1.93 2."9 2.11 2.02 
0." 3 ... 1 ..... ll S.43 
2.16 2032 l.SAt 2.12 2. 1:1 At 3.Qa 
3.41 1,;.0 .... 81 6.11 
l.9J 1.11 3.29 )."2 J.6'" 3.9'" 
... 21 ".81 0.0 6.1 ... 
-...08 4.35 .... 51 .... tl8 .... 1Ij2 5018 
$.41 6.11 t..7'" 0.0 

/. 
It 
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Appendix B-3. Program for Creating Direct-Access Data Set 

IICREATE1. JOB 
IIEXEC FORTCG 
IISYSIN DD * 
C 

(1.988,20S),'YANG' 

C 
C 
C 
C 

1* 

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

INTERGER A,B,C,D,E 
DEFINE FILE 1.(3000,20,L,N) 
N-1. 

1.0 READ(5,1.1.,END=1.00) A,B,C,D,E 
1.1. FORMAT(5A4) 

WRITE(1.'N,ll) A,B,C,D,E 
W~ITE(6,12) A,B,C,D,E 

12 FORMAT(lH ,5A4) 
GO TO 10 

100 STOP 
END 

IIGO.FT01FOOl DD DsN=T619880. YANG. RESULT. DATA, UNIT=TSSDA1, 
II DISP=(NEW,CATLG),SPACE=(20,(3000,50» 
lIGO.SYSIN DD * 
AAAAAAAAAAAAAAAAAAAA 
BBBBBBBBBBBBBBBBBBBB 
CCCCCCCCCCCCCCCCCCCC 
DDDDDDDDDDDDDDDDDDDD 
EEEEEEEEEEEEEEEEEEEE 
FFFFFFFFFFFFFFFFFFFF 
GGGGGGGGGGGGGGGGGGGG 
HHHHHHHHHHHHHHHHHHHH 
IIIIIIIII!IIIIIIIIII 
JJJJJJJJJJJJJJJJJJJJ 
KKKKKKKKKKKKKKKKKKKK 
LLLLLLLLLLLLLLLLLLLL 
MMMMMMMMMMMMMMMMMMMM 
NNNNNNNNNNNNNNNNNNNN 
00000000000000000000 
PPPPPPPPPPPPPPPPPPPP 
QQQQQQQQQQQQQQQQQQQQ 
RRRRRRRRRRRRRRRRRRRR 
SSSSSSSSSSSSSSSSSSSS 
TTTTTTTTTTTTTTTTTTTT 
1* 
II 



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

I ICREA TE2 JOl3 
II EXEC FORTCG 
IISYSIN DD * 

(1988),'YANG' 

C 
C 
C 
C 
C 

1* 

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 

INTERGER A,B,C,D,E,F 
10 READ(S,ll,END=lOO) A,B,C,D,E,F 
11 FORMAT(SA4,A1) 

WRITE(l,ll) A,B,C,D,E,F 
WRITE(6,12) A,B,C,D,E,F 

12 FORMAT(' ',SA4,Al) 
GO TO 10 

100 STOP 
END 

lIGO.FT01F001 DD DSN=T619880.YANG.CONTU.DATA,l.NIT=TSSDA1, 
II SPACE=(TRK,(l,l»,DISP=(NEW,CATLG), 
II DCB= (RECFM=FB, LRECL=21,BLKSIZE=724S) 
IIGO.SYSIN DD * 
AAAAAAAAAAAAAAAAAAAAA 
BBBBBBBBBBBBBBBBBBBBB 
CCCCCCCCCCCCCCCCCCCCC 
DDDDDDDDDDDDDDDDDDDDD 
EEEEEEEEEEEEEEEEEEEEE 
FFFFFFFFFFFFFFFFFFFFF 
GGGGGGGGGGGGGGGGGGGGG 
HHHHHHHHHHHHHHHHHHHHH 
111111111111111111111 
JJJJJJJJJJJJJJJJJJJJJ 
KKKKKKKKKKKKKKKKKKKKK 
LLLLLLLLLLLLLLLLLLLLL 
MMMMMMMMMMMMMMMMM'4MMM 
NNNNNNNNNNNNNNNNNf\i\JNN 
000000000000000000000 
PPPPPPPPPPPPPPPPPPPPP 
QQQQQQQQQQQQQQQQQQQQQ 
RRRRRRRRRRRRRRRRRRRRR 
SSSSSSSSSSSSSSSSSSSSS 
TTTTTTTTTTTTTTTTTTTTT 
1* 
II 
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Appendix B-5. Print'out of Actual Program Run to Solve 
the Example Problem. 

-..e_ec "Gn,c.cOfIWII.cllst ·y_,..lnfor-d.d.t.' 11,t 

ALLUC rrACYA;lli~INFORHl.DATA) FI(FT"lFOOl) 
AlLUC Ii,/\.( 'l'AUG.R£SULT. UATA,) FUFTOUOQU 
"LLOC D.A(Y},IiU.co~ru.D.TA) FI (FTO]FOOl) 
TruE 
CPU ... OQ:0211,6 EUCUTIOI." 00117:29 SESSION'" OllU,1S 
LOAIJGQ 'rAilG.PIPE.OIhI(DEHO) FORTLI8 LIB( ·SYU.FURTLDZ" LET 

[lITER 1 TO PRtut DATA OF IAATERIAL QT, OTIIERWISE • 
7 

-S 

UUlIB!k OF AVAILABLE SIZE. 11 

"0. OIAH.'H. PIPE C05T ."FT UE tilIT.' tltOSS COST .. S EUOU COST •• 
1 2.00 O. 2~)O 2.11 2. " 1.5_ 
2 1.00 D. JUO s.n _.10 1.1S 
) •• 00 0.5110 _.12 _.5' I.n 

- 5.00 0.6800 1t.16 5.05 5.5. 5 6.00 0.9}10 5.n '.n _.IS 
6 7.00 1. 2&911 6." l.U 5.61 
7 J. DO 1. 5~20 7.n '.10 1.55 
I 1:1.00 2.1050 9.70 11.11 I.U , lZ.DtJ 2.'530 B.IS 

n. __ 
n.'s 

10 lS.ao 11.0170 :n.CiS n.n 11.51 

CuST OF GIL\OUAl COmiECTOM BETUEEw UI FFEAEIIT DIAJ.IETEII$. 
CO.'~ECTOR LENGTU • 2.00 FT. 

1M • 

2. Or;! 1.00 .... 00 5.00 &.00 7.09 '.00 
2.00 0.0 0.611 a.77 o.g", 1.11 I.SS 1.;0 
1.00 D. Gill 0.0 0.90 1.07 1.)2 1.6G 1.13 
ft. 00 0.77 0.90 0.0 1.20 1. " 1.19 2.07 
5.00 0.94 1. 07 1.20 0.0 1.&' l.n 2.n 
£.00 1.19 1.12 1.116 loGS 0.0 2.22 2. _9 
T.IlO 1.5J 1.(iG 1. 79 1.!lG 2.22 0.0 I.U 
t.OO 1.80 1.9~ 2.07 2. ZS 2.,.9 2.12 0.0 

10.00 1.3& 2. :i2 1.7] 2.n 5.0' 3.110 1.7i 
12.00 S. II l.lI 3.U 3.75 3.19 ".IG '.52 
15. DO ft. 113 ".12 11.71 '.11 5.011 5.'2 5.10 

COST of SUOOEH CON~ECTun OElWEiN DIFFEREJIT DIAMETER:;, 
2.00 0.0 0.5' 0.10 0.8G I.U 1. _5 

IN , 
1.7% 

J.OO o.sa 0.0 0.D7 0.91 1.21 1.5_ 1.n 
~.oo 0.70 0.37 D •• 1.U9 1.1' 1." 1.0) 
LaO O •• , O.~I 1.0S 0.0 1._' 1.:1 1.09 ti.ao 1.11 1.21 J.3~ 1.'" 0.0 z.o, 2.n 
7.00 J.H 1.5_ 1 •• 3 1.11 2.DI 0.0 Z.'Z 
•• 00 1.72 1.11 1.93 2.01) I.n 2.12 0.0 

10.00 2.16 2.32 z.SIt 1.72 I ... J.O' l.U 
12.00 2.'13 3.17 3.2!J l.U 3.'" ].,. '.21 IS.OO It.oa ... ]5 4.51 _.GI '.112 5.U 5 •• , 

£tiTER 1 IF COaTlIlJE FROJt PREVIOU:; IUCOfIPUTE T[:;T,. OTIIE.AWI~E 0 , 
... -

t"l~n 't619SROldy 
~ togo., t61~eaO/dr 

r :~~~~o:g.m/~!""· Jlrm£. 

={'~~i~5t!::~/1~ P(':'O(;T1ESS AT Ivl)7,Oil-f)N· .nJJK. r,-u.)' ... -,-:-~· 
. 5/Jll1ij .... !;U9~ .... T"'E ~u.Jn~ 15 .'" OP'''.HIO"Al 

10.00 
2.5& 
Z.SI 
2.n 
2.e ... 
S.OG 
1. _0 
,. 'G 
0.0 
5. DG 
G.IS 

z.n 
2.31 
Z.S-
Z.7% 
1.'-
J.O' 
S._7 
0.0 _.17 
11.11 

R. M BE/IOI t:G CURVATIIU.IM. 
1.00 
1.00 
7.50 
'.00 

10.00 
11.00 
1_.50 
n.oo 
17.50 
ZO.OO 

12.00 11.01' 
,. Z2 I.U '.51 _.&2 
S.U _.71 
S.75 _.11 
5." S.I' _.11 5.U _.51 S.ID 
5.01 I.n 
0.0 7.12 
7.U 0.0 

1.15 _.n 
5.17 '.55 
1. IS _.51 
S. _2 _.01 
s.n _.91 
1.H 5.11 _. Z1 

5.U _.17 1.11 
0.0 I. " I.n 0.0 

6·1.·111.: n." '1F TilO lITJI.ITI:'S cory, H~~&, lI~·T, FOJfo\AT I"S.TALL£O 
~ ... 'T~ ..10& Ugee - 1'19'80- ,,-"'PHOXI~TE-~t.AIICE·"" ·-&.\Hf .... ~--------·--:------­
I cP<i .. OihOO:02 UEC.iITIO"l" ~O:QIl:14 ::iUS,.," ... OO:OO&14 . 

L~=N~ 'LOCO/! r.ooT· FOU .... -.------.- ._-------------_._---
I\UPY 

~;~~Oc Y~~f1 ~~j ~V~~: ~~~fi I ~(~~Si=D:~;..._'~~--_____ _ 
AUot O~("'G.~LT,""'TA) FIt'1UF<>Oll 

:-.~~~~~ PA('t'ANO. COWTU .DAU.) ~I~~!!~~~.J: ..... _ ... _. __ .. _. ____________ . ________________ . 

CPU" r.e:DQ:04- tllectJl,I')lol· 0(1:2:: :;E')SI~" OO:02U:S 
tO~D60 YA~f.PIPE.OBJ(DIiIIO) FO?TLl8 lIB('t:'I'&1.FORTlB2') LET 

-MER ~ ,.<>-J>R'.T-""M-Q ....... lF"I.L-CM·T7-<>iH£l1111~&~- ----------
? 

--0 
.- f'TER 1 IF C(1IjTlNUE ·FItQII PREVIOlII-IIIl:IIIt"I.E'lE Tl.~. ~ltIfl\llI5~.a· ... -------

~ r.o-u -i-;.· vi;, loINCTraUsE"Dl.TA. o;.;i;-nw, QIV~MiW[ .xr.tvD,tiN;T-ENAL c.mi,'O,..l\lusi-o--~-·-·--··----
? 

..."g ... _. __ .••..• _-- •• _ .•• -_ .. _--------_._-

?,1E~ 1 I~ ~MM.L~ SIZ~P PlfE ~T .U9<T~eAH IS II)T "'L~". QTIIV\IlI~ G 

-0 -.---._.- ... ---~. ----.----.-----
tl<TFR 1 IF W~S1'~~ FLUID COST WILL C5 CAlCUl'TED. OTII[llllIU. • 

~-.- .... -.--. --_ ... -- ._-' -_._. __ ._-_.- _._---_. __ . -----_. __ ._----_._-----
fllT51I. 1 IF I>(JI.I'f\ C!'$'f ~!If INClUO£P. OTHEAIII'" 0 - ...... _._-_ .. _-_.--_._--_. 

(, 'f!T~~ THE A"sl GIl6!' MOOlI!l oP 1)1 PE Lilli .... . - .. _. __ .. _._----------------
aoTta I "!D $P1!ClfY I\mVIREIJ OISC .... IUIE 

, 
-l 

~ ~~ ~t ~m~T $~:Wsfa.~ (M III) PI~CMApt,t At Tl\t& sr.-I 

'. E~T[II. m& !)I.c;.tGIIQlI>ISCIW>&'O ~WJ\li "NO !)I:!'SIIB'~ MI!Il I)P~ PI\""~VOl!:. I" pSI 



Appendix 8-5 (Contd) 
r 
~ .. SO.l 

'N"'~ T~f U'IOTH Qf T~U lT~ _ ·'IfI!-t15atl11Gf ruVATlI>tI;·· 111-"..-----· --. -.-.---. -- ----- - --.­
r 

,","oo.,U. 
EIIUR THE ona~nt>l"". AItP ..... TOTAL III\.!T HrAP. IN ~" •. - -
r 

_~ •• i2. 
- VOTEk THE IIfTIIIV~-FllI\ u.IMlll/on~llIln-HEAV7-I~ PG ... ----------------

1 
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~~ 1 TO 'H'FT p.n UN!. _$I 0. __________________ _ 

PlHII I Te SP~". ~1III./ItII OISCII4I11t 
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bs 
!!ItT1Il I _ SUDa ... r;ro_.111 ..... _T1OACT.OII n •• O~ COIIIItcTlOII 
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----- ------------------.--------

NOTE: CPU TIME USED 
CONNECT TIME 

= 24 
= 24 

4 = 20 sec. 
min 47 sec. 
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3 TQ ~_ " ..... ,_ WlTII n, .JOINT . 

, Te ""_ "'EJ.I_ .... ,TII ~, dOli'" 
1 i~ =,~~,~~.:!~,~8~i.-~t.r----------------~-

J,.. 
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:in .. s... ..- ....- -_ . - .. ___ ... _ 
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D.oi,-.ii 

NOTE: CPU TIME USED 
CONNECT TIME 

= 34 - 3 = 31 sec. 
= 19 min 19 sec. 
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5 ... &617 .. D .. 

51 ..... 079 .. 
Sl.0,,"2!t2 .. 
55.17'474. 
!is.615"n .. 
!S.tl7U7, 
S •. 80...,,"'. 

-~lfl~~ i :; ~~\.:~~~~~ ~T~~~E~HIS-J::""~l:-:A::l=.,::----------------------------
o .r DiD !u: THIS JDI. -+ -. ~-----------------------------------.----

(IIT!~ 1 TO C~lCULATE T~ nil liT_ct • 
. J ;: TO COIi~(CT iJJO 'l.lQ[S .-------.-.­

l T~ ~U$F PI P'LiNts Win" TU: donlT 
" To J.tn.&E PlPlLlftU WITN' tAO$.' JOt'" 
5 TO TVA,. 7..,' flGl WIlH (lao"" ----.-----.--~-------------___ . _____ _ 
• TO e~AIICH PIPfllllES Wll'JI TEE Jon'T 
7 Tn Bf.AHCM ~IPfliNES Wlnl CR.DSS .r(lIJ)T 

1-
tItTER. 1 TO Slfl n P,P! LI~ .. OTUU\USr 0 

+ 
ENT[lI 1 TO SrOCIFY JEIlVIREO OISCIIA~~ 

+-
.• TO UU PIFf'REilT O~IFI<:E llH (0. lit) 0 .. _ AT TIllS $TAO!) - -- .---... 
, TO ~H. O~ISI/lAl. o~IFla .,~~ 

E,lJf£t THE DESIGN£!> OISCI'Al\QE ~RUi\H\C. AIID PI~ISIUS' AlUI'>IAel~ ~. PI~CH~q(lf Pll£S~U~[. ,. "', 

:it .. u.s ... - -.----. -------.--.----.-------------
~lER 11\1: ~EJI1IOTH OF T~I' STAGE AIIO 1HE OISC.~~GE ELiVlTlQII, IN" • 

. fr • .,q ... -. -' ... -.---- ... ---.. --.- ----.. --. -.-------.---------
tHTU tHe D"'CN&!, ", •• AI'O "". TOTAL lULU _II. ral PSI • 

. '*': •• 02. .. .-.-- .--------------~------------
tNT ... ltCt II'TE1!YAL Fat tll~I"AT1~ SA"", InLET HtAo. 'N ,. •• 

-t:-,.jS ... -----.---... - .- "---'--
£NT81 1 FO' "'.~&N EJ(P~IISIOII OR comRltTlOll TYff OF Cl'1III£CTlI)II 

2 FO< G .. I>IiAL !)(~.IISIII'I D~ eoItTRAtTlO~ TYPE 01 CON"ECTlOll -+ -----_._-------_. 
,.0 f'(~ul T .. PR,.OOL'CEO, u.-c:K:I TH I S STAI' 

- !J'Tt,Q 1 U SHIFT PIP£ LINf .. OTI-lC~15! e - -- --

~ 
. [Nrl/! • TO 'Pfe,.. A[QUIRfO OI'CIfolI!'£---- ----.----------------.-------.•• 

2 TQ ~.& OI .... .,.T 01\1 FI tE .. ZE (Olt NO DISCHAlGl; AT nils "AIlfI 
) YO' USE Qj/ISI/lo\~ OO"'t~ Sl~ .+ -. - --.. _. __ .------- -------.-

ENH~ TtIt ~"'C~&J>. V'~Cl\AlOf ""SJOU~ JIID O~~I'MEIl"lllll/A'l~ IOU. OI'CIIIIIIO" "PSU~t. 'N 1'$1. ir .. St. .... . .-. - -..... . .. . 

EJ'.T611. THf lfllSTll OF TIllS ,,~ AI!O ;~ NSt\IAP&~ £I.£UATlOII. 'M F •• ts-P, •• : ... -.... - ... -.. - -;-. -.-.-----. --.---.-.--
'~T~ T"f ",IOMI/) ~11o\. AlII .... X. TOT~L I/lLlT ~W. III P$I. 

if.s.,u. 
J!:TtIt TII& I~T[A.\OOL 'lilt E1 IIUI/ATI/II: "-I"! I)ll.fT IISA/l. IN PSI • 

•• OS 
blTEJt 1 FOIl ~U~ gp'"'''''011 01' CONTP"C·TIQIt TT~L ~ ~I;(,TIOII 
~ 1 FOO S~ At. E.l(9~InION OR CMTAACTIO'I T K CF ""~TlI)II 

",TfA. I .,.. OISn.oy T'G ... y.t.TS mEl< ~ 10 PISPUY ""'". TNI IIIU-T ~ o'Ut_~, 
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r t"· •. SIIi.A'f'1"1Ii t~, ........ ;Ie T6 "''''''' .... v """.IM\« _ ~_"'u /I 

• fJlTU THE HUHelt 11·10 .,*" ..... tlfl;tr ~1Itu. 11! ·,.'IIfQ> PlIl'I·1/ ~--.---.--.- --- -

+- . 
'1.1$17)), ,l.'OlO!!, &1 ...... 05,-- 51.""1'2, - .1.11'157" 11.61,1111, .1.5.na" II.S" ..... " 
U.IiNU7, '1."11112" 61.51"".. '1.1'1DJ~, 51.5'''1'5, ,. •• U1Oltl, sa.lU9U, SI."""'UO" 
sa.27no" 5".~2"20, 51.1$81'"", 51.11'7"5, 51.0nns, SI.tlO!I'SO, S7.~1II7ft2.. 57.t0206." 

~~:;:~~~: ~;:~;~:~~: ~::;:::l:: -- ;~:~:~; - ::::~~n::· ~~:~~l~~:· ~~:::::~: ;1:~~~: 
56.nell"7, 5".1iII4~i, S".,.US:i:;, S. •• "JH, 58.UMQ1" ~.2U62.9.. ~'.tl'5l0, 56.1Il52', 

-- - 5i.n1.'5" 5i.ee5'~::;, 5i.OU477, - 55."".12, !S5.~')l6"', _. 55.IL6-1LO, _. 55.tu91a, SS.7U'11" 

~~:~:~tl:: fs:rs:~a: ~:;~~~:~ ~~:~:~: ~~:f;~~~ :~:~~~~~: ~~::~~1:r: ~::~~f~Z: 
- 5".~H{':7, ,_ .;51114, - ~""11"',,---S4.71f7'11,,·"- '''.7~O'', H.'UOJ9, - - ' •• " .. 7 .... ,,· 54.S700", 

''tTER 1 IF NOJU! STO\&fS .It" ,lfrr-DED 
'6 I ~ YOU UANT TO tD1'TlWI TMIS .Joe, l~TU. 
o IF EMD O~ TNIS JOB.- -.- -.---.----•. -----.-----.--------.----.-. 

+ 
-flITER 1'" tAltilUH TN! !lID IUce'---------------·-------·----·---c.-- -

a T~ COIIIIECT ,..,. "MY 
1 TO "~E PIPUIIIE-S W.TY Tit- ./OII!T 

--•• Tp !lIlliE PIPtll~es WITN·C,.,as·'"""--....... ---­
s TO TU~II THt 'lOW 11111\ IUOII 

._-_._-----_._----_. -- - ._ .... _ ... -

+-
~ ~g ~~g; ;:m:~; ~:~= ~~~m..,..-------· 

-E""~'" 1 TO""" PIPE lINt. !rT>tIIt.lfIIf--O------------------

+ 
EllTER TNE '-"1011£1) III~ Of P'" lIKf---·----·- -------_.-- ---
+ . 
:to.Tat 1 TO '",C"T lWtU'IW'al'CII' ___ ·-----·----------,----------

• TO U~E P' •• L'UI(I" ""'Fle~ SIU (ea NO DIC~' AT THIS tiTAI!) 
• TO U$l OR~'''''l OII",n SIU 

~ 
Mila TIlE WIP'EA DI~ ,,-_RC. AlII> *'QIIU. AllOllAllll •• , DU~1tG1 I'ItUIUU, , .. n'-', ______ _ 
.~,,5Z,~ - .--------.-------- ---------.-----. ru. TItE LOtGTM ~.~'!'~S.T"OI ~II!> THJ OIlCIWN WVATIOll,_III_"_, ___ . _________ _ 

'Z,o.,a • .t;6t. "'~ OSS'6M1' II'Il •. ~~:2!1!~~ ,tIU.~_IIMI!' ~~_. __ . __ . ______________________ . __ . __ _ 

E"i~Zill£ '~TElYA\.. Fa.. Ultt'"ATII'O UIIE IIIUJ ~ " 1'1', .z... -- --... ----------.- ... -.-- -----------. ---.--.---.- - .• -.-. -- --
d.OS 
tHT~ 1 Fill' S~DPIII WlPA_''''' O~ COIIT~TlOli TYPE Of e!IfIII!CTl911 
~ Z F(III OlIAOUA\. tv"""OII OJ, toNT/lAeTlI)II It't! 01' -COIIIIECJ'CiIt-

·EHTE~ 1 19 DISI'VoT Tilf If.SU17S.·ENT£II.--i-TO O'SPt.AY-QlLT _·'NI,lT-HIIIoI);--ilT"'I\\t.IIIEE-II-----·-----------

~ 
E"n" 1ME IfJIUEJ. 50 1lIAT·lHt .... "-tII'U·Wllt--1lt-_lIff .. -t'I'tl\'·~-·-------------------

+-

NOTE: 

;a,m:: 
5'J.n9222. 
!i7."12U., 
~r., __ 0129. 
:i6.510U7, 
sl.untl, 
$$.72/,j0'0, 
IS.33055', 
s ... 127124" !I'. t01J5e .. 

CPU TIME USED 
CONNECT TIME 

fJIII - - ------- --... . -------------.-----.---

.~hNe JOt Irl§fI - TflNI!-OII ,z .. --c:aIIIfeT~-o't5,O .. -_· 0.00,,," --- --.- --.---.-.-. 
T'-19ifO lOlGtf Off ~n AT 11111117 QII .rtIK ".1570. 

-.... _. __ ._-----------------

= 28 
= 21 

3 = 25 sec. 
min 57 sec, 
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-0 
-?T~ I_IF _~IIWt" !l1lII..~1_~-'~~!I:~!JS2,--!l~!a !.' __________ _ 
-1 

- ~~~~".,: .MMJ~~~\;:;;~~~~--'---------------- ---- --- -- ---
1 TO C'(l~~CT TWII n ~cl.S 

- ~ !g =TU~!t!..::aI~li.~~~~-------- ------------------- ----
, T. ~;, "'PEL-lilt,; WI1N T~T _______ _ 

----7 Ta 8I:tACII ~Ionl~~~"'Tn-r IMI , -- DIT!R, l TO "'1FT "'~ llllf.- OrtmQllstT-- ----,------------ ------ . -- --------
I 

~1It ~ AHIINEO _0. OF-"'ltllln"liKIOI pl1ra!~~II't~'~'I\1J-,------------­, 
~~!II nt& I\ATIO OF FUJI Mn-l~t-Plrul,,"~ -T1.f['"SUIII'"llrmrSt-~S-TS'-.~--'.,.·l..,._!. ·~I#~'S~·:--I···· -_. _ .. -­, 
::-@J.THerU\'ATHI" or nus-.rq-C;~III~"-.------------------------- ---- -­, 
::--~E~ nu;- DES IGIIlP l\1~~" .,.J(;-TOT~~IIU.[T~III-m. , 
-~iifiw INHItVU-FllIl" I"I.~nllO"-U/lrIllUTrlDD;_t1l"1'J,.i-. -------------­, 
-EJi~~ 1 FllIl $\IOI>t11 t>(P.!tHII!-Cllf-rDlfTUttrCll-Tl'ft~F-~/l!I[eTnlllll------------------------­

z ""~ CVot>UAL txPlJtSIOOI a~ eolfT~eTl"" TYft OF ClIIlIIteTlllII 
-~-- ---- ------------- ----------------------

tlIT6Il 1 TO OISPLAY ~ ~ESULn, m£~ Z TO DIS'LAY OUlT TIll IRUT IIEAP, ~w .. ! 0 , 
+:I 

E/lTll' Tit( IIIIP!KI> ~ G. THAT TItf INLeT IfBD UILL ~! P1\INTID (VSIIT • fIIJfI\Ifll 
I ... 

-, --
-I 
_~7E' ~ i; ~~,~~.W~~IT:'$·A~--- _______________ _ 

! i~ =~ ~:m:~~ :r.~~ ~~~O!~rKT 
~ TO TVM TIlE n~ "ITI' 5l~~" --- ---------- -- ---------

~ ~Z ~~g ::~it:~ _;:.~~ ~~~.'f:I~ ___________ _ - ,-
-.! 
_ rTVl_~.TO ~NI!T r'P~.LI~[,_~~~':'J . .v'_"O ___ _ 

-1 
'"TER Til! ASSIIlI!(J> .. ""''''' OF PlPI: ttll! 
1 - -- -------------- --------- - -----... 
~1'{H'1I: 1 T<I ,p~elfFY MWIR"P O"cn,UlOE 

2 TO US~ OlFFtrouT Ot<IFIt£ Sll@ (O'-NO DiSe~AAIlt AT THIl $T'-':f)-- --- ---­
'3 To LISE O"ICIN/t" ORIFIce SI%.E 

? .., _._--- -- --- - -------------------------------
'NTrr THr .1$1 .... PIse>tA_ 'OlI5SURE. Atot> DeSIGNED ALllJIIAIIU IYoX. OI5CllAItO! NU'''''[, , - IN PSI. "".5,':". --- .--.-~- .. -----.------ ------.------. 
rUt l'Nt lUI'~TH O~ T'lJ~ ~TA(:' AIIO fl.",: PISC'NAf\CC ;.tIVATlDIoI, 111 'T • 

...;ICO 5 ---------- --- ------------
",reR. TIlE ... , ....... IM. AMP '"x. TOTAL IHl.tT IIEM>. I~ '11. , 

-.s~ .~, 51. 
EAlTa TIE IN'n.tV~l FDr. l.L.IMI'MTI'IO 'W ItOlET NfAD, I. 'SI. 
1 

-.0. D5 
!JtTU 1 ~Ot Wr;nlH £rP''''''!n.1 ~ CMTP. ... ClIClu TYPf O~ CONNECTION 

l FOA, GRADUAL E~MIi!~IOH. Oft CO""IUC1.r~ _ TY't OF ("ON"Et':TlttN , 
~ 

?,TE~ 1 TO DISPlAY TIlE ~!SULT', ett.T~ 2 TO 1)1"""'1.:0: Q"~Y 'D!F l~ln~lI;,\p. OTltU)lllt..t ___ _ 

'Oo!/ 
rl£A n<e I/UMfQ" JD Tw.T TIlE IW~ET 4£.'D .. IlL ~e P~I"1[P eVERY. _ft 

--s 
61. 750GU, 
U.·UlIU, 
'0.1)1179. 
,~.~" !~~~. 

'l.Uono, 
'1.171~)Z, 
tili.S66s10. 
"".168030, 

61.JU''', 
U.116u6, 
60.54Q)5', 
bO.UJl'Si" 
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.;-
_+!~ ~. TO '~I" PIK LI~l-_DT~!~:' .. --,',-__ _ 

S7 •• U~5Z, 
57.U-607&, 
~5.'''767 .. 
S'.'UOfi:r, 
5'.OOl!01, 
~5.U'lU, 
SS.ZIlUU .. 

"."0'17 . 

:;:~1I'~~~I~.~~J!!tH!!( ____________________________ _ 

-"'Tm ~ ~g :tf~~1.:~~{~,::~~h"-lIO-dIE_RjfeAT '''UnUM) 

+ 
i TO 115£ OIUCIU" O''''tt SIU 

--------- ---.-- ----

tNl~ TIle OEfoIIIl&ll prsOOIlOt _'f. _ K5lt11lP ALl_'LE IIU. Ol~ I'I!~ III NI. 
ir .. 5J. ..-.---------.---- _ .. ----.---------------
l/ITEI!. TI/I lv<oTH Of' THIS nAIl. Ne na OLttIWlQI IIJVATI .... I. ". 

40-. .• .-.------------------------------
EKTER THE DES IIIIIEII ~". AlII> IIU. TOTAL flilfl" IfUlI. I, "". 
·~ .• ,~l. - - -. --- .---- ---- - --- -
EJU~ T~E IHTWIIL F~ tLlHlllATlIOC 6AI1l III\.£T _, I. PSI. 

·bs . -- -- ------ ----
I!IOJII.. 1 Fill ''''''" ........ CIOII. n~ COIIT. UCTIGN TYt. a '" ~eTlfII! r -.1 F'" GRAOUAl. Oll'A"'.I • ..JI~_lN!n!J!!!.. IYP.f:_ !If..S!III!!~en.RL-____________ _ 

fM 1 TO ~rs'''''y.!''~.~~~TS, all" » 'fO_!'-~!..D.It.'!_l1LJ1MUlf,O' •. !!l!f.!"!J, .. R"_"'_ _________ _ 

_ rT~ ~t~_!!~O_.!!!!T..!!!1!: III!,U .., '''~r. IS !'!IINTIP mp.:LlL!I!IIlIlK!!""' ________________ _ 

-r 
:::~:~:~:: -- ;::~;;:::!-:~:H:::::_--=::ra:J::·- --:::f~~~::; - f::m:n:- f;:::r:~:-- :2::IlrJ;-- ---
55.&63'32. 55. a3"~7,. 55.7105116, s •• naDliC" 55.Ui.12 r 5$. S'UCS, !iC .!il!;D .. S. 5 .... "'053 .. 

~;:;n:~:; -- --:;:~n:~;-R;rn:~;!- --:;:;~~~~~~~:~~~~~:_- :;:~i!:t~;--- ~~:;~;!~t-·1~:~~:;,z:_---
H.11"~2. 55.uun. . S5._~2J, 54.!1ZSIS, 510.9"'212, 5~."Ul7, S<o.I3t1qn, $4.75lU2, 
5"'.7~!t7ZJ, SIt."9707, Sit. "'1"., 511.""51,' 5'.S2laJ9!1, 

E!lTt~ ~ :~ ~\mD~ ~T~~~'S 0l\Il LAtn 
• I F £lIP OF THI S 0106 

NOTE: CPU TIME USED 
CONNECT TIME 

-_._------------------------

= 38 4 = 34 sec. 
= 20 min 27 sec. 
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-I ..... ~n ... I1 ... 
mm.H~.~~taPl~T~~U'12 '* - s. 1m 
.. STNlT8 _ .i9b . 1.I9MO • AI'P«I>X IlIAT ..... LAIlCIi. 11011. 0' 
,Pu • QO,QO,QJ. ""'CUTIOH· 0.,00,10 SIISSUIII· 00'OOll5 _ .. 

"'~~"~ty~:~:=l)I~~I~~~; lht 
ALLO~ I>AC'(~h~~LT.aor.ol "C~Il*"1I 
~LLOC """4 .... ..,HTV.CII'oTAI I'I(P101Fe8l1 
11t11i: 
Cpu", O410CII1 U&CUTlOlf'" 00,0.,15 s8sI0 ... 0010115Z 
LO,A06-0 TAfrr.I'.PIP!..O'J(auw) fl)RTLI~ LI"·SlSl.fUIrtTLIZ') I.tT 
I -~ •• ~ )'.ane.c __ .clld ',.ttl&.lnfol"Ml.dotD· list 

~t~ ~l~=:~~~~):X~ ,wmmw 
1~~~t DACT" ..... C<lOITU ..... TM Fl(nOl1Hl1 

tl'IJ - OOIOOI~ "'''11'<,,,,,,. ",01,07 5'$$'011 - 00,05,15 
l.4)IU~ YAW"'''''' •• o.t.ai»EtCJ) FOATLII L18( '&Y5L'OATL.Z') LIT 
i.,.IA ... 0 'ioIl ilT IAi.l OF ICATIiflIAL caST. 01UEQlI Se- Il , 

-0 
"'lEI<. 1 IF e.""OWE FROM ,.,.1iV10IIS IMeOllrLEU T~. Ollftllll" 0 
1 

-I 
LIIIE "'. OF t..UT ~TAQi 'W PttIY'O~S JOe ""~ ) 

., •• (fiT" 1 TO ~LCl.Il.\Hi 'i1't£ l" $TAGiS 
'2 TO G.lJ!iN£c1" .)11'0 STA6£$ 

I 
1 

-t 

, TO Hlliil!U£ 'IY~LI"ii;i wiTH TH. ..t01N.T 
4 10 "ffiy.uti' "'IP£LI!\fi filT*' CROSS ",tHlii 
Ii 10 Tt.iiUI 'i1iE HOW 1111111 iUfO\,. 
, '0 t?IIAMttf 'I~£LIM" NIT. 'i'E .IOI~ 
1 TO'~ "'~ELI~E' olTIl elto~ ... I.T 

o,n:~ 1 tc JrilF7 'II'E LINt. O1R'*W'aE U 
1 

-a 
ENTal 7itc I)'SlgEV MIN. AMO'M.1. lOiAL InL~' HEAD ••• PSI. 
1 

~tb.'~"f '~TIIRV"'" fI>I( £L'/lIII.-TIliG 3NII 'NLET HI!l\D. I~ "'1. 
1 

-g.O} 
fMTt.it. 'iJi£ 5Lf'lATiOti oY ill" '"U,OE. '" FT. 
I -7. 
r.t~ TME u£Oil _~. 'N DE<oIIlII , 

~u. 
EMTat 1 Fa .. ~D"N urAlrAIGI( OR ~RJ\CTICIi" TYPE- OF ClI2Od!CT JOH 

2 reA. 4UDlML UPAIISIOM 011 t,;U~iR.'CTlDH 1'{flE oF CONHtCTlofl 

1 
-2 

~"TC8 1 10 DllPLAY IllE ~~:5UL1~. eNTiA 2 To blSPlAY alfLY TI; • ..... T tIiAD, 

-2 
~.H~ THE """Ul< • $0 7110\7 TIll! I~L£7 _D IoILL IIIE PIlIK711b PnIW • _EM 

-1 
~~. 23~29", Gl.ln~g~. &1.007155. At. 019)&1. 
'O.7!iSl71. 'D.H75ll3. '&.ti79i474. 6Q.")I<\2$. 
,o.n'l6~~, 60.31%H. "n.l'n.", ".n.G7., 
~7.~'9flIaU. !i7.HS!i67. 57.2J13Gl, 57.2U12'i. 
5&.9,"U~. 56.9;7:173. !iG.Ula155. 56. U~2G" 
56.5-515". 56.51IU55. ~."'3S18. Sf!. 1, .. 5587. 
$5. ~1:!2U. 5R.OG75'5. 5'.015U". 55.9!1S771. 
55.7H!5 •• 55.U'518S5. ~5.':.!'117. 55.!n5H. 
~5.nuo .... ;;5. 29~lS!r. SS".H7QOO. 5~.1~OH, 
Sft.,.,nlt. SII.8li473!. 5~.8"6725. ~4. 760]!'1. 
~r.. 5"::'9'1. 

l'lTEk. ::. I F ~Qlr liAGfS AIt.E NIi£DEP 
2 IF ytXl WAKT Til COHTIKU.E THIS JQ. lATtr. 
u I F £~LI OF TK'S JOe , _. 

EtH(R l TO' CALC\JLATE 'Jilt 'KG' ST .... SE' 
2 TO C~fCi' nul Sl'\Gi2S 

, 
-2 

1 TO t-1~E f.'IPUI,,;c WITH TEE "'OINT 
" ';';' ",tRbI::. PI{'I£LIMS WI'iH CI.t·~; .xt1l1T 
~ TO TulUj TtiE. HOW trliJ7H E:LBOU 
Ii TO .KANCII PIPELINe;, WITH lEi ,JIlINT 
7 'i~ 1S1''''''1'H '1 ~EL I Nts "liM CI'.U$S -tOun 

~IJ~£R 1 TG 5J-IIFT Pipe LI1IC, 1lTJ.I~.I'," () ... , 
~lCTfR 1 1(: lP'CI F-Y ~(QUlnEO DI"~:lfS;: 

GO. g,t;t1tl.,7. 
60.SU37';. 
,.,. ~5a.6"~, 
!i7.U:29SJ. 
:;6. i~617. 
5{j.J~ll'. 
S5. <l)0605Z. 
S!;.5P.31'. 
5S.lJD~\J>, 
54.7);":U.". 

::! 'it:) uSE OIF-FftUT OR..1F-ICe Sil" (ott."" DI~CMARAE AT nus !r;"v:c) 
1 10 USE O~I(lIML OIlIr:JC[ "S12' 

--, 

ow".",$!! C 

'!;:.9290iZ. lO.IG.',"T:l. 
&O.52UU. 'C. "'1l!1. 
ao.l~761S. 60.0%~42. 
57.BOS;~. 57. !"~~!l!i. 
!i6.71t3611. !;6 •• "S:i:i. 
55.U!'B;). SG.2n7B. 
55.1i99"'10 .. 55.flOU1. 
H.IlIf6411. S~.4:;OHS. 
55. O~H56S. 55.01t3152. 
SII.G9"nSl. 5-~.(jlOllJ2. 

~HT£R ';i,:: lI['I"~i;k :101$C:-t;.JtCO£ rtCSSURi. "XI) D'zU~Nsn .uLQW,.\,OJlE foO/'.lt. IH$CH,"RC~ PII£lfSlIA:L_ HI. ~I. 

-"'S~q5J.S 

~Jllel? THE l£"GTII ~F T"'S ST,," AIi~ Til! O'3CH.l~ ELiYA7I.~. 'ij FT. 

--'20& .• 7. 
eNT~1t i.lllE O£'!S161f"'~ hi"'. AID ""J(. tOTAL .II.LfT READ. IN ~I. , 

.... 54.5,£2. 
'HTfa nle INTf~AL FOR eL Ifo\hlATI~ SAME U'LET HEAl). U" P.EI. 
I 

-.o.o~ 
i"NleR 1 P-QR ~VI!'N ~XPAWZION Olol co.,TI,ACTIOH TIre Of Co.tl~kl!otI 

2 FOR 6RN'I,k'oL SPA}l31011 ~ CoNT'W-CTlIl'M T\';:tE ur C01(Wltr.TlcKi 
1 -, 
£1111£& 1 1G OtsPUY TH[ lfSULTS. ana. 2 10 DISP1.A., UitLY Tlit 'IlLCT liEIJ1. O'n·fEJlNI5t. a , 

-2 
"'TU. 7~' O<aI'tI!ER N '0 T'4o'IT rIlt '"LET Hf,lb III LL eE 1',/.1 NT Ell EVE<!.~ n U .... El! 
I 

-I 
59.')U11. 
59.31t7'tU. 
5&. N!"I"lCtl. 
n.()I)l6H. 
~.1a911~S. 

Si.7IUJJ. 
1J9.2tI11l, 
sa.algl,,7. 

~;:~~~: 

59.'8.1271. 
st.ZJ"U. 
~I. 7Hl64. 
S'.nlIJ.51. 
~ •• "!1l1 •• 

109.6815'01. 
Sq. 1";9'1. 
S7.3i.Oll9~ 
~(,.'I)Ju.lt. 
S4.Zi..,Oll. 

S\I.ntH~, 
SP.I07010, 
57.1RlI81, 
".7!OOl.14. 
~&. r30012, 

OD,IU'''. 
iO.4$7455. 
5i7.1.5JU'. 
57.017GIS. 
56 • .,15119. 
5&.~74S't. 
SS.76UlIl, 
S5.n,~,a. 
5r..!."3". 
!.4.50&571. 

5'J ..... O}Z1, 
JI.!B10A, 
5'7.10862;. 
,' •• 2192'. 
~~. !'N~II, 

55 
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Appendix B~5 (Contd) 

J 
_l 
IIi lUT5Il L T. ULCUl.ATf ntE eoIO lTAGf' 

2 TO COIIHECT 1Iob n AGeS 

, 

J 11 1IUIi' PlpfullK .:ITH TI( JOIIIT 
• ,. If£II/oIi PII'I!UII5S III Til CIIIIS$ ""lIlT 
5 10 TIJRIj Tl<E 'LDII "ITN KJQOI ; ~: = ~:~::g t:~: ~~~I/r 

.... s •. 
un~ 1 TO SIIII=1 PIPE LINe. or_Ii! 0 
T 

_11 
'»T~Jt TIll OESICIIEP "1M. AlII> /lAX. TDTAL IIILiT _. 1M PSI • 

.... SI.5 .. '2. 
EliTfll- llll IMTlIIVAL pun II.IHlIoIATIIIG _ INLET IWID. I~ PSI. , 

"''''.05 
£NTH. TIll £LeYATIIlI< OF THIS STAG!!. II 1=1. , 

- t~lI" Tie iLlOII AJlCL!. IN IlECRit , 
~. 

ss.allllli, 
SS."'IIOSS, 

~unm; 

alTa. , .... illPiIIII &I('IoIISI4111 ~ COltTIUoCTIOII TYpe OF COIUIICTIII1I 
, ' fC~ GIlAllUAL flCW.IIItlOit U/l ctII'~TlOil TYPII GF _.:TIM 

-: 

H.C»f1S. 
55.Ut, .. , 

~f:Uru~: 

QUit 1 TO QU,I.AY W. aRilLTs. EIIT£II. Z TO DISPlAY OIILY Tili IMLI'T _. OTIIEIIWIlSE 0 , 
_z 

1NT5A. tilE MLfIIU N ~ 'I\o\T TIE I~LH III!o\J) WILL .t ",I_ler EY5(T Il NIIItIlH.. , 
_l 

'0.!U571. ,~. 'J2!12. bO.I"I:", 60.71'Ul, 
iD.&t746H, iO. 1t17 ..... 6O.!71152. ~~:ni:i:: &0. OZHlI. ".'7'.'. !/l •• Ul1,. 
59 •• 'DOS'. J9.511t.,O, 59.!iHUO; ".!t&OU7, 
S9.2Ui9'. U.111!U, S'.U.510, ".lnUIt, 
SC.H113a, 58.1t1731t, sa."HIIU, 511.3U"99, 
'fI.D~OO>4, 57.!!! ..... l .. 17.StUH. 51.a)" ••• 
57. Sl41llt, S7. OS • ..,.. 57. ~lf>1I0. S7.35~l'. 
~7.1l53S1, 57.0;5"1. 57.0%010', 5'.957311, 
5f".7lI11!l, ~mm: ".'USH. 5ti.UUa.O .. 
~!J!9';L ". nb1oa. 50. "0950. 
55.H._OZ. 55.&7,",n, SS.I%UU. 55. "",7. 
iil."2&n, 55.118."'~, '5.415101. 55. )9" 711" 
,s.a:us" .. )5.0571", u.on~iO. 5'.'9U'~. 
54. 7~90\'. :;z,.,,.5n. 5~.81"'5. S".5US5l, 

ef..ia I J F Hl>U "A'EIi .ut 1I£f0lll 
2 I F 'IOU WANT To COHi I rfUE nu S ,JOB LATIA 

, 
-l 

• IF em 0; lNl' JOI 

a.T~ .. 1 TO C4CCII.ATQ T~f e.1W SfNl ... 
, TO e.aL1IKT TWa 'T.w.E.' 

, 
_2 

] 11'1 .... ,.~$:'I"l.IW .. ~ witH Tn· JOIHT 
11 Ta.~.-.tGI: "PEU.,'" Wine C«03S JOINi 
S TO TllAII 7~ HOV WITU (LaW 

~ ~g =~ ~:~t::~ t:~~ ~~JO~:r1lT 

£aTEA 1 ,0 '1iIFT PI,. LllIE" uTIlEIUII:.;[ • , 
_0 

iKHR 1 TO .ptel" ",Cl4I1~ IU;CIIAOGi 

'0. 700'~7, 
10.216'11. 
f!It.2 .. U:Zl .. 
SS.6rollo6Ul, 
S~.OUi99, 
58.21115"7, 
57. 798]1,(), 
~7.J~:!1t, 

".g1l71l. 
!io5.SQUllk, 
s •. 'o9l!i, 
5'.711.»»0, 
55. JIG!; .. 7, 
50 .... 0511 .... 

2 l~ USE 01""'£111 u",FIe< sin (011. 1ft) DI3C!IAItt£ AT THIS STACi! 
l I. USE bluelNAL ."ICE llZE , 

--~ 

IO.ItSIlU" ,o.1757". 
SP.7tUG;Z, 
59. !'9))o7;t, 
S3.9<>U21. 
sa, :1014)5, .,7. no,,,,, 
57. a,1W3 .. 

~:::um: 
S6.0"'~O, 
S-S.UUlj, 
55. 2!J 77~, 
SI •• II£175 .. 

S'.,rlur. 
550."!!ll .. 

It:mm: 

60.511'12, 
'O.lt89U, 
,.t.727"', 
;1: :~~~~:; 
51.151152, 
57.SUllZ, 
57.:U90&, 
!!G.I:2)'15, 
S6.412711. 
Sf,. 001171 .. 
'S.&Ulll .. 
55.21"264, 
SI:s.UO:ZIl~ .. 

"'.1'UJU. 
S'.llSlU. 
511.'12212. 

.0.5)11", 
'0.07"1%7, 
$1."72&6, 
59.:19''175, 
".;I.2I)'S, 
sa. D~nl\, 
51.57&721, 
57.199717 .. 
51.7'1150 .. 
sa.J6a7u, 
5S.SI'62U, 
55.57£17\, 
55.197111, 
5r..7;'S"8, 

~p,rr,. TME Cl;'SICV&:li DISCWAI(Ce 'R~'UlU:, Af10 PU,IGItE' AlL~","' *x. DISCWAI..CE PRE;3lIC:V, IN 'nt. 

_ ..... n.,Sl.5 
;on,,- T~ LWTH OF 'RIll 3TAGi o\IID 0IIIi OlSt"k~~ eL""~TIOII. IN PT. 
J 

.... 200., •• 
~H:~ 'i1-!c ~&$UllU:" 'UM. A»P ..w::. TOTAL IIII.ET MfAI, IN PSI. , 

- .... ti~*~~HE .t.TERYAL fOil £LIItI»'ITlHQ W1E IKLiT HEAD .. III ~I. , 
- ...... 0.115 

5."T&A. 1 Faa &U~ ':;CPA)4SIUH 1M W>l'HtAC,ION' TYPE Of CDNftKTJQIf 
I _ I>AAI>IIAI. EX~AUSIDM 011 C4 .. lAACTHIII HPE 01' Cp",'EC1IQlj , 

-2 
lllT'it 1 TO OISP1..AY Tiff flaSULTS, alTe-I. ! TO OI,rLAY IlWLT THE INLET uti:M, OTWIfN1JIS. 0 

" -I 
'*'lEI .M JriJHItR ,. SO TAAT ntl! UA.lri """ .,.. LL II: Pfturreo l'IEoIlY • UiJI'IOa. 
J 

-1 
U •• 75UI, n. U52"$. S!l.201013, 
St. '1"'S!i~ 5~. S):llU, 51.7531t1.1, 
!i'i.JC42'1~ 5i.:!dl2.I.i, 5e.:!U.l"~ 
S7.7S71Ljl. !li7.1iIIt~~li, S'1.~lO'97 .. 
57.HOUI, ~7.17l'1ll"~ 51.]))]3) .. 
56. 7DItS!tfl. 5'.~"'0S7, 5'.£,4&72t~ 
5'6. iGS}.... 56. :P.i~A6ii, !iB.2Q27B, 
'5. ,.,lt7G, 55. nS6"', 55.ann:t .. 
55.'''''\)'2, S5.I!5~~tI", 5,..1,0 ... 617, 
n.1U71,.. 55.')91!!t'H.. S~.OOg552. 
5". "51010, ~1t."511t1J.. 5 ... 1t2Q~II~ 

!tHy&« 1 I r mKE: S;""6 A~ NROfJJ 

54.l7g.H. 
U.717UC;. 
51i'.l!J;!t'V .. 

. H.SS"Ul, 
~7. 017SII,9, 
5'. !i9l521, 
5&.19"0,.4. 
55.7SlUO. 
55. '~'.29~ 
5· ... 7)31. 

"".l.on~. 
SIi.b$,71". 
5.I: .... D9. 
57.47)03f1, 
S7.0"ll.i n!i, 
56.555_31. 
!iG.1J'l57:l. 
SS..7"2ltlt7, 
~!J. 3l~t7. 
J'It.9"UZ .... 

2 IF lOU IoLANT TO 1.,"4H.INUE nus J04 LATEn 
I') IF it«) OF Tlillt Ju. 

f -, 
Tll'IE 
c~ .. \')0100,,,,, hfCUTI~" tGJOG.U 
MA/IIIS TlUII10. '(AMA. IItf5ULT .~TA 
KttMil T6t'Uao.Yo\fIlG.A:E:JULT .&MTA 

JeUION - OOIl'ln 

t~Ta.t 1UOl) PlIh"! J 7 ... 1St 

L.\t~tt~'(T~)r iI.~::·Q·ll .. :; 
.AT IIMl l.An LENa M fl~T 
o 112 )Zl 2 '1.,71 
1 1H "' , 6 I'" 

~ Im:m ~ ~ m 
If, UI1 un I g 1)' 

iOTAL TRACK$ ALL"I 

'O!;_ORQI 
2110 ",-LOCI 
DIII~_tlMSI 
LA51" LtNG 
1I.i7J j 
J75f1 2 
no I 
lA. 1 
117 J 

.. l 

VOL-Stilt. UUTIOI 

"' ALeh~~,.. u .Lk!J_~.1)J 
EWT FIl.sT un L£UG 
III 192 az 1 
11 1", 19' I 
U Ult lOll! 1 
U z,' zn : 
l' 211 221 J 

!i!t.1)i1CJ). 
!;.A •• au·o r, .. 
~7.g7!JU, 

57. "O!io"$~ 
SIr.')5.l»)S, 
~t.. ~U5~8, 
5li. n76121, 
5~.6971511 .. 
!i!.. 2'j7:l~I. 

"".II1"'''6{" 

59.011211, 
53.51'""'0". 
5-7.6'2"67, 
57.3 .. :n3t:, 
~'.~7269. 
SS.IIQU:JJ. 
~.OJU)S", 
SS.f;USlII .. 
55.21J!.i1:l9, 
5".80119417 .. 

iI.9"117. 
sa." 72\51, 
57.21"172, 
57.2~"~. 
S6. ""'Sll, 
5ic.H&:tU, 
55.~78775, 
55.512:1"''', 

. 5'5. U6J,' .. 
tIt.71'2ItO, 

NOTE: CPU TIME USED 
CONNECT TIME 

= 46 6 = 40 sec. 
42 sec. = 26 min 



Appendix 8-5 (Contd) 
.... ec van,.cor.n.cllat ·~.na.l,,'ond.det.' ... , '''&.be DAU/r,I'IG.lltrURUJ.DATA) FI(FTOlF •• U 

AlLtlC LI.\(YAflU.kt::lULT.UA.1A) FItFTOZFOOU 
ALLOC &tACYA.G.COlnU.OATA) FI(fTllFOUU 
"HE 

~~ O~l:: ~~'E~~~~~~~O:) -F::{~~' Sf'df'~~~~~R;~~}';'~, 
~HT£A 1 TU PAlltr DATA OF &-IATERaAL CDIT. 8Tlt£MlIs! • - " ~.TE. 1 IF COIlfIIll. '1011 PIICVIDU:: IIICDttPlnr Tr~T. DTlIlIlllIlI 0 -THt lA;;T :irA\iE IU PREVIOUS STAG! VAS 17 .. AND nil: Lilli: NO. WAS J 
&NT[~ A lwtUIER U :;,UCII TItAT TUI:; JUII WILL CUUTIIWt FIWH " :rJMEI 1ACI: 01 THI LAU I'ME ~ WT ,. 
U&T[R • IF CuUTUIJ[ FROU nil NUT STAGE , - ." EWTU 1 TO CALCULATE Til; lIli nAGf. 

, -, 

2 Tu CtnfUECT lUll n ACES 
J 1u tlckv! ,1 PEL '14(:' UITH TEl .tQ'1IT 
, TO u[waE PIPELIH£:f Ulnt CROSS .lU11IT 
S TO Tunu TilE FUN loInlt ELYUU 
(; TO UUA,llCll ,IPELIUES u,n' TEE ..!OINT 
1 TO 1;1It,\I:CII "PELINES WITH CROU .... '" 

ENTfO TIlE A::S I GUlO IIUI<IIfA 0' "I'IlLINU "'" CII 1/1 LL IE IIII1aED , 
-' .. ' ErlTEA Till ASSIGllfU "I'lLINI ... wrl un. mllal" , -, 

[NT!'" 1 FOk :iUUDlM UPAUSIOII OM COUTIlACTIOr. TYPE OP COIaIECTtOl 
2 FUR GRADUAL OCP ..... IUN OR COUTIACTIUN TYPE OF CONIlEeTl" , -EIITEk TIlE ALLWAILE I'IIUIUIII DlfFrREIICE AT TIll MUGIIIII POIIIT , 

~O.OOJ 

ellTO TUi D(SIGlli!D MIW. AUG HAl. TOTAL INLET MUD" III PS'. , 
"'5\.5 .. 12. 

UtTd nil IUUWlAL FOI. ELIHIIlATUIQ lAME I"LIT IIEAD .. IN ",. , 
_.~s " 

UTEa 1 TO D'SPLAY TltE .'IULT$" EUlER Z 10 DISPlAY ONLY Tile: 1 .... 0 IlIAD, OTtlEIIIWISI I , 
-2 

ENTE. TU[ t.It.ItIIP U :.0 nlAT nil lULU HUD WILL IE "'IUTIO nEAY ....... 10 , 
1 

61.1052H. Gl.6U12i. n.5113U .. 60.717"0, 
59.955""", 59.12]OLo2, sa.917015 .. 51.571]3' .. 
5'.125177 .. sa. 0]"'1" .. 57.911'111 .. 57.I7GU .... 
57."U.72, 51.]0911i", 51.unGl, 51. ~1250', 
56.912910 .. Sli. i~"S2], 5a.'02]01 .. 5G. 72" 135 .. 
5G ... IJ18Ci7 .. 5(;. n:H95 .. 5'.l)'~n .. 56.01llG" .. 
55."'65]1) .. 55.578]0., 55.5"'2''', 55.IIU"" 
55.211601. 5S.1llJG55 .. 55.13H12 .. 55.072321 .. 

EUTEK 1 I F HuRt :;rAI.iE$ JUt[ NUDEI.! 
2 IF YOU 'WAHT TU CUNTIWE THII JOt LATER o IF ElIIJ uf THIS _ . 

-i 
EJlTER 1 TO CALCULATE TilE EUD 5TAQl; 

2 TO cOllNttT TWO STAG!S 

, -. 
l TO HUGE ~IPELIUES lIlTU Tn '"'OINT 
I.t TU IIUCC;'; P, .. ELlHU WITit CRU$$ ... IIT 
S TO TURN TItE FLOW ~ITlI EUiOW 
6 Tu UR.\NCJI PIPELINES WITII TiE .KlINT 
7 TU .l(Auc.l ,. PELINES WITII CIUSS tlDUIT 

EIITEM 1 TO SHIFT ,.,E LIME .. OTIt!MlUI D , -. EYTER 1 TO SPECI FY REQUI REb DISCIWtGE 

GO.i""i52 .. 
sa. "21115 .. 
57.GI6:lU, 
S1.1~1502, 
56.ii60n, 
S,;.!Jll'lI1 .. 
~S.1I1I9g51 .. 
55.0 .. 'U7. 

2 TO IJ:;~ DIFFERWT UIUFICE :.tIZE (OR .. DIICUAAGE AT nil' STABI) 
S TO U:';E ORIGI~L UHIFICE SIZE , 

-J 

iO.1a01616 .. 
sa.2!'J2laO., 
51.611013 .. 
57.012916, 
".&13983, 
55.8'3251, 
55.]UII,.2 .. 
5 ... ~.:nO .. 

10.211"", 
51.217157, 
57.5'''21, 
57.0111572 .. 
56.5551t11. 
55.7'::S195 .. 
55. '27196. 
5~ •• n'OI. 

£"TER TilE OEOIGlI[U DISClIAIIG! PlESSURE. _ DUICNIII ALLUIMIILr MAll. DISClIAIOI PIIUIUIIi. I_ ,.1. , 
-"50 •• 52.' 

<NTEA TIfE UllOm., nils ITAGE NID nl! 811C1IAnGE ILIVATIO_. I_ n. , 
.... 20 ...... 

UITU TilE Di:;ICiHEO lUll. AUO I~I. TUTAL lULU KlAD. 'M NI. , 
.... 5 ....... 2. 

iUTEA TItE IUTUYAL FDA UIMllMTllfG ~AUE INUT HIAO .... PSI. 
f 

.. o.us 
INTER 1 fl.Ht SUDUEU EJ'AU$IQII OR CONTRACTION _ TYPE OF COtUIfCTtotf 

2 FuR GJcAJJUAl UP"14:iIUU OR CuUTRACTIOH TYPE OF corwe:ClIUN , 
-I 

EHTER 1 TO DI;aPLAY TilE itf:SULTS, [NTEa 2 TO DISPlAY OWLY 11t! ,ULET IIEAD. OTHERl:f'IS£ • , 
-2 

• ENTER TilE uu.WEA JI so THAT nli IUllT ItEAO WilL III PMINTED [VOlY H NUl8ER 
f 

-1 
10.11'605, 60.027Gl' .. 51.lnn7. 
59.5]11115. 5' ... S]0(; .... 5'.1t]0%3], 
5:].012571, 51. n .. a61. 5&.1 .... a21. 
51.661S'92. 57.'310"", 51.5612311 .. 
51. HoelS. 57. lSI .... ]. 51.122101. 
56.2"ZUl, S'.h]2 .... 5(;.0921122. 
55.751: 16. 5~. 7"9.41t. 5S."IJiUO .. 
55.]6'H!, 55. ]1715}. 55.216017 .. 

[HlEM 1 If nORE STAGE::. ARE JlEE-OED 

, 
_I 

TIME 

2 IF YUU lIMT rll CONTINUE TIII$ ..tOa 
o IF END OF THIS JfJI 

59.'51771 .. 5!.13G6U, 
51.3611711. 5~. ]06615 .. 
S'.OU5.7, 51.9ilSH, 
57.51S8U. 51. r.,1i£t501, 
5'.'71527 .. 56.6591lCo. 
56. GltilS3, SS. 9 73251, 
55.'21994, 55.5U909, 
55.20ZII" .. 55. Ul1UG, 

LATlI 

Sg.G,,~gG. 
59. %5120..,. 
57.!3SUZ. 
51. '1l~6'. 
56.591141 .. 
55.9"2505, 
55.509111 .. 
S5.111~60, 

51.illU ... 
S9.15U51 .. 
:;7.1"']71 .. 
57.""'99 .. 
56. "511117, 
55.17"170 .. 
55.\78500. 
55.0lDU3, 

5O ... 'UI, 
51.1111122" 
51.SIIUZIJ, 
5i-.IIUH, 
".50""" 
55.i15SJ7, 
55.110211. 

st.5U"'II. 
st.1101", 
57. ""H. 
57.2'6006. 
5'.317772, 
55. '4]211. 
5S.UIU2. 
".195311. 

CPU .. 10,0012' tUCUTIOU - tOI05." :;USlON .. 10.UI]I 
MAPD:i "U .. O.YA~G.R£SULT.DATA 
OS" .... M£: TC.IUIO. YAIIG.R£SULT .UATA VOL~£A I UlfTSOJ 

CRUnr" 74"1t PURGEDr 711U5 05_0110. iEQ REC_NII F 
• iC_LEll~ 0 Ill ..... I lEi 20 21Ai ALLot, so ALLTYP£I ILIit 

NOTE: CPU TIME USED = 
CONNECT TI ME = 

LAST_BLt:._f'TM<TRlll 1191 Gal SIt OIJlCJLII. 
o 2.,. 2511' So 

TurAl TRACK I ALLOCI so 
FlU. FI CFTOIFI)Ol) .. FI (FT02FOOU,FI ('10"101) 
1"'0 • 

• nU_USlOl • 

29 12 = 
39 12 min 

57 

17 sec. 
sec . 
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.-_._-------------

-- 7 
~ 
~ pr'~ TIle ~~ ... ! ",M5UR£ DIFFUQlCS AT '!Il£ I1Utl'lICt PO."L. _____ . __ 

.... 0.005 
rTO£ TIl[ DE> IGIOW.!" J!L-AI!!_ !lIJI_'--l~ _ _'JMI.JIJ~ .11'-8$ t. --------------

... #" .... ~. _ FA lN~ IIIT~y.LfOlt [I. .... ".TI/II1 ~"'.-'I/UI.NU. ... -'-I'-n.~ ____________________ _ 
-O.OS . 
r ~rM 1 TV PI"I.,lT nre, ~1$._ tllTlR- 2 Til PISPIAV_.DILT l'IIi .• IU'UIEI>"'O ..... I!T!!fI!II=_u."-."OL-. _______ _ _ 1 

•• LETi~~~th~~ - -.PI':%¥----J:~iJ--W""'T,~~~~5~AP.---I~Lr.m~"---·· 
57.>tun 5,1)0 ~17.n 'l.J<7ns J.~"'975 

~:mm;:~: ttn:;}------k~m~-----~:~;:m ..-------
55.61"," •• 00 .070.16 :;5.86752) S.~'U:5 . 
5S.U"" 10.to UU.3I H."'52J. ____ LUr.sJ~ __________ . __ 
55 •• 25U2 1Z.~. U71.67 55."75" s.u.an 
S5.;JI12~ 15.00 "'2." SS.J\;7H5 )."'t15 L __ 

7 
-Z 

TIM 
r,u - 00101112 ~~rllTlOII - (IG,oDIOJ sns.~ •• Ul2i.Ol 
~"PS T0191U. V..,8. Qt.sV<T .MT • 
• s ...... ,: rU"".rlllllO.",UI.T;hU -----·-----·-V-OL.~iiJ-1NfflZ 
('I!~TU' 7.111'4 pOJS101 7Q165 I:S;?!t! SB AEr_RII' F 

lJf'1t~,( .. ~l I -"'~IZ~.r ~ -:'~~~:-j~:_~~}.Ju,-
Ii ,.1_ UL' SO 

o ~nt. T~AC~ AUDel •• 
--~E ~li~T01r.~U;t. cmiFOU;,fll'i"blFlI, 
. KUI>Y _______ .. ____________________ . ___ . 

.. _------------
-------. -----------

NOTE: CPU TIME USED 
CONNECT TI ME 

= 32 -
- 9 min 

19 = 13 sec. 
19 sec. 
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.. {~m.~·m~:'1' 'ROGRtp AT 10: 5 •• 5'l1li JUII£ n, 1m . 
LAT("4i nUl:;, 11"£ :UWUUO I'MJf1OEH R:dttWAl, ''''12-711, lYttl T~ 
•• :tTAkTEu JIlIl 'Uat ... TGUUO , APPIlOXIMTE UALAliCE. ttll.I' 
CPU ... uUIOO~Ol EXECUTlIJH ... I)QIOOlOI S£$SIOW'" OOJOI,OI 
.'ADY 

"'eXK y.nl.cot ... cllu ·y.nl.I,,'oNl.d.U' lilt 

ALLOC DACYAUG.I"FURtIl.DATA' 'I(FTOIFOOI) 
.M.tuC OA(YA"C.JU~~ULT.lIATA) FICFTOlFlOl) 
ALLut: o.HYAUG.\:UIllTU.UATA) FI (FTO)f~U 
Tlloi 

~r'.wCu O~ill~:: K~~~~~~~)" Fg:~~~~ ~~IMff:~~~~~R;~~:!;O~, 
[NTEa 1 Tu PklNT DATA UF MYEHIAL tU.T, ltTU£RUtsE 0 , 

_0 
'HUA 1 IF _roWE FROIO'REVIOIIS "ICOI'PUU TUT, OTIIllIIIIII • , 

-1 
THE LA..iT ~TA~£ In PNEYIOU:; !iTAGC '1M. 20, AlII TIlE LINE Ill. WA$ I 
UlTiA. A J1MaER H SUCH TH"l Till:; .wI "ILL CUIITlIfU£ Faun N $TAGES lAC" OF THI UST It All W UST .. 
[NYU 0 IF CUIITIIRJE FROM mE I4txT :tTAU.£ , 

-0 
•• ·1£0 1 TO CALCULATE TIll EIIO STAGlS 

'}r 2 TV COlU4ECT TUU STAOts 

, 
_2 

) TO ",eRGE PI pi:LlaES Wlnl TIE ..N»IUT 
II TO tlERf;t: PI PHI tIE:; Wtnt CROSS ..... NT 
5 TU TUIIN TII£ fUM "1T1t lLlOU 
i TO URAHClI PIPiLlNC'S UITII TEE ..IOIIIT 
7 TO UKAM.:.u PI P,L I ftfS U 1111 CRUSS ..II) I NT 

tOTER 1 TU SIIIFT ,,,! LIlli. OTIIlIIIIISl • , 
_0 

[I.TEA 1 TU :;.nCIFY M£QUIREU UI:;.ClIAAGE 

, 
-J 

2 TU UOf OIFFEOEUT GRIFICE sIn lOA l1li OISCIIAROE AT nil' nAlEl 
) TO U:iE ORIGINAL ,*IFlCE :tIZI 

filUR THE IlE5IGUED DIICHAAG5- Pfl£aURE .. AND ""IONED ALLOIMIIILE MAX. DIIClIAItOI .. ":wal., lei "I .. , 
.... 51., s,,,. 

lJfTEM TII£ LhGnl OF nil:; :iTAGI ,. nil DJICUAAGE U-IVATIOII. III FT. , . 
.... 200 ... I. 5 

EnTER THE O(:tICUED HtW. AUD MAX. TOTAL INLET HEAD .. IN PSI. 
T 

~S5.] .. '2. 
OITER TUE I"TEAVAl fDA ElllfU~TlUG SANE IUlET ItfAD. III "I. , 

.... 0.85 
UtrER 1 FUR SUDD£U EXP~IO" OR COUTRACTIOIoI TVtI'E Of COhUEcrlOU 

2 fOR GKAlkIAl Uf'AII:iIQU OR COUTRACTION TYPE Uf COWUECTION , 
-z 

ENTER 1 TO OUPLAY nil RESULTS .. 
1 

ENTIR 2 TU DISPLAY OULf TilE INUT ItEAD .. OTttltallSi • 

.-; 
I UlET TUT Al IIEAD 

5'1.752." 
51. 7JnG~ 
5S. )0111057 
5B.O!J521S 
57.uon5 
57.151'" 
51.U)l0] 
57. llS1Z] 
SG. '7'11111 
56 • .6UlI!>1o 
5i.'oln,"' 
5".'51113 
Slt.)97110 
5'.1205al 
5(;.00759i 
55.1'05£.6 
55. 7175~3 
SS.1]).t7i 

DIAMETlR 
It1.00 
10.00 
10.UQ 
lO.UO 
10.00 
10.00 
15.00 
12.UO 
12.00 
12.'0 
12.00 
12.00 
12.00 
15.0. 
IS.0D 
15.00 
15.DO 
15.00 

EHUff. 1 I F MORE :iTAUU MlE "E[DED 

tun 
22~D. 77 

mu~ 
22n.n 
UOI.H 
220'.IS 
2253.5G 
2111.U 
2u •. n 
21U.l' 
211S.'5 
218 .... 
2ua.1I 
2211." 
:Z20S.!O 
2200.13 
2200.10 
2200.n 

2 IF YOU "AUT TO C.-1T01lU1 TI"$ _ UTili 
o If END OF THI:,; "UIl , 

-1 
:.> WHk 1 Tu CALCULAH TWE EIIO $TAGts 

2 TD CO"N[CT 1'.10 :,;TAUE3 

I 
-1 

, TO HfllG • .." PElINE!;i WITH TEE .JOINT 
ta TU I(EltGE PIPElIUt.:!;i WITH ClIDSS -tOil" 
5 TU TUHN 111£ floU WIlH fUU,", 
6 TO Un.\NCH t'IPflIWE:; WIT" TlE tJUlUT 
7 TO UHANed ~IPCLINES WITH .CMOIiiIi .JOUII' 

C:UTER TilE A:i:iIGIIED UUlkJ£R OF I'IPE LINt , 
-5 

(znEr:l. 1 Tu S?EClfY REQUIRED DIWIARGE 

OUJ.LET ToTAL IICAD 
57.29JU' 

~~::~M~ 
SS.,"HG9 
5S.U7l" 
S5.tt255:!2 
57.Z~JlU 
5it.2!Uiltltl 
55. '69019 
ss ..... nu 
ss.unJ9 
55.'ZSSH 
55.39128' 
55.'''019 
55.'11"'9 
55.U7l59 
55.U5522 
55.31lZ9G 

2 Tv US! DIFFERLNT UIt.FIC!. SIZE (UR 110 DI:;.CllA.ltiE AT TU':'; STAGE) 
, TO U;i£ ORI~WAl OOlflC( SIZE , 

-S 

I"LET VIILUOli umii 
'.117519 
J.7"1" 
J.71"M 
J.7'1J20 
J.7unJ 
3.7I'2n 
J.7I7'91 
J.7I7)" 
So 711902 
J. "i725 
J.7"'" 
J.7Iun 
J.7ilU' 
J.nUl? 
J.7I1'" 
J.7I1U% 

EJlTEk THE VRIGttfU DI~CIfAR6E PMESSURE,. AClO OISICUED AlLIJWAUl£ MAX. DISCIIAAGE PIU:'UlE. III PSI. 
T 

~50.,5~.1 
£kTtR Tlt[ lCtlGTII OF THIS STAGE AIItI ntE DISCUAAGt: ElE¥ATIOlI .. '11 ". 
T 

"'200.,1. 
ENTER TIlt: DE~IGU£D HIN. AU&) MA.I.. lUTAL '_lET.ltEAD. IN PSt. 
I 

-~".#,z. 
~ITER TIlE. IWT&RVAL FOR ELIMINATING $NIE .. llET H£AI:, III nl. 
I 

-0 . .,$ 
Uif£" 1 lU DISPLAY TilE AE:';Ul1S. ENTER 2 T\I DISPLAY DULY TU£ lULl' ItEAD. OTlit:ItVISt: • 
T 

-I 
lNTU TII( ttUHIIU N:;U mAT nilE '''UT HEAD WILL ec PRINTIEP EYERY N MUlII[a , 

-1 
liI.uno" IU.OUllO# S5.r._ .. U2. 55."un. 
5'.Ii9Cn9~ S) .... I.I71.. U.5"ta,... SJ.SU23I. 

(HT£M 1 IF I1OM& &T,,"UO AAC _EEDElI 
~ !! !~~ ~"!..!U ~U~TlNUE nlll 0101 LATER 

".150.\!. n.IHS''', 

59 

".1I"n, 
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, - ••• _ .. llH • .Jot 

'''-tltna 1 TO CAlCULATE Till E" $TAG!II 
z 10 cu,mCCT TUO STAGE:; 

, 
] to IIEUGE PIP£lIU£:i WITII TEE ..to I lIT 
, TO II£RG£ PI PELfUiS 141m CItUSS ""'NT 
5 TO fUR" TilE FLcroi lilTll UIWU 
I Ta ISHliUCII PIPCt.IUES UITIt TEE ..a I liT 
1 TO BRAIICU PI PELI UC:; HfTH CHUSS tN)tllT 

"'2 c. 
EIITER 1 TO $IIIFT PI PE LINE. UTHlAUll1 • 
T 

-.J 
EUTEA 1 TO $'ECI FY REQUIUO 015C11A1111t 

, 
-S 

2 TO U.< "IFHRCU, ... IFICE SIZE 1l1li NO DISCIIARGI! AT nil' ITAGE) 
J TO USE URIGIWAL UMI.FICE SIZE 

~Tih nlE U'5111UED UUCIIARGE PRU:iUU. AIIII DUIUUED ALLDllAILE l1li1. DISClIMlIE "'UlURr. ,K PI •• 

"'50.,52.5 
~HTER Till LEIIGTH OF TIII$ S!AGE AIID THE DISCHARGE ELiVATlOII. 1M FT. 

"'ZOD.,5.S 
~UTEA TIlE UfSIGIlEo mH .... D IIIIX. TOTAL INLET H!AD. IK PSI. 

"'''5.5.&'1. 
;UTEIC TIlE Ii.lTUVAl FOA ELUHIlATiNG SAUE INLET nEAD, '11 nl. 

-a.OJ 
ENTER 1 FOR SUDDE" EXPAU~IOU OM CUfITRAcTla.. TYPE uF CUNUECTI,OII 

Z FeR GRACUAl UPAliS'DU OR COUTRACTIOU TYPE OF COJIHECYION , 
_1 

;J,iT£R 1 TO Ol3PLAY THi AESULT~, [WrEN. 2 TO DI3PLAY 0Nt."r THI INLET IIEAD" OTHERUISE • 

-2 
ENTEI Till IIIIIUI U SO T'IAT nil INLET IlEAD WILL BE PRINTED EVERY M ...... El 
t 

-1 
U.U72S1~ GCI.81OGU .. 
S", UDHO" sr.. "21917 .. 
55.151093. 55.0~~67D. 
So\."l~QO~,· S"."O~l~l, 
54.01LS01, 53. !JU~Bi3" 
53."22117, n.5157l1t. .. 

5O ... 'IG" .. 
sa.l00357 .. 
SII.176215, 
Sa..'OCiZltIt, 
5'.51316111" 

(UTEI( 1 IF ItuRf :;;T"";E~ AUE UEELlW 

GO.U51t55, 
S6.0"0'G. 
5~. 725Hl. 
S".213020. 
53.I8U02, 

2 IF YUU UAin Tu CUHTIlIUE nil:; 0108 LATER 
o IF [;W uF TIII:J J(HI , 

-1 
~. ENTER 1 TO CALCULA'i[ TilE £140 STAGES 

Z TO CUlmEcT 1WU :iTAGES 

7 

-~ 

, TO /.It-Nul:: Pll'ELIUE:; unll rtf JOINT 
II TO lIillGE PIPElIuf.:; UITU c~s ""'IUT 
5 TiJ TUh:4 TilE FLOlJ ~ITH EL&JOU 
i TO IJRA.'CU PIPELIUE:' \lITIl TEE JOIUJ' 
7 TO URAIIClI PIPELI~ES UlfU c.rw:.s .JOINT 

tHTEA I TO :;lIlfT PI'E laUE, OTltEAUISE 0 

-0 
~NTE" TKt PE:tIGUED 'UN. AJIO riAX. TOTAL 'lfUT HEAD" III Pli • 

.... s~. s. n. 
t'·TEk 1.'E IUTC:RYAL FOA ELnUUATlUG WIE INLET IIUtl" IN PSI. 

"'O.DS 
~UTEA Tlt[ ELBOU AUGLE .. IN DEOU! 

.... '0. 

GO. "2712, 
55.'511:19, 
5".Ct61119, 
S".2.JZJU, 
s:J. U nil .. 

[NrEN 1 FOR $\IODEII UPAUSIOW ~ CONTRACTION TYPE OF COHUECTION 
2 FUR "HAuuAl EXPA"'SIOU WI COUTRACTIDt. TYPE OF conUECTlon 

7 
-1 

&0.216621 .. 
55.906250, 
SIl.G10H!9,. 
54.190318, 
5l.17lOll. 

iJlTEk 1 TO DI$PUY nlE RESULTS, DlTER t TO DISPLAY ONLY nlE 'ULET IIEAD" OTIIEAUISE • 
r 

-2 
INTER TilE uuuaER H ~o TIiAT ntE IULET IlEAD lULL BE Pf:IUTED EVERY H NlmDEA: 
7 

_I 
Gl. 597122. 61.5.S!J81t1 .. 61.1"9~O" 61.13::1.,72,. 
GO. '72no, GO.8U5"', ..,0.7UIU, 60. Ctlill 12.l, 
GO.UUIQ, bO.lall2J2, ;D.l2eo''', GO.2SIl!oltu, 
SCi. 72 73ii'" SCi.G71t5U. 5o'.64G,9lf, 51.0. 5:J itlLl I, 
St..211584, 5 •• 1515'78, 5'.10502~5~ !j(j.0(;81L10, 
55.8,,1,738, 5S.7!19026, 55 .• 7UlIO, 55.uS!)l7a, 
sS.loa~~4, ~~. 0!)9U\I, 5S.U16327, 511.!lIj4!1S1, 
SII. 7l~nG, SIt.(i6.lII~, SIt.HSQ!J7, 54.5!J422l, 
sr.. HIIIS2, 5".288171, 54.2372711, 511.1523411, 
51.93313', 53.aU9U, 5l.I2HIl. 5',77S543, 

ENTfR 1 IF IIURE :rtA(;ES I\HI; NE-iD£1J 
2 IF VOU UAU7 TO tOUTIUU£ nilS JUS LATER 

7 
-2 

TII-;£ 

0 IF EIlD OF TIllS ,JOD 

61.OGOS16, 
t.oU.607'.llfl, 
1)0. 21o:.ij~O, 
:»1.0. SOlJlIlu, 
JIi. O"3~"O~ 
55.3(jItlGG, 
54.!I2~2!:l, 

S4.535522, 
5"'.12119211, 
5'.7111019, 

61.00)7]1, 
liD. 552"75, 
60.171463 .. 
S(j.II3S2!Jl, 
5S.!IIi))~!, 
550.301.1720, 
5".37"U84, 
S4.457Zn, 
511.07"417 , 
51.690172,. 

GG.221710, 
55. IUS"" 
s ... sa&'!Jlti" 
5". lit 39S1 .. 
5', 72171tS .. 

GO. 977692. 
60.5332119,. 
57.1098111, 
SG.ltIt79&l. 
55.!J2Ci2n, 
50S. 24911t6, 
511.135754, 
54.112030), 
54.02520;, 
U.6ltn7J,. 

CPtJ .. 00,00:20 UECUTlOH .. 00:05:12 ,USION .. 00:21:'7 
"'''PO$ Tb19UO. VAft6. RI::$ULT • DATA NOTE: 

50.1nnl., 
55.711712, 
5I..5211 .... S, 
SII.072KI, 
n.IIGGGI7, 

GO.921no, 
~o.It7i990, 
57.056&25, 
SG.2GIoIIU .. 
5S.81i1i~Z" 
S5.nl39S, 
511.7nGJ1" 
511.36955), 
53.9U521" 
5).5911415" 

20 
DSJt.Utt: i619SiJO. 'tAW.i. RfSULT .tlATA 

cntATED: 111Uilt ,>uRGE": 7Ui6 Us_oW,G: 

LAH:1ft~h&:CT"f" OLfW'to I If a'I'Hc~~t~8: 

CPU TIME USED = 
CONNECT TIME = 20 min 

o 21t!)' 2~" 7 50 

FRn F I (fTOll~11\..n'~~~~2~~~~i!FI (F~gJFOOU 
unt 
R£AOY m.:.p". t&aau •• an&.euntu.d,u. 
DStt.Al11!!: T619880. YA'uG.CUNTU.IIATA 

C"EAT£"a 1111112 PURGED I 71t165 OS_ORC, 
M£C_Ltlh 21 BU.'I ZEI 72\5 III) ALLUC I 

LA)T_DLa:._PTRCTkL)1 01 11'"U OIR'-"U;'~1 
o 100 100 1 

TOTAL TRAC~ ALLOC, 
Q£Aflo)' 

~Ior.uff 

VOL-SEA I UlfT$Ol 
SEQ REC_F" FI 

1 ALL-TYPE. TR~ 
o DLKG_USEU,. 0 

TSO fll-l£ ,JO. '1911 .. T'19110 011 ~O, corlUECT- O.n.1S MUS- 0.00." 
T('I9811 LOGGED OFF TSD .... T 11IJ)ll(; 011 ""UE 15, 1'''. , 

= 19 sec. 
42 sec. 
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-,ln~Ro'fAaa,,·{a·_UG AT .'","n .. oIUlil n, "" 
LATEn IlEU~ "IG"", TYPE T;UUEW$ 
LOGUII PHOCCEIiIUQ 
LUtiUk PHUC[ED 11.0 
•• STARTED JUIJ 'U" .. 15lt .. o .. APPftOIUIA,,: IAlNICI. IU2.'. 
CPU .. OOIODEOZ UECUTION" 0010111) 3Et;SlOH" 00.051lS 
W(AIoy 

...... c 1I'_na.con,1.cll.t '1I'~n&.ln'otlll."'t.· III' 

ALUJC UA('iAUG.,UFORUl.LMTA) FI (nOlFOaU 
ALLUC IJ~C'lAJI ... kf~LT • DATA) fI (fTIJZFOOU 
All.ut t.~("(AUG.CUUTU.DATA' FIIFTOlfOOll ,"KE 
~:!t,~ O~~~~::PE~J5't~=) .. F~:i~:~2tl.~~~~T.'Fo.~~~;O~ET 
INUM 1 TO Plum "'ATA IlF JtATIUIIAL COlT, 0111lRUIS(' • , ' 

-0 
;NTER 1 IF (01"'1&1£ FROU PIIt£~,ou:; IUC""LlTI TEST .. onlERUISI • 

-I 
lUE LAST ~TA"'E IU PREVIOUS ::;tAG! WAS 211 .. AIm TilE LIUE NO. VAS S 
tUTEM A H'l.IfoIIJ[R N ~UCH mitT THI)' "'" WILL CONT' .... £ FROM II STAGES IIAC& OF nil LA~T .TAU 0' LAIr .... 
ENlER 0 If CUUTIUU£ FRun nlE NUT STAGE , 

-0 
~~JEUTEA 1 Tu CALCULATE nil END nAGU 

2 TO CUaJIECT NU STAG£$ 

, 
-I 

] TO ftEllGE PIPELlN.E~ UITH TEE ..,1f1T 
.. Ttl I~'-RGE PIPEL'MES Ulnl Ctcfnl tIOllIT 
5 TO TUIUI TilE FLUW \1I1U lLUUU 
Ci TO BR.\MCII PIi'£LIUE~ \.11TH TEl ..M)11fT 
, Tu 1:Ik.,U.CII PlPt:LlflES UITII CR~I .J011fT 

[UnR 1 TO Sill" "PI LlUE1 GTIIEIU"'SI • , 
-0 

EUTEa 1 TO SriCIFT R!:QUIMEO DISCHAItCE 

, -, 
1 '0 UOE 01" •• £", .... IFltE .IZE (OR 110 DISCIIARG! AT nils ITAU) 
) TO us~ U1tlGIMAL ORIFICE S"U 

. ~NT£I nlE bUIGUED DI;H:IIAROE PRtSSURE 1 AUD DESIQlIEO ALLUUAlL£ MAX. OISCIIARGE NESSIHIE1 lit ",. 

-'SO."S]. 
EUTEk TII£ LEIMiTIl UF Tiff:.; :;TAOI AUG nl[ DI:.etiAaGE ELEVATIUN" , .. FT. , 

--2OO."It.5 
£IITbe TIlE DE~IQU£D HIN. AUU nu. TOTAL IQLET "EAD .. III "'. 
T 

-U.S .. iZ. 
~UT£R THE ,urERVAL FOR ELIMIIIATINQ $NIE ,ULET KEAD" 1M "I. 

"'0.05 
[liTEM 1 FOR :;IJt)OE14 EXPAUSIOU Ok COIfTA~CTlOIl TYPE OF CU"'ECTtOM 

2 FOR GAMu.\l UPAlQi:IOU OR CONlRACTfOI' TYPE Of CO.ECTION , 
-1 

ENTER 1 TO DISPLAY THE AE.SULTS .. EUlER 2 TO DISPLAY "liLY nlE INUT KEAP .. OTHERWISE 0 
? 

_2 
[lITER TUE IIUIIIEI U SO TIIAT TilE "'LET IIEAD W'LL BE PIU ",EO EYERY • WlMIER , 

-I 
S9.,"OIt"IIt~ 59. SY~IIUG, 59.515701" 59.,.77325, 
59.~13iJ7a6, 59.02U7U, 51.lb"'Ollt, sa.1092v~, 
5'.576050" 5a.1I'Ja215~ 58.";)20'3, SiI.3i5727, 
5G.7125070, 56. 5'l3~2ij. 5€i,Ii:,nlO75" 56.111!i1111, 
5G.IJU_7l0, 55.99UltO, 5~ •• "osa, 5S.UltOll, 
~5.55ij:JOQ, 55,521:1166, SS.U7381, 55.unltQ, 
!tS.107~7", 55.0S'U;'91, 55. LII.l3 1 .. 7" 54.!){,21S3" 
51t.U27G", 5". G41754, S".5'U1I8, 54.517"71" 
Sit. 213910, SII.21504Li" 5".192154, S .... U32S0" 
Sl.a971U, Sl.1ll11t!i2, Sl.7nU9, S).nnGl" 

IErlTER 1 IF HOltE SiAGEi ,\Ri. NHDELI 
2 IF YUU WANT TO CUNTIUUE ntis .lUI LATD , 

+1 

• IF EUD OF THIS JOy 

~ 'E_lEO 1 '0 CALC"LAlE TIlE EIIO STAGES 
2 TO CUNNt;;CT TlIO :iTAGfS 

T 
-2 

, TO """GE PI PELI "ES WITII TEE "DIRT 
III Tu HUtfiE PIPELIAI:3 WITII CRtt$S .IOUIT 
5 Til TlIRtI TilE floW WITII ELUOlI 
, TU DIU\.)£CN ;'1 PH I NES WITII TEE tID.NT 
7 TO UAANCII PI PEL I U£S UI1II CRUGS .to.NT 

EUTEIl 1 TO SHIFT riflE LHU, OTItERUISE • 
T 

+0 
EHTER 1 TO SPECIFY IIE1;IUIR£D PUCHANG£ 

59.11279'], 
51.711]U" 
51.l1S!.Itl, 
5Co.lUl2'-, 
55. 7911S2, 
55, 3G·6~a" 
SIf.!)ZS4!.ll" 
5 .... 1171'11" 
SII.OSO,"59" 
53.'9'(;U" 

2 TO USE DIFFiREllT ukIFIC[ $IZE (OM UO DISCHARGE AT nils STAGE) 
] Tu u:.c: UltlGINAL ,,"IFICE s.z~ , -, 

5!).1'76GI, 
51.71UOG, 
56.9.7772 Z, 
5&.211975, 
55.70aHIt, 
5S.lna9G" 
5,..119"92, 
SIt.un01, 
SIt.OlIlIlZ, 

59.21)5115" 
SI.&{iOO95" 
56. BinG2, 
5Ci.l"&1I75, 
55.UOI05, 
55.211591, 
511.762222, 
511, 1751t1l3" 
5l.ggD72]" 

EUTER TIfE DES',mEU DI:.tCIIARG[ PRESSURE, AND Ot:SIGUED ALLOWABLE MAl. DISCHARGE PRE$SUIE" .M PSt. 
T 

-"SI.,SIII. 
EUTER Til!: UIlGTH OF TutS STAGE AIID n.E DISCHARGE EL~VATIONI IU FT. 
? 

~2QO.,7. 
[lIT£M TilE DESIGNEU IIIIU. AlIO nAX. TOTAL INLET ItEAD, IN PI'. , 

""5).',52. 
ENTER Tit( IUTEIIYAL FUR UIIllIIATIIIG lAUE INLET IIEAU. IN PSI. , 

~O.O~ 
EUTEA 1 FOIT $uUDE-N £)JPhltSIDU Ott COIiTRACT'OIi "PE OF COUU[CTION 

2 FOR GRADUAL EXPAIISIOU OR COUTRACTIOU TYPE OF COUkECTION , 
-I 

:WTlEI 1 TO DI:iPLAY TilE RESULTS .. EUTER 2 TO DIS'LAY OULY TilE IN~£T IJ!AD, 

_I 
IIIUI '"l NUI"'" • so nlAT THE INUT HEAD WILL I[ PRINTED IVEIt N _ .... n , 

-I 

OllIEOWIS' I 

61 

51.1I'9lt11 

51.'J9UI1 
5".11511)01 
56.0971&1" 
55.'UGlaS" 
SS.171a9U" 
511.727£.011 

5".)152771 

5'.12""" 
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",. fHl15', ,g,lln'44, ... 1InM, 
"'.56G;lb., n.50ltOI9, S'."I7t1, 
St. DUll .. ,. U.'UUti, SI.9U1U, 
)M. ~"'IJ:i', 5011. !.2001lll1, sa.IISH'1, 
SI.on17~, 5l1.0)3:3H, Sl.!lS01l7, 
U.Li6'lltl. 57.illUGI, ".SSSl01, 
57.2(,2212, 57.20'J101, 51.HOIOl, 
)6.IUb21, S".UllDS, S4i.7(i021~" 
U.U.UII. 515 ... 21129, 5G.1UIIIJ7, 
56.-"5&72,. SI.i.OOlIl1lt, )5. IJLi 1Zl1J1.i, 
U.6fiS6s!, SS.ill 7Ui, SS.S5UZI, 
5S.2S1759, 55.20)UOJ,.. 55. nUll" 
51t.1521:.10, 5-\ .... 16.... 511. nUll, 
5 ..... 1111G2, S ....... Dun. S:t.lst7U" 

INTEA 1 If I·IONE SUlf[:'; .UU;: WEEDCU 

... al .... 
59.35S0n, 
5 .... 1119. 
!JU."U!'}UII, 
51.90)1)00, 
57. ~220'J:i. 
57.117:"5", 
51i.1UUOIt3, 
56.1lZHi", 
5S.!J"21J7, 
55.5UU". 
55.1"2181, 
5~.nUH. 
".)OIUl, 

2 IF YUU WA"T TcJ COIITIWE nilS ~j LATII , 
-1 

a IF WD OF Till:; "till • 

EIITER 1 TO CALCIILATE TilE EHO $TAGU 
2 TO CUNNECT '1\10 "AGES 

r 
_1 

) TO h~£ PI PElI hE' WITH HE oIOll1T 
~ TO hI!AG£ PIPrllNES WITH CAu"s .JOINT 
5 T~ TURN THE flUW WI TM ELIOU 
.. TO BRANCH PIPELInu UITII TEE JOINT 
7 TO .RANCH "PE,LI"ES.UITII CROSS .IOIIIT 

EMTU TKf ASSlGIIID IUOiU OF PlPI Lilli , -. 
EIITER 1 TO SPlCIFT MEWIAED DI3C1IARGE 

ft._lit. 
.59. )"'5'5, 
5 ..... 7112,. 
:'¥. ]UlU~,. 
S7.I9Li)9), 
57."6157Q, 
57. OS" 11711,. 
~1i.'97UI,.. 
Stt.U9U01,. 
~5.U"~U",. 
55.I&7)\l.It.I,. 
55.0LiH,1S, 
S ... Ii') ...... '. 
:. ... 2'JSGn. 

~ ~g m ~~~~~:!ro~~m~E.rW (011 110 DIICIIAAGI AT. nil I STAal) , 
-5 

St.""'''', st.7"' .... ,. st. nun, 51).11171', 
SI.7ISIII',. SI. nan,,. 
51.J730"1, ~D.13aOIi5,. 
57.117209, 57.71))6"0, 
57.1I031n, 57.JCi7717, 
57. U17517,. 5G.950513',. 
56.6'51181,. 5t,i.5'J10'~, 
So'.21IJiilll,. 5G. "UU, 
55. UJII'G. SS.H7!.SJ,. 
5SO .... UIC.,. SS.18~I1Z1, 
SS.OO79G5, 5".9"7)0,. 
SIt.~U5)l. 5". nun. s ... 2 ....... n. SIt.h4t76'. 

UTU THE .£SIQIIED DIIClWlGE PUS$UAl. _ DUIIIIIED ALLllllAaLl IIAI. OIKlWlGf ,.!~ II Pli. 
l 

"SD •• st.l 
[OTEA nlE LEHan! 0' Till •• TAGE _ nil DlIQIAIHU !LEVATION. II PT. , 

~2aD •• '. 
ENTEA TilE DUIIINED 11111. AIIO W.X. TOTAL IIILIT _. IN Pli. , 

~SO ... '2. 
ENTU TIlE INTER""" FOtt ILlMINATItHi SN4E INLI!T HEAD, •• PSI. , 

-.cI.GS 
ENTER 1 TO DIIP'l.AY ntt: ItiIULT3. EJlTER I TO DUPLAY GIlL, nil INLET HIAO. on.1tW11I • , 

-2 
ENTEA TilE IlUl4aEA II SO mAT nlE IIIlET HEAII Will .E "'lIlTED IVERY I _ , 

60.6U26", (i".san70.. 55.01077).. 51 ... 510.1 .. 
n.215260. 53. 211ll5, Sl.152117.. U.U.,,' .. 

ENTER 1 IF HOlE STAGE:i ARE UEEPEO 

f 
-1 

2 IF YOU \/ANT TO CONTIIlUE nilS .to. LAua 
D I F ENg OF TIII~ .lOa 

"'1 t'NTER I TO CALCULATE TItE END :lTMES 
Z TO CONNECT nltl $TAGE~ 

-i 

3 TO MERGE PI PELIUE:;. UITH Til! .IOIUT 
,. TO HErtG£ PIPELIUES \.11TH CHosa .JOfllT 
5 TO TUlm TUt: f LOU "I Tit £LbOU 
6 TO HItANCM PI PELINES ~ITH TEl 0I011IT 
7 TO lIlAIOCH PIPElINU WITH CAUSS .JOIIIT 

ENTER 1 TO Sill FT PI PE L I UE. Onllilll/II! 0 
l -. ENTER TH! DESIGIIED 11111 • ..., MU. TOTAL IIIlET _. 1M Pli. 
l 

"'5) ... 11. 
ENTER nil INTUVAL FOIl ELIMIIlATIIICI SAllE INlET HUD. II Pli. 
f 

_.05 
ENTEA TII£ EUOU AllQU. III DEGREE , 

n.nll.,. 
5).otsot) .. 

"::T£R 1 FOR SUDD£H EXPANSION OR CONTRACTION T,n OF COMICTIOII 
Z FOR GICAb<J,u. EXP,IISIUU UII C<lNTIlACTloII TYPE OF COIIMICTlOII 

l 
.-1 

(NUR 1 TO DISnAY nlE IItESULTS .. EWTER 2 TO DISPUY GIlLY TUE I_LIT HEAD, , 
·-:.TEM TIlE NI.OIOU II 10 TIIAT THE INLET IIUD WI LL ME "'lilTED EVUY II HUIOJO , 
,-1 

50. UD617.. QI.712UO.. '0.7260711" 
51t.%"218, 5).""111.. 53.111117'. 
SJ. S3i''''. 51. ~16"31, 53 .. 2l2620, 

EUTER 1 If "''''RE :;TAGE~ ARE wt:EDED 

6I.,snaJ, 
U. JS2U' .. 
5). 17I1U6 .. 

2 If YUU III.IIT TU CUUT IUUC nil:; JUt LATER 
II IF EUD OF TillS .IU" , 

-1 
- f ',[HT£H 1 TO CAlCULATE TilE [itO STAGE:; 

, 
_2 

2 TI,) ro;.,NfCT TVO :iT A~U 
3 TU WEAli£ ?IP£LIHC:; UITH 16& ..to.tIT 
.. Tu ~al.OE PI PELIWi:; UI7M CMD~S .M)Uin 
5 TO TUkW THe FLUW 1.11111 ElIUU 
6 TO UR,\.CII PIPfLlhES IIITIl TEE JOurr 
1 TO 6IRAf1C1I PIPELINES WITII CRUSS .101111 

ENTER 1 Ta SIIIFT PiPe: L'UE .. onlEWISE • , 
o 

- •• UA 1 TO SP~CIFY A(QUlkEb DI~CIIARGE 

".iOUil" 
U. nU12 .. 
SS.lnlt51 .. 

2 T\J US! I.IIFFEREUT UMlflC&. SIIQ (OA lID OI:;CIIARG£ AT 1111$ GTAQI) 
J TO U)E URI"lkAL UHIFICE SIZE , 

n.7ZIUI. 

OTHtaVIII 0 

1S.111500" 
5)."'11110 .. 
53.01IlGO. 

"':"T£" TII£ DUIGliI!D DISCHARGE .... ESlUIlt .. AND DESIUUED ALLOUAUU MAX. DISClIAAOI PRUSUAI. IN PSI. 
1 

"'so.,u.s 
(MUK TIl£ LENGnl OF Till:; ITAGE AUU nlE DIKnARG£ EUYATION .. IN n. 
1 

+~~~i:R'Tf.E DE:iICUED WIN. AAD ""I. TOTAL IItLET H£AD, IN PSI. 
1 

.... ~~T[:ZTIII: INTERVAl FOR ELiUlUATINQ SAm It'lET ItEAD, HI ,.1. 
f 

"0.05 
(IITEO 1 FUM SUODEN UP.NlIUN 011 COIITIlACTlOII TYPE OF CUIIIlECTIOM 

f FOIl OIIADUAl EXP"U~lgU OIl CUUTAACTION np, UF CO"'ECTION 
....! 

11 •• .,,,"# 
51.112"S. 
~'.G"'IiIlJI" 
5I.IO'~Z , 
57.115" • 
57.))5007. 
560.'02111,. 
51io.5UGUJ, 
56.IUSIS, 
n.70SSIl. 
n.S"SII, 
5".12s .. n,. 
5_.5HOlt. 
n.Dlsau, 

1]. 55I7U. 

15.015 •••• 
n.H5107. 



Appendix 8-5 (Contd) 
' .. TER 1 TO DI'PlAY THl AE:.iULTI, [lITER 2 TO DISPLAT UULY TilE IUUT ItEAD, OT1ItIlUISI 0 
T _z 
[MTEa TilE NUltDO II ~D nlAT TII£ I HLn IlEAU W'LL UI "u NTlD IVU't N MUNDU 
T 

_I 
U.71unl. Gl.652GU, 61.0931191, GI. 0]62110, 
GU.1S11]2', S',981"(;1" 59.1110"'90, 59.71i1t"lta, 
56.1O:i901, 5G.&lIJ'(;2, 5b.II72S3!1, Sli.Itl!lSH, 
5S.9l1~G7, 55.\08313G .. SS.5H3G!J, 55.111515), 
U.lSUlt97, SS.11t2Ul, 55.0!);lG)}, 55.0011791, 
Sit. 77U27,. SII.70SJU2, 5".G1)2931, SIt.5G077", 
5\.'.,,2,26, 5".2IG321. S..202530. SIt.lG7252, 
5].820572, 51.753119, SS.71UlS. 5}.'SOliOG .. 
SJ. ""SGH .. Sl.)"SG7 .. 51.140210 .. SJ.19lIiU .. 

iNTEJt I IF hOke: :iTAliE:; Ail!:: HElDE" 
2 .F YOU WAIIT TU COIIT.IIUE nils JO. LATlA , 

-1 

o IF Elro OF nils .Jau 

;, EHUM 1 TO CALCULATE Til! [lID "AGIS 
2 TIJ cu:mE CT TUO STAGES 

T 
_5 

3 TO Ii(RGE PIPEllln WITII TEE .IOIIIT 
II TO Ht:RliE PIPELINES )nTIl CIlon .JOlin 
5 TO Tunu TilE FLUU WITII EUiOW 
6 TO lJR"HcH PIPELIUfS Willi TEE JOINT 
7 10 tlRhNCU PIPELINES WITII eROS:; ""IIY 

EIlTEM 1 TO :iIlIFT PI"; LINE. OTHERWISE 0 
T 

-G 
EUTER TilE DESI~EO 14111. AI.D ''''x. TOTAL lULU HEAD, III Pli. 
1 

.... 51.1 .. &2. 
ENTEA TII-£ .ioITERVAL FOR ELll-lIWATIUG ;.\ME INLET HEAO" 1M PSt. 
T 

.... O.DS 
EUTEA TItE UASOU AUGLE .. IU D!GREE 
T 

.... u. 

'0.117057,. 
S!I. JUlliG .. 
SLi.12S1'lS .. 
55.11'6203, 
5".9~),n3, 
Sil. 50~lIi", 
5 •• 131175. 
51.GI0U) .. 
SS.UI29G, 

EwTER 1 FON SUDDEN EXPA14Sl0H OM CUIITItACTltm TYPE OF CONIIECTIOM 
2 fUM GRADUAl. E~PAli:;'O" Ok COUTRACTlOU TYPE OF CDUHECTlOII 

1 
_1 

CiO.U"17l, 
59. tin!,.." 
SCi.272232, 
55.30>101. 
511.911¥92, 
5-\. it9!JOG!J. 
5\.005311', 
SJ. SI1GGS .. 

ENTER 1 TO DISPlAY TUE RESULTS .. EUTER 2 TO DISPLAY OIIU TilE IUlET IIEAD .. OTHERWISE. 
1 

_2 
EUTER THE NUHB.EA W '" TttAT litE INLET 'IEAD \lILl WE NU.TED [YEnY I. UUl-tBU , 

-1 
u.gU~'~ .. 61.'0"517 .. G1.I~G750 .. 61.125M' .. U.7GIIGS. 
61. S}O(;';:II, G1.1172:nl, <il. ) .. ~2S" .. G1. 219212 .. ii1.2uC1GO .. 
61.0Hl55, 60.Y6aU6 .. 60.936S~0 .. 10.11121117, 6(l.8012~S, 
60. GUlli. (,0. 'I),):)I.IIJ. "0. ;)S411ii .. GO. 1164(1)9 .. IJO. t.Oi.t871 ... 
bO.22H}J, (;O.ltJ:'l~) .. GO.l:l!;IIZ7 .. 60.09119]0, (jO.00101l0, 
5:1. SlaSH .. 59.135202, S9.73lit.O,., 5!l.6!;it015 .. 51. "IIG301~ 
57.270:)2 .... S7. 2~"IJU], ;7.1(;71104, 5Ct.I)71:13, ~t".!llUll1, 
S6. G8USS7, ;(j.IIZ72%i .. 5(;. !;I <IeJl 09, S(i. S2G!l12 .. !;It... 11505902, 
5~. ZJ2211~ ~G. 2"U:JG7 .. 5{i.la1l93 .. 56.110n..:, !tt..U::l43J. 
55.a5Sn1, 55. a0231l .. 5S.79S380 .. 55.72"B3I, !t5.1.I9BiS4, 
55.1t3'U1l7. SS.lIJahbO, H.}e2(iliO .. 5S.lJO':o21, S~. 2&t.140, 
55.0'JiIl20 .. 55. ult J..i 55 .. 54.59:12l .. 54. ,012(.0, 504.31J111''! .. 
~ ... C,815ul, 51t.l.il~1I) .. 54. ~90ZSI.i .. 511. ~lU1G2 .. SoIt.itSalllS .. 
511. 281101t, Sit. 237:i6G .. SIt.lU2781 .. SIt.h854lt, SiJ.011.17U .. 
s:s.a~5110, Sl.I2440Z .. ~3. 711Itu::a .. 53.714lSoS. n.b3lS1!l .. 
53.11711t'7 .. S3."~li2"} .. !t5.:UIJ32} .. 5'. lItun .. S'.2S4.i302 .. 

EUTEH 1 I F BORE 5TAGE:i Aa[ UEEDEU 
2 iF YOU WAUl 10 COUTIUUE TillS .,IOI·LATER . 

_2 
TlHE 

• IF £w.Lt Uf TIll:;; .JVII 

CPU - OO:OO:"S EXECUTION'" 00:0615' StSSION· 00,,1125 
fll.POS nuno. YANQ.Rf:'ULl.UATA 
USHNfE: TGU8IO. YA'IG.R(:;ULT. tAlA 

CHEATED: 7~1(j1l t'URGEiJ: 7Un DS_OflGI 
REC_LEN: 0 Yl~IZE1 20 2,1) AllOC: 

LA5T_Ul'W._PTR(TRlh IItll 60 I 3.. LlIRt..aU.Sz 
o 21191 25H 50 

TOTAL TRAC .. S AlLOCI 50 
FMI::E FI (fTOlf001) .. fl (F10nOOl) .. FI (FTO)FO'I) 
E'lil 
R£Al.IY 

VOL-SUi UlITSOZ 
SEQ RELF". F 

50 AlL.,.TYPE. all 
o nKs...USED. • 

~Ioco" 
TSv TIME JOB 'nil ... TGUIIO 011 OU, CONhECT- 0 .... 51 MUS- 0.01.11 
Tnun Lf,lGGtD OFF 1:;0 AT OlIUI2!J UU ,JUUE l7, un· 

G1.nun, 
61.15010), 
60.1l,1l.9SS. 
"0. )71(.\89 .. 
5'1.969"12. 
51.59lZ:!It .. 
56.8711008 .. 
5G. 4231t~7, 
~G. ;)l'Ul, 
55.6Z8::;55 .. 
5~. ZUHa .. 
511.80SS71 .. 
SII. "211606 .. 
511. OIl20~9 .. 
5].61112"' .. 
H.UI"1I5 .. 

NOTE·: 

GO. 5))9", 10."77111, 
57.2176S09, H.znnz. 
56.07UIt' .. 55.IIO ... ~, 
55. 25103&. 55.2lG771, 
5".8G(,19:1, SIt.IOO'''', 
S ..... 10991, n.'Slts", 
Sl.9G3i2J, 5).111511, 
53.5Ulla!. 5)."1121. 

61.&73561, 11.1110"'1, 
61.1111>011 .. 61. 051031,. 
GO.'''"I)'', GO.ISO!!II, 
60. 13'J020 .. GO.2G2'U .. 
51).11t3756 .. S9.UI05:i .. 
57.3~C.Oll .. 57.3U17I, 
S(i.820S37 .. S6.1750U, 
5Ci. )7~lIali .. ~."ItIIU .. 
55.9'01133 .. 55.92liG51 .. 
55.5761"' .. 55.52]"7,. 
S~.UQ"!J2, 55.11GSOI .. 
5".77)315 .. !..It.nuu" 
SII.377108 .. SIt.'IISlS2 .. 
503.81):11) .. S3.U~II7i, 

53.571995 .. SJ.5UItGI. 
Sl.U3255 .. 55.1ll)\) .. 

CPU TI ME USED 
CONNECT TI ME 

63 

= 45 3 = 42 sec. 
= 32 min 20 sec. 
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Appendix 8-5 (Contd) 
...... ec ,..na.cORI.clln • ... na.I"'o ..... 48U· u., 

ALLOC DAI'AIIG.IIIFDAI1I.D'TA) FI (FTOIF001l 
ALLOC UAIYANG.RE'UlT .DATA) FI (FT02FOOII 
AllOC DAnAlOG.CDUTU.DATA) FI(FTlJFOOII 
Till[ 
CPU - 0 •• 02,02. UECUTION - 00:11.05 IESSIOll· 0 ..... " 
LOACGQ YUG.PIPE.QI:J.HuEnO) FORTLI. LI."SYS1.FORTl.IZ" Ln 

,lITER 1 TO PII'UT DATA OF I"TERIAL CUST, omrllllill • 

-0 
~NnM 1 .F CUNTIIlIIE , __ VIOUS '1ICOIll'I.nr TaT, 0_111111 • 

-I 
TilE LA;T STAC!. IN ",tVIOU:' :tTAGE ~ SO" AND 11'1 LIMe lID. IMI • 
EIlTER A _IER • SUCH 'HAT nus _ WILL COIITIIU! FROM • :&TAGlS lACK OF THI ~T STAll( OF WT _ 
[Una 0 IF CUNTllIUE FRUH THE UEXT $TAGI , -ENTER 1 TO CALCULATE TilE !lID STAGIS 

, 
_2 

2 TD CO~tteCT TWU STAO" 
, TO H&::ACE PIPELIH[:; UITIf Til JOtlllT 
it TO H[RUE PIPEliNES wlm aw .. 1101111' 
5 TO TURN THE FLOW WI nr ELDUW 
, TO HRANCH PIPELINE; WIT. TEr 010111'1 
7 TO BKANeH PIPELINES WITH CRON ..0111'1' 

('lTfR 1 TO SIUFT '11'£ LlIIE, OTII'."" • , 
-0 

ENTER 1 TO SPEC I FT REQUI RID DI SCIIARGI! 

, -, 
2 TO U$E DIFF[RIUT OR"IC! SIZE (UII 110 DISClIAIIOl AT TillS ITAII(J 
, TO U~E OAIGlliAL OAIFltt: :;11E 

EUTU mr Dn.GllED DISCIIARQE PllESSURf. AlII) DnlGUID AlLOWAIL! MAlI. DISCIIAIIOI PIIusuar. , 
.... 50.,,5). 

UTE" TIlE LrN"H 01 THII :&TAG! AND Til! DISCIIAAGl UnATI", 10 n. , 
"'200.,5.5 

[uTEk TU( DR,GUID MIN. Mao MI. TOTAL filLET HL\D# I. Pli. , 
.... 51.1,,12. 

titTER THE UtrUYAL 'OM ELIMIWAT tUG 'Nil IIILET HUll" III ",. , _.05 
E"UR 1 FOIl SUDD •• !I,ANSI .. OR CUllTRACTIOI. TTl'( OF COllllrCTIOII 

2 FOR CIWIUAl UP~' UN OR CDIITRACTI UM TT 1'1 OF COWll(CT I" 
f 

-I 
tuTU 1 TO DISPLAY 1111 .IJULTS" ENTEI:I TO DISPLAY OIU.Y Till .NUT HUll" , 

-2 
EIIltR TIIi ",,"ra • so THAT THE IMLEr IlEAD ifiLL II "lIlTED EVillY 0 _u 

. f 
-1 

ID.2H959. ,O.OU"." 5,.1J5211,. n.176175. 
59.ltltU92,. n. '011779,. 59. 17lOu,. st. 101""'." 
5 •• n'-H. 5'.'8'2''',. 5'. 5~~111. SI. U!)Ol!l,. 
52.102921, SI.OItUIIO, 57.11161)9, 57.827"08,. 
5".92a,,,,, 51i.77HO',. $(j.7"Unlt, 51J.Ct!.ltli(i3,. 
5 •• 135~1&. !6.171G1Z, 5'.IU21SI, 5G.OSDOIl,. 
55.79332',. 55.7"5117,. 55.i5111211, 5S.UB027, 
55.352203. 55.100US!), 5S.2!>n5!), 55.216679, 
SIt. 9~1272,. 54.»17511. 5".UU07,. 54.111132,. 
5".51918', 5".518723, 5".U&Ul, n.1Il5710, 
S4.UH9ii,. 5".05'1127,. Stt.OlG'U. 55.9'1'''0,. 
Sl.1i7iMltZ,. 51. IU 7117,. 5:5.5,1,,071,. 53.506302,. 
53.213277. 

ENTER 1 If MORe STAGE'S AIlE NEEDED 
2 IF ·tou WAin TO CIAIT' !liVE nil S JOI LATIA , 

-I 

o IF EIrfO OF TillS .wll 

,. EMUA 1 TO CALCULATE Til( END SlAW 

, 
_I 

Z TU CUt\.HKT TWO :tTAGE!t • 
, TO "UcGE PlptLI~:; WITH TEl: ..10M 
.. TO HEAISE PIPELINES WITN CROM .IOU" 
S TO TURN TI'fE FLOW WI nl ELliOU 
6 TO aRANCH P,"iLINE$ wlm Tn 0I0111T 
7 TU UMuQl PlPELlun WITH tROll .JOINT 

ENTEI 1 TO SHIFT "PI LIHE. OTHERWIII 0 , 
_0 

ENTER 1 TO SP.C I FY REQU I RED 01 SClIAROE 

!l9.1101St" 
!l1.!)Sun,. 
51.3UUG. 
57.1131107, 
51;.1171571, 
5&.&0.i&3, 
),5.511940, 
55.18l!)76, 
sr.. 797119,. 
54.JUOU,. 
SJ.921D25" 
5J.~.on" 

2 TO USE DIFFER(NT OR.FICt SIZ! (DR 110 DISCIIARO! AT Tilli ITAII(I 
J TO USE OR'OINAI. OIIIFICE SIZE , 

-J 

OTlflllllIlI • 

5'.152527,. 
5'."DOU,. 
58.2621121,. 
~7.J20G~~. 

6.3856Sl,. 
55.910222,. 
5S.H!l9118, 
55. 11283S" 
5 ... 73011tl,. 
54. Jlt9 289, 
n.nuolt,. 
n.U)9SG,. 

10 "I. 

5'.586&91" 
SI.S7M2Z,. 
sa.2Sl2S11,. 
57.199n5" 
56.1125"', 
5S.I'IU",. 
55."'1989" 
55.091812,. 
5'.675125" 
SII.27UGi,. 
53.1211172" 
SJ.JS025J,. 

EHTEk TilE DRI~fD DISCIIAIIG! PIIfSSURE. AND DESIGl/lD ALLOWABLE u,u. DIIClIAA4f Ptlrssuar. 10 PSI. 
f 

-"51.,.5 •• 
E»CTER TKE UJIIQTIt OF TIIII STAGE AND TUE OISCIf,AIlGI ELEVATIOg,. IN FT. 
7 

"'200.,.'. 
[NTEK lllE OrslGUED IIiN. AmI MAX. TOTAL 'NLET IllAD,. ,N PS •• , 

"'5J.2 .. 52. 
[NTEA THE IIITEAVAl FOR ELIMUIATINa ~I IhLE' lllEAO,. IN PSI. 
f 

"O.DS 
EllTER 1 FOR SUDDEN EXPANSION IIR CON_CTION TTPE OF CDI;!'ECTIOII 

2 FOR CRAOUAl "PAN:S'ON CUI COMTRAcTiON TYPE OF COUU£CTIOH , 
-1 

E.NT(R 1 TO DI:5PUY nil RtsULTS" ENTal Z TO DISPLAY ONLY THE HlLET .IUD,. ornER""! • 
f 

-2 
rNUR TilE _IER N so TIIAT TIlE INLET IIEAD ifiLL DE PIIllITlD EVEny N IlUMlEA , 

-1 
61."01,,65, 51.9211"',. 61."'''60,. n.721051. G1.G76 .. 91,. 
6l.J95SU,. 61.33'010, ,1.21 .. 20." 6l.UGua, 5!.22U2G, 
51.9211501,. 51.U,,7tiJ, n.7ti022), :;'.7UltU9, 51."'5050,. 
5 •• "lt5"!I"IJ. U.H9t12" 5a.Z"b~71, 511. 221111t. H.1I66}O, 
57.11U ..... SJ.91'51t6, $7.11i"1IO. 51.UU('S. 57. 7~0671, 
51.S' .. .,U, 57 ... ,:;1t2 II , Sl.1~!l501, 51.3IIO,lt2, 51. 250"'}, 
57.06"21, 57.02!1CG1,. 56.9927J7. SIi.9.07U,. ~(,. 1'36l»!i2, 
5'.iI2251, 51. 600~O6. 5C..517U5, 5G.505519, SC..1I'06)2,. 
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Appendix 8-6. 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.) 

2. 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. 

INFORMl.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. 

3. 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 problem. 

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 or 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.INFORMI.DATA' list was typed in. 

YANG.COMM.CLIST is a collection of TSO commands which are: 

a. proc I input 

b. alloc da(& input.) fi(ftOlfOOI) 

c. alloc da(yang.result.data) fi(ft02fOOI) 

d. alloc da(yang.contu.data) fi(ft03fOOI) 

e. time 

f. loadgo yang.pipe.obj(demo) fortlib lib('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. 



68 

b. Regular discharge stage: This stage is the same as the end 

stage Ca) except there are other stages in downstream. Re­

quired data are the same as end stage Ca) 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. 

c. 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. 

d. 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. 

e. 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. 

7. Select a reference level such that all elevations of discharge 

orifices will be positive. 

8. Override data other than material cost through the terminal by 

typing new desired data. 

9. 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. 

10. 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. 

11. Input data through the terminal are integers (without decimal 

points) for pipeline numbers and making decisions, and real numbers 

(with decimal points) for the remaining 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.) 




