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ABSTRACT 

The objective of the work reported here was to develop 

a model which could be used to assess the economic effects of 

energy-conservative technological innovations upon the pipe

line industry. The model is a dynamic simulator which accepts 
inputs of two classes: the physical description (design 

parameters, fluid properties, and· financial structure) of the 

system to be studied, and the postulated market (throughput 
and price) projection. The model consists of time independent 

submodels: the fluidics model which simulates the physical 

behavior of the system, and the financial model which operates 

upon the output of the fluidics model to calculate the economics 
outputs. Any of a number of existing fluidics models can be 
used in addition to that which was developed as a part of 

this study. The financial model, known as the Systems, Science 
and Software (S 3

) Financial Projection Model, contains user 

options whereby pipeline-peculiar characteristics can be 
removed and/or modified, so that the model can be applied to 
virtually any kind of business enterprise. The several dozen 
outputs are of two classes: the energetics and the economics. 

The energetics outputs of primary interest are the energy 

intensity (EI), also called unit energy consumption, and the 

total energy consumed. The primary econo~ics_outputs. a~e the 

long-run average cost (LAC), profit, cash flow, and return 
on investment (RoI) . 
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1.0 INTRODUCTION 

1 .1 · 'Objectives 

lol.l Purpose of the Project 

The work reported here is a part of a project 

which is being carried out by the team of Systems, Science and 

Software (S 3) of San Diego, and Pipe Line Technologists, Inc • 

(Pipetech) of Houston, under Contract E(04-03)-1171, "Energy 

Study of Pipeline Transportation Systems." The primary ob

jectives of the project are to assess the susceptibility of 

the oil, gas, and other pipeline industries to technological 

innovations and to identify the associated research, develop

ment, and .. demonstration (R,D,&D) requirements. The project 

final report will be published in October 1977 as s 3 report 

SSS-R-11·-3020, "An Energy Study of Pipeline Transportation 

Systems." That final report will be in summary form, com

bining the results from the seven task reports listed in Table 
lol-lo As will be noted'from the table, this present report is 

one of those task reports. 

l.lo2 Pu.;-pose of this Report 

This report sununarizes the work under Subtask 

1.3, whose objective was to develop a pipeline economic model 
(PEM) which could be used to assess the economic effects of the 

technological innovations referred to above. That is, given an 

innovation which would appear to result in energy savings, the 

model should enable one to estimate the amount of energy that 

could be saved in practice, its effect upon the long-run average 

cost (LAC) of operating the pipeline, and its financiai effects 
upon the pipeline owner. As will be seen, the model that was 

developed calculates the first two of these effects and in 
addition, several dozen ·Of tl~e financial effects. · 

The largest portion of the work under this subtask was pre

viously reported in sss-R·-77-3069 I "s3. Financial Projection Model -
Preliminary User's Manual and System Overview" ( 1 ) .--md in the 

1-1 
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Table 1.1-1 

Project Reports 

Title 

An Energy Study of Pipeline Trans
portation Systems 

Ail Economic Model of Pipeline Trans
portation Systemo 

Summary Survey of Energy Consumption 
in the Pipeline Indus~ry 

Slurry Pipelines - Economic and Polit
ical Issues - A Review 

Federal Regulation of the Pipeline 
Industry 

Potential Efficiency Improvements in 
Pipeline Transportation Systems 

Recommendations for Energy-conservative 
Research and Development in Pipeline 
Tran·sporta ti on 

Opportuni tie~ fi;l:r .Future Entil.r:gy conser
vation in the Pipeline Industry 

s3 Financial Projection Model - Prelim
inary User's Manual and System 
Overview 

' . 

1-2 

Associated 
Task 

All 

1 
(I:Jd.rtial) 

1 
(partial) 

.2 .1 

2.2 

3 

4 
(partial) 

4 
(partial) 

1 
(partial) 
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"User's Manual for Program LIQPL," not previously published, 

which is appended hereto as Appendix 1. The reader who wishes 

to understand in detail the equations and rules contained in 

the model, the options available to the user, etc., will find it 

necessary to consult those reports. This present report is in~ 

tended to place those earlier reports into the context of the 

program. 

1.2 Technical Appro~ch 

It had originally been intended to devise a model of 

each of the five types (crude, products, gas, slurry, and water) 

of pipeline industries as a whole. That is., the hope had been 

to develop a model of the entire crude oil pipeline industry, one 

for the products industry, and so on. However, no way was found 

to effect this approach. The National Petroleum Council Task 

F ·r · · (:2) 1 h d h · 1 · l' o ce a so reac e t is cone usion ear ier. As reported 
in a Rand Corporation report} 3 ) "The NPC Group found n~ valid 

way to correlate distance, volume, and cost using historical 

information on transmission costs." 

While the failure of that prestigious group to develop an 

industry-wide LAC model does not necessarily mean that the task 

is inherently impossible, it means that the initial failure 

under this program is the second one of record. At that 

juncture, prudence seemed to dictate another approach, and 

after due deliberation the simulation route was chosen. The 

final result was an economic model of a pipeline which is a 

dynamic simulator. The advantages and limitations of that 

approach are disqussed in later sections. More importantly, 

as is discussed in Section 5.0 below, an industry-wide model 

would be of only limited usefulness for the purposes of this 

study. 

1-3 
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2.0 SUMMARY 

2.1 General Description of .the PEM 

The PEM simulates the operational dynamics of a pipe
line, in a quasi-steady-state approximation. Inputs are of 

two general classes: the system to be simulated and the 
postulated market projection. The system to be simulated is 

in turn characterized by two structures: the physical struc

ture and the financial structure. Table 2.1-1 lists some 

examples of the parameters whereby these inputs are specified. 

The outputs of the PEM are of two kinds: the energetics 
and the economics. These latter are available in a number of 

report formats, and the user may call any, all, or.none of them • 
The major output report formats appearing in Tables 2.1-1 

through 2.1-6 are taken from Ref. 1, which the reader may con
sult for further detail. There is some duplication of commonly 
requested output variables among the reports, so that for many 

studies, only one or two reports need be called because these 
variables are available through two or more reports. 

2.2 PEM Submodels 

The PEM consists of two major submodels: the fluidics 
(physical) model and the financial model. The fluidics model is 

referred to hereafter under the generic name PEP (Pipeline 
Energy Program), while the financial model is referred to as 
JFM, the code name by which it is recognized by the s3 UNIVAC 

1108 computer executive system. 

2.2.1 Fluidics Models 

The fluidics model accepts as input the physical 

description of the system, e.g., segment lengths, diameters, 

elevation profile, bend index, pump characteristics, .and fluid 

properties. Also input is the market projection which the 

investigator postulates for the simulation, specified as a pro

jection of throughput and product mix. The model calculates the 

2-1 



Table 2.1-1 

Inputs to the PEM 

Description of System to be Simulated 

• Physical description 

R-3021 

*Segment length, diameter, elevation profile~

bend ~ndex, etc. 

*Pump _characteristics 

*Fluid properties 
• Financial structure 

*Debt~equi ty struc:l;.u~;e and policy 

*Finance terms, e.g., interest rate, 

payback 

*Regulatory constraints (FPC, ICC, etc;:.) 

*Depreciation mode 

*Dividend/reinvestment policy 

*Postulated escalation 

Market Projectign 

*Postuiated throughput profile 

*Postulated product mix profile 

2-2 
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Table 2.1-2, p.l 

PEM Outputs - Report 10 

Consolidated Statement of Income 
Pro.fit. and Loss Projection 

Revenues 

Net sales and operation revenues 

Sales - Product A 

Sales - Product B 

Miscellaneous revenues 

Total revenues 

Costs and Expenses 

Cost of goods sold 

Operation and maintenance expenses 

General and administrative expenses 

Selling expenses 

Segregated expenses - Type A 

~egregated expenses - Type B 

Segregated expenses - Type C 

Miscellaneous expenses 

Taxes, other than federal income 

Direct labor costs 

Direct materials costs 

Overhe.:i.d 

Costs. excluding depreciation and interest 

Gross operating income 

Interest expenses 

Financial depreciation 

Amortization of financial expenses 

Total expenses 

Other Income 

Investment income,net 

Net income before taxes 

2-3 

Variable Name 

SREV 

REVA 

REVB 

MREV 

TREV 

COST 

OMEX 

GAEX 

SEX 

SEXA 

SEXB 

SEXC 

MEX 

TOFIT 

DLABOR 

DMATR 

OVERH 

PEX 

GO INC 

INTEX 

FDEP 

FDCIA 

TOT EX 

IINC 

INCBT 
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Table 2.1-2, p.2 

Variable Name 

Income Taxes 

Tax depreciation FITDEP • 
Taxable income FIT INC 

Unused tax losses FITUTL 

Tax loss carry-forward FITLCF 

Tax ioss applied this year FITTLA 

Investment tax credit FI TI TC 

Unused investment tax credits UTCR 

Tax credits carried forward TCRCF 

Tax credits applied this year TCRA 

Current income tax FITCUR 

Def erred income tax FITDEF 

TOtal income tax FITTOT • 
Net income (book profit) NET 

• 

• 

2-4 
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Table 2 .. l~3 

PEM Outputs - Report 20 

Changes in Financial Position and 
· Cash Flow Projection 

· Sour·ces of· Funds 

Net income (book profit) 

Financial depreciation 

Amortization of financial expenses 

Def erred income taxes 

Provided by operations 

Short-term borrowing 

Long-term borrowing 

Net additions to equity 

Miscellaneous sources of funds 

Total sources of funds 

Application of Funds 

Additions to plant and equipment 

Short-term debt retirement 

Long-term debt retirement 

Financial and debt expense 

Miscellaneous application of funds 

Subtotal 

Cash dividends paid 

Net increase in investments 

Total application of funds 

Increase in working capital 

Total disposition of funds 
Cash benefits less investment costs 

Net cash generated during the period 

Cumulative net cash generated 

2-5 

Variabl~.Narne 

NET 

FDEP 

FDCIA 

FITDEF 

TSOFOP 

STD 

LTD 

ADEQ 

MSOF 

TSOF 

CAPO 

STDRET 

LTDRET 

FDC:i:X 

MAOF 

TAOFl 

DIVP 

ADINVM 

TAOF 

ADWC 

TDOF 

CASHO 

CASHG 

CUM CG 



Table 2.l-4, p.l 

PEM Outputs - Report 30 

Assets 

Current A·sse·ts 

Cash 

Accounts receivable - Net 
Inventory 

Prepaid expenses and other current·assets 

Total current assets 

Property, Plant and Equipment 

At original cost 

Less - accumulated depreciation 

- net property and equipment 

·Investments 

Goodwill and other assets 

Deferred Charges 

Unamortized financial and debt expenses 

Unamortized construction interest 

Other deferred charges 

Total deferred charges 

Total assets 

2-6 
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· Variable Name 

CASH 

RE CE IV 

GOODS 

PREP EX 

CUMS 

CAPEO 

CAPED 

CAPEN 

INVM 

OT HEM 

DEFFDX 

CAP CI 

DEFC 

Dµ' 

TOT ALA 

• 

• 

• 

• 
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Table 2.l-4, p.2 

Balance Sheet Projection (cont'd) 

Liabilities and. Shareholders Equity 

Current Liabili.ties 

Accounts payable 

Accrued expenses 

Accrued taxes 

Notes payable 

Total current liabilities 

Short-term unpaid·balance 

Long-term unpaid balance 

Total debt balance 
Def erred income taxes 

Deferred credits 

Total liabilities 

Shareholders Equity 

Capital stock at par value 

Capital surplus 

Total paid-in capital 

Retained earnings 

Total equity capital 

l\-.;iu'J.. 

Variable· _Name 

PAYABS 

ACCES 

ACCT AX 

NOTE SP 

CURLS 

STD BAL 

LTD BAL 

OBAL 
DBAL 

DEF CR 

TOTALL 

STOCK 

STKSUR 

CAP PD 

RETE 

EQUITY 

Total liabilities and equity TO TALE 

New workin9 capital WORKC 

2-7 



Table 2 .• l-5, p .l 

PEM OUtput ·-· Rep·ort '38 

Activity 

Annual throughput 
II II 

II II 

" II 

II " 

- MM barrels 

~ MM barrel-miles 

- MMMMCF-.miles 

- MM gallon-miles 

Nominal tariff 

Transportation revenues 

Nominal actual total revenues 

Revenue reduction 

Total revenues 

Tariff constraint factor 

Leverage 

Long-term (funded) .debt to equity (%) 

" " 
II II 

Prof i tab'i'li t:L 
Operating income 

II " 
Operating income 

(ICC 

{FPC 

II 

II 

capital (%) 

assets (%) 

rules) 

rules) 

Annual ICC rate base 

" FPC II " 
Rate of return on rate base (%) 

" " pa.i,d-in capit~l (%) 
II , 

" total equity (%) 
II II total capital (%) 

2-8 
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· variabl·e Name 

THRUP 

THRUP 

THRUP 

THRUP 

THRUP 

VARS 

SREV 

TREV 

REVA 

.TREV 

TARF 

LTDEQ 

LTDCAP 

LTDASS 

OP INC 

OP INC 

OP INC 

RBASE 
RBASE 

ROI:R: 
ROIC 

·ROIE 

ROIT 

• 

• 

• 
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Table 2.l-5, p.2 

Energy co·nsumpti·on 

Annual energy use in MM KW-HR 
II II 

II II 

II 

II 

gas (MMCF} 

oil (BBL} 

Annual energy costs 

Discounted value of energy used (@ ... ) 

Unit cost of energy ($} 

Unit cost of energy ($/MMCF) 

Annual energy wasted (KW-HR(M}) 

Annual energy wasted ($} 

Present value of energy wasted 

Discounted value of energy wasted (@ ••. } 

Other Measures 

Segregated expenses ~ Type A 

Present value of above item 

Discounted net cash flow (@ ... } 

Total annual unit costs 

Present value of average unit costs 

Discounted average (annual} unit costs/ 
long-run average costs (@ •.• } 

Net income (book profit} 

Present value of book profits 

Discounted value of book profits (@ .•• ) 

Net cash generated during the period 

Present value of net cash generated 

Discounted net cash flow (@ ... } 

Discount factor (@ .•• } 

Internal Rate of Return 

DCF-ROI of $ __ ~ (from year ~·- over ~-(year) 

2-9 
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· variab·1e· Name 

ENERGU 

ENERGU 

ENERGU 

· ENERGC 

~-PvEC'(NT} · 

UC OS TE 

UGO.S~~ ... 

ENERGW 

ENERGS 

PVPS 

PVPS (NT} 

SEXA 

vv 
SUMl 

UC OS TS 

PVCOST 

LAC 

NET 

PVBK 

PVBK (NT) 

ASHG 

PVCASH 

DNCG 

PVF 

DROIA (M}, 
DROIYl (M}, 
DROINY(M} 



Table 2.1-5, p.3 

Other Line Items 

Operations and maintenance expense 

Interest expenses 

Total expenses 

Unused tax loss 

Unused investment tax credits 

Long-term borrowing 

Net additions to equity 

Additions to plant and equipment 

Long-term debt retirement 

Plant and equipment (at original cost) 

Net property and equipment 

Total debt balance 

Total equity capital 

2-10 
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Variable Name 

OMEX 

INT EX 

TOT EX 

FITUTL 

UTCR 

LTD 

ADEQ 

CAPO 

LTDRET 

CAPEO 

CAPEN 

DBAL 

EQUITY 

• 

• 

• 
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Table 2.1-6 

PEM Output - Report 40 

Capital Investment and Financ"ia·i Perfo·rmance ,Mea·sur·es 

Liquidity 

Quick ratio 

Current Ratio 

Inventory to capital ratio 

Working capital 

Leverage 

tong-term debt to equity 

Long-term debt to capital 

Long-term debt to assets 

Activity 

Annual unit sales 

Unit price 

Total revenues 

Profitability 

Net income (book profit) 

Net margin - return on revenue 

Gross operating margin 

Rate of return on paid-in capital (%) 

II II total equity (%) 
11 11 total capital (%) 

2-11 

Variable Name 

RATIOQ 

RATIOC 

RATIO I 

WORKC 

LTDEQ 

LTD CAR 

LTDASS 

USALES 

UP RICE 

TREV 

NET 

NETM 

GROS SM 

ROIC 

ROIE 

ROIT 
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required pressure profile, selects the pumps, and calculates 

the energy consumed in useful work to overcome flow resistance 

and the energy wasted in throttling. 

It is of course necessary to have several f luidics models 

if all types of pipelines are to be treated. Single-phase or 

. gas flow, two-phase flow, non-Newtonian flow, with or without 

heating and/or cooling, must all be accounted ·for as the situa-

tion may require. A file is created in the computer system 

for the output of the fiuidics model. When JFM is run, it 

• 

accesses the fluidics output file. Thus, there is no direct • 

interaction between the two submodels, and accordingly no restraint 

upon what analytic program is used for.the fluidics.model. Any 

characterization of the fluidic behavior can be used, so long 

as its output is constituted in the appropriate file format for 

access by JFM. For the gas pipeline simulations, a proprietary 

Pipetech code is used and the output is formatted manually and 

stored in the s 3 ~omputer. This code is available at a moderate 

royalty for use by other organizations. For the liquid cases, 

several variations are available on the s3 computer of a basic 

pipeline f luidics model which was developed under this contract 

by Dr. Mary Baker of s3 and Mr. Wayne Baker of Pipetech. The 

Pipetech version of this code is known as LIQPL, and its user's 

manual is Appendix A of this report. The version which is in 

the 53 computer is called £ipeline ~nergy erogram (PEP). 

Figure 2.2.1-1 ~resents an example input to PE~. It is 

seen to specify the parameters which characterize the physical 

structure and fluid properties of the system. Figure 2.2.1-2 

presents an example of the output file which PEP creates for 

use by JE'M. Additionally, PEP prints the pressure profile and 

pump selections for each year of the throughput projection. 

Examples of this complete output can be found in Appendix A. 

2.2.2 The Financial Model 

The financial mode_l is the s3 financial projec

tion model, developed by Dr. Joseph Masso of s3 and referred 

2-12 
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Fig. 2.2.1-1, sheet 2 
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Fig. 2.2.1-1, sheet 3 
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'J) PUNP I IHI L1N£ 

PS-1 1UO SML.•17 2 .02soo ,JS 1 , PS•l .uo L.GE•2l 2 .02soo ,JS l 
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Fig. 2.2.1-1, sheet 4 
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Fig. 2.2.l~l, sheet 5 
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to as JFM, which accepts as input the output of the fluidics 
model and the financial characterization of the system. (l) 

The JFM output is the set of financial results which was described 

earlier and displayed in Tables 2.1.2 through 2.1.6. 

In the developmen·t of JFM, care was taken to construct a . 

. general business model, i.e., one which is not pipeline-peculiar. 
This objective was accomplished by building in options which 

allow the user to remove the regulatory constraints. These 
options are described in Section 1.4 of the user's manual !J.) The 

defaults for these options, ICC=F, FPC=F, etc., enable the pro

qram to simulate any business venture • 

. The principal limitation upon its applicability is then 
probably in the number of product lines which it can reflect. 

Net sales and ope~ati~q revenues (SREV) and two product revenue· 
streams (REVA and REVB) are accepted, along with miscellaneous 
revenue (MREV) and a net investment income (IINC). Twelve 

categories of segregated expenses are accepted, but multiple 
streams, e.g., cost of goods sold (COST). for separate product 

lines, are not acaepted. The modifications necessary to separately 
accept complete sets of expense and revenue streams for separate 

product lines could easily be made, b~t since they are not of 
interest for the present purpose, these capabilities were not 

included. 

2.3 The Reference Systems 

A simulator can serve a useful purpose only it if is 

mated with a s:i,.mulatee. StQted equivalently, a model only has 

value as it reveals someth~ng about its prototype. For this 

study the prototype (simulatee) is a pipeline which is termed 

a reference system. Five reference systems were designed:_ crude 

oil, petroleum products, natural gas, coal-water. slurry, and 

water. These designs are not hypothetical; they were developed. 
by Pipetech by modifying an actual pipelin~ system design 

which had been built and operated. A schematic arrangement of 
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the petroleum products reference system, as it was originally 

conceived (the system was later modified) is shown in Fig . 

2.3-1. This diagram is for illustrative purposes only; since 

all of the current reference system designs are now on magnetic 

tape in the s3 computer facility, schematics are unnecessary • 

2.4 Example Use of the Model 

Figures 2.4-1, sheets 1-6,and 2.4-2, sheets 1-6,show an 

example pair of simulations that were run during the course of 

this stL·.dy as a part of the work described in Report 3025 (see 

Table 1.1-1 above), Section 7.0, of this series. The purpose 

of this particular investigation was to assess the worth of a 

hypothetical technological innovation which would reduce vis

cosity in a liquid pipeline by a factor of five. Previous study 

of the literature (di$cussed in Report 3025, Section 7.2) had 

shown that reductions of this order may be reasonably antici

pated from a well conducted R,D&D program • 

The baseline for the investigation is presented in Fig. 

2.4-1. Sheet l includes the principal outputs of the fluidics 

submodel which was discussed in Section 2.2.l above. Note that 

the fourth column tabulates the energy wasted in throttling, 

as discussed in detail in Report 3025, Section 4.3.6.1, Duty 

Cycles in Products Pipelines. Sheets 2 through 6 present one 

of the output formats, output Report 38, which is produced by 

the report generator in the model. This format presents 31 

output variables, most of them having a separate value for each 

year over the life of the project, along with the lifetime total 

and average for each variable. For this viscosity reduction. 

study, the principal output values of interest are in lines 13-

16, under the heading Energy Consumption. In particular, the 

total energy used (sheet 4, line 13) is 5.58xlo12 kw-hr, and 

its cost over the 20-year life (sheet 4, line 14) is $225 million. 

Sheet 5 presents the internal return on investment (RoI or DCF) , 

and sheet 6 shows a number of additional variables. (In addi-

tion to this Report 38 format, a number of other output'forrnats 

are available, some of which are described in Section 3.6 below. 
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Ll~KED WllH •PROol 

S1STE~1. SCIEH~E ~ND sorTWAHE 
·-LAC p1;.'JJECTION HODEL 
PIP~LfHE T~AU~'UH-ATJON SYSTEHS 

DATE 
RUN lo 

·-•·••, •·••:-;- ._.:·-:.·-::··=--~·-....- •• • .· .· ,I • • 

DATE 012777 PAGE 

ENERGY COllSERV~TION STUoY 

JANUARY 271 .1977 1s11s:s1. •6 
TH~ LIQUID PETROLEUM PR)UUcTS RErERENCE SYST[H 
BASELINE CASE 

PJ8 R[PORT NO• 38 CAPJTAL JNYESTHENT PLANNING lND ENERGY CONSERVATION JHPACT PROJECTION I DOLLARS ·JN THOUSANDS I .. , . 

TIHE PERIOD 1971 . 1978 1979 IUD 1.981 ... 
'lC·TI V lfY ......... . 

ANNUAL THROUGHPUT IHH BARREL•HJl[SI •ODO i2607ocnl7 
110" l'IAL TAlf IF'f' .:IUN'I T···TRAllSPi- CHA~GE , ..... - ·-•- .. ····· .... '1000: ..... Io 1"40 

lfS991f10S5 671'fl•OIO ~98281729 726211875 755261755 
11197 11257 1.no ·. :fa 386 . l, 'f 55 

ACTUAL . TAqlf'F' . •000 lol~O I 1 l 97 l ~ ll s 11057 foOJO 11009 
NO .. I :uL ··TIU NSPoRT AT I Oli'" ltEVENi..IEs· --··-- -- ---.-----··- ...... ~ao-·2s 713 I o.1 If 5'19351 l Bl ''81fl8Bt689 . UIS2e'llf6 l0063~·'167'l0988811f76 
ACTUAL TOTAL REVEllUES eOOO ZS77310llf 5•19351183 . 71f85l tlf89 138081'183 7'17801360 762081908 

t 
LCVERAGE 

-- .. L OllG •TE •Hi: I F'UNDED i . DEBT'" To-·c •PIT AL····--·-··-·-·· .. -·9 3 1·oe c -- - . ···. 93 I 3.Ss 931515 .. 
91•130 .87 I 066 8318115 ··. -· 791755 

LO~G-TEAM 1ruNDEOI U~BT TO ASS[TS ' 90tOOC B816llf 861072 Bl 123.& 7S11f91 701761 651621 

PROrl TAO ILi TY . 

12 

111976 

1983 

785117•821 
I 1528 

1958 
119998•209 

7521f3•863 

7 'i I 138 
591735 

OPE RAT PIG I NC OHE I JC C RULES I - ....... ·-···-- .. --- .• ,. ... - ... t DOG --- .-If If l 7 t 958 
IV At1•4UAL ICC.RAH: BASE . 100!J 28250310Jo 

rose 1, Zlf!i .. 2 7 67 0 I 6 I ' ·37JJJ15't& 265331'1211··· 257671195 ··251701192 

~-· R·.:.TE' or RETURli ON ,!f&Tf~B.\St: .:11 ·-'-·--· .. -:----·"-··.ooa·-·" - liS!'illf 
• RATE or RETURN o~ ?Alo•IN CA~IT&Ll•I •ODD •217i9 

-·---RATE OF' HETURN Oll"TOTAL ~APITJL. Ill'"--·-··-,.·····--··- .. •OO<J··--- ··: · •1236 

ENERGY cot1SU'IPT1011 . ··- .......... - ..... - .. -. -···-··--· 
AN~U&L E~ERGY USAGE IN H~ ~~·HRS •000 ~1111~9~~·i 
A IPIU ,\ L E l1E R r. y cos rs· ·- - ·- - . -. .. -· .. _ ·--·--·-·- ·- ··--··-- . IOO'l _,_..;., 611 ... ·~I. 

PRESENT .VALUE OF ENERGY USED 100~ 5551901 
UNIT COST or EllERGT.111· . -·· .. ···--·-----·-·-.. ··· ""'10001··--·-·-·10.l5 
AU~UAL (N(kGY W4ST[O IN KW·H~S IHI. 100~ ·•ODO 
''~!~UAL ErtERGy wASH:D. COST Is 1 .... _,,_ - :···---· .. ·---·--··· 10001' .......... tODO 
PMESEllT VALUE or ENERG~ ~ASTEJ .ooo 10DQ 

• •• ••• ••••••• •• ••• • • ~· ·······---- -- -- ·--·-· -··. u ··---·-•4'· ... 
OTHER H(ASURES 

TO TA L A NllU AL. UN IT COSTS"·-· . :·· .. ·-······ .. ---.. ······---·-·----- .. ii 000 --,-··:-" .. - _ ... , HS 
PkESENT VALUE OF' A\'ERAGE UNIT 'coSTS' 1000. . . .es9 
ti i:T 111 c 0 .. E I 8 0 0 I( p R 0 F' I T I • 9 3 72 I !i 0 0 - ~ 719. 3 ~ 6 
P~ES[NT VALUE or BOOK PROrltS ·937lt500 •7081S~lf 
flET CASH 'r.ENERATED DUR PIG THE' p[Rloi:>·· ... - •000 : ... 8S9210Ee 
PRESENT VALUE. or NET' CASH GE~!RATED •OOJ 1a11.111 
DISCOUllT· F'ACTO. l~LO•OOO •I ~ 11000 · 19C9 

28271fOol60 
l18Sl 
lf16Bl 

I '17lf' 

lf889818IO 
13201268 
10911130 

• 02" 
1000 
1000 
1000 

.. 1960 
1793 

ll2l10'll 
l093i'121f 

179S61llf6 
llft139179D 

1826 
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10.000 
69138• ... 

1 ... Jill 
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.... 37061850 

27a5.01.1 
•029 
1000 
•000 
100.C•. 

I 7(,J 
1528 

. 196Qlt7J5 
llf727107l 
l'l2'f916QT 
107US191fl 

1751 

Fig. 2~~-1, ·sheet 2 
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•••• PRODuCTs PIPELINE OASELlttE CASCIKAS[~I LINKED"wlTH ~rRODI 

SYSTEHSt S'IENCE AND SO'T~ARE 

"LAC PHOJECflOH "ODEL ·. 
PIP[Ll~E. fRANSPURTATION SYSfEHS 

DATE 012777 PAGE 

ENERGY CONSERVATION STUDY 

• 

lJ 

DATE JANUARY 271 1977 lSllS151 •6 111976 
.. • RUN lo THC LIQUlb PEiROLEUH PRODUCTS REFERENCE •YsTE"· 

BASELINE CASE· 

PJ8 REPORT NOo 38 CAPITAL. 111vrST11EMT PL411NING AND ENERGY C014SERVATl0N IHPACT PROJEC.TION !DOLLARS IN THOUSANOSI 

rlHE pERIOO 1985 1986 1987 1988 . 1989 
.•.. ACT I V I TY ---- .. •.. . ·· - ... ·· ··· ·· ·· · .. 

&Nt4UlL TllROUGHPUT CHH 8ARREL•l11LE51 8l68'Jo727 · 81fl'10o'l26 8666'1o633 8926'11570 9l9'12o5IO 9'17000783 
°'0111NAL TAR&f'FIUifaf ... TlfANSP,-etCARliEi--------·-···· l1f10lf·····-··· lo.68•( 
ACTUAL TlRIF~ ... ··· · ' . ·le03'1 leOS6 · 

-·-·. -·Nol1 I llA i.. TR A HSPORT n I Off" RC'yENUES"'". ·-·· . - . ··-· ·u a 0 ]8. all '"l If l: 717 0 6 J9 

: lCTUAL .TOJAL .REVE14UEs. . .... - .. ~.. 81f'l770•11"s 881)'1'112'19 

lo 76Y 
.. 

lo85J lo9SO 
. ·- 2e01f7 

11022 Io 02'1 0980- ·I 9'f6 
IS3267o6J7 "'1657580926 1792680279 1938780639 
885550166 91'1101311 90062e736 8957So6't3. 

LEV[IUGE 
.LOflG•T[RH IFUNOEOI OEur··yo c"4P1TAL"1··-
LO~G-TERH IFUNOEDI OEar TO ASSETS I 

6 9 .o i I 8. - ···'· . . 6 I 1 8 '12 
S'lo986 . lf81'f77 

S3o'l25 '1'10960 37o22l" . 261771 
'fl o 371 3'f o575 28158'1 --··-----·-- ........ ·- ·-·- -···---- ·--·--··· ...... ·- -·-·-· ....... . . . -- ··- ..... 

PROrlfABILIT1 
IV OPERAT!llG INCOHE llCC"llULE!H ................ ···25181•003"" 2'16071047 2'1210o8ll 
I ANNUAL ICC RATE BASE 2516'f2o'16l 2'159'1115ll 2'119SOo270 

--~-·RATE" OF kETurrn ON ihTf"""84S£--11;-·--------·---·,·101009-·:-· 10.oos· IOoOOJ 
RATE OF R£TUHN Oil PAlo·l~ CAPITALlil 790862 80o2l2 Rl1ll9 

-- ....... RATE OF RCTURll ON.TOTAL· CAPIY'AL" "" ·-···---·-·-··- .. "iOo!a58"-··-- ll1ol2 llt'182 

.... ENERGY COtl !iu~·p TI OH .... ·· .. . ........... - ......... · · .. ·· · ·-·· 

ANNUAL lNt~GY USAGE IU HH KW•HHS 2159820172 2330360197 2SOJ66oS8R 
A''~'UAL. EtJEHGY cos.Ts --·-···- -····-· 7lJ9e9-0s··· 8157,QSQ 
PRESENT VALUE Of' ENERGY USED 3'12'1ol2ti 3'159e3H6 

90261582 
3'180tll8 

233980619 - 230671618 
2JJ80'fo590 2JO'ISHo181 

&OiDOa ··-·. 100009 
851095 8Jo907 

· 120~5'1 - 12oS96 

26'231t836 29l811Col60 
999709'12 11231toll2 
360'lo218 3S80001s 

... .,.. ...... UrdT COST OF (NEffGY ... ,--· .. --------·-.... -- ......... '""oOl'I"-·····. 1035 

AN~UAL Etl[Hc;Y WAST[O IH ~W•HRS IHI lo92J 36'1o67S 
0036 ---- .. 0037 1038 

. u1;4UAL f.NCRGy wASTE!l "(oST- Iii. .............. .·till""" .. l2o76S 
1000 . 167tl51 210762. 
oOOO 6t207 0832 

PRESENT ~ALUE OF ENERGY WASTED 0062 5o'll'f ~000 21176 0265 

OfHf.R HEASUR[S 
TOTAL AfltlUAL UNIT' COSTS ... ·····. ··--·-·- ...... ,---- .. ----·--:······- o!i'ls:'···--·· 052'1 ~503 

. tit87 ............. • '176 
PRESE~T VALUE OF AVERAGE UNIT cOSlS 025'1 . 1222 
llET INCOHE 18001( PROFITI· ......... 225610358 "226650778 
PRESENT VALUE OF BOOK pRorcis . 1052510'10 96l2o503 

t 19'1 • l 7 1 1152 
229161230 .2'fOJ9e602 "237030886 
.88351 l 99 81f2S173'1 75520789 

20o'l93 

'".226160031 
Z26032t957 
·-· .... 100006. 

620 l'IO ···- .... 12 0 628 

321J9lo.891 
126770582 

3672o2ICll 
"10l9. 

6360126 
25o06i 

71259 

. -·· . 0 '165 
ell5 

"2320'11928 
6721161Cl 

1990' 

9751flelll2 
2, 150 

1916 
2096790758 
89302t502 

181792 
l '11380 

22'112ol23 
22397612'18 

100007 
8lt28l 
12o61CO 

3'1130'1196l 
ll81f91639 

3.6'17 oO'll 
1 O'f I 

21e7'10 
,882 
0232 

i'IS9 
1121 

229621107. 
60'16t6'11 

IOO'f681062 
20257 

I 891 
22676806'18 

89'17&o592 

71281 
5o !'.'17 

219311233 
2191'llf0680· 

101008 
19 o J6 I 
120687 

37370709'15 
IS6)9olfl8 

37390170 
o0'12 

l'19o69J 
60257 
Io '191! 

o '153 
o&08 

221119oHlfO 
53671132 

··-········NET CASH GENERATED DURING TtiE .. l'ERIOO "'"· .. - 12b5917'1'1. IOl6le6S8 
PRESlMT VALUE OF NET CASH G[ttERATED 5~05o~61f. '139'1o3Slf 

82560508 115991988 . I0960o'IOS 6717t918 100061l82 ··· 60881269 

OISCOUIH FACTOR liillOoOOO 11 • . ·-· ----· olf67 o'l2'1 
318312'11 lf0651725 31192e323 19631322 263'1191tl 1'157•'183 

0386 
. . 

1350 e 3 l 9 . 0290 t263 .. •239 

Fig .. 2.4-1, sheet 3 
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. . ~···- .............. -···· ... --
••• PROOuCTS PIPELINE BASELJN[ CASEl~ASELI DATE 0121.77 PACiE 

SYST£H~. SCIENCE AHO SOFTWA~( 
L~C PROJECTION ~OOEL.. . 
PIPELl~E THANSroRThTION SYS~EHS ENERGY cONSERVATION STUoY 

DAT£ 
RUN llO 

Pl8 REPORT tlOo 38 CAPJTtL JNV[STHENT PLANNING -AND .tNERGY 
... ··- -·- -··-- -· -· ... ··: .. 

TIME pEi;10 1!>. 1992 . 1993 
.. _.., ... ·-·= •.• -

ACTiVITY . 
AN·'4UAL THROUGHPUT '"" 1uRR[L•H1LES1 I03'182°1io1 1065861562 

-·-···NOMltlA~-TARlrr IUNIT.TR4NSP1 CHARGi:r·- --·· . . 21310····· .. 2.11ua 
ACTUAL TARIFF' 1851 1823 

···-·· 110'1ltlAL""TRANSPORTATJOtf".REvE11.UEs·· -· -----·-· "21153500281 265238017z 
.ACTUAL TOTAL REVENUES 881oO•l'll 877l919'1~ 

L[V[AAG[ · · 
..... -LO~IG·Tl~H "1 rUtlDED ,.·.ore LTO "CAP i TI.I,;-· •........ -·--·- : -6. 3 75 ·-·-- ·-···5. 111· 

LO'' G •T£HM IF' UtioE DI . D~B.!.._!~ .. ~s~~~-s .. ~- ----·. ·- -···---~. 8 '1_8 ·---·--·"-' 3 l.9 

PR 0 • I T ~ 8 I L I· T .Y 
OPERATING INCOHt: 1rcc··1wLEs·1: ...... ' -·······-··2100••722 ·200711'1H 

N A~~UAL ICC RATE BASE l09075,33U 20060519~~ 
-~RATE OF' RETU~tl l)~f'lhTl::'""1USE' ·~)·-···--·--·-··----· .. -,o.co9 ·-··-··· I0•005 
°' llATE OF RETUllll 011· PAID•IN CAP I UL ltd 7 1h81f7 70.113~ 

RATI: OF RETURtl Otl_TOTAi. CAPjT4l,·"·111·----:-·--··"'"12•D8:l······-·-11.4151' 

ENE:RGY CONSU••PTION · ··:·. ·· ,--·· ··· : .... •--··---:·--· ·--· .. ·· ·· : ········· ·· · · 
Ul~UAL E'4ERGY USAc;E·ltl·MH K·w·H11S · ~ll99floCU 't'l·7b78o5h 

-···· Alllll!AL E~•ERGY 'cos rs-·---·-··-·-·' -·-----·----·"I 1'73611100 .. "t9850o60~ 
PRESEtlT VALUE or ENERGY USED 3859,9~0 3927,33; 
01ScOUNTEO ViLUE ·or E~tRGY ustu·--1g·10~00 11 • --~~0651001 
UNIT COST O~ ENlRGY Ill •0113 10'1• 
ANilUAL ENE~<iY ~ASTEO ltl KW•HRS IH;I ··--· .. ·:- ·-·· 51j!J•SJI -·--"151128!: 
ANNUAL lNERGY WASTEn COST Ill ' 2311j8S 6,7oe 
PRES Eh T VA l. li E 0 f E r-1 ERG Y' ill STE D ... - ~ . "·---: ·-· .... _ ..... 5 • I I I . ·--· .... I.• JU. 
01scou~TEO VALUE OF EtlERGY ~ASTED IS to.ao II • .2'1•526 

OTl-iER 14EASUAES 
TOTAL AllllUAL UNIT COSTS •It'll " .. .'. · t't5D 
PRlSEhT VALUE OF' AYLRAGE UNIT tOSTS· 1096 . 1089 
01scou11Tc:o AV(RAGE, IAlltlUAl.I Uiur .:osTs ' .. ····--" - ' ____ ............ ' 

I L 0 !1 i. - fl UN . H E llA GE CO 5 TS I H I 0 • 0 0 I I • 1 2 7 I 
~ET INCCME IBOOK PRUflT.J 211'1'1•6'11 19896~93~ 
PRESEllT VALUE OF &OOk rHOFITS '16011690 )936o5CI! 
orscouutt'D VALUE OF BOOK PROFITS Ill 10.00 161 • 131!60Be590 
•IET Ct.5H G['1EJ.ATED DUpltiG THE f'EHllJO 2ll!i35178't 271!56oOJ7-

··· PR[SfNr VALUE or ~ET CASH G[~[hATE~ 6210,210 5'132,031 
OJSCOUllT[O N[T CAS~ FLO- IW lo~oo ~· • 1151231697 

.. D1SCOU~T rACTOR •~10.roo ., • .21~ oJ98 

•••••• •••••• 

JANUARY 27i 1977 1s:1s151 •6 
THE LIQU1o PETR~LEU~ PRO~UcTs REFERENCE SYSTEH 
BASEl.INE CtSE 

CONSERVATION tHPACT ~ROJECTroN IOOLLARS JN T~OUSANOSI 

'19911 1995 

10978111165 1~J077t681 
2e61J" ·· 2t7'1~ 

1810 1801 
20685510911 l10233t75a 

888721961 90S9le3DI 

51038- ......... l!i351t. 
31813 31281 

19~6 TOTAL 

1130171681~701!59Qo797 
21ea1 · · 371695 

,799 17t76'1 
3257'15o't'llj't221!66o656 

90·2se. 3J6Jl o 128SS 1578 

AVERAGE 

852291539 
1.ees 
.ass 

1711231332 
8061121778 

'.J.66,'f. 
21758 

5Si3'12 ... 
.. 5. 20 l 

55ollf2 
' 1151201 

. I 9· 1 'I 5 1 7 5 2 
191336165'1 

101006 

1a220•lllo · 1729~1173 't309'f7•09't 
182067o3J2 172797o971'1719088e'f)7 

215'f7elS't 
23595'1o1122 

9oll2 
63. 2 l'I 

· 8.1110 

10.out 10~008 9,132 
67 t I 5'1 . 
Io• 996 .... -

63187£ 60~60D 63e2l'I 
i 0. 5 3 .. : - ' l J ·•· 0 6 5 8. It 7 0 ..... 

'1811375 o I 56 53:)802• 7U -~~~-802 .:;;i55~;75~·. ;5~ ;78887 o 7 ll 
221n.11J· 2't969180~ 2511:1.e9~ 225170•787 ·11259,539 

397&,857 · ~0821763 3e2z.951 65065,001 ,ooo 

10116 .0111' 
79,75q ...... 27•725 

3o6't2 l •30 .. 
1655 ··--~··:····:·•2u 

1'16't ... ··. '11182 
o08l 1079 

JB97J•25S 
3'11211'17 

26SlO•l53 
'1771,718 

o l&l'I 

1So115•h2 
29500607 

2560'117110 
'1186,580 

.O'llJ 
"211725 

.io30 
1200 ··:· 

1738 
220)1819 

8818113 
.. · 2'11526 

1Jt298 
5 t't21j 

1037 
110•191 

lj. '1'12 
. .. l I 2 2 6 

1565 
'. 27 2 

1711~·675 37513718'10 ·178631707 
25'1'1173~ 1366081590 6830o't29 

21678,77'1 3023891715 
3668,l'fl 115723,697 

• I It 9 1000 

1511911186 
5186,185 

.ooo 

Fig. 2.4-1, sheet 4 
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•••• PROcUcTs PIPELINE naSELIU[ caS£16AS[ll LINKED WITH •pHooa 
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SYSTEHSt .SCIENCE AND SOFTWARE 
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. Figure 2.4-2 presents the results for the comparative case 

in which viscosity is reduced by five. Sheet 101 line 13, reveals 

that the enrgy consumption has decreased by l.2xlo12 kw-hr to 

4.38xlo12 • The total cost of the energy consumed is $177 million,· 

a decrease of $48 million. Thus, if an additive could be devel

oped which would realize the postulated viscosity reduction, and 

if capital costs were not significantly affected, the operator 

of this pa:i:-ticular pipeline could afford to spend up to $2.4 

million/year to make use of this innovation. During :the course 

of this project, many such studies were conducted using the PEM . 
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3. 0 MAJOR DEPENDENT (OUTPUT} .. VARIABLES 

The many economic, accounting, and engineering variables 

which are calculated and printed as output by the model, Tables 

2.1-2 through 2.1-6 of the .preceding section, are all necessary 

for analyses of one kind or another, although it is seldom neces

sary to call them all in a single run, as was in fact the case 

with the viscosity variation study which was presented in Section 

2.4 preceding. However, for summary purposes, there are six 

major results (dependent variables) by which most situations 

of interest can be characterized. They are the two energetics 

variables: 

(1) Energy intensity (EI), also called l.init energy con

sumption, and 

(2) Total energy consumed by the system; 

and the four summary economics variables; 

(1) Long-run average cost (LAC) I 

(2) Profit, 

(3) Cash flow, and 

( 4) Return on investment (Ro I) . 

To show how these variables are presented in the various 

model output formats, example printouts are presented in Figs. 

3. 0-1 through 3. 0-4 of four of the major formats.: 

(1) Output report 10 - Consolidated statement of income; 

(2) Output report 20 - Consolidated statement of changes 

in financial condition; 

(3) Output report 30 - Consolidated statement financial 

position; 

(4) Output report 38 - Capital investment planning and 

energy conservation impact projection. 
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This run was performed to compare the economics of pipeline 

operation under continued growth conditions with nongrowth con

ditions. The throughput (market) projection over the first 15 

years was the growth pattern· that was used in the other gas sys

tem studies,· e_. g., regulatory effects, bottoming cycle effects, 

etc. Then,. throughput was held constant for 14 years at the 

value reached in the fifteenth year, without further capital 

additions to the system. Thus, the run shows a 15-year growth 

period immediately followed by 15 years of no growth. No highly 

significant c·onclusions emerged. . However, it was mildly sur

pris'ing to see that the last 14 years of operation, without any 

additional capital investment, only· raise the RoI from 10.85% 

to 13.34%.' (Fig. 3.0-4, sheet 8). The basic reason of course 

is the regulatory policy. Over the same 14 years, the rate 

base depreciated from $236 million (Fig. 3.0-4, sheet 3, line 11) 

in 1991 to $107 million in 2005, forcing book profit from 

$11.7 to $9.l million (Fig. 3.0-1, sh~ets 2 and 4, bottom line). 

As noted above, the purpose of displaying this run at 

this time is to show a complete set of output formats for the 

model, and also to show how the six major summary variables 

are embedded in the format. 

3.1 Energetics Summary Variables 

The energy intensity (EI) of pipeline systems is dis

cussed in Report 3022 of this series (see Table 1.1-1 above). 

It is defined in Section 1. 2 of that report as l:.he qua.11!:.lty 

that is calculated from any of the formulae, . 

dE 
E P dt 

IE = QxD = fiD == (~~) D 

where. 
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IE ~ energy intensity (EI) 

.E g energy consumed 

Q ~ quantity of commodity transported 

D g distance transported 

p ~ power, 

and F ~ corrunodity flow. 

The second and third formulae yield an instantaneous value 

for IE' while the first yields an average over whatever time 

period E and Q have been integrated. In this study, only annual 

averages are considered, so the line is considered to be in quasi

steady state operation. It is, of course, recognized that system 

transients do in fact adversely affect energy consumption, as is 

discussed in Report 3025, Section 4.4.6.2 of this series, in con

nection with duty cycles. 

The energy intensity is found from Report 38 by dividing 

the energy consumed (first line under Energy Consumption) by 

the throughput (first line under Activity). The other important 

energetics summary variable is just the first of those two 

values, i.e., the line entitled "Annual Energy Usage in MM Kw-Hr." 

3.2 Economics Summary Variables 

The LAC is displayed in output Report 38, third line 

under the heading "other measures." It is the present (dis

counted) value of the total average unit cost over the life of. 

the project. 

The profit appears in two forms in Report 38: as the annual 

net income under Other Measures, and as its present value imme

diately thereafter. Frofit also appears irt Report 20 (Fig. 3.0-2, 

line 1) and in Report 10 (Fig. 3.0-1, bottom line). 

The cash flow appears in Report 38, third line from the 

bottom, followed by its present value. It is aloo found in 

Report.20, second line from the bottom. 
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The internal RoI appears as the bottom line of Report 38. 

This ~inancial index of merit~ also often called the DCF, is 

defined as the annual discount which makes the lifetime present 

value of the stream of cash returned to the investor equal to 

that of the investor's cash out-of-pocket stream. In the termin

ology of Report 20, Fig. 3.2-2, it is the discount rate which 

makes the present value of the net cash·generated, line 23, 

equal to that of the additions of equity, line 8. It is the 

break-even interest rate at which the investor's out-of-pocket 

payments could be borrowed and be exactly repaid by the cash 

payments returned to the investor. The internal RoI is generally 

considered a better index of mert than another that is often 

used, i.e. , the payback period, · and therefore only the ROI i_s 

calculated in the model. It would of course be easy to modify 

the model to make the payback calculation if it were 

specifically desired for a particular study. 
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4.0 METHODOLOGY OF APPLICATION OF THE MODEL 

The principal, i.e., defining, characteristic of a 

simulator (model) is that it responds to an input in a similar 

way to that in which the actual physical system (simulatee or 

prototype) would respond ~o that input. The degree of similarity 
I 

between the two responses of course reflects the degree of per-

fection with which the model represents .the prototype. That is, 

the model merely completes the second half of the scenario, "if 

input I is applied, under conditions c, then output o results." 

It remains for the investigator to generalize the cause-effect rela

tionships between the ! and C combination on one hand and 0 on the 

other. Thus, the conclusions that are likely to be drawn from 

any group of simulations of course depend heavily upon the 

selection of input situations for study. The investigator must 

exercise care to ask the questions of the model which are per

tinent to the issue under investigation. Two areas of precau-

tion which then arise, even with well posed questions, will be 

discussed below. 

4.1 Superposition of Effects 

Generally, the approach taken is to postulate a 

series of cases under which basic inputs and conditions are 

held constant, only one or a few of these being changed between 

simulation runs. In using this method, it is necessary to recog

nize and allow for the fact that such results are not directly 

summable unless the model is linear. And useful simulators are 

almost never linear because linear systems are amenable to math

ematical generalization and analysis without the necessity of 

simulation. 

The principle of superposition may be explained as follows. 

If the system s is linear, and it is subjected to the collection 

0£ inputs I
1 

under conditions· c1 , yielding output o1 , and again 
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to .!,2 under c2 , yielding o2 , and· again to I
1 

+ I
2 

under c
1 

+ c
2
·, 

the result in this combined case is o
1 

+ o
2

. Thus, if a set 

of simulation cases is run on a nonlinear model in which inputs 

and/or conditions are varied only one at a time, then it cannot 

be assumed that the additive combination of those outputs is 

the same output that would be obtained if all the input/condi

tion changes were applied at once. 

There is of course nothing in all this that is pipeline

peculiar. It is a basic principle that is well known among 

system theorists and simulation analysts. It is only mentioned 

here for the benefit of the generalist reader who may not 

previously have encountered this limitation. 

4.2 Closed Loop Operation 

The simplest way of exercising the model is to simply 

specify the input I and condition C in advance, let the model 

run, and see what output£ results. However, this open-loop 

mode is often not sufficiently representative of the situation 

of interest. That is, the !. and C in later phases of the exer

cise are likely to be influenced by the output O of earlier 

phases, and it becomes necessary to close the loop by providing 

a model of the exterior environment which reflects this in

fluence. These relationships are illustrated in Fig. 4.2-1. 

The PE.M contains an example of the environmental simulator 

in the subroutine which applies the regulatory limit upon pro

fit and forces the price of service down accordingly. Another 

environmental influence which might be important is the effect 

of market demand upon price. That is, the demand may fall 

with quantity sufficiently to drive the price below the level 

at which maximum regulatory profit may be realized. To account 

for this effect would require a market supply-demand simulator 

as part of the environment simulator. The strength of influence 

of this supply-demand simulator depends upon the elasticity of 

the market. 
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Fig. 4.2-1 - Closed-loop operation of the system simulator 
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Economists characterize the demand for a commodity by 

the following definitions involving the quantity q which is 

offered at price p: 

Demand is elastic if f~I > 1~1 .P 

Demand is inelastic if 1 6~1 l... 1~1 

At unitar:l elasticity, l~I = l~I 

Examples of elastic and inelastic demand functions are shown 

in Fig. 4.2-2. The coefficient of elasticity is defined by 

~ Jq/q 
Ed Jp/ 9 

p 
- gs. cE) 

dp q 

~ 1, inelastic 

= 1, unitary 

> 1, elastic 

To account for inflation, one may separate p into components 

~p ~ (dp)inflation + (Jp)real value 'and 

use only Cap) and p . nr !""'," 

It is of interest to calculate the def lated (real value) 

coefficient of elasticity which was implicit in the simulation 

runs presented ip Section 3.0 above. This implicit coefficient 

is that above which the postulated throughput would not be ab

sorbed by the market. In other words, if the demand were suffi

ciently elastic, the operator could not realize the full 10% 

_return allowed by regulation. The regulatory environment simu-

lator would not operate and it would be necessary to provide a 

market environment simulator. 
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Table 4.2-1 presents this calculation for two randomly 

selected intervals, 1977-78 and 1982-83. It is seen that the 

values Ed are 2.08 and 1.48 respectively. These values are 

well into the elastic range, whereas the demand for natural 

gas is known to be very inelastic. It is therefore concluded 

that the regulatory environment simulator is adequate. In any 

future studies, however, and in particular in simulating any 

unregulated situations, the elasticity of the market must be 

recognized. 

Table 4.2-1 

Q p DP l~P/PI AQ jDO/OI 
rv 

1977 57.562 638.88 

Ed 

-20.46 0.0320 3.374 0.05862 1.83 
1978 60.936 618.42 

1982 75.155 484.44 
- 8.59 0.01773 3.748 0~04~S7 2.82 

1983 1a.qo~ 475.85 
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5.0 INDUSTRYWIDE INFERENCES 

The ideal model for use in this study would be that 

which, for a postulated energy-conservative technological inno

vation in pipeline operation, would y.ield the following result

ing outputs: 

(1) Change in total energy consumption 

(2) Change in industry-average unit energy consumption 

(energy intensity) 

(3) Change iri industry-average long-run average cost 

of pipeline operation. 

The impracticalities of realizing this ideal model have been 

discussed in Section 1.2 above. It is also well to recognize 

the limited usefulness such a model would possess. Since it 

would yield no information about the individual companies, or 

even classes of companies, within the industry, it could not 

. guide the demonstration and commercialization programs that 

would seek to exploit the innovations which show promising 

potential. And it is unnecessary to develop any model at all. 

to identify the promising innovations. 

As was seen in Report 3025 of this series (see Table l.l-.1 

above), there are two key factors which determine the promise 

of any potential innovation: 

(1) The energetics and economics of its application 

under favorable conditions. 

(2) The degree and extent of conditions across the industry 

which are favorable to introduction of the innovation • 

As was done in Report 3025, factor (l) can be assessed with a 

few simple calculations which establish the upside potential. 

Factor (2) requires study of the operations the individual 

companies, or of representative classes of companies, within 

the industry, which is precisely the use for which the PEM 

was designed. 
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The critical term employed in __ th~. £·oregoing statement is 

"representative." In principle, the PEM could be used to simu

late every company in the industry to estimate the effects of 

the postulated innovation. In practice, it is necessary to 

confine the investigation to one or a few representative pipe

line systems, so that the question of how representative those 

systems are assumes importance. 

The justification for the representativeness of the refer

ence systems described in Section 2.3 above rests upon two 

bases: the systems were developed by modification of real sys

tems, and those real systems were chosen by experienced pipeline 

engineers because they were believed to be representative. This 

latter judgement has not been substantiated by quantitative esti

mation of statistical correlation, since such a.characterization· 

is beyond the needs of this present study, whose principal 

objective is to identify the promising innovations. However, 

in planning and executing the demonstration program for each 

specific innovation, this characterization should be performed, 

recognizi~g and emphasizing the system parameters that are im

portant in the application of that innovation. For example, it 

is easy to see that these factors of importance will be different 

in the case of bottoming engine installation on gas pipelines, 

where the innovation involves primarily capital investment, 

than in the case of viscosity-reducing additives in a liquid 

pipeline, where the innovation introduces operational complexity 

as opposed to capital investment. In assessing the potential 

industrywide impact of these innovations, the factors which de

termine the representativeness of the reference systems will 

be different. From the example study presented earlier in 

Section 2.4, it has been seen that the model is sufficiently 

sophisticated, and the reference system is sufficiently repre

sentative, for the purposes of the present study, i.e., to 

develop R&D recormnendations. However, in both cases, it may 

well be advisable or necessary to develop additional reference 
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systems and/or to conduct simulation studies on the particular 

system on which the demonstration is planned • 
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GENERAL DESCRIPTION 

LIQPL is a digital computer program that can model a steady state liquid 

pipeline for a given set of shipment and delivery rates. It can simulate 

any number of changes in the pipe diameter, shipment/delivery stations, 

and pump stations, but does not model branches or loops. 

The program computes the hydraulic profile in both head in feet and pressure 

in psi, the brake .horsepower requirements for each pump station, the power 
. . 

cost per year for each pump station, and the total power cost per year. 

When pump curve data is entered, LIQPL selects the most economical 

combination of pumps for each pump station. LIQPL will iterate over the 

life of the pipeline, escalating the shipment rates and the power rates as 

specified by the user and printing results for each year of operation. 

Practically any type of pipeline can be modeled, including products, crude 

oil, water and coal slurry lines. For friction drop calculations, the user 

chooses between the Hazen Williams Formula, the Darcy Weisbach Formula, 

and an algorithm for computing pres sure drop in slurry pipelines based on 

the Durand Correlation. 

When modeling a products pipeline, the user can enter the percentage of 

each product in the pipeline. LIQPL will compute the linefill based on 

the given percentage of each product being located between each two 

pump stations. The hydraulic gradients are computed based on this 

linefill and the average brake horsepower requirements are computed 

based on each product being in the pumps the given percentage of the time . 

The user has the option of entering pump c.urves in tabular form or 

specifying the average pump efficiency. If pump curves are entered, a 

smooth curve interpolation involving a second order polynomial equation 

is used to find values between the given points. 

1 



.. 

In performing the hydraulic calculations, LIQPL first computes the 

hydraulic gradient by starting at the downstream end and working up-· 

stream. It uses the minimum pressure at the terminal end, and at 

each pump station suction. (The year in which each pump station 

comes on line can be specified by the user.) This gradient gives the 

minimum discharge head at each pump station that will move the given 

throughputs • 

In the next step, LIQPL examines every possible combination of pumps 

for each pump station and finds the combination that equals or exceeds 

the minimum required 17ead ~nd uses the least power. In this way the 

optimum combination of pumps are ·selected for each pump station. 

The hydraulic g;radient is then recalculated based on the new discharge 

heads. 

Throttling will be simulated where necessary to keep from exceeding the 

maximum operating pressure of the pipe. In the case of a products pipe

line, throttling may possibly occur only when certain products are in the 

pumps. 

Brake horsepowe:r requirements will h~ i:nmp1.\ted using throughpute;, 

heads put up by the pumps, density of the liquid( s), arrl the efficiencies 

from the pump curves. If pump curves are not entered, the brake horse

power will be computed using the given or the default average pump efficiency 

and the hydraulic profile based on the minimum allowable suction pressure 

at each pump l?tation. 

Flags ~re printed when 1) throttling occurs, 2) it is impossible to pump 

the given throughput with the given pump stations, and 3) the given pump 

curves are insufficient to pump the given throughput. 

2 
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/ ... 

•• 
INPUT FOR 

PROGRAM LIQPL 

• 

• 

3 



1 

L ·i ; 

1 IOUT 

L I I ; 

/ ·, .• 

TITLE CARD 

10 20 
.) 30 40 so 60 70 

[" ;· ; ; I I ; I. I I I ; ; . ; Ii; I I I ; ; I 1 ! I 1 I t I j ; I 1 I I :I 1 ; I 1 I . I 
0 

I I I 

I · 1 I i I 1 I I I f I I I I I I I I I I 

Program will iterate and read data fer additional nms lllltil it reads "end" for the title. 

OlITPUT OPTION, AVERAGE PUMP EFFICIENCY, AND AVERAGE DRIVER EFFICIOCY. 

10 PEFF I>EFF 21 30 

~~1; ; ; I ; I L I I I I' ; I I I 
IOUf = 

PEFF = 

DEFF = 

• 

Output format option. (Integer.}· 
IOlIT=O, print power cost data ·only. 
IOlIT=l, print hydraulic data plus power cost data. 
IOUT=2, print total power .:ost ·_only. 

Aver~ge pump efficiency. (Real.)~ ·PEFF will. be used in calculating horsepower· if no pump 
curves are entered. Default value is 0.80. This vari~ble will not be used if ptunp curves 
are read. · . 

Averag'.s driver efficiency. (Real.) : DEFF will he used in calc~l~ting power cost,·_ l)efault value 
·is 1.00, Im alternate pr6cedure is to combine driver efficiency with EPC below, 

• • 

80 

I I 



• • • • • 

LIFE OF PIPELIN DATA. YEAR ONE, TOTAL NO. OF YEARS. 

1 
IYRl NOYR -

10 

·1,,,H1;·,,,1 
IYRI = 
NOYR = 

First year of operation. (Integer) 
Total number of years to be studied. (Integer) 

FLOW EQUATION DATA. 

1 IEQ . 10 

IEQ = 

c = . 

EPSI = 

C 20 EPSI 30 

I,, Ii I I,: I I I, I I ;·1 

Term used to select the method used to compute friction loss. 
IEQ = O, subroutine slurry will be used. · 
IEQ = 1, Hazen Williams fonnula will be used. 
IEQ = 2, Darcy W~isbach fonnula will be used. 

I 

Pipe rouglmess factor for the Hazen Williams Eq. (Real). Default value is 150. 

. Rouglmess of Vipe for use with Moody diagram in inches. (Real). Default value is 0.0018e 

• 



SLURRY PIPELINE DA1'A. OMIT IBESE CA,qDs IF PJPELINE IS Nar A SLUP.RY PIPELINE, I.E., IF IF.Cf IS NOT 
EQUAL TO ZERO. 

l,,,,1,,,.,1; 
WTFRC 2C- GVS 30 SIZFLG 40 SOLSIZ 

'SO 

I I I I. I I I : I I I I ' I I I ; ,. I ' 
l\'l:t:;~·~:'}J I I I I L I I I 

· 1 VOLFRC 10 

VOLFRC = VOLlH FRACTION of solids present. (Real.) 

Wf FRC = Weight fraction of so]ids present. (Real.) Either VOLFRC or WTFRC must be specified. The 
one n:>t specified is computed. 

GVS = The solids specific gravio:y with respect to water. (Real.) 

SIZFLG = A flag determining the she distr:iibutiori of the solids~ (Integer.) 
SIZFL::; = 1, ase one size only, SOLSIZ. 
SIZFLG = 2, use the previous size distribution. 
SIZFLG = 3, read another size distribution. 

SOLSIZ = The aiterage solids diameter, inches. (Real.) Required only if SIZFLG = 1. 

• • • • • 

• 
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ADDITIONAL SLUP.RY PIPELINE DATA. GUT IF IEQ IS NOT EQUAL ZERO. OTHERWISE END DATA WITH A 999 
CARD. 

1 SIEVE ·10 

SIEVE = 

SAMWT = 

SAHWT 20 

' ii.' ; , I 
An array of sieve designations corresponding to the ISO standard sieve sizes as shown in 
Perry's Handbook table 21.12 (Fifth Ed.) nwnbering from top to bottom (i.e .• 1=107.6 nun, 
6=53.8 nnn, etc.). (Integer array.) 

Im array of sample weights which were fm.md on the corresponding sieve screens. (Real 
array.) 

NOTE: The average size for a sample is the mean of the screen size on which the sample 
is found and the size of the next larger screen. .The. size of the largest sample is taken 
to be 120 percent of its screen size. The screen size of the sample which passed through 
the last (sm3.llest) screen should be the same as the smallest screen. The average size of 
the sample is taken to be 80 percent of its screen size. 

t 

End this. data with a· card with 999 starting in col\.Ullll one. 



l 

[ I 

ESCALATOR FACTORS FOR THROUGHPUTS AND POWER FA1ES. END DATA WIIB A CARD WITH 999 STARTING IN 
OOLUMN ONE. 

IYEA 10 QESC 20' PESC 30 

I 

CX> 

·r~t·· .. nsr: I.. . ~~·-!i;~~::· ~·-·.i ::: I l 

!YEA = 
QESC = 

PESC = 

I I I l I l I I I I I I I i I 
The year in whkh the corresponding escalator factors begin. (Integer array.) 

Throughput escalator factor. (Real ~rray.) If this field is blank, the value given on the 
previous card will be use~~· 

Power rate escalator fact:·r. (Reail. array.) If this field is blank, the value given on the 
previous card will be used,. 

Eni this data with a card containing 999 star:ing in colUIIll1 one. 

•• • • • 
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NODE DATA. END NODE DATA WITII A CARD WITH 999 IN Tiffi FIRST 3 OOLUMNS. 

1 NAME !YEAR 10 ITYP 20 XHP 30 HATE · 40 PMAX so PID 60 PRAT 70 PERO 

. .L, , I : 11· ; : l I ; I. I : Ft·;·r.~·~:;1. I ; ; I I ; : I I l ; ; I , I ; : I I I I I '~ ' I I I I I I I . I · , . i I ,· I , I I ·I I I I ' I , I f I 

NAME = 
!YEAR= 

ITYP = 

*XMP = 

RATE= 

*PMAX = 

*PID = 

*PRAT = 

*PERO = 

Name of node. (Alphanumeric array.) 

Year in which a ptunp station comes on line. It is only necessary to enter this data for 
nodes representing pump station suctions. Default value is first year of operation. 
(Integer array.) 

Node type. (Integer array.) 
I1YP = 1, Batch interface. Refer to the following page for more information. 
I1YP = 2, shipment/delivery station. 
I1YP = 3, P .s .. suction. 
I1YP = 4, P.S. discharge. 
I1YP = 5, diameter change. 

Milepost of node. (Real array.) 

Shipment/deliver/ rate. Minus sign designates delivery. Enter this data only if ITYP = 2. 
(Real array. ) 

Maximum operating pressure. (Real array.) 

Inside pipe diameter. (Real array.) 

Power rate during the first year of operation. (Real array.) 

Percent of time plUilp station is in operation. (Real array.) 

End this data with a 999 card. 

* Default value is the last value entered in this field. 



. l. NPC 

f,,,,tl 

1 

. J r 1 

I-' 
0 

• 

QPC 

: I I 
5 

I 

PUMP CURVE DATA. READ IN ·6 POINTS FOR EACH C'JRVE. LAST CARD IS. 'ID BE 999 CARD. 

ONE OF 'IHESE CARIDS FOR EACH PUMP CURVE: 

TI-IREE OF 'IHFSE CHIDS FOR EAG:'i PUMP GUIRVE: 

10 .UPC . zo EP~C 30 QPC · 40 HPC · ,;c EPC 60. 

1 f, ,· 1 r I , r 1 r It r ; ; I 1; : r r I! r r r l r : ; r I , 1 r r I , r I' J ' r ii I I ' r '•;.I I 

NPC = Name of pump curve. (Alphanumeric array.) 

QPC = Capacity of pump in Barrels per Hour. (Real array.) 

HPC = Corresponding head put up by ptmtp, in feet. (Real array.) 

EPC = Corresponding efficiency of pump. (Real array.) 

End this. data with a card with 999 starting in column one.· .. 
. . . . 

• • ·• • • 
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PUMP CURVES AVAILABLE AT EAQI PUMP STATION. START WITH FIRST P.S. AND WORK DOWNSTREAM. END DATA 
wrrn A CAPJ) CONTAINING 99 STARTING IN CDLUMN 1. END P.C. AVAILABLE DATA WITH A CARD CONI'AINING 999 
STARTING IN COLUMN 1. 

1 . NAPC . · 10 NUPC 

1 ·, I I I I if±13~ I I I 

NAPC = 

NUPC = 

ALL = 

20 ALL 30 

I I I l 1 I I 
Name of pump· curve. This must be identical to one of the values of "NPC" on preceeding 
page. (Alphant.U11eric array.) 

Nwnber of pump curves with the specified name available at this pump station. (Integer 
array.) · 

Device for assigning all pump stations the same pumps. .(Reale) If "ALL" is not equal to 
zero, all pump stations will be assigned the same pump curves as the first pump station. 
Use any card in this set to designate the value of "ALL". 

End this data with a 999 card. 



1.· NPRO 

I , I I I 

...... 
tv 

LIQUID PROPERTIES. LAST CARD IS TO BE 999 :ARD. 

NOI'E: If a products pipeline is being modeled, the decimal volume fraction of each product may be 
entered, and the program will compute the linefill based on the given percentage of each 
pr·:xluct being located be·tween each two pump stations. Average horsepowers are then calcu-

. "10 

NPRO = 
PERC = 
SGP.R = 

VISP = 
PHIN = 

lated based on each product being in the pumps the given fraction of the time. · 

PERC SGPR 30, VISP -4D PHIN 20 so 

I I. j I ; ,, I , 
I I ; I J : I I .~I 1' 1 ' I I : ' I I ,. I t I I ; I 

Name of liquid. (Alphanumeric array.) 

Corresponding decimal fraction of total linefill. (Real array.) 

Specific gravity of liquid. (Ree:l array.) . 

Viscosity in centistokes. (Real array.) 

·)finimtun allowable pressure. (Real array.) 

End this data with a card with 999 starting in column· one. 

• •• • • • • 
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GROUND PROFILE DATA. END THIS DATA WITH A CARD WITH 999 STARTING IN COLUMN 1. 

· 1, I ' : I:·! I I I: , : ; I , , ; I I, I, 
1 XM7 10 EI.ITT 20 XU7 30 . ELE7 40 XU7 

,1,;;,f,,,,1, I I I l , ·, ; I I , ; 
XM7 = 

ELE7 ·= 

Milepost of point in grmmd profile. (Real array.) 

Corresponding gromd elevation. (Real array.) 

End this data with a 999 card. 

so ELE7 60 

I I : I I I I , I . I ·, I I I 

••• 

XM7 70 

I I ·I I ; I , 

1his is the end of the input data. The program will iterate and attempt to r~ad a new set of data 
t.mless a card with "END" starting in column one is placed at this point • 

...... 
w 

ELE7 so 
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r LISTING OF INPUT DAH f•)R SAJ~PLE CPUrr OIL PIPELINE. l' 

SA~PLE CRUDE OIL PIPllINE. PU~P STATIC~S COME ON LINl IH YEA~S 1 9 f, AMC 12. 
1 ·' 

' 2.0.--·----··-··-··-··-·-····-·-·-·-·-·----·-----------------·--·--·---·---·--·-·--·-···-·-···-·----·-···-·--····----·---······--·---·-------·----------------------------''-I 
2 , .__ _ __....._ ___ 1.._.._,1l.5£. __ _i ... o.B..O.. ___________________________________________________________________ ........ _. _______________________________________________________________________________________________________ -'-I 

3 1. 05 9 

" l----''---------~, . .L.5.u.'··----------------------·----·-----·-·-···--····--·--·-·--·----·---·--·-------·--·-----·--·----------------------'-19· 
5 l.0.30 10 
8. 1. ua 1 • 0.3.Q _____________________ ·-··-·---·--·-·-··-·-·--·-··-····-······-·--·-········-···-·--·--·---···-·-···-···-·---·----·--------------------,...------~1-11 

12 1.118 l.03 ~ 

1--~...__.___._._._IL-'L~----------------------··----·-----·-----·-·-·--···-·-·-------------------------------"IJ:.J 
, .. ·~ .· 1.1ni..<1 

16 .. l.ooo I• 

15 
t-~·~----------·-------·--------·--·-··-····-··-·-··-········-···············-············································-···· ··-·········--···-·-·····························--···-·--·-------·------------------

qqq 

24 IN 5 0. 975. 23.:n6 .02e 1.00 16 

l-..fi_S.:.l 2 30 on - 11 

P~-1 3 18· 

>-<;-1 " ,_......,..._....._ ____ ~----------~--------------·-------------·-----------,.--·----------------------~19 
PS-2 12 
p<:-:> 

PS-3 s 
PS-'1 
PS-'t 12 
p<;_4 

PS-5 
F <;-'\ 

PS-6 l.2 
PS-6 
PS-7 8 
PS"'."7 
0 IN 

3 

" 3 

" 3 

" 3 
II 

3 

" 3 
4 
5 

9 5. 

287 .. 

386.. 

'18f. .• 

20 

21 

22 

2J 

26 

27 

28 

29 

30 

JI 

32 

( 

[ 

( 

( 

~'t [Jf-5 , ..,__,,,.._...._ ____ _.~---------------------------------------------------------------_:;33~ t 
~. 599 

~ l. ~CliJ!D.L__..l..~·~o-o __ ~•.fl-H ____ l~7 .• _QJl ___ __s_a._.._ _________________ _ 
, 999 

PC-lfl 
o. 1285. 

:u 
37 

o. 4286. 1261. 072 38 
571 'I. l? 39. t--~~'-"---~~~---~-8~ t __ -1.l!i.~ . .L--.U.!!.O..e ____ ._a.5 __________________________________________________ ..;_39-1 

8571. 1130. of'.7 98570 10600 085 •O 

PC-15 .. 
o. 1150. O. '12Rlo 1080. e7'1 '2 

_2.B .• 10'10. -"---~~-----LB ... c ___ ~u.~~---l.O_l.O_ .. __ _._af> _______________________________________________ __:•.:..il 

85 71. 940. .aJ 9857. 010. .as 
PC-14 

•• 
•5 

......-~~-~----------------------------·---------------------------------------------'-! o. 945. o. 42116. 918 •• 75 •6 

,._.S.714. ll.R 1. ~~----'"-·~R~--------11.~!..~-~----·B .. 'tJl.~.---·--·-····•-a. .. & ________________________________________________________________________ _;..,~ 
8571. 762. .BE 9857. 690. .8'1 .a 
PC-13 ......-~~,~----------------·-----·----·-···-----······-··-··-··-·-·-··-···-···--·--·-·-·-----·--·-·-···-·--·--·---------·-·------------------------------•--19 
o. 750. o. 4·2tt6. 720. .76 
~ 7 l '1. 69 0. t-~~~--~~~~--~·~R-'---~U.!!.J.~·---fl.!±.C'..•---•.fi .. fl.. __________________________________________________ __;s~t t 
H571. 555. .P.,~. 98!'17. 460. .RO s2 

~ ~ ~-:~l-6-------·3····--·-·········-···-···-····-····-··················-·······-·······-···-··············-······················· ······-··············································· . . . ........ ................... ··························-·········-··-··-----···-··---------·-··--·-·-·------------:-~-

__ .f'_C.::.1~5~----·)___ ____________________________________________________________________ ........ ·-······-·-···--·--;·-···-··-·---·--·-··-·-··-····--··-····-·-·-··--··-·····--····---·--·-··-···---·-----------------------"-'ss_. 
PC-14 3 56 

t-~P-~C~-~1~3,__ ____ 3"---.1...•------·--···--------·-----·-·-··-···-···-····-·-···-·-·---·-·--·-·--······--·-···-·-···-···-·-···-·-········-··············-····· ·························-···-···--·-·--·--------------------~-11 
999 

___ fl._. _______ Jrn. ~--·-········-·-··-··.J11.1 ! ........................ J. ?.? • 
422. 190. 5~,1. 1'10. 

10. 

. J.5.~. 
61!6. 

J 1 0 •. 
I! 0. 

58 

59 
......... ··············-······-·-···---·--·-·--·---------·---------· 

60 
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--------------·--·-·------·-···-·-···---·-··-·--·--·-·--·-···-···-·--·-···-···········-·······-·-·-·-··--------------------------'-! 
) STEADY STATE FLO~ EQUATIO~ : CARCY YEISBACH l.-P-1 PE E Ol!G H.~JE <: S I' A C:..IQ..P~UCJ:i£.5__;__ ... .0..0.l.B.0.. _________________________________________________________________________________________ -1 

FIRST YEAR OF OPER~TION : 1 

) ~~~;;;ft-!~~~ivt~~~ I~ N~ ~ : l .-0-0-----------·--·-·-·-·-----·---··--·--·-···--·---·-·--·-·-----·----·----------------~-----------1 

1-----_._.-------------·--------------·--·-·-··-·---·--·--·-·-·--····-··-····-···-·--·---···-·-·--·---·--·-·-·-··-·--·-··--·----·---------------------'~ •• > 

) l-£..S.C.ALH.OlLE.A.C.I.O_R~s-·_. ----------------- -------··----~·-----·--·-----·---------------------------~• 

) 

STdlU..I.H.Ci_lllR!IPllT e..Q.d.ER_R_A~r~r----------------------------------------------------'---"-t 
AT YEAR ESC FAC ESC FAC 

1.056 1.oeo 
3 J.0"'.'- t_ni:.q 

't 1.0~6 1.('56 
1---~~'----~'~-~nS..6___.~tu-wnu'~·r..__ _____________________________________________________ ~~ 

8 1.118 1.030 ,__ __ 1~~--~1~·..ll.8.-----1..a..O.~~·o ___________________________________________________________ __;_ 
13 1.105 1.030 

1~ 1.000 l.a..~~----------------------------------------------------------t 

I~ITIAL SHIPHENT/DELIVfRY DATA. 
tµH __ ·----------·---------------------------------------------------------------------1 

) ..... STATION MILEPOST SHP/DEL 
i!.arr.RPH 

> ~~:;----f,-8·-"~-=~-~-----i·~~--~-~----------------------------------
1-------------------------------·----··---·-·---·--··-·--··-·--·-··-··-·---·-··-·------·---------------------------< 

" • PIPE SCHEDULE. ----------------------··--··----·-··----··---------·----·-------------------------------------! 
MILE- PIPE 
POST ID 

trJCHf"S 

o.oG 23.376 
686.00 23-.376 

MA>: CiP£R 
PRESSURE 

PSl 

c; 7 5. 

HYDRAULIC PROPfRTIES OF LIQUID. 

,._~L~1~a~u~1~0-~P~ER~c.=r~N~T-~s~P=E~c~1.F~1c~_v_I~s~c~o~S~I~T~Y~~"'~·1 MJJ'...illL.-----------------------------------------------,---"~ 
OF GRAVITY CS PRC:SSl!Rf. 

>------=L INEF ILL .e~.J-·-··--------·------··---··-·-·----·-···------·-·-------------------------=~ 

,__~C~R.U~~O=[ __ l,~ ~· o~o~_o~--~·~R~~7 __ 't ___ l_]...!:..r;!Jl~'-------"5.!t!!..------·------·-------··-·-·------·-·-------------------------------=-i 

------------·---------·---·--·-··---·----·-···-·---·-------------------------------"-! 
PUMP CURVE DATA. 

1--~N=A~Mr.._,P~U=M~1P__,C=U~R~V.=E--"-=--=--PC-l6 

HE:~·-·-~;;-------·---·-----·---------------------Pips Une Tei -mOJogistQ, dt.--
OPACI 

, ~ f..-'>. r, _ r re __ . ·------• • ·----~. K1'fl'. _ ~Qm1:rnrw 
Gf'M .,rd 

n. n •• 



,-- • 
4000. 12 39. .111 
c; n n n _ 

'• 11 qn • f< ... 
r 6 00 0. 8571. 11 30. .e 1 

6900. 98.5 7. 10 60. .~5 

__f_\,!£LC!IB.'LL.!Q.AIA..__. _____________________________________________________________________________________________________________________________ --=-t 

NAME PUMP CUP.VE = PC-15 
11--------------------------------------·-·--·-·----·-·-·-·--·-···-·--·-···-·--·--·-·-···-···-··-·--······-···········-······--·-·--·----------------------------------'-t 

CAPACITY HEAD EFF 
,._ __ r.-~P~M __ ~R~P~·H~-------- ·------------·------·----·-----·-·----·--···-·--·-·--·---------·-·--------·---------------------------'-! 

0 • 0 • 11 50 • 0 • 0 0 10 

__ J.o.o..o...__il!ll..._. _..._1 ..._o .... e.._o..._. _ ___.._,_ 1-"--4----------------------------·--·-·----·------·-·--·---·--------------------------"-I"· 
4 0 0 0 • ·• '5 714 • 1 0 50. • 8 2 12 

._ _ _,_c;_.,_nOJl..--.l.J..l!Ll. 1 o ] o • • 8L__ __________________________________________________________________________________________________________________________ 1___,l 

6000 ... 8~71. 940. .ll7 1• 
1---_..'-._.Q._,1n._,o..., • .___9""'p_s,_1'""' • .____,a.._.._..10_.___._e_ .... "' ___________________________________________________________________________________________ 15_, 

'O 

16 

. 17 

PU"P CURV[ ;JATA. 1a 
fJAMF" PUMP !'.UR V(_=-.f..C..=l.i...__ _____________________________________________________________________________________ --il9 

rtiPtirTT'!' 

GPM BPH 
n. n_ 

300(). 42R 6 • 
4 (J 0 o... 5J] '!. 
sooo. 7143. 
6 (J(j (). Ao;, 71 • 

20 

~-------------------------------·--·--------------------------=211 n Hf"6.Q___££F 

q4<,. n_nn 
9 1!3. .75 
881. .a~ 

8 '10. .BE. 
1 (, 2..___. A f, 

21 

13 

2• 

25 

26 

27 

I-' 
6900. 9357. 6 90. .e,. 

PU~·P CURVE_[) __ .._,_6T=6_.._. ______________________________________________________________ 31; 

NA~E FUMP CURVE = PC-13 n 
33 

CAPACITY HEAG EFF ~ 

GPM ee~"----·--------------------------------------··-------------------------------3S~ 
0. 0. 7 50 • 0. 0 0 36. 

· __3._0..lLO . .o__'t_21i6. 1 <.o_..__.__1L-.-·--------------··-------------·-·--------------·------------------------11~ 
4000. 5114. 690. .ll4 : u 
5 o o o_, ___ :Ll!tl.L--_~--'-O . ..t. _______ ,_1;!_f.! ___________________________________________________ ........ ·---··-··--·--···-···-······-···--·----·---·--·--·-··--·---·---·----------------------------1 
6000. 8571. ·555. .83 ~ 

6 90 o. %5 7. li1!-·~-~· R~.o~------------·------------------------------------------------·~1 a 
•1 ~ 
'3 

F'UMP STA DATA. 

PUMP MIL[- PUMP QUAN- FIRST YR PERCENT YEAR ST~ ~ 
t---"S"T,_,_A,__ _ __,P_,C,,_S,=-T,__ _ _,N""'fl"--M'""{. ___ T !JJ_ __ . ..PJhl.l!L.F..AJ.L __ .QJ_.JJ.!":.L .. ____ {Q.~.E-S._._Ql! _____________________________________________________________________________ .,-i 

PUMP ING LI NE .a 
49 ·---------------------·- ----·--·--·--··-··-·--··-----------------------------------------'-I 

P~-1 O.OO PC-H 3 .O?')OO 1.00 1 so 
P s-1 o • o o P c-1 !' :~ • Ql.?JHL ____ J_ .•. 9.9 ............ ----··-··········-L·················-··--·····························-································--·····-···········-······-··-·········-··------------------------5-i1 
PS-1 0. 00 PC-l't 3 • 02500 l oO 0 l 52 

_f c:.- !_ _______ 9. .. ~9._Q ...... .P.J:U .. -~- . . ... ~ ll 2.5 o o 1 • o o . . .1... . ...... ·····················--·-·-··-··--------------------------53-1 
PS-2 95.00 PC-1', 3 .02500 loOO 12 51 

__ e~::...? ____ ~2~.Jl.L-L(;=J.~. 3 • CL?..~ __ p_g l_ •. OJL _______ .l .. • ... "'------------------------------------------=-5s, 
PS-2 9~.co PC-14 ~ .0?500 1.00 1? ~ 

__t~-_2 ____ ~.§..!..!.J . .P_~J.:_l~--~---.!-Q . .?~.!~.P. ..... ___________ J ..•. 9.Q ..... -.. ········-···'····· .. J..? .. 
PS-3 IY2.00 PC-16 j .02500 loOO 6 

_E_,~:_3 ___ t<!..? .. ! .. 9._Q __ .... ..fJ::J '} ... _ ........ } ··-·········· .. • 0 2 5 0 Q ...................... l •. O C!.. . 6. ...................... . 
P~-3 19?..00 PC-14 3 .U2~00 loOO R 

~ PS-3 !92.00 PC-1~ 3 .0?.500 l.OO P. 
P~-4 2r1.ro Pc-1r 3 .n~~oo l.oo 12 

57 
............. ··········-·---·-·-···-···-·-···-·---·--·---·-···-·········-·-······-···----·---·-·-----·--·------·--. 

~o 

59 .......................... ····················-·-···---·-···-·-·--·--·-·---------------------------! 
60 
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-1' 
PS-4 2 JO PC-13 3 .025CO 1.00 lL 
P<:.-c:, -..11~-nn Pr-1t. ., .n?o;rn ,_nn , 

/ PS-5 38£..GO PC-E· 3 .025l0 l.CCJ 1 
PS-5 386.00 PC-14 3 .02500 1.00 1 
PS-5 38C..OC PC-13 3 .025GC• 1.00 1 
PS-6 '181S.OO P.C-H· 3 .02500 i.oo 12 

__f..S..-::.,6...___-"4.8.6 .... DJl __ P..C.-=.l . .5._._._._._l_. ___ ... 0 . .25.DD •. ------1. .. D..D._ . .1.2.. ___ ·--·---·--·---·-····--·--·---------·-----------------------------------~ 
PS-6 486.!iO PC-14 ~· .02'5!'0 i.oc 12 
P<"-6 4.B.6..a..D..f)___..f;_C;::.1_3 _ __3_ .. ___ .. JJ25 .. 0:0. ___ Lo0.(L ____ ._ . ..l.2.. __ ... _. __ ._. __ ._. ___ ,_·-·--·-···-···-·--·--·-··-··-··-·-··--·-·------------------------------'-< 
PS-7 586.00 PC-16 3 .0250-0 l.OO 8 

LJ_S..::l "iB6 .•.. D..Q. __ .E.C:::.1..5_ ______ 3-.-·---·--·-• .. 0 2~.(l,Q_. ______ . .1 .•. 0 .. 0. _________ ·-·-····· 8 .... ·-·-·········-·············· ·····················-···-··· ····-···········-······-- -·--······------------·----------------------'-' 
P~-7 586.00 PC!:-14 3 .02500 1.00 8 

__e_s_ - 1 sB.IL..1!..ll..__f.l:.=.13 3 .L.o...2.5 o o 1 .. o..o.. ___ . ___ ._ .. a. ___ . ____ ···-··---·-·-···--·--·---·----·-·--·---·--·-·------------------------.;..;_.i 

-·----·-···------···-·--····--·---·--------·-------·-·-------------------------------=-! 
•. ;> 

1---------------------·-----------------·-···-·---·-·---·-··························-···-·········-··································-····--·--·-··-······-···----·--·-···----------------------- ----------------"'-

1---------------------------------·---------------·----------------------------__;:..:_i 

'O 

....--.... ....---------------------·-------·--------------------------------------·-·-------------------------_;::_a 
00 

1------------------------·--------------··-··------------····----------.--·--·----------------------------' 

1-----------------------------------·------~-------------------------------------_;.~ 

1------------·---·--------·-···--··-··--·---··-·-·-·-·--···-·········-·--·-·--··-·-·-···-·--·-·-···-·-·············-·········-··-···--······-··-········--···-·-··---·-··-·--·---·--------------------------':.:....I 

·-----------·-·---·--------------------·-··-·-------······-····-···-···--·-·-·-···-·······-·--··-·-·-······-···-······-······-··-·----·-··-···-·-·-·-·--·-·-··-···-·--···--·--·----------------------~ 

1---------------------·--------·--··-------·-----·-·----·------·-·--·--·-·-·-·------·-·--·----------------------------'::....i 

t----·-·---·--·--·-···-·--·····-···················-········-···················-············ ·················•· ....... ················· .. . . . ············ ··- .... ···········--·--·-·--·--·---------·----------·--------=-· 

• . ----· ··-· -·--·------·--··-- ---··-----·--------
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s AM p I E c RUDE a I I ...P..lf.£Ll.Nf..0-_ ... PlJ.M.f..._S.U1-ll.ON~L.0.1!1L.OlLU.N.L-l.t<-·n:.ARS..-l .... _.iJ..,_ . .A.f'l.D.--12 ... --·---·---·--------·----------------------------4 

1-----------------·---------------·----·-·----· .. -·--·-·-·····-·-·--·---··--·-.. ·· .. ·······-·--·-...... _ ... -.... ··--·-·--·-·-----·--------------------~ 
0 

YEAR - 1 
P J; F' <; <; 11 RF' r. R.A.D..lfJiL~ll.Pll.k£.fl_.__L.lM.£.f..l.LL9....£.l.C.a.--------·--·-·--·---........................................................... -... -........ -............... _ ... _ ......... --.----·----------------------------'--! 

10 

~ __NO.D_L_lHlD.._E __ ~ ..... 1 J.._l...,E _ __.,G....,.R . .llUN.ll. SH Pl DE L-.P...l.L __ li£ACL.HL.£.L ...... fRES.S.-..... liLlG 1:1.IEO ... _. ___ L.J_Nf..f.I ll ___ .:_ _________ ·--------~-------,----~1'-11 
o;;v NJIME TYPE POST ELEV RAH RHf ELEVATION PSI JIVERAGE LIQ VCLUl'f 11 

0 -2!L . .lN 
RS-1 
P<;-1 

(j) PS-1 
P<;-"> 
PS-5 

0 l~TF 
0 IN 
OF-5 

~ r:•[J __ ___BP..IL.-1!.E'H. __ ... UP ____ ..• C.N.-·-···--·-----···--···---.EHP. ... --·--·--·--·--·-·--· .... --.f1B.L.S------·--------------------=-1l 1 
I• 

OJ A rH ...O....D..O__f_Q..._ ____ .!:....__ __ j]...._ ___ ,.12. .. _. __ 21.2. ........ -....... ..50 ............................ n .......... C.R.LDL-.-l.'12.2.6.86 .... _. ________________________________ ~1"-15 
SH/DEL O.OO t.O. 3000. 3000. 212. 212• 50. O. CRl.:DE 19226E6. 16 
p<: Sl!C O • .Q..Q..__J..fi.- -. 300.fr.a_.212...__ 2120 "0• Ji.,. __ _LR.l;.[!E__.l.9.226A.,...,_...t. ______________________ ~1'-t1 

PS DIS O.OO 60. -. 30CO. 161'9. 1Hl9• 609. 111'1. CRlDE 19<'21;8E. 10 
pc; <:11 r T,P. (, - n n 1 "A. - • 3 o OJL----5.1.1. .. --5.l.l • 1 u .. ____ _Q..L-(.llClE-..l..22.268.....-.'-______________________ ~19'-I 
PS DIS 366.00 198. -. 3000. 1250. 1250. 398. 557. CRt;OE 1922686. '20 

I ~- T F' .R.E.___f:.Ji.fu.JLQ __ .LUi. . ._ 0 ..__3.0._QL--1.3.5..0 __ ,3..15..0 . _____ 9.£_ .. _______ Q ...... _ . ..C.R.l:O.L ... _.19.2.2.61!.C.~-----------------------'2"-11 
DIA CH F.A6.00 80. -. 3000. 335. 335. 96. o. CPlOE 1922686. 22 

Sto/QEL 685.00 BO... -:moo. Cl. 3?.5_..__.3.3.5...-5!.6.- IL._c.R.LOE 1922.6.8.6.~-----------------------'-'-13'-I 
2• 

25 1-----------------------------------------------------------·-·--·---·-------------------------""' 
YEAR - 1 26 

1--'--P_,.o .... w .... E..!.!R_,.CxO.:..:.~.i.T_.._D ..... A_,__T.c..A~·----------------- ·----------------------·----------·---------------------------:2'-71 0 
~8 

't: PUMP PUMP QUAN- 7HRUPUT BRAKE POl.'rR P.£...R.C.£.NJ ___ ___ffiltE.R. ___________________________________________ 29'-I 

0 ~ STA CURVE I ITY &:PH HORSE- RAJ[ or I IME COST JO 

0 

IJ ___ __!il!ll.f. ____________ P,_Q..w..E.!L_LJ..K..lili.R.__e.u1:1.e..iKG. _ __$.LYiR~-------------------------------------'-IJI 
J2 

PS- 1 P C:._-~1~6~--D~-~3 t: 0 0 • U.l!t..•--a.ll.2.5 .. 0...0.. __ .l.o.ll.ll ... __ .J.li.l~-9.2.. .. ___________________________________________ --'-------------"'-133 

PS-1 PC-15 0 3000. 111'1. .02500 loOO 181992. . ~ 
P s-1 ~-:.14 .9...~.!l..!L0 ..... _-1.l:l_'i .•. _ .. __ .... o.2.~.o .. o. ____ 1 .... o.o .... _ ... _ ..... 1.a1.~.')..2 ...... _. ____ .. _______________ .. ____ .. _ ...... _. ________ , __ ~------------------,----J5-1 
P~-1 PC-13 2 3000. 1114. .02500 1.00 181~52. u 

~s__e_c.-1 c, o 3.D..o . .o_. ____ 5.!L1..'---• .. 0.2.5.o.o .. _. ___ .. 1 .... o.o .. __ ... ____ 9.o .. <J .. <J.6 .... -------···"'--·~··-··---·---------------------------.:.l7-1 
PS-5 PC-15 0 3000. ~57. .02soo 1.00 90996. ~ 

P s- 5 P C-J 't O :lJHLQ .. •-----~-~.I.~ __ .__!l .. ~ .. 5.QJL ___ ... l. .• QJL_ .. _ ...... 'l.O .. ';! .. 'J .. 6 .• _ ...... _. ___________________ ... -.. ·--·--·---·-----·-------------------------J-'-19 

PS-5 PC-13 1 3000. 557. .02500 1.00 909~6. ~ 

--------- ~ !--------------- ------·-------·---·--·-···· .. -·-·----.. ---·-·· .................. ____ .. -··-·-·--·-··-··----·--·-·-------------'-------------------! ., 
'3 .. 

1----------------------------·--------·--------·---------------·-------------------------•:::..iS 
•6 ., 
48 

•9 1------------------------------·---·-·-·--··-·----·-·---------·-----------------------------------1 
50 

51 1-----------------------·-·-·----····---·---··-···-.. ··---··-··-··-··-·-····-··---·-··-···----··-·--·-----·---------------------'-I 
52 

1------------------·-·-----··-·--··-·-·-•-H•-•--••-H-••H••-•-•-••-•""'-•-H-•-•HH•••H•••••-•••••••"-"'' __ , __ ........ ,, .. ,_ .. , .. ,_,,,,, __ ,_, __ •••-·-·--•••-•--•·---------------------------'S"'-ll 
S• 

----------···-··-•-•--• .. •w·•••••••••••••-•••••••••-••••••••••-••-•••••••••••••••••-•••••••••-••-••••••••••••••••••••••••••••• •••••••-•••••••••••••••••••••••••••••••·••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••• ....... _ .................. - ...... --·-·--·--·----------------· ___ 55_~ 
56 

51 1--------------·-·--·-·----.. ·-·---·-----·-··---·--·--•H-•-••-H•-·-·--•-•••H-H•--•••-•"-"''"''''''"HH• .. H•"•--•-••••••"''''"""-•-•H• .. H•"'""""""-""'HH••"•"-·--·-.. -···----------------------...o_I 
58 

-------·-----·--·--··-·--·--·-··-···-····--·--··-··-.. -·--.. -... -·-·---....... -........................................... -................................. . ~· . ............................................................ -·--·--·--·----·----·-------·-·-------------1 
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SAMPLE.....J:lUJ.llL.Q.IL.P .. 1P.LLl.N£ ......... P_U.M?._S..lA..l.LON.s....LO.~O!L.U.flit-. ...I.~-lt:...c.RS.. .. 1 .... _.1l ..... .J.N.C ..... 12 ..... _______________________________________ -=-1 

1------------ ----·------------------·--·-·--·-·---·-··-·-······--·-···---·-···-·--·-·--···--······-····-·····-·-···--·-·-----·--·-------------------'-! 
YEAR - 2 
o g • c: c: ••RF" r.R An J F" .i T - "n "SLE..Q.~_LUl.£E..l.LLt--LIC ... ----------·----·----·-·--·-···-·--·--·-·--·---------·--------·-·-------------------------'-~ 

'.'/\ ----110.0.E__lHlllE 
-V NAME TYPE 

10 

MI LE GR PUN D SH Pl 0 I' L....£..LL__JiLML.l..tiL . .f..1 __ £.>RE.S.S .. _ .. ..\il.U.GH.U.n. __ . __ .Ll.N£UlL-------------------------------"-t 
POST ELEV Rll TE FiATI:.. EL[VHION IPSI AVfRAGf. LIQ \o'CLUl"E 12 

.__---~---------ELE..I_ __ .sP.1:1 ____ J:.rH. ..... --···up _____ QJJ... _____ ................... _ ......... E.HP. .............. _ .......................... -.23LS ..... ---------------------------=-i13 

~ .) ... 
J --2..L..I N DI A c H o .. Jl..il ___ f._Q..__ __ .n....____o_..__21.2 ..... _2.1.2. .. _ ... _____ "5..0 ...... __________ ..... _ .. o ............ C:R.l!DL-... 1.52.2.6J!..6 ... ___________________________ ."-15 

RS-1 SH/DEL O.OO 60. 3168. 3168. 212. 212. !!::·O. o. C~LDE 19t>26P.6. 16 

~ Pps"--1 _1 _~P~S~S~l~J"--~0~1 .llJ.1. __ ao_. _____ o_._ __ ;n.6..B.. ... _2.l2.. .. -2.l2. "'.o..... ____ ..Q. .. ___ ..C.B..L.O.E.. __ .12226.8 ...... '··..._ ______________________ l-l7 

;;1 PS DIS O.OO 80. Q, 3168. 1685. 1685. 6D7. 11~1. CRLOE 1922686. 19 

P .. _ .,_, Pc; c;11 r: 38 f,. o a J qH. o ....__.3_16..li~..';i.2..--..i'.?.2...__~..J. .. _____ Q..._ __ cR.LQE __ .1..9!2.2E.a.,. '-----------------'--------'-'9-1 
PS-5 . PS OIS 386.0C lYB. O. 3168. 13t>Y. 1:52'3. 428. 730. CRL'DE 191>2686. 20 

J~:TI' J~ITl'Jll' i:.A1...oo· 80. .Q_..__3ll1L..--32..'l. .. _-3.2A .• __ !'L,. ____ Q_..__(_R.LC[_ __ .J..9226.8..~"'-----------------------21_, 
0 IN DIA CH f86.00 80. O. 3168. J24. ~24. 32. O. CRLDE l9t'26f!f... 22 
n I' - c:; <: 1-HnEL 68 f, .. o O 80...---=-3.l.68 • o. "I. 24....__.3.2.4. 12. __n_._CJtl.DL_.19.2.2E.8.£. •. ______________________ -'2"'-IJ 

2• 

.__--------------------------------·------··--·-----·---·-----·--·--·-----·······--···-···-·----·-··-······--·-·---·-----------------------2;..:3~ 
YEAR- 2 2e 

PO~/ ER COST .!1AI..L'----------------------------------------------···-------·-······--·----·····-··-·-----------------------------121 

28 

~- PUMP PUMP OUAN- THRUPUT BRllKE POWE!L____P..L.RQEEJ PO~E.R_----·----------- ----------------------------'2"--'9 
;;,·~ STA CURVE TIT"t BPH HORSE- RATE OF Til"E CO::T JO 

r.._ .-...> -----~~'~A M~,E-·----------~P..O.~£fL__.~nfil!.fL_E.lil1£:.lt& _ __1./_:._R_. ________ . ____ ·-·----------------------__;;3--11 
c · n 

;) FPSS~:-ll~-~P~C~-~1~6~-~D~-~3-l~E.~6~·-~11.ll.t __ • .0.2.J...Q_Q __ .l_.._C[L__~.5_(.,9_. ___ . ________ -·--·--------------------------33_, · 4 
PC-15 0 ll6~. 1131, .02700 l.O~ 1995t9. ~ 

) 

;,) 

~ 

;:, 

D 

~ 

!) 

~ 

_ _,_P_S~---~l __ P~C~-. l 4 O :ut..~_._JJ.3.J. .•. ___ ,J•.2.1.0 .. 0.. __ .L •.. Ol! ______ l..22.:l.C.9. .•.. _._______________________ 35 
PS-1 PC-13 2 3168. ll31. .02700 lo6D lq95C9. ~ 

, _ _,_P~S~-~5'--_..:....P~C_-J 6 0 :uJLlj_. __ .-1.~J.L .... _·_ .•.. 0.2..7.0 . .fl. _____ 1_ .. o.J __________ l.2..8 . .1.~3. ........ ______________________________ ]7 

P5-5 PC-15 0 3lh8. 730. .0?.700 l.OJ 1287c3. ~ 

1-..:....P~S--_-=-5---'P"_c=--J 'I 1 3 !.~·----.1..~.9..• __ .•.. 9 .. !?..7 .. o . .o_ ___ J ..•. Q_!L ________ J.2f.U.~.~-•-----··--· 39 
P5-5 Pc-13 o 316e. no •• 02100 l~OJ 12111::3. •o 

--------- ~ l-----------~-------------------···--····-·-··---------------------------------------4 
•2 

43 !----------------------·---·-·-----··------------·---------------------- --------------=-! 
•• 

1-------------------------------------·-··-·--·--·--·-----------------------------------------------'·~5 
•6 ., 

1-------------------------------·---------·-------·--·---·---·------·-·-·------------·-------------------------------1 
48·, 

•9 1----------------------·-----------·---··--··--··-·-··--·-···--·-----·-···----·-----·---·---··-·--·-----------------------"-l 
so 
51 1-------------------------·-·--·-··-··-·····-·-·······-------·-···-··············-······················-·-········-···-·············--··--·-·-··----------------------------------1 
52 

5] 1-----------------------·----···-··------·------·--··--·--···-------··-·----·---------·----------------------s·,-1 6 
SS 

1---------------·--·--·-·-·----··-··--·-····-·-····-·····--·-··--·-··--··---··-··-···-·-·-······--·-··-·--·-···-···-·-··-----·--··-···-------------------------~-t 
36 

57 1------------ ---------·------------··-·---·--·-·--···-··-··-···-·-···-·--···-···-······-·······-············-················--······················--···-··-······-···---··-···--·---------------------'-! 
SB 

3Y 

'-

----·----·-·----·--·--·-·-··----·-·--·---···-·-···-···--··-··-·---·········--·-··-···-······-······· ·······-·························· ··············-················ ............. ········· ··············-·······-·-···---·----·-- c 
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/ 

~e.LL....CR l'IDE OIL..E..lfLL.W£.a. ... -.~?..U1:1P. ..... S..U .. ll..c.M.L CO ME 0111-LU!L....l-t.L-Y£Ali5....-1 .. ~-8-t-...AN.L ..... 12 ..... ---------·--·----------------------------------<.1 

1--------------------------------------·-···-·----·--··-··--·-···-·····--·--·-··--···-········-·--------------------'--------------'C-1 
YEAR - 3 
Dor('., 110 r:- ~ n Aro t c: •· T ~.Sf.E..ll.lil£R...._Lllll.f..E.l.LLt-LJ.C.a. .. ----------·----··--·-··-······--·-·--···-····--·----·-···-·-···--·-------·--------·----------------------'-1 

l__No.nL'--Jil(.tD, ... E __ .J:JMc...l..&..l ..r;..E _ _.,_c.:.i.Ru0.1..1.lla.NDLL-~S...,HLUP...lD.E:.L...P..LL_liEA.ll...lllJ.L __ pj![.S..S ..... _.11£.lGH.l£n .......... LU!(.f..lLL .. ------------------------------'-'-I 
NAME TYPE POST ELEV ~ATE RATE ELEVATION PSI AVfRAGE LlG VCLUME 

1-----.1-''--------"~"LE.J.L ___ .BE.!L___B.l:'il ..... --U.e.. .... ______ Q.N ....... ------·-------···--·E.HP ... - ............................ _ ........ E.OLS ....... --------------------------'-"-l .' 

' ~111._J)~1 .... ,.._.._c a.H __ _..o .... 0J1 ___ ll.ll.- _.o_.__ __ Jl_ .. _____ 2.1.l. •........ 21.2. ................. so .............................. o .•........ cR.LDE.. ....... 1.9.22686 ................................ ---------------------------'=-
. RS-1 SH/DEL o.oo 80. 3345. 3345. 212. 212. 50. o. CRlOE 1922686. 

L..£.5..=l p<; sue Q.Qo so. o ... ~~.5.....-2-12....-2.12-- c;o. _Jl. .... _..CJU;.OL--1.'12260.80.6.a..o------------------------"-l 
PS-1 PS DIS O.OO 80. O. 3:!045. 11101. JOH. 682. 1H5. CRlD[ 1922686. 
P<:-c; P<: c-11r ·•or.. .. nn 1 q1L n.. ~395..___4.6.l. ..... .....9.f:.l...___...9s ... ______ .Q..._ __ cR.Ll1E...._J...5.2.26.h£.... ______________________ -"-I 

PS-5 PS DIS 386.00 198. O. 3345. 13Y5. 1395. 453. 742. CRUDE 1922686. 
1 • 1 Ti:- T 1.1-:; i:-o i:- t. o '· • 0 0 80.. 0 • 3 34 5. 29.1 . ._ .. .2..'1.l... __ 8.n... ____ ._Q . ....__.C.R.L.CL .. -1!1.22.6.!l..6.-....------------------------""-1 
0 IN DIA CH 6&6.00 BO. O. 3345. 2Yl. ~91. 80. O. CRLrE l92268f. 
DF-5 SH/DEL f86.00 flll.---=..3.3-'l5· Q. 2'71. 291 ... _ ____ao. .Q ... _C.R.LCL.......l922.68b..__ _____________________ __:_~ 

, _______________ ---------'------------------·-------------------------·--·---·-·--------------------------~ 
YEAR - 3 
PO~ER COST OATA. 

PUMP PUMP 
I 'I STA CURVE . t...t---'--""-'-'---"-..=;"----=Q-=U-'"'A.:..:N_-_..._T._..H'-'-R=-U=-PU=-T_,___.B.,.R ... A""'K""'F:..___,p~O~ll"-'E.._,~_,_____,P-E.RtlllJ_~.ElL_------------------------------------------"-1 

TITY bPH HORSE- RATE OF TlMl COST 
.1, Mi;.ME .w.....---------~P-><-OW£.fL___1JJSJ.L~~R_,___.P~U~M~~lNG S/YR 
~" I PS-1 Pt-1 r.. I--'-"'--"---'-"-"-"----"-n __ ,,_,,".-~:t.~_, __ l_3_l~.•--•!l .. ?..8:i'L __ l .. o.lJJL ___ ..2_45.f...55..L-------·----·-----·---------------·---------------------'~ 

PS-1 PC-15 o 3345. 1315. .or.a59 i.oo 245~55. 
_p_s-1 PC-14 ·=--"---'-""'-""--'----'""l ___ ] .. 3 . .i5..t. __ _l_3.l .. ~ .• -----•.0.2.BiL-.l .... 0.0 .... ---2.'l.5.6.5.5 ... _______________________________________ -'-------~ 

P~-1 PC-1.3 1 ~345. 1315. .02es9 i.oo 24565~. 
PS-5 r>C-16 1--'-",__,.'----'-"_.....~---><a __ _,.33_.,_~~-· __ J .. 'l .. 2 .. L .. --• .. 0.2 .. U~ .. 2 ___ 1 ..... o .. o .. __ __l.3B.5 . .3.B ..... __ . _______________ , ______________________________ ~ 
PS-5 PC-15 0 334~. 792. .0285~ 1.00 138538. 
PS-5 P_C-14 =--'•-=---J _____ 2}~-~-·----·--J.-~ . .?.~ ...... - ....• 9.<.!:l.!;!.'<l ...... _. ____ .t,.Q.Q ...... _ ...... .J..~8.5.;!'!lh .............................. _ ............ --.. -----·-······--······-·-···-·--·----·-------·-----------------------1 
PS-5 PC-13 0 3345. 742. o0285Y 1.00 13A538. 

!-----------------------------------------~---------------------'----------------~ 
~84194. 

!-------------------------·-------------------·------·---·-·--------------------------=-! 

1-------------------------·------·----------·--·--·--··-···-·-··-··-·-··--·-··-·---------------------------'---------=-t 

1-------------··--------··-------····-·-······-····--··-·--·-······----·--·-···-·····-············-··········-··-··--······-···-·-···-······-··-··-·--······--·-······-··-----·-·-·-···-··-·-------------------------_;::-1 

1------------------·--··--------------··-·---·--···--·-·-········--··-··-··-··-··-·-···-···-···-·-···-···-·-··-·············-···················-······-····--······-·---······---------------------·----....0....f 

-------·-------·--····-.. -···-----··-···-······-·--·-···-··············-···-·····-·-·········································· ··········--·-·----------·-·--------------------------....:.....1 

Pipe I..Jine Technologists, Inc.--
" If :rn11h , o\IHIHllHI 



r 

/,,,,..." 

' 

SAMPLE CRUDE Oii PIPE! !Nf. Pll'1R-S.iA..I.J:..o.u.s..LO.Mf ON l Htf-l~AliS-l+-.G.,.--AN.0.-12.--------·---------------------------=-i 

1-------------------·-------------·---···-·-·-·-·····-··-·-·····--·-···-·-······ .. -···-············· .. ·-······-·-···-··-······--····--·-·--------·-------------------~ 
YEAR - '+ 
PR r s s11 Di:- r. !!.An 1 E ti: r, ·-1 a R sr.e.n..UL.H._._Ut!E£.l.LL,._.£.l.C .• ----------------·--·----·--·-·-· .. -· ..... _ ........ _ ... ________________ ...... __________________________________________ ...:...1 

l-JiOJlE_.HO DE 
NAME TYPE 

MI I•; 
POST 

GR 0 UNO SHP/ OE I P /! Hf AlL.llL£.l__e.!t£S.S._YLlGli.1£n_LJH£.£.ll.L--------------------------"-i 
ELEV RATE RATE ELEVATJON PSI AVERAGE LIQ VOLUME 

1-----~------~J:".£.[J___.!lPJ:L __ .f:tPJ:i. ___ Uf' ______ JlN.-------·-·--·-···--·---····-E.11P.: .. _. ________________________ J:B.l.S----------------------------------'-'-'I 

24 IN OJA C':H o.o 0 ~ 0 • O .-2.12 .•... --.2.!.2.._ ________ 50_. ___ .. ________ ...... -.. 0 .... _ ... .(.R.UCE.--.. l.92..268.6 . ._. __________________________ -'-i 
RS-l SH/DEL o.oo eo. 3~33. 3533. 212. 212. SV. O •. CRlDE 19226860 
es-1 es sue o.oo en. i-~~-~~~~--...... ~~--~~--~D·-·~~3~5~3~3~-~~2~12. 212 0 50 0 _a_.__c.R..LDL-l-'122hA~o...~----------------------~ 
PS-l PS Cll S o .• 0 0 so. O. 3533. 20380 ~038. 741. 147~. CRlOE 1922686• 
PC:-t; pc: C:ll I' -..A,_,_ n n 1 «A• 1-~~.__~....._ ....... ....___....,,. ............... _-L, ....... ,.__ __ _.._o --3.5.3 '· !LlB..._~ __ 71:1..__.i..oL.----'--...n . .___cR.LC£--.l9.2.2 . .;,ao..."-----------------------'--I 
PS-5 PS DIS 386.00 198. O. 3~33. 1572. J572o ~2n. P.99. CRUDE 192?.686. 
J t.1TI' JPJTl'RI' J., A J,..._.DJL_ __ fifl.. __ _.o ...... ~~3.5J.3. .• ~5..9.._2..5.9. •. -..l.llf. . .__ __ --l) .• _.(RlDL.-.. -1.9226A6-------~---------------=-'-1 
0 IN DIA CH 66£,.00 80. o. 35330 ~~9. 359. 1060 Oo CRlDE 19226H6o 
DF-5 St!/ Of! r, e 6 ..ClO. __ BQ.. -3533. a. V19. ~.5..~. I Ob. o. CR.LOE J<t22£C:O.------------------------'--i 

!-------------- -----------------------------~----------------------------------------------· 
YEAR - '+ 
POllER COST DATA. ,_...._.. ......... .....__..,,_......_.,_.c....L ...... _____________________________________________________________ ~-------------""--1 

PUMP PUMP QUAN- THRUPUl _ 136AK[ 
'!°' STA CURVE TITY BPH HORSE-

.E.O.w..L.R____P..EllC.E.riL __ J...O..liifll_ _____________________________ ~-------_, 

RATE OF Tl~E CO~T 

1A~~>~---~N~A .. ~~f~--------~P~O~W~E~R~~'~'~K~UuH.~R-~P-ll~M~P~I~N~f.---!~t4Y .. A~------------------------------------t 
N 

PS-! Pr-1~ n '~~'- 1~12..__.Jl.3..DJ..9 __ .L..Dj)___...2..9.1~8~3~·------·--------------------------------t 
PS-1 PC-15 1 3533. 1'+79. 003019 loOD 2916H3o 

1 
_ _,_P_,,,S_-_,,_1 __ ,_Pc;_::U ___ ~~-L-_l!i]_~_ •. _ __._.Q.3.0.l.~__l..a_O_.IL__ .. 2..'Jl.6.83 . ._ ____________________________________ -t 

PS-l PC-13 1. 3533. 147~. 003019 l.oo 2916H3. 
P S-5 P C-16 0 3!!.lio. __ .8~<;!_. ___ ! __ Q_3_0.l~---l .. o.D.D.. ______ l.1.12.5'2 . .a _______________________________________ "--i 

PS-5 PC-15 1 35330 R99. 003019 1.00 177259. 
PS-5 P C-1 'I O----~~~-~----!!~ .. 't~---~-!Ll.!Ll..~-----l .. t..l'-_r, ________ J_1.1?.:i .. ~ ... ---··----------------------------------------
PS-5 PC-13 0 3533. R99o 003019 loOD 177259. ---------t------------------------------- --------------------~----------------! 

46SY~2. 

1---------------------------------·---·····-···-----------------------------·----------------------'-I 

1---------------------------·--------·-·--·-··-··----.. --····· .. ····-···· .. ····-.. -.... ··-··-····---·-···-·-·····-············· .. ···-·-····--···· ........ - .. -....................... ______________________________________________ -i 

·---------------------------·------------------------

1---------------------------------------·-------··-·-·-·-·······-···-·-···-·--·-···-···-·-·······-· .. -·--·-·· ...... -.-· .. ····---·-···· .. ···--·--·-----------·---------------'--I 

1----------·------·-···--········-····-··········-···-·--·-···-·····-·-··-.. ·--·-·--···-·-··-······ .. -··········"··········-·-···-··-·· .. ···-····-· .. ·······························--··· .................................................... _ ..... -·-·--·----·-·--·--·---------------------'-f 

Pipe Line Technologists, •·--
a Kan. company 

----- ------- -------·----.. ..• - . ····-----~------·· _________ .. _____ ···------ --·------'•----



• • • • 
/ 

st Mp I [ c RI ID[ "I I IUE.£LJ_N£.--P..illl.e_s_u_um;~~-.Ll.N:E.-lL..Y.£A.li.Ll+-.a. .. __ .A.N.L.-..12-------------------------------------------"-1 

1--------------------------------------·---·---·--·-·-···-···-·-·-···-···--····--······-·--·-···-·--·-···---.. ····-······-··"··········--·--·-·--·-·----------------------------''-I 
YEAR - 5 
o or- <- <- • ·1u· r.11A n t n.1 I•. Hop •·E po io E IL.__LU-l.£.E.l.LLa.-.L.:.c .• ______________________ .. __ ,_, _____ ........ -.... --.......................... --·--·--·--·---·---·-----------------------------'-1 

Lil.o.D.f__KQ.DE 
NAME lYPE 

Mii[ 
POST 

10 

GR a m•o SH p I [If I ..£.l.L-..H£.AJL .. .l1Lf_L __ .. e.Jl.[.S.S._ ... _,\,:[.J.GH.l£.C.-·----LHLE.f-1LL.--------·----------------------'-'--I" 
ELEV RATE R•TE EllVATION PSI AVE~AGE LJG VCLU~E ~ 

1------'·..__ _________ f_[_f..t __________ . .BP..l:L. ____ e.r.u. __ ...... UP. ... _. _____ .. c.N. .. _ .. _,,_,_., _______ ......... _________ ,[:.l:lP ........ --.. ·-·-........... -... - ......... P..!lLS-... ----·--·------------------------"13'-i 
. ' 

I• 

l-2..!i-1..tL_D..ll.__.._CH...__ _ ___.. __ Ll.JJ.....__ ____ o._ .• ___ Jl.._-2l.2.. ___ 212.. ________ 5n ....... ------·-···-·-··o .... -... .CR.LL.E..---19226.e6-----------------------,--1"-ls o .. ..n.o an. 
l<.S-1 SH/DEL 3131. 3731. 212. 212. SO. O. CRLDE 1922686. 16 o. 0 0 fi o • 

80 . ~l PS sue _o. 3731. 212._.__ 217a 50. ---'l.._.C.RLCL-ll226f....._<-______________________ ....:.11:....i 

) P~-1 PS DIS O. 3731. 206'?. 2069. 75~. 1~~7. CRt;Of 1922686. 19 

o. 0 0 
o.oo 80. 

1---"P_..• ~c;;;-;....·",____;:;P_..<:.___....<"..., 11r...._'_......,, ................. _~..:.u.,-----_.._n ..___llll...._--3.5.!l ... ~.5. .. __ 5,S_,. ______ Q..__cR..LO.E--l..9.2.2.bB..6.... _______________ _;_ ______ .....:l.:.._i9 ·:u1 '· _ n n 1 qu 

O. 3731. lb22. 1622. 53'1. 1CCJ8. CRlliE 1922686. 20 

, _ _.._,,........_ _ _J....._...i...u..___..w..u ........ .u..u.--"'-"-· , ____ !L. 3D1 °--2..9..0.._.2-9.D-.----7.9. •. ___ _u,,.__.cR.LnL.-l.922.E.S.6.------------------------=2"-1' ~ 
PS-5 PS DIS 
INTF Ir,:TfBF 

38 (:. 0 0 198. 
f,B6.nn an .• 

0 IN DIA CH 68 6. 0 0 80. O. 373l. 290. 2YO. 79. Ci. CRL'OE 1922686. 22 
1-...w:-=..;;:____;icOLJ..:.L.L..__.c.a..!2..~-"---W.._._--=-0...32.Jl. . J. 290

0 
290. 79. D._CJll.Q[._;__19..2.2.68.£,..._ _____________________ _:23~ 

2• 

nr;:-_r:; c: ... 1r.r1 , L" '- .. a a HO a 

2S ·------·--------------·--·------------------------------------------------1 
YEAR - 5 26 

1 _ _..P_,,O'-"l/...._[_.,R.__,,C'""O""'Su.T__..D..aA_._T..cA..a•---------------------------------------·--------------------------------------'2'-f1 
~ ~ 

'1 i!...-e_l!f,P PUMP OUAtl- [HRIJPUT OKAKE PQlif..R...___£,ffi(.UJ_ _ __R_Q.WEJl __________________ -,-----------------------'2"--19 
~ ~ STA CURVE TITY DPH HOkSE- RATE OF TJME COST ~ 

) 

~ 

) 

;) 

~ 

i) 

) 

ll> 

:;, 

~--·----t>.A.r1.L. ________________________ p_Q~l.£.!L _____ t/_K.tl.HJL.__P..U.MP.l.KG. ___ ...$./..!R ________________________ . ____________________________ 3'-f1 . 

32 

._f_S-1 ~..___ .... e .... c,.;:_-16 o :u.3.L__l5.3.1 .• ___.filllJL __ .i. .. o.n. __ ....!.l.2.2..1.o._ .. ________________ . _______________ . _____________________ .:.:...J1, 

PS-1 PC-15 0 3731. 1~37. .03110 loOO 312270 0 M 

--~.l __ .!...P.l<C.:::.-.... l_L__~.I.i.L..._l.5 . .:n •. ___ •. o.:u.1.o.__l_ ... OJL. ___ _3 __ 12.2..l.n ... ____________ ._ 3S 

f'S-1 ?C-1~ 0 3731. 1537. .03110 1.00 312270. ~ 
__E'_S.=-5. , _ ___.Pc..C...:-.16 1 3_7_~!.l..___t.(l .. 9. .. 8_.._ ___ ... D.~li.ll ___ 1_ •. Q.(L .... _.2.2..3.L'l..!t .•.. _____________ 37 

FS-5 PC-15 0 3731. 1098. .03110 l.OD· ?23144. ~ 
PS-'\ ? C-1 4 0 _3.D_l..__ __ J__!) __ ~~-.. -· __ .. JLHJ..!! ___ 1 .... Q_Q. _______ 2.2.l.l.!t'l ... ____________ , _______________________ ~-~39 
PS-5 PC-13 0 3731. 1098. .03110 1.00 2231440 ~ 

!---------------- -------------·-----··-----~--=-~::.::":.:':.~.~---···-····---·----·---·-·--·------------------------·~1 ., 
1----=------------------------·-·-·-------------·--------·---------·--------------------------=-l~J 

•• 
•6 
q 

!--------·----------·--·--·-····----··-···-·-···-······-·-·-······-···-··-·-··-·-······-···········-·-········-·-···-··············-·-·····-······-·· ·······--······-·--·-···--·-···-·-········-···-·--·--·-·---·-·--·-------------------------------t 
•9 

•9 

so 
1--------------------------------------·-· .. ·-------------·-------------..................... -.......... _ ............................ -................................................................................. -·---·-·---·-------·---·-·--·------·------------------~51-1 

51 

1------···---··-···-··--·-·--··············· ···-·················· ····································-············ ........ . 53 ................................. -... -··----------------·-------------'-;_ 
5• 

•--------'-----------·-----------.. ----·-------------------------------------·----=5~s1 
S6 

~.' -----------·-------·-----·--·-----·---·-·---·----------·---·----·-·-------·--·------··--· ....................... -.............. .. ····-···········--·---·---·--·---·-----·--·-----····----------------·· 
58 

............. --.-........... ______________________________ __:._59_. 

60 

\. Pipe Linc Technologists, lnc.--6

!) 



(~ 
' I 

/ 

1--------------------·--------··-----·-·--·-·---···-·--·--·-··-·-·-···-·---···-···-·--······-······-···-·-···--·-·--·---·------------------------'-1 
YEAR - 6 
P 11 i:- ~s......lUlR.SE.P..O..ld:.R_._ __ LlN.E.E-1.LLe.-.LJ.C ... _____________ . ____ ... _._,_ .................. __ ..................... -... --·--·--·-----·---·----------------------------~ 

~ ___HO.D.L__lJ.0.01.1..E __ xiM_..I_._! ...._E _ _,,_6.uR.L:.c.._UN""014-~S..,HwP.__/uE:.uiE_,L...__f_LL_W:.AJL.l.llL.f_J _______ f.RE:~S. ___ .l.:£.l.GH.lf:n ____ LlNL£ILL------
~ NAME TYPE ~OST ELEV RATE RATE ELEV~TCON PSI ~VlRAGE LJQ VOLUME 

.__ _____________ f.£.LT~ ___ .nP.J:f.__lJfH_ __ up ___ ,,O.fs ... ___ ., _____ .. __ .,, __ .. _,, ........ E!JiP ..... _, ____ ,, _____ .. .,_. ________ ,,..{j.BLS----·----------------------=-i 
.) 

1-....<"c.o"-,__.T.Jl•L.1 _ _...ouI.,,A'---"C..uH.__ _ __..o ......... o,,,o __ .....,,8Q._ __ _Jl_.__ __ Jl....---1.lZ.a .. __ .zl2..... _______ ... .5D ............................. Q ....... .c.R.LCL ..... l.922.6.86--------------------------''~ 
RS-1 SH/DEL O.OO BO. 3939. 3~39. 212. 212. SO. o. CRLDE 1922686. 

1-_..P_,,' c:.._-_.1.____._P_..c,_s ....... 11u..C~---"[1..IL ...... o o.___an.. D • 3 93.9---2.1.2......-2.1 2. ::..n...._ __ J1 ...... _..c1U.0£._-1.!1226a6.-------------------------'-'-I 
PS-1 PS DIS . O.OO 80. O. 3~39. 2224. 2224. 8ll. 1116. C~LDE 1922686. 
Pc:-" oc:: c:11r 'llA:C. nn 1<lA.. n. 3939 0 '.40.~.o. r.,4_.. _n_. __ c.Rt.O.L-.1.922.E.Su....'----------------------~ 
PS-5 PS DIS 386.00 198. O. 3~39 •. 1791• li9lo 6130 121'1.· CRLOE 19:>26EH,. 

1-....1'...,•'u'T...i:c _ __.n_._,.•u.T.L.i:--"cL-c-_.,t:...,_D_...t:..Jl..Q RQ. O • 3q3.'i..____l2.2_. __ .,2J_. __ ~.!_. __ __Q_--C.fU!l.E___l5.2.26.£.'b.a..----------------------...:..:...i 
0 IN DIA CH 686.00 ao. o. 3~39. 327. ~27. ,3. o. CRlD[ 19226f6. 

L-_..,r. n1 F'.=-:...5L-~Sl[JHl.L/.J..Cci;.E..1..! _ __..c._.,e_.,b..._ • .lLo.lLo __ e~. D"". -39 37 • 0. 3 2 7. . ~ 21. q... 0. c 6 !'DE 19 22..6.£,'.c 1:......._ _____________________ __;;..;;....i 

1----------------------------------------------------------------·-------·----·----·---------------------=-i 
YEAR - 6 

1--'--" P•n._., l'u.' F' ... 11._..r....,n""--'c:; T _ _.,n,"1..J. AT..a....t. A-----------------·-----------------·--------------·------------------------4 

.__~P~U~M,~P _ _._P~lll~M~P--~~i=U=A·~~·---~TH~l~R:l~llP.._.._lllT,__~R~R~A~,K""'"-F'-~P~'n~1~~~F'.IL__.fEJl.C..::.k.'[___f_Q_~LJl--------------·------------------------~ 
STA CURVE TIT~ BPH HORSE- RATE OF TIME COST 

1-----~MAll.E.. _________ __f_O.~~~[Bu..___.lf....tLlll:!.IL__E.U.~~G--SJ_'l!l~--------------------------------------~ 

1---Le ...... s..:-""1..___...i:e .... c.=-'"'1-"s~ _ __..o.___ ... 3_,_9..._3_,_9.._._u.t!i. • 032 o.. .t...l! 1 ... "'•9.L."'1...-----·--------------------------------_::.:_i 
PS-1 PC-15 1 3'139. 17Hu • 0320 3 1.01 35913-7. 

1-..c.P_,.' Sc::-:.&1 __ .L.:PC.-19 ~-~~2..t.__l..1'.i!u __ ... O.J.2.0..3 _ __j__._Q1 ______ _3_5•11.·:a . .._ ____________________________________ --I 
PS-1 PC-13 0 3939. lil6o .03203 loOO 3591~7. 

_.:...P .... s.-_ .... s __ P.__..c._-'""16"'--__ o,.__ _ _,3_~Lth_l.c.B .. ____ .• _o_~a.0J_--1 .... a.1. ___ .. 2_53•1.l.'.! .... ______________ . ________________________ ---1 

FS-5 PC-15 0 3939. 1214. .C~2D3 loOC 25393~ • 
.___,_P_,S'--_,5,__ _ _,_P_,,C,_-_.l_,'+c.__ _ __.o'----"-"3 9.~2.-· -L~J..i~ __ !,_Q._~ .. '-.Q .. 3 ___ ..t .. ~ .. o . .c.. __ .. 2..5..3..'! .. ~.~--"---·----------------------------------------'~ 

PS-5 PC-13 2 3939. 1214. .03203 loDC 25393~. 
1-----------------------------·------·-.= .. :.:: .. ""::.::.:.'.':. _____________________________________ ~ 

61307l. 

!------------------------·----·-----------------------------------~---------------=-! 

I\.) 
~ '-~------------------·-----.. ·------------·-------------------------·------------------------~ 

1--------------·-·-··-.. ·--·---.. --..................................................... _.,_ ........................................................ ,,_ ............................................................................................................................ _,, _____ ,, ______________________ _.:.:;_1 

·-------------·-·----··---··-··------·------···---··-···-·--····-·-···-·············-·-·-·-·-··-·········-·--···-·····-··-····-·--··-··-·-··---········-···--··--·-·--···-···-·----·---------------------· 

1---~-----------------·--·--·--·----------·-----··-.. ···· .... ·-·-·····-·---.. -·-----·----·---·-·-·--·----·----.. -·-····"---------·-.. ·-·--------------'------'--I 

~"--_ -_ -_ --==~------_·--_-·-_---·-_-·-_--__ ~_ ...... _ ... -_ ...... _ ..... _ ....... _ ..... -_ .. -_ ..... _ ..... _ ...... _ ...... _ ....... _ ...... __ ... _ ..... _ .... _ ..... __ ... _ ....... _ .... _ ..... _ ..... _ ...... ____ ... _ ..... _ .... _ .. ---· .. _ .. _ .... _ ..... _-·······-··Pi~lii~,~~!!~istQ, •.--



• • • • 
r 

__il!if.LL..CRUOE Ol.L£.1P..£.LI1J£. .... --... e_:J.M.P. __ .s._ui1fill..S..._.cJll1LIDL.Ll.t1iL-1.tL..YU..R..S..._1_.._.a.__ . .AN.C.--l2.-_:._ ________ . ________ , _______________________ -<-I 

1------------------·--·-------------·--·-···-·---·-·--·-·--·--···-·--····--·-···-·-·-···-···-·-···-······-········-···········-·-···--·-·-·---------·------------·---------'~ 

YfAR - 7 
PR f S "'HI F GR A n 1 ~NI, HOR SE.P_C..wt:.fi..t...-LUlLE.l.LL9._Ll.C . .._. ________ ·-·---·---·-·-···-······--·-···-·--·-·--·----·-----·--·-------·--------·--------------------~ 

Lll.D.0.E._~JHU!-E __ ~t'I~l-E __ G~R.Q.UND SHP/.11£.'--.E.LL--l::LE.AIL..l.1L..f.L _____ e.R£.S.S_ ... _.lol.£.1.Gtt.J.£0 ... _. __ .Ll.N.L£.11-L------·-·---------------------.:..:...i 
N~~E ,TYPE .PQST ELEV RAJ[ RATC ELLVATlON PSI AVERAGE LIG VCLU~f 

., _f.LE.l. ____ .EP..l:f ___ .B.PtL._ ....... u.e __ ·-··-... ON ... -······-······-·--·-·········--······-.E.ttP. ..... -·-····--··-···-········-············f!BLS-···-----·-·------------------------=-i 

-2L1 .... N._·_..,o..._J=A_C~Hu....-_~O .• ..QJl ____ .a.n.- _n . .._ __ .D.._--2.l.2.._ .. __ 2.J.2. •. - .. -·-·····5D •... -.............. --·····o ..•....... .C.R.LOE....-... l.9.2.2.6.a6--.-------·---------------------0-J 
RS-1 SH/,EL o.oo eo.· •160. •160. 212. 212. 50. o. CRLDE 19226H6. 
p $-1 es Sl!C O..Jl.0---8..D... ____ .o_.._.1i.l.6.lJ..L-2.12. .. _2.J._2. 5 0 .__ __ _o. .• _..C.R.LDL __ l.9.226.8.~-------------------------1 
PS-1 PS DIS O.OO 80. O. •lfO, 2577, 2~77. 9•5. 2038. CRLOE 19226P.b, 
PS-5 PS '=l!C 30~.QQ 1 <ie. 0 ~u..__s.o.t.._.t.D6.A--.. U.1 ... _______ ._Q . .__..(R.LDE--1.92.26&L....----------------------~ 
PS-5 PS DIS 38t.OO 198. O. •160, 19~1. 19~1. 663, 123~. CRlOE 19226~6. 
IN IF IN I~ RF li!iJ:i.. II 0 _an_. lL..__uu._~!IJ..._.3.'tl .•. _._._.9.9 ... ___ . __ . __ Q.&-_.CR.LDL. .. -1.9.22.61!.6 . ..._ _____________________ __,_'-I 

0 IN DIA CH 686.00 AO. O. •160. 341, 341. 99, O. CRLDE 1Y226P.6. 
PF-" SH/OS:-L 686.00 8..0..a - 1116.0.. O, 3 1tL '41. qy• .O ... _.C.fi.UDL-1922.bfl.f....._-_____________________ _..;.4 

1----------------------------------------------------------------------·-·--·-·--·--·---------------------------1 
YEAR - 1 

1--'--P~O~l.!~ FR_~C:O=S~T-~DA~T~A~-----------------------------------------···-------·----------------------------'-1 

PUMP PU ..,p QUAN- THR UPUT !IB.l!.Kf P Ql,IER f.[.f<_C.E_t;J__ _ _f~LJ<-----------·---·-----------------------------'-~ 
STA CURVE TITY BPll HORSE- RATE OF TIM£ CCST 

1--------'N._.1\IT___ ________ _,_P_Q.ff.fL_t.LY.;.ltl.H.lL__E.Ut:lf'..l.N.L... ___ i.lJ.JL _________________________________________ --.:c..~ 

_P s-1 pc -1 6 O___!t.lf<.!L. __ 2_Q.~.8. .• ____ • __ 0_32!1.:L __ L •. n.o. _____ 4~9 .. L~.9. ... __ . ____ . ___ ·--·-------·--·----·-----·--·------·---:._ _______________________ __;:.:_i 

PS-1 PC-15 0 4160. 2038, ,03299 leOO 43915~. 

_f:'.A=..l__r . .c..::.l._4 ___ l.._ ___ .!t.J .. b .. !l . .o .. -·-···2.l!.J.8 .... _._···-···• .. 0.3.2.'J . .9. ... -·-·-.l .... D D...._ ........... g .. !'.1.15.9 ................... _. ____ ·--·--···········-···-·--·-·····--·-·--·-·--·--·--·--·--------------------------1 
PS-1 PC-13 2 4160, 2038. .03299 laOO 439159. 

_.P~'i::.5 PC-..l.L____o._ __ U.(..J)_. __ J.?. .. ~ .. 9. ........... -.... ~.!l .. 3.2.9.~---·-·-... L •. 0.0 .......... - .. 2.E..10.2.g .... -... -........... _ ... _ ........... -... -... -................ -·-···-·-·-···-···-·-·-... --·-... ----·----·-----------------
PS-5 PC-15 0 4160. 12~9. .03299 l.OO 267C~4. 

P s- 5 Pc -J 4 o _'±..L.~JL._ __ ._.1.2.~ .. ';l ... _. __ ._~.o .. ;\~-~-2 ............. _.1 .•. o..L_ ...... - .. 2.1.i.1 .. 02_'+ ._ ...... -.. ·-··---.. -·-·-· .. ·-·--·-···-.. -·-.. ·---·--·-·-----··---·---------------------~ 
PS-5 PC-13 2 •16~. 1239, .03299 1.00 26702•. 

1----------------------------·-···---··-···-·-··-·-·······---------·---------------------------------1 

'd 
70611>3. 

h-------------------·-----·-------------·---------------------------------------------'"-1 
N 

i-.:Ul~-------------------------------------·---------------------------------------1 

1--------------·----·---·--------·------------·-·--·--·-------·-----·-------------------------------1 

1--------------·-------·---·-·---·----·-·-··-······--·-··-··-··-······---·-·--·------·-···-·--·--·----------·------------------------------'.:...i 

1---------·-----------------··---------·---···-----·--···--·-·-··-·-··-·-·--··-··-·-------------------------------i 

1--------------------·-·---·------·----····-··-·-·-··---·-··-·--·----·-·-···---······-···-···-·-······-·············-··-···········--··-·-···-···--··--·-···-·---------------------------''-'-I 

----------------·---··-----··------··-··----·······-···········-······-·--··········-··-··········-·········-········-···-·-···-······-·····-····-········-·-···········-·--·-···----···-·-·------------------------=-! 

1--------------·---------·--·-····----···-···-·-·---···-·-·········-········-···-·-········-·-········-·-················-·······························-······-······················-·--······-···--·-···--·------·------------------1 

1-------------------------·-··----·---·-·--·--·---·-···--·-·----·-···-···-·-···-·-···-·-·--·-···--·--·-·--···-···-······-·-·-·------·-·---·----------------------1 

Pipe Line Technologists, Inc.--
- -······- ....... ~ .. _ -------·-·-·---------·-·----P·, .,. k' :111oh r.nmn:1n\1 



r 

--5..Ali.e.LL_CallDf 0 I I ..e...IP...E.Ll.NL. .... _ ... em1e __ SJ.A...ll1l1~.S.....C.O.f:lL!UJ_,Llt..£ ... -lf>;.. ... .¥LA-R~-l .... -.a. ..... AJ\l.r. ..... 12 .•. ________________________________________________ _, 

.._------------------·-------------------·-··-·--·--·----······-·-···-·-···-··-···-·-···-···-·-···-······--·-····-···········-······--·-----------------------------------"-t 
YEAR - 8 
p R ~ !> <: 11 RI'" r. RA 0 T !'"tu l~.S£..e.!Lll.£B_ .. _LlN£E.1LL .. _LlC .. -------------·-·--·-------·-···-······-······--···-····-·····---···--······-···--·----·------------------------------------t 

10 

,_ll.0.0.E_JHl.Q~E-~t'i..llL_.G..B.C.utJCi s t!.P..l.D.LL...P .. LL _____ lilAD. .... ll«_ ,f. L ......... P.RE.S.S mHm\j UGH.I E.Q. ________ ,.L.I tl[U L L ....... m-mHmHHH•n-HH•-·------------'--------~----'-11~ 
NAME TYPf POST ELEV RATE RATE ELEVATION PSI AV£RAG[ LIO VO~UM[ ~ 

.._ ___ .....,,.~---------fLLL __ ..Bf.J:l. ___ .. &e.tt .. ______ _up ____________ [•.N .. ---·····---····-············-········-·l:!.l:!P. ............................................ &SLS---·--·-·--·-----------------------------'1~3 
1• 

LJ.LIN QB Ct:I Oa C1 D _p__Q. ..__ __ _,O._,.____n_ .. ---2.l.2. .. __ .2.12. .. ______ .5.0 .......................... _ .. Q ......... .C.ltLDE.. ___ 1.9.226.a6 ..... __________________________ _..;_15;_1 

RS-1 SH/DEL o. c 0 ao. 4651. '1651. 212. 212. 50. Cl. CRlOE 19226fl6. 16 
E:S-1 PS sue O. [1 D an.. ___ ,Q._.___4.6_5 l. :i l.2_.__2.J 2. ~----Jl. .. ___ ..c.llliOL..:...l.'l2.2..6a.oi:..._. ______________________ ~11 

Ps.,.1 PS DIS il. a o BO. D • '16~1. 163'3. 16:."'J. 5'30. 12'39. CRLDE 1'l226tl6. is 
.--~~~~~~~-~~---~----~n._~4-F._">~1----~ .. & .. __ .:!J!.El.. __ .9.c .• ____ .Jl--CR1.U~22.6B6...._ _______________________ 1'-'-19 P!>-~ PS ~Ill"'. 1 q 2. r. a 1 .. , , • 

PS-3 PS DJS 192.00 151. o. 4i51. 164'1. l~~'I. 565. !20~. CRLUE 19226tb. ~ 
PS-'> PS c::11r ~P "'• l!Q 128 .• ~---O~·-!ll.~.l....______.l.BJ._. __ 3..f.L.------tS.. ___ __Q_.__c:R.LQ£_.l.!l22iS.6.a.. _______________________ "'-t21 

PS-5 PS DIS 38 6· 0 0 l '38. o. 4651. 1637. lf~7. 545. 1202. CRLOE 1~22686. n 
P<:-7 p <: c::11r 

"'"" nn 
, 2...4 • ._._ __ _..o_. It 651 • ~ ,,~ • ... -.:i;,. 80. a. CR I O~nte ..... i:. ________________________ 23-1 

PS-7 PS DIS 58 6· 00 124. O. 4f51. 10'18. lD•B. 350~ E'I~. CRLCE 19226fl6. ~ 
-1J:J£ HlIEBE ---~~--~o~·-'.t.6.5.L.__~J_.._-3_'lz. ... _i2.o. .. ________ o ..• _ ___cfU..oL __ li22be.£...._ ______________________ ----'2~s 68£.LQ Q so. 

0 JN DIA CH 6e6.010 so. O. '1651. 397. 397. 120. o. CRLDE 1922666. u 
i-~~.._----~_....._._ _ _.._...__.~~-~~--~4~6:~i:;~t -~·--~o. ---3'1.1. .. _3.~l .... _..12Jl.. _____ Q_.__cR_lOL __ _u.2.2.E..B.6..-____________________ ----'2~1 DF-5 SH/DE! 68£a00 eo. 

YEAR - 8 
_EJ),,W_ER CO SLQ.A.IA.1 ____ 

18 

29 ·-------------------------------------------------------< 
30 

31 -----------------------------------------·--·--------------------------------! 
32 

l----'-P_.,•llu;~.:..1,-P _ __._P_.'lluM=-D _ __,o._,1,,_.1A'-.lPJl1:-:;.,__TJ~HLI.JR.,_,U.,_p"-'u..._1,___: .. JiAJ{(____f1Ui£1l__,J~£.RCD.:J.:... ... ___eruiu_ ___________________________________________ -f3l 

SH CURVE TITY BPH t:ORSE- RAH OF THE CCSl 34 
i-----~N~A.J:l~E ___________ __::_o..11.:t:.fL_.$./Kl!:H.B .. ______ ,f.l.i.f1PJ.J.IJ, _________ l/..'t.R_. _________________________________________________ 3--1s 

36 

PS-1 PC-H. 1---'-'~~-~~·~---o,,_ __ '1~<>~51..______:_t..2 . .2.h... ____ 11..!L3_3_2.8 ____ l. •. 0_0 .. _ .. __ .. 2_8_8 .. 3.!l6 . .._ _____________ ~-----.. -------------------------------3--11 
PS-1 PC-15 0 4.;51. 1299. .C3398 1.00 2883%. 38 
ps·-1 PC-14 .._~~~~---'-''--''-'------=-0--'1~6~."~). ~l ~· _J_?.~.J-~----~.9-~.3 .. ?..!:\ ______ J _ _,_fJ.11_ ____ .. 2.8..6 .. 3..'!.Ea __ .. _______ ,,, __________ ,,_,, _____________________________________ ___,.39 

PS-1 PC-13 2 4~51. 12'39. .03398 1.00 2&8~46. ~ 

PS-3 Pc-u; ..__._,'--'~---'-''--''-"'----'1,,_ __ 4~(, ~.1 • ::.2_Q_.~--· .!L3..~9 8 ___ _J_~ .. QJJ ______ 2 .. f<.~.'l2.fi .. •.---·--·---------·--·---·------------------------'--1' 
PS-3 PC-15 0 4651 •. :202. .0339B 1.00 266926. a 
PS-3 PC-j 4 __,_ __ _,O._· ___ '!.6..~.h ___ j,_~_Q_.~..___._q_;!i_32.ll. __ ..l_._Q0 ____ 2.£:.6..'1.2.6·------·------------------------------------''=-i3 

. PS-3 PC-13 0 4&51. 1202. .03398 1.00 266926. .. 
PS-5 rc-u; 1 ltf,51. ~ 2 0 2. • O_;l;i'l.B l.a..0 .. L----2.f}.6~2.6..o. ________________________________________ ,-is 

PS-5 PC-15 0 4651. 1202 •• 0339P. 1.00 266926. ,6 

P~-5 PC-~4 ,_.:,,_ __ L__'!_~.2_~-~--1.-2.Q_~-!. __ ! .. Q .. ~.~-9.JL_.l ..•. 0 .. 0. ______ 2_.6.fi_';!,~Ji.o ... _______________ ~----·---·---------------------------"'-1 
PS-5 PC-13 0 4 6 5 1 • ?. 2 0 2. ' • (j 3 3 9 8 1 • 0 0 H (, 9 2(; • •B 

PS-7 PC-16 0 4 G5 l • 6 4'9 • ·• .Q..3..;!.2_1i_ ____ l.t .. 0..0 ... _ ......... 1.5.'!.l.1;3_._ ______ .. ___________________________ ...,.----------f'9 
PS-7 PC-15 0 4651. r64'9 •.• 03~9& 1.00 144173. 50 

PS-7 PC-14 .._-'--"'--'----'-''--''--'----o=----4~1~1~~1~·~--~"~'!-'-·--·~Q.~;,,J_!!_ __ l .. !JU!. ___ l~.9.J..7 .. ~.!.----------------------------------------~s14 
PS-7 PC-13 i '16!":·1. 649 •• 03398 t.oo 144173· 52 

0 
--------- SJ --------------------------·---·-······-··---·---···-·········-----·-········-·········-····-----·····-··-·-··----···------·--·--·---·---------------------------"'-! . 966371. S4 

5S I ' ·~----------·----·-----------.. ·---------··-·-.. ·---... -............... _, ....................... _ .. ,, ............................ ,_ ......................... ,_ ......................................... _ ............. , ____ ,,,,, ___________________________________ -i 
Ci'I 56 

51 .._ _____________________________ .. _____________ .. ________ ., _____ .. ,_ ... __________ ,, __ ·-·----------·-·----.. ·-------.. ·-·----·-·-------------------------------------1 

• • 
58 

S9 

60 

61 



• • • 
, 

SAM PI f C.IUJ.DL_Il.lL.P...lf..E.Ll.N.E ... __ ..f.Ul'\P_._s_lA_ll.D.N..S.....C:O.t!L-O.bL.LHJ..LJN.._.YLA.Jl..S...-1..._~, .... .AN.C:.--12. •. -------·--------·---·-~-----------------------"-1 

1-----------------------·-----------····-··-···-·-·--·-·--·-·-···-······-·-······-···-···---·-···-···-·-.. ···········-··-··-·-···-···-······-···-·--·-···---------------------------~ 
YEAR - 9 
DP..<:<: 11 II. GRAD J f N L-!:l..ORS£.£1l.li1£1i_.__LUJLUL4....LT.C . .._ ___________________________________ ... _ ... , .......................................... -........... __ , ____ . ___ , ______ ~----------------------'--I 

_J;O.D.E___.NCD.E t-JI IE GR.QUNC .UUJIL-__.S...,l:lu..1P...lfil.L_P..l~l:i£A.O.-ll .... f . .Y _____ EJiES.S ......... !..Lllitt.TE.O ........ _.LlNU..lll--.... __________________________ ___,.:..1 

NAME TYPE PO ST !:LEV RfTE ~ATE ELEVATIPN PSI AV[RAGE LIO VOLU~f 
__ f.££.T .. > 

,..__ ___ .BP..l:L_J~.l?.1:!._. __ ue. ..... -.. --.ON .. - ... ··-···-·-···-······-···-···········E-l:!P ............................... - ........... eaLS ..... _. _______________________ _:"-' 

L-2..LlN DIA Cl:! Q_.Jl...Q___.8..Q.. ~--.o_._ ______ 0.----2.l.2. •... __ 21.2 .•. __________ 50 .•... -... ···-··············o .......... C.R.LOE. ... -... 1.92268.~.._---·-----------------------'=-t 
RS-1 SH/DEL o.oo 80. 5200. 5200. 212. ~12• 50. o. CRLCE l9226e6. 
PC-1 PS sue o • .o..o__ll.ll.. , ___ n_~.2.0..0....._2..l.2.. .. _21 ". r. .. o...___ ______ .11.. ____ c.R.LnL __ .i9226e.6..._-_____________________ --'~ 
PS-1 PS DIS O. D 0 A 0. O. ~2000 1810. lelO. 655. 1572. CRLDE 1972686. 

..__..L...;~'----"~_.........__ .......... L.L;.1...JL_......._~.._--_,n,__ • .._~"..,'J.._,o,,_,o,_, • .__--"2'""'91_ .. _-2..9.1. .. ____ !:.3 ... _______ ..Jl_..___cR.LD.L __ .i9.22.6e..Ei... ______________________ ~ 
O. 5200. 18f5. lf89. 658. 1~72~ CRLDE 1922686. 

P<"-' pc:: <:11r 1 Q !)_ 0 0 , .. , , . 
PS-3 PS DIS 192.00 151. 

1_..L>Jc.::..;'--_i:~~...__..i.u...,_._M...11.._-.L...1~.__--_.._Q ---.!S..2..llJL..--3..5.!L.~5!1....-5.2.. _____ Q . .___c.R.lnt: __ .1.9..2.26.l!..6..._ _____________________ __:"-' es-5 PS ::UC 30 f., 0 0 l 98. 
PS-5 PS DIS 38 6. 0 0 198. O. 5200. 1953. 1953. 6E4. 1~72. CRLDE 19226~6. 
PC:-7 S:·-, <:11 C r;r. /.'.._ 0 n ia. 0. 52 0 0. 371 • :.'11 L__ 9... .U....-1:.R.LCL_I..9.U.f.81.&;'·:...·~----------------------=-i 
PS-7 PS DIS 586.00 124. O. 52CO. 1073. 1073. 359. 686. CRLCE 19~2686. 

-1.NIF ltH~flE ........ _ __,~.___ __ 11_. 5 2 O ll ---2..Cl.2..._2.b.2..&_ ___ 7.!..a ______ .o. .• _......C.fi.l.D.L_-1.9.:?.2.68.6..._ _____________________ __;;~ EiB flL!l !l ~o. 

0 IN DIA CH F..86.00 80. O. 5200. 282. 282. 76. o. CRLOE 1922686. 
•-..lu.--"'---"C!..!..l-....,_.,._.-_.....,_ .... ._......._ __ ""'"'..__-~5......_2 llD._. 0 a-2..82.a __ 2_1il.a__J.6.... _____ Q __ ..__C.RLilL_...1.2226.8..f.'"a· ______________________ ~ OF-5 Sil/DEL 686.()C SQ. 

YE AR - 9 
L.f..o~ER COS1-D. .. ~A~T~A~·---------·------·----------------------------------------------------'-'-l 
l-J'..UMP P LI '1P C !IAN- THR UPUT Bk A.K.L_ED.W.£.R__J>..f..B.c.£.tiLt._---.Ell.IJLJl_ _________________________________________________ -"'-l 

STA CURVE TITY oPH HORSE- RAT( OF Tir.r COST 
----....ll.~~~.E __________ f.'_Q.W.EIL._.l./.K.WJiR__ ........ r.l.i.MP.lUG ........ --... $1..YJL ... _. _________________________________________ , _________________________________ -=.:...i 

_fl.::.L-£.C=.lfL_ __ O ____ S.2..0 . .0_. ________ 1..5..7.2. ......... _ .. _ .. ,11.3.5.D.O .. _____ ...... l ..•. O.D ................ 3.5.'3 .. 't .. 3.6 .............. _ ........... -........... _ .. _ ..................... -............................. -._···-----------------------....:.....j 
5200. 1s12. .03500 l.oo . 359436 • 

. -"'-.:....i...:'-----''--~-~.9Jh ___ l .. :).J..i ..... __ ,..i>.3.5 .. Q.ll .... _ .. _.l ..•. D.O ...... _ .. _ .... .J.~.9..'t .. ~6 ..• _____________________________________________________________ c_.1 

5200. 1572. .03500 1.00 3594~6. 
'----'-''--"'---~_.._,,_ __ ....._ _ _.....5,_ ?'• 0~1~ 01...__ .___.1.5..12• • o..l5.0..IL_l.a.0_0~.5~.~-j_6_.._. ___________________________________ -'-l 

52CO. 1572. .03500 1.00 359436. 
1.---L><:..C:...•'---L.3.o~..:i_ __ ...._ __ 5.~Qll...___l_5_12...__,_!1.3..5.0_[L_l_._Q..!) 3r,9_!i~f,..._ ______________________ -------------~ 

5?.00. 1572. .03500 1.00 35943G. 
1--..L>ic.::.~'---.L..l<-"'-"--"----"---.. ,,_".._20"'-"-o. _._. -~1.._5.,_7._.2.._, • .___..D-3.SD o Lall D '$.!:.2~~.6. .. -.. -----------------------------------"'-I 

5200. 1572. .03500 1.00 35943~. 
'----'--""'--"'--~-~'-'-----'"----~i.!l..Q..~---l.~1-2,. __ •. .P..~.~!.!Ul.. __ .l ..•. OJ'.L __ 3..5.2.'.lJ6.o. __________________________________________ __:'-' 

5200. 1572. .c3soo i.oo 3594~6. 
l--~'--'--..:.....><-'-"-=----=---5=. 2,.~_Q_, ___ jjJ;j.h__ .. .!J...3..5..0 .. !J ___ -1 ..•.. 0_Q ______ .. l.!:.6.9..2.1 .... _______________________________________________ ~ 

52eo. 6&6. .03500 i.oo 1569?1. 
__.__,__ _ __,. ___ ~~.2-Q.!! . .! .. __ 9_1.u,.~--~-Q.~5..!Lil _____ l. .•.. o .. 0 ____ 15f...~.2.1 .•. ____________________________________________ __;:"--I 

~~oo. 686. .o3~on 1.00 1~69~1. 

·-··---·-···-·-·--··-·-·······-··-·······-·-···-·······--············································-··--·~·:':.~.~-----:i: ........................... _, __ , _____ , ............ --·-·····-·-·-···----·-···--------------------------------------------==-i 

------------·-······-·--·---···-····· .. ··············---··-······-·········-·-·-····················· .. ·········· .. -·············· ............... ·-·-········-···-·-···-······-···-·-·····-······-···-···········-·--·········-···---···-···-···-···-·-----------------·----'~• 

---·--·---······-···········-........................ ........................ . ................................ ' .................................... -·------·---·--·---·--·-------~· 

·--------·-··-·---··-·--·-···--····-···-················-·········· ·································-·········· -··········--··· .. ····· ' .............. ···········-·--·-···-·--·--·-·----·--------·-·------------..:;_· 

Pipe Linc Technologists, lnc.--
.ll K anl!h com n~nv 



/ 

4 

--5.A1:1P LE CR UDE 1ULfJ.P.£Ll.tJ£ .• ___ E.ll~--S..IA..U.tlll.s___c.o.lil:._DlLill~LHL.l'..£.AP...5-l_ .. _.£. .. _ .. AN.C.--12. ... --.--.-·-------------------------------0..t5 
6 

~--------------------·"·----·---------·-·--·-·-·--·-·-·-·--·--.... - .. ·-·--·-·-............................................................................................... ___________________________ '-! 

YfAR - 10 
D ~.,. c: c: 11".,. ~ ".All1£.U.t.---i:i1ii . .s.£..e1l.W.E.B .. .._LlN.E.E.lLL .. _£..J.C..__ ________ . __ ... _ .. _ ...... --........... _ ............................... ____ . __ . _____ . __ . ___ . _________ , __ . ______________________ "-l 

10 

l.__1!0.D.L___N.O..O ...... E __ .ur=: .... 1..,.L_...f _ _..G_.,R....,O"'UwN""O'--~s'-"llHP_lll.E.L._f..l.L_li[AfLJJLEL __ e.R[S.S. __ .ll[l.GH.I[n __ .L.Ul.U.ILL ___________________________ ___:.141 

NAME TYPE POST ruv RATE RATE ELEVATION PSI AHRAGE UC VO.LUME. 12 
1------.J.-_. _______ f£..E..1 ____ ..ef'.1t___ .. E.e11.__ ue __ Jll'iL---·------.... -.f.HP-... ---·--................ -......... B.B.l.S ..... --·-----------------------=-i1J 

....... . .. 
~ .... l.N_ ..... Dc..oI...cA'->-C.J.HL-_ __..o._oo fill..., ___ .o._ .. ______ _o_. _ _2.J.2 .... _ .. ,_2.~2. ... -... --..... 50 ..... --................... Q ......... .C.P..LOL ..... 19.226.8.6 .• _._. ______ . ___________________ _o.:15'-.I 

RS-1 SH/CEL O.OO 80. 5813. 5813. 212. 2~:;>. 50. O. CP.t:CE 1922686. 16 
_ES.=.l F S SU C O ... JLO. __ ._e..o._. p_... __ 5..S_Ll._..___2.l.2_.__2_:_2....___5.Il..__ ___ _o_ .. _ _cf:.LOE.--1.9.2.2li8.6 . ..__ ______________________ ~11 

PS-1 PS DIS o.ao 80. o. 5813. 2138. <:J:rn. 779. 2C!B5. CF.LOE 192268(,. 18 

1=- "-... P-::. c: • 1 r 1 q?. r. n 1 c, 1 _ n _ r:; i< 1 ~~. :> c:; .----2..9 2. ~ .• __ __a...___cn...LD.E-.. .ll2.2.6JL '-~-----------------------~19 
PS-3 PS DIS 192.00 151. O. 5013. 2218. 2:;>18. 782. 2085. CFlOE 19?.2666. ~ 

,__~P_,s._-_s..____,p_s___s""u .... c _ _...3e..£ .... c o 1.s.a... o...__5.aU._-3.il.. _ _!.5:.3.. .... __ .~~.---·----0.--.Ci;.LoL. .. _1.9.226lt£.. . .._ ______________________ __..=.;21~ 
PS-5 PS DIS 3iH.C•O 198. O. ~813. 2279. 22-;'9. 768. 2085• Cf;Lr.E l'i22686. 72 

Pc: - 7 PS SU C 'iA.£. .. .llJl--1.2 .. 'l. ___ 0 .. .._..5Al.3. 35.7-----3!.7_.__li.A.. .0 ... --1:8.LQL_l.92.26.ltL.~ ·--------------''------------=-123 
PS-7 PS DIS ~1!6.C•O 124. o. 5813. 123~. 12~.!J. '120. CJ'lb. CRLOf 192?.686. 24 

1 1\1 Ti= 1 ".! T ~Rf b 8.6. •. .!Lll___bJL- 0.----5.8-1..l...__.2.1 !l .. _-2.H.L____7.~ ... ------·-·0 ... __ .C£l C£ __ l'22.~ 6B. 6..a...--,---'----------------'--------'2~s 
0 IN DIA CH 686.CO EO. o. 5813. 274. 214. 73. O. CRUOt 19226&6. u 
D F -5 SH I[)[ L 68l.. 0 0 eo ~~.8..Ll_• ____ J)_ .. _.2..l!J_,.--2..1~ ...... __ .7.J_. ________ a. .... _ .. C&.L OL __ l.2.2.2.f>l:'Ji .__ ______________________ _;;.;27-1 

28 

29 
~-----------------------------------·-----·-----·--·--------------- .. -·---·----·--·-·--------.. ·-·--·-----·--------------------------'-'--I 

YEAR - 10 ~ 
__f_QJ/ER COSJ-11A.IA.a

1 

_____________________________________________________________ ~31~ 

32 
'.!L.---<-'"'-L!.L--lO.C-"'U.c.A.ufli_-._J.tllillE1J .. L3.R.AJSL___f.fill..E.B. ____ ~LllU::S.J: _ __e.a.~£R _____________ . ________ . _______________________________ __;3~l 

TITY BPH i-ORSE- RATE Of Tl"IE COST 34 

·--------------:; ....o . .wr.fL_1./.lUl.IHi __ F2ill\.e .. 1_'1.(L ___ ... $./ .. YR .... ___ ... ________ ·-··-·--·--·-·-· .. -·-·-·-----------------------------~JS 
36 

1---'-'"-'"----'-'"--'.-.....--_.._0 _ __,.~-..2.0..!i.!i.. ___ .t..0..;51> .. 05___.l ..... D~Q ___ 'f..'ll..l..3..3 ..... _______ .. _,_·--.. -·--------------------------------..:::37;...j 
1 51:113. ;:·oas. .03605 1.00 '191133. 38 

1---'--'"--''---~"-'"--'-----=-1--~ 8 Lh. __ .. ·~.O .. !!.?_!__~Jl .. ~ .. !i .. Q~ ____ J .. ~.O..Q ................ 't .. 2.l..U.3 ... _._._ .. __ .... _._ ... _ ...... ---- .......... --.... ·---·-----·----------------------'39:.:....i 
0 58130 2CJ8'5o 00360~ 1.00 'l'Jll33e 40 

O 5H 13. ~ 085. • o 32_05 l .t..Q.L--3.21..U .. ~.••-------------------------------------'-'-!1 
l 5813. 2085 •• C3f.05 1.00 '•91133. •2 

_,__,,,_,. __ ~__..._._ __ l ___ 5.tU.~:._ ___ ~!.l.!i.';)..t. __ ,._~.3..E:..0.2___..l. .. ..ll.D.---~-':i.l..U .. 3. ______ ·------·----------------------------=-io 
0 5lll3. 2085. .0360'j 1.00 '1'11133. •• 

1--~.__,,__ _ _,_,..__._,,._ ___ ..,_n __ c;"-";P. U.L.___2_0Ji.!i . .__ •. D..3.6Jl i:; 1 Lo .. a. __ !1..'J..l.1.3.3. •. ___________ . ___ ·--------------------------~•5 
1 !:;1:13. 20115 •• 0360'.; 1.00 '191133. •6 

l---'-''--'"-----'--'"---'~-'-----=-1 __ 5:.8>-<1"'-.~-~-.-£!l.B1:!._,,__ .... !l.}~_!l.~_...l .... D .. a. __ . __ .'f .. 5.l.l~..3 ..... _____ ·--·--------·-----------------------------="-1 
0 5Hl3o 2-0H5o .0360'.l l .00 4911330 's 

~-'-"'--'~--'-'"--'1-><-----'o.,.__~!',_,, P.o.1.J.10--2.H> .. !!. ___ .. JLl.f>.O_~_J ..•. {i .. 0 .. _. __ .. 2.2.2.6.2.0 ...... __ . _____ ._ .. _. _____________ . __________________________ •:.:-i? 

0 51.113. 946. .0~605 1.00 2"2·t90. so 
~-'---"'---''----'-'"--''-'----1..._. _ __,5,,·, k,.,_.l.~.t..-~.2_, _ _!! .. 9..~.f?..!)2 ____ l.~ .. Q.!J ____ ?..l2.f.>...9..{! ....... ___ . ___ . _________ , ___ . _______________________________ _.;.51;...j 

0 5813. 946 •• 03(,05 1.00 ?22f:9C. 52 

1----------------·--.. ----·--·--·-.. -·-·-··-.......... _. ___ ... _ ............. _ . .:::::.::.::::..".'.'..'.:::'..:: .... __ ............................. -._ ....... _ .. _ ........ __ .... _ ..... _ .... --·------------------------------5=-il 
lf..%0'.iO. S• 

lLL---------·-----·-·--·--·--.. ----··-... -.... ·-.. ---.... - ....................... - .............................. ----.. -·---......... -·---·---........... - .... ·----.. ·-.. ·----·------------------·----'5::...tS 
S6 

m.------·-·----·------·--·---·---·-·-.. ·--·---·--·-»--·-----.. ·-·-·-.... ·--·»·-............... - ........................... - ................................................................................................. -.-·--·---------------------"'57-1 SS 
59 .......... __ ,_ ........... --... ------·----------------
60 

• • Pi~ Line Tdt!hnoloai: :s. Inc. -



• • 

~p I f CR UClf_QlLJ~.lP...E.Ll.N.E. .• ____ .f'_U.MP. __ s_tA_ll..C.N..s_.c.n.!iL_OlLLUJL __ J tLU:.A.f.S-_L ..... .a •. _ .. A.Ll.[). __ 12 .... --·---·---·--·-----------------------------~ 

1------------------·--------·---·----·-·--·--······-·---·--·-·--·-···-····-···········-···········-·-···-···········-················-································-········-----------------------------.!-1 
YE AR - 11 
~~l.e.....H..Qf.S££..0..\1.E.IL.__Lliil:.E..1.LL.e--Ll.C. .. _________________________________________ .......... -.. ·-········-·-·-··-···-·--···-·······-····-·--·-------------------------------~ 

.liD.DE __ JHJ.ll[ MI I E .r..B.O.UNO s HP /.!1£.L__p_fL___li.EAn . ....l.rL.E.J _______ f . .RE.S.S. ____ ~J.GH.J f.Q ______ .L.lN.E.f..lLL __________________________________ ~ 
NA~E TYPE POST ELEV RATE RATE ELEVATION PSI AVERAGE LlG VOLUME 

1-----'--.'.__ _______ ff..LL_ ___ . .B.f!.L. ___ 6.P-H ______ .. U.P. ______ .. _ .... D.H ... -··--···-·-···-·-···----·····-·--E:.HP ... -.. ·--···-·-········-·-···········-·E.B.L.S-... -----·--·-----------------------'~ 

!Ll N 0 I A C Ii O. o o 8 o • . _n_._ _ _J)_._ ____ 2.l.2 ..... -... 21.2. ....... ____ .... 5D ..... -................... -.. n ......... .CR.l DL.-... 19.2268 6 .... -·--·--·--·-·---
H S- l SH/O~L o.oo eo. 6499. 6499. 212. 212. 50. o. CRLDE 1922686. 

__fl_S.::_l..__E_L.>ZJS u.,_,c..__ _ __.._o .Jl_o____a.o... _____ Q_._ __ f..!Cl.9_L ___ 2.l2. ... __ .2.l.2.._ ____ .!;_Q_ .. _______ ..o .... __ ..c.RLDL. ___ 19.2.26 8.£.. .. ____ ·--------------------"-f 
PS-1 PS DIS O.OO 80. O. 6499. 2571. 2~71. 9q3. 2770. CRLDE 1922686. 

1---"-"'-=-''----'=_,;:_.......,"---~~-"-"---1.5.l • 0 • 6 49 9 ---..3.2.J_._..3.2..l .. ____ 6£..,. ______ _Q..._ __ CRL'.C:.E_J.~2.268..6.-______________________ ~ 
PS-3 PS DIS 192.00 151. Co b4,9. 2686. 2686. 959. 2770. CRLOE 1922686. 

I--'--•=--'----'-_...,_~"'---.. 8.f.· c D l -9.E... O • 6 !t ~_.__s.IB .• _!lll;!... ___ li.l .•. _____ o . .__c.R_Ln£._-1.9..2.26.£ .. i::.... ______________________ ~, PS-5 PS sue 
PS-5 DIS 386.0C 198. O. 6499. 2607. 2607. 912. 2~6~. C~LCE 1922686. 

1-....,__.,,__, _ _,_...._~'""---"'"-"B-"6"'-·-"-o_,._o _ _......1 a.. o. 6 4<J<J. 21,9_..._2.6.'2. o;s. _o_._c.!illir 1 nue.6...._ ____________________ ~'--"o..i PS- r: 
PS-7 PS DIS 5A6.00 124. O. 6499. 1484. 1464. 515. 1q55. CRLDE 1922686. 

J--L.!.~--"'-'-'-'·.....,_,_,__.,_f..,_8.Q.J_Q._e.Q_._ __ _!L._ _ _Q_!!.2_9_._ __ _3.l.5 .... --3.l.5 . ._ ____ 8.9. .• ______________ o .. ._ ___ cR.LOL __ l.':12.2686"._ ________________________ ~ l\Tf IJTERE 
0 IN DIA CH 686.00 RO. O. 6499. 315. 315. 89. O. CRLOE 1922686. 
(lf-5 SH/CEL 6e c,. o o eo. -64 99. _..n...__J1!.:.._..i1r::,_ ... ___ e_'J. .. ____ o._. __ ...c.R.LDL--1.92.26.f!.6.._ _____________________ ~'-l 

1------------------------------·----------·----·------·--------------------------f 
l] 

COST DATA.__ 
------------------------------------------------------------~"-~ 

P \ll:tP P lJ r:P C !.1.A~fil_ll.P UT _C.B.~ . .K~.Q.llE.!L.. __ .f.E.RllN.L ____ _e_o.WE.ft _______________________________________ -'--------------------=-i 
STA CURVE TITY PPH HORSE- RATE OF TJfE COST 

1 _____ =NAME PJ>.W.£.!L ____ J·.l.~.Y.!:'.B _____ .r_1_aw.1.r;G. ________ ...... J./..YR._ .......... -.. ····-·---·-········-·····-········-·--·--···········--···-·-···-·--·--·-------·--------------------'--'-I 

-1'._S- l___f_C-= 16 0 _ _1._'l_<J.j_ •. _ .. ______ 2..7..l.Q .. .._ ......... -• .. 0.J.7.l.'1._ .. _ ...... _ .. l .... O .0 ................ 6.12..0 .. 0 .. 3 ........ _ ... _ ...... _ ... _ ...... -... -.......................... -........ -....... -... -·---... -·-·---------------------~ 
PS-1 PC-1~ l 6499e 2770. .03714 1.00 672003 • 

.--E.§.::.1 P !;. -1 4 0 ----~--~-~-~-~----·-···?..I.1Q. _________ • __ Q . .'-.1J.1L ... _ ...... _l ..•. 0..ll .......... _ .. J1.720 0 3.•-·-···-·--······---·--·-·····-···-······- ---·---·---·-----------------------------~ 
PS-1 PC-13 2 ~q99. 2770. .03714 1.00 L72003. 
P s-3 Pc -1 6 o 6 '!. ':19 • 2 7 7 o , __ .JLH.1 't l. .•.. O_Q _____ Ji-12. .. Q .. 0.3 .•. ---------·--·-----------------------------! 
PS-3 PC-15 1 6499. 2770. 003714 1.00 672003. 
P s- 3 P C-1_9 ___ !l_ ___ f:!.~.'1.? __ , ________ .?..1.1.~ .... ______ • .!1~ . .Il.L _____ l .•.. !l.O _______ u_.7 2.G Cl.~.•-----------·-----------------·--------------------...:..i 
PS-3 PC-13 2 6495. 2770. .03714 1.00 672003. . 
P s.-5 PC-lf. 0 E. ~9_'lL-2-~§..!2_, __ ~JL~~1J__4 __ J.~.O.O. ____ fi . .22.1.D.~.•--·-------------·-------------------------~ 
PS-5 PC-15 C 64~':1. 25&5. .u3714 1.00 622103 • 

. f.S -5 PC-! 4 1 ~~--~-~-·-----~-~.9.-~.~-------•.0 .. ~.1.l.~L------·J. ..•. 0 .. 0 .... ________ 6_22.1..0.3 ·'·-----·--···-----·--·--------·--·--·-·-···--------·------·-------------------~ 
PS-5 PC-13 2 6499. 2565. .03714 1.00 622103. 
P s-1 Pc-1 " i 6!J.2~.--a.~~-·--·-..!L::i.I.1_~ ____ 1 ..•.. o .. o ... _. ______ .~_5.2.~ ... 7.7 .•.... _. _______________________________________________________________ ~ 
PS-7 PC-15 0 64~~. 14~5. 003714 1.00 3~2~77. 

PS- PC-j_4 0 f, ~9 ':1 .. L----1.!t~.~-'---~J;_;U.l_~---------l .•.. ll .. !L ________ ~ .. ~,.2.9..U .•... ------·-··---------------------------------------''4 
PS-7 PC-13 0 6499. 1455. .03714 1.00 3~2977. 

--------·------·-·-··--·---··-··-··---··-··----··--··············------~--~-~-~-~- .. ~--~-~-:': ... --········-------····--············-··-··-··-······------------··-------------~---------=-· 
2j 190[6. 

··-·-----.. --·-·-·-·--····-·-··----··-···-····---···--············ ········-··-································-······---····-··-·-···-······-···-······--··-··-···-······-···-···-·--···-·--·--·---·----------------------=-i 

1------------------·-··------·------·-·-··-----·-················-·-······-···········-·--·-······--···········-················-·-··················-············ ··············-···········--·--·-···--·------------------------~ 

1-----·--·---·--·-···-·--·············· ·····-········-···-·-·--·-·--·---------------------------__:.'-I 

Pipe Line Technologists, lnc.--
a K aneb company 



~ --5.Afle.u:_cR.lloL_.O.lL_P...lP.LLHl£.._. ___ .P._U.MP._._s.1U .. LQN.S..-C.O&.-.OlL.LlNL-I.tL.Y..£A.RL1 .•. -a ...... AN.c: ..... 12 ........ ----·--·-·----·--·-----------

1---------------------·-·------·-----·---·---·--·-·--·--·-·-···-·--·-·---·-···-·········-···-··-·-········-···-·-···-······························-·····--·--·-·-······--------------------------
YEAR - 12 

1---'--"-'-"'u.<..>O-'-'-'---"'-'-'.A.Iil£.tl.I.•-..iillll.s£1.'1l..ll£.e..1-... L!N.Ef.-1.LL .. -L.t.C .• __________________________ ·-···-············-················· ·-·······································-··-···-·-···-··-·------·-----.:_---------------------
10 

·.o.D_ .... E _ _.,_N..._O..,D.~r __ ..,M_..I ... 1 .... r _ __..G_..R . .O.UWl. ~HP/Il£L_P_LL__li£A.Q._jJLf..1-__ . __ f.R(.~.s. _____ lllJ{iH.IE.O. ...... ____ uN.££llL--------·------------------------------'-'11 

~AME TYPE POST HE.V RAT[ RATE £LEV'JTION PSI AVfRAGE LlC VOLUME 11 

1-----...._ ________ ££.Lt. ___ .BP.J:l ______ BPH ... -··---.. -U.L ___ ....... O.N ... ---····-··-·-···-·-·········-········--EHP. ... ____ ........ -.. ······-·-···-···-···.!f.il:l.LS---·--·------------~----------------13 
1• 

2.LJ_,_,N'--_....Dul..cA.._.,C.._H.__ _ ___..o .• _o._o __ a.o . .__ __ _o_. ______ J)_ •. ______ 2_.12. .. _ ... .2.l2. ........ _______ .!:.0 .............................. o .......... l;R.LOf... ....... l.'J22!.8.6 ... ____________________________ _ ___ ._$ 
P.S-1 SH/DEL o.oo iiO. 726£::. 7266. 21<. 21(:. !::.O. O. CRlOE 19:22686. 16 

1-_._..,__....___.__.s..._.s.,,1....,1 c...._ __ ·_.....o .Jl.n__ao_,. o.. .. -12.6 6. 212 ... _2.J.2-... __ i::.o. ..o ..• --L.R..LDE---l..'i226c.o.-______________________ __;..;..11 

PS-1 PS DIS o.oo eo. o. 7266. 1681. H8l. 6DE:-. 1916. CHOE 1922686. 18 

1---'-"~'----'-_...__........._ __ "'---'-._.._..___"'-'-".,_ • .__ __ _..._c .......:.-1.21:1 .... _...3Zi.a .. _..:i2.~ ... ---6.l-•------.Jl. .... __ (f<_Ll.L--.l~.2.26.8.£.... ________________________ 19 

PS-2 PS DIS 95.00 160. O. 7266. 1798. 1798. 617. 1916. CRLDE 1922686. ~ 
S.::.3 p s SU c 12.2. • .0..D.__l..!il. ____ .o__.._J_2££.._ __ ~l8. .•. ___ 4_1a. .•. _.--1..0.l .•. ________ o . ._..c.!U:.cL. .. _1.9.226.B6------------------------21 

PS-3 PS DJS 192.CO 151. O. 7266. 1887. 1HA7. &57. 1~16. CRL~E 19~2686. n 
~ -4 es s u c 2ai • .o_n_.z.2.o_. _____ o_..__1.2ii.Ei...__~5... .. _!;.3..5 .... -1..l.9 . ._ ____ .o_._c~.uL __ v122ia E.._ _______________________ ,'-'-l 

PS- 4 PS 0 I S 2 8 7. 0 0 2 :?O • 0 • 72 6 6 • 1b0 3 • 11. ll 0 3. 5 <; 9 • ll: 5C. • ORL 0 E 1922f, B 6 • 1' 

S.-5 PS we ~8..£...00 12_8. o_._ __ 1.2.b.fo.L.---3 .. 'l.5. 39.5_ ... __ :z.s_ .. ______ JL._.c:R.LCL __ l9.2.268.fi..._.~-----------------'-------1'-'-5 
PS-5 PS DIS 3H6.00 198. O. 7266. 18(4. 1Al4. 630. 1Yl6. CRLCE 191266&. u 
P S-6 PS S C 4bJa_J)_Q___U;_!i.a__lL.__12b..G_ .. __ ~!Ll. ... _!l:.'t.l.'---1..0.!l.. _________ Q._.__cR_L!;.L_-1...9..~2£:.8 .. Ei------------------------21 
PS-6 PS DIS 486.00 165. D. 7266. 1709. l709. 584. lf56. CRLOE 1922686. ~ 
PS-7 PS sue 586.00 124. 0. 72f2.f:!_.___2.f...7_L __ 2.fn_~ ___ b1_ .. _ _ll_ .. _ _t_R.UQL_.l.922.C..e.b.. .. ________________________ 19_ 

PS-7 PS DIS 586.00 1~4. O. 72&6. 17~5. l755. 617. 1516. C~LOE 19~26~6. ~ 
'1£-~I~ti~ffR.L_JJ.l . .f>_Ul_U. __ fi_O_ o... .. __ J.2.f...6..._~;u_...__..l.3_3_._ __ _2..6.. ____ o._.__u__LtL-..... l9~::~2c~.8~f, _________________________ ll 

0 IN OJA CH 686.00 BO. O. 7266. 333. ~33. 96. O. CRVDE 19~26A6. » 
_ - 5 SH I DE l 6 t.f....L!)JL_ __ l:!.0_ ... --=-1.2.6.6_L. _________ .0....._ ___ .3_3..3. . .__3_3_3. .... _--, __ !]E.._._ __________ Jl • ___ . .CR.L:.OL._.19..22.CiB.6.------------------------3_3 

3' 

35 
--·--·-·------·--···-·····--·-··-·------·----·---·--·-···-·-----·-·--·--·----·-----------------------~ 

YEAR - 12 M 

,__~P~O~~!~E~R~C~O~S_T_n~A_T~A-·~------------··--··----··-·-·--··--·--·····--·--·-·-·--·--------·--·---·-·-······-······-·--···-·-···-···-·-····-··-·--------------------------'-31_ 
38 

PUMP 
STA 

PU MP 0 UA ~.L~.HRQPUL _ _!!B_~_Kf; _____ P..9_~J.!L. __________ ef..B.:C..l:J!.l.._ ........... e..c~E..!L ............. ____________________________________ .................... -... ··-···--···--··---------------------------39 ' 
CURVE TITY BPH HORSE- RATE OF TJ~[ C05T ~: 
rJAME =>QWER ! 0 /l<IJHR PUtlPl!i'!G ___ !./_'1'..R •• ,, 

p s-1 pc - 6 0 7 2_'2_~_!' __ 1 2..l6.. • 0 ;5_82 5 .l...oll.) ____ !t_.7.a.5J.1! .. ________ _ 
PS-1 PC-15 0 72~6. 1916. .03825 1.0) 478578. .. 
PS-1 PC-1'1 1 7<6~ 916_!. __ ~.!L~6_g_2.__l._.__!!£!!__ __ ~_1.{!_!)J.fi.•.----------·-----------------------------------45-t 
PS-1 PC-13 1 721:.6. 1''116 •• 03825 1.00 478!'178. •6 
P ~ -2 P C-16 O 7 2o 6 ~-___j_?._J.9..!. ___ .!.9. .. J.~i.2. ____ J ___ ,_p __ Q _____ .~ . .1J!.~.7ll ..•. ____________________________________________________ .,-t 
PS-2 PC-15 0 7266. :916. .03825 1.00 478578. ~ 

P s- 2 Pc-14 l n f!.§._. __ 1916 !... __ !.9..~:{l.?~~---1.~.o._Q ______ ~_l!t~:Je_L____ ··---·--·-·-------------------------------~•9 
P5-2 PC-13 1 7266. l'H6. .03825 l.lil 478578. 50 
PS -3 p C-16 0 7.~£.b ___ w.2.~. ____ ! .. Q.~_('_?,_5 ______ 1.! . .!!._0 ___ .'!J.l:l.5.1.e .•... ______ _: _____________________________________ ~s•-1 
PS-3 PC-15 0 72&6. 1916. a03P25 l.CO 478~78. n 
PS-3 PC-14. l 7U.f:. l'J16 •• 03825 1.00 478"::.78. 53 
P s- 3 Pc -1·3---1·-----7·2-(:r;·:-·-···i9·i 6·:·······-··-:-·0··~·~·2·5-··-······-·i··~·c;T·-···········4··785·70·~·······-·········---······-······-····-············-················-·-·-····-·-·-··----- 5• 

-~-4 ___ P !;...= 1(, ____ Q _______ J.2.f:!2-L_. ___ l§.fi.'?..! .... _ .. ____ !.Q.?>.B..~ .. ~ .... - .. -...... t.~.oc _____________ .. '! .. 1.,.(;_(:.2 .•.... _ ............ __________________________________________________________________________________________________ S5-t 

PS-4 PC-15 0 726(.,. H.55. .03825 1.00 4J3f,?t:. 56 

P s- 4 i:.L-:J.!i _____ Q _______ 7.?.h!;_! _________ _t_;;~•:?..! .............. ! .. f!}d.l ~~;·········-··-··.l .•. !1 CL. ... _ ..... ~ .1 J L(: z. •..... ··········-······-···-···-·-·······- -····-········ ............. -····--···-··-···-···-··-------------------------5_11 
PS-4 PC-1~ 2 7266. 1&5~. .03R25 i.oa 4136~2. ~ 

p s ::L__X!; - . _______ Q __________ .} .? f, <? .•.. ··-·····-~ ~J ·~ ! ! 0 ~ tl 2~; ............ J • c Q .......... I\ 7115 7 8. . ................. -······-·-···---···-·-------···--------------- S9 

P S-5 PC 0 7 2 u 6 • :.. '] lL • • 0 3 8 2 5 1 • 0 () 4 7 8 ~ 78. 60 

PS-5 PC-,, t 7266. 1~16. .n~e2~ J.oo 478~78. 

P: ) PC-U 1 72f>(,. l'./16. 132~. 1.00 qa51n. Pi•e Line ~hnolos!ilts. Inc.-



• . --...... - . 
PS-6 p1 0 7266. 1~56. o03£l2'i 1.00 413622. o.,_, 1>1 2 72( 6· 1 f.5(,. .o~.a25 1 • ca 1t nr,22. 

/ PS-7 PC-16 (I 72' 6. 1916. .0382•; l.oo 4 7057R. 
PS-7 PC-15 c 72.f,f:,. 1916. • 0~825 1.00 478~78. 
PS-7 PC-14 1 72C.6. 1916. • 03825 1.00 478~78. 
PS-7 PC-13 1 72t.6. 1916. .03825 1.00 478578. 

1---------------·-······-·-·-··-·--···--·-------·------·--·---~"'""'·"'·"-''"··"'·"'·"'-·--·--·----·-·--------------------------------------------------=-i 
3220136. 

1------------------------------------------------·-·-·-·--·----·------··-·································-···-···-·-···-···-······-····················································-······-···-·--·--·----------·-----------------'-i 

1-------------------···----------------------····-···-·-······-·--······-·--·-·--·-·-·--·----·----·-·--·---·--·--------------------------------'-'I 

1------------------------------------------------·-·--·-·--------·--·-·---·-----------------------'-'-I 

1-----#;;----------------------------·-·-·-··-·····-·-·············-···-····-·····-·-···-·-······--·--·-···-···-···-···-·--····--·-······-···-···--·--·---·-----------------------"'-i • . .> 

1----------------------·----------·--·-·-·--·-·--····-···--······-···········-················-·-··········-···--·-···-······-···········---····-·-···-·--·--·-·----------·------------------"-t 

1----------------------------·------------------------------------------'----------------...;.:..i 

1------------------------------------------------------------------------------....:c....i 

·-----·---------------------------------'-----------------------1 

!----------------------------------·-·------·---·----··-··---· ·-----···-·---·-·-·---···--·-·--·-·--·-·--------·-·--·---·---·---·----·--·---·---------------------__;:.~ 

1-----------------------------------------------------·-·--··-···-··-···----------·-----··-----------------------------1 

1--------------------··--------·-----·-·····--·-····-···-·•"'''''·-······-···----·-··-·-···-·-·-··········----·······-·--·-···-···--··---·------------------------------~ 

1------------------------------------------------·--·--------·------------------------------..:.....i 

1-----------------------------------·······--·---·------·--------·--·-···---·--·-·---------·-----------·------------------------------.:..:....i 

1--------------------- -------·---------------------··-··-··---------·--------··----------------------------------'-I 

1------------------------·----·-·--··------···---------·------·-·-··-·-··-··----····-·-··-···-··--·-----·-----------·----------------------~ 

-------------·------·-------------------·· .. ·-·------·--··--·--··-·-·---···-·---···-··--··-··-··-···-·----·--·-·-··-·-···-·----------·---·------------------------"'-! 

1---------------·----------------·------------·-·····-····-·--·····-·-·--·----···-·--··········--···········•••"-···········-········-····•·»••··········· ······--·····················-·······----------------------------__;:.-1 

!-----------·----·-··------·---·-- ....................... _, ___ .................................................................................................................. .. .......... -· ........ -·····--·-···-···-·--·-------------·------------:;.;_i 

Pipe Line Technologists, lnc.--
a K aneb company 



t) -~Lc:.R.U.D.E._0_1.LJ...lP.£.Ll.tllL. __ .Ell.M.P_S.lAJ . .LD.N..s_c.o.l!l.£_.o.tLLl!LC--ltLU:ARS..._l+-a~--·A.~0.--12 ... ---------------

1----------------------------·------------·-·--·--·-·-···-·-···-·---···-·--·--·-·--·-·-·····-·-·-··-··········-·-··--·-·------

•--h'-O~DE..__NQ.D._E __ .i;;M+l..._1.._E _ __...Gw.R.O..UN..0:--5.1:!.P..L.D.£.L..1'..L.L----l:tEA.O.._l..N_..f.L __ . __ _e.R[S.S ......... ~Ll.GH-T[C. ... -._-·ll.N.Lf.!..LL--··--·-·-----------~-------~---
~AM[ TYPE POST [LEV RATL NATE ELfVlTION PSI AVf~AG[ LIQ VCLUM[ 

1-----+----------E.r.LT .a.e.r.:. __ .£l.P.H ... ____ LJf.' ____ Q.N.--·----···-··----·-.CHP ... -----·-·--······-·--·-···-·-.EB.LS 
... ) 

_.l.lL_ll~I~A__..C~H....__~o~'·JlJl ___ fill ____ _Q_.._ ___ .Q_ .. ___ .2.l.2. .... _ . ..L.l.2 .•. ___ ·-···-·50 •.......... -............. o .•....... .CRLDL-... 1~ 22.68.E.o-. 
RS-1 SH/DEL O.OO 80. 8029. 8029. 212. 212. 50. Oo CRLDE 1~22686. 

- l PS S II C D. DD 8 D • .0_.._8Jl..22.----2.l.2. .. _-2..12.. c; Q... ______ _Q_, ___ _cR..l[![_ __ .lS.2.268.C.,.._ ______________________ --'-

P S- l PS DIS. · O.OO 80. o~ 8C?.9. 1958. 1958. lllo 2~28o C~LDE 1~22686. 

1--......... ~'----';_w.._.iJ ........ __ .......... ._.._....___.LD.O..L---.u.n ..... _ .... e ..... a. ti...___3.!l6..L--.3...4.6.&---h..7 .• _____ . _ _Q -----CR.1.CE--.15 22 68~-----------------------·· 
' PS~2 PS DIS 95.00 16~. O. 8029. 1938. 1938. 670. 2285. CRLLE 19226~6. ~ 

___f_S-3 PS SllC 19 2, o 0 1.5.1.. .O...__B_(J_L'i.,--2.<J.2.•-.. 2.!:12.....-.--~3.o.-----·----O---..C.HC:L.-.l-'.i22t~-----------------------~2 

PS-3 PS DIS 192.00 151. O. 8029. 2036. 2338. 714. 2~28. CR~DE 19~2686. z 
-4 es sue 2 a 1 ..o..o 2 2.n.. o_. a C2 q. 4 2i:...____!a.u,..___1a _j)_.__.CR.lOE--1.9.2 26B ..... -------------------------'-'2: 

PS-4 PS DIS 287.00 220. o. BC?!. 201A. 2018. ~so. 22R5. CRLrE 1922686. ~ 
=-5.__P_s_suc 38f .. o o l 98. o.....___a.029. :na .. _ns. 53 . ..___ __ .a. __ CRL.OL-~.22.&l!.b .... _______________________ 2! 

PS-5 PS CIS !86.00 198. O. 8025 •. 2083. 2~8!. 714. 2~28. C~LDE 1522686, ~ 
J ~ __f...:i.=6 p s S!.LC ijB.f. .. .D..ll_..lL:io o_.__a!l.2..9_ .. ___ _30J .• ___ l8 7. •. __ ti'lt----·---··-·-··o •. _. __ (R LOL..__.l'l£26e 6 ... 

PS-6 PS DIS 48&.oo ll5. .o. 8~29. 197~. 1979. iH6. 2285. CRLDE 1922686. ~ 
,___~~-~-s~-s~u~c __ ss_f_Lo. o 1 2g. O.a__fiD.;2.'1_. ____ 2..£ 2 .•. ___ 2e.2.__. ____ ..!.0. •---·--·----····O··-·-···CR.l:DL __ l.~ 2268.t. _________________________ 21 

PS-7 PS DIS 586.00 1~4. O. 8029. 2028. 2C28. 7~0. 2528. CRLDE 1922686. x 
N.1.f----1.tJ.1.E..RF __ .Jt0..6.a.OJ~---8.D.. D......._B...02..2..._.3_;.U_.__."!_3_L.___j5.. .. _ ..___1:fi.LDL-1.9..2.~BL------------------------3• 

0 JN DIA CH E86.00 80. O. 8029. 3~1. ~31. 95. o. CRLCE 15?2686. ~ 
_-5 SHJ.ll[ I (, B .e.. ... o...n___i:o .... ___ =A02.9 ..... ______ o ..... --.-.3 3.1_ .. ____ !:H .... ____ '3 5.o.---------·-0-·---..C&.L.D L---19:;2c e.t..... Jl 

3' 

JS ';:\"Q·I-------------------·----·-·---··--··--·----··-··--·---·--·-·····-·--·-·--·-·-·----········-·----·-·--·-·-·--·--
" • HAR 13 36 

_E..Q1LUL..t;..~.1JL.__ ____ . __ . ___ . ____ .. _____ . __ ·--··--··--····--·--·-·--········-·--··-·-···-·--·····-·-·--·-···-·---··-···-·--··········-···-·-···-··· ··-···-··-·-------------------------31 
38 

1---'-P-=U_,_M""""P--"-P=U.,_,M'--P--=Q=U'-'-A.,.-_·~.!1_Rt1e!!L_Jlft..AKL_~.9Ji' . .fJ~--·P.£!.U:.EJil. ....... _._..£jH!.E.IL .. -.-·-·-·-·-------·--------------------------------39 
STA CURVE TJTY BPH HORSE- RATE Of Tl~E tO~T ~ 

NAMf POr.IER t/IF:IJHI< ~.!)J1E_~N_G ___ $f_.!B. __________ '' 
•2 

P s- -16 _:i..211 . .IL___iQ.;i2't 0 1. O 1--6..5..ll..!.E.8.~----------------------------------------"o 
PS-1 PC-15 0 8029, ~528. .0~940 1.00 6~04~8. 

S-:.1 PC-14 0 6 0 29-L--.:2.!i..Z_lit __ tfil.'1-'l . .Q___l._,D_C __ -6.S.D_llJi!i •. _ 
Ps-1 Pc-13 1 e.029. 2s28. .0~940 1.oc 6504ee. 
PS-:_L__l'.£::J 6 O Ji!! 2 9. __ ;t?_<;.~~ . .!._._.!..9 .. ~.'!..'LO_. __ .J. __ , __ Q_.L. __ .:iJHU .. 1--':l ..•. ____ _ 
PS-2 PC-15 0 A029. 2285. .0~940 1.oc 58~114. 

P s-2 Pc -1 4 2 k o ;! ci ··--~.?J.!~~----'--9 .. ;:'..'2.':l!L ____ J ..•. O..l .. ____ .. 5.J!fl.l.~-• .... ________ ._. __ ·---·--·----
P S -2 PC-13 0 80~9. 228~. .0~540 1.00 ~8811~. 

PS-3 PC-16 1 8029. 2~·l!.! __ ..!!.9..39~l! __ l_!JL~ _ __f;.~.!UIJlH ..... 
PS-3 PC-15 0 80?9. ?S~e. .0~940 loOO 6~0489. 

p S- 3 p ~.:::J._4 __ .Q_ __ . .f_Q.2.~~--. ..?._~~-~!:l_.L. __ .. .!_9..~";l':l.Q .. _. ___ ·-·· l.!.Q.!)' ··--····--·~-::i.!l. 'f.f..~ .......... -·····-······-···---····-···-···-···-···-···-···-······-·--·---·-·----·· -··-·--·-··-··-· 
PS-3 PC-13 1 fi.02Y. ?.528 •• U3-'940 1.00 6~0483. 
PS - 4 PC -16 0 BQ.2 9 • __ ?,_?..!~~! ___ _!!J!.3..~.'1.JL._.1 .•.. 0 .. Q ___ .. 5 .. ft.&l .. 1.~-~·----
P S- 4 PC-15 0 802Y. 2285. .03940 J.00 58611~. 

) _]'_~-~----e . .f:..".'.J .':l ...... -............ ?. .............. H fl ( 9 •......... _,? <'II ~' • • 0 :El 4 ('I ) • 0 0 . ~·I\ A 1 P , 
PS-4 PC-13 O 80~9. 2~8S, 003940 1.~0 58hll•. 
PS - 5 P_! ___ L __ .l:!.9_?.2.~-·--?..~.g :l;l.L._. __ __, __ 9..3.. ~.11J~-·--··-··l .. • 0. _Q_. ____ .fi.~J.l .'l .. ~JI_..__ __ ... --··-·-·-·-·--·-···--·-·--·-·-··-····-·----·---·-·-----· 
P5-5 Pl 0 R0?.9. 2S?.fl, .03'?40 l oOO 65CMI:!, 

.. 
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•B 

•9 

50 

SI 

52 

53 
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55 

56 
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P S --''i'----P-'L'---'"'-"'-
~ ·5 PC-13 
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1 
l • () (' 
loOl 

1·'·0'< Hl. Pee Linc 'achnolos!lkts. Inc.- --3 



• • • 
PS-6 Pl 2 F.O 2 ':i • 2285. • 0394 0 1~00 588114 • 
PS-i. Pl f) HO"'·'). ') P". • - f\ ~.'!4 0 , • n n r.P.A 1 14. 

/ PS-7 PC-16 1 P. 029. 2!.'·28. .0:.'1940 1.00 f50"68. 
PS-7 PC-15 0 fl02 'J. 2528. .0~940 l.oo 6!iC'1P.8. 
PS-7 PC-14 0 e c 2 'J. 2528. .03940 1.o0 e.~o4r.e. 

PS-7 PC-l :.'I 1 1:\0? y. 2528. • 0 3 94 0 1.00 6~·0" P.8 • 
~-----------·-··----·-··-·-········-·---·--·-·---·--·--·---·---·--------·---·-=!':-'=:.!':!': .. = .. ~.=-""-·-·---·--·-·-·--·-·--·------------·--·--------------------------------------'-I 
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10 
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12 
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16 
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25 
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38 
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•B 
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52 
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\. Pipe Linc Technologists, lnc.--6v 
---------··---.:a. f<..:1n1•h cnmn.111.\I ... 
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7 !--------------------· --·------·---·-----·--···-·-······-···-·-·--·-···-·-···-···-···-······-····--·······-······-···········--·-·--·-···------------------------------; 
YEAR - 1'l 

SI! RE GRAD I EN.l.~Sil'..O..~...LI.N.£.E.l.LLs.--E.I.C.~-----------·-·-·-·--·-·--·--·-·--·--·-·--·----·-----·---------·-------_,_----------------------1 
10 

II Ji.L_J:l_QJ) E MI LE GR 0 UN 0 _fill_P..lfil..L_f.LL_liE.A.D......L~-f..L __ ..f' . .Rf:.S.!L. ..... \lf.l.GH.IE.O_. _____ .L.I.NLf_ILL .. ------·----·------------------------'"--1 
NAME TYPE POST ELEV RATE RATE ELEVAT~ON PSI AVrRAGE LJQ voturr 12 

t----~-----------E_U:J __________ f P..l:L. _______ C:PH.. ............... U.~ ..... _. ____ Dfll ... - .. ··-············-·····-···············i;HP ................. _ .......................... nB LS .... ·-···-···-···-·--------·----------- 13 

- ·' I• 

15 .Lll:L..ll ..... I..cA __ .... c ..... H~ _ __.o ..... _,.OWIO. fLQ_...__ _ _n_.____.n.._--2..l2..1 ___ ..2.1.2.. _________ 5_0 __ , ____ ..... _ ..... _____ .Q .•. _ .... .C.RlOL_._1.9.226.8.6 ... _. _________________________ ,"-I 

RS-1 SH/DEL 0100 ac. 88711 8R71. 2121 ~121 50, o. CRUDE 1922686. 16 

11 __ P ~ 1 PS c:uc o • .o..o.___e_o_. ___ .a_ .. __ {UU..1...______2_1.<:....__' 12. ..5.0 .• ___ ___o_1 ___ C.fB.Jl£. __ .l~l22&8.C...___ _____________________ ~ 
PS-1 PS DIS O,QQ BO, 01 88711 2251, ~251, 822, 32171 CRlOE 19226861 18 

19 PS-2 p::; Sl!C 9". op lf8, 0 ...___fill_ll.------3.2..8.. .. _ _3.21i_._ ___ u .. _____ 11 ..... _cP..t.:O.L __ .l.9.2.~E.eo.'-.&------------------------~ 
PS-2 PS DIS 95.00 168, Q, 8871. 2367, 2'~71 8~21 3217, CRUDE J92268f, 20 

21 l---'-"''-=-'--__.~....._......_ _ _._"-"-·L.l.L.:"---1..._.._.._51. .ll....__811.ll.___!i..Olla._.!!l_illf_._~£.. ____ Q . .._..C.!U;D.f__l.9.2261!.6..__ ______________________ -"--t 
PS-3 DIS 1921D-O 151. Q, EH711 244~1 ct431 8f7, 32171 CRlDE 19226861 22 

7J l---'-'"--"'----'-"---"''u""c...__2"-"e"'-L.JL1 • .o o 2 2.11.. JL.__-8.fi 11 • s 2 o~ 20. t t ~, a , c R 1 DE 19 2 c 6.8.D...__ ______________________ ~ 
PS-4 PS DIS 287,00 220, O. 8871, 2368. ~3£~. Al~. 2~181 CR~DE 192~6861 2• 

25 -5 PS SlJC 3f:f,,OQ 198 ~1.Ul~.l:JL~.fl!..__~.._ ____ Q_.__.CRLJJ.£__1'12.£68.6. ...... ________________________ '-'-f 
PS-5 PS DIS 386,00 198. Q, 88711 2403, 2•03. 835, 3217. CRLCE 19?~686. 26 

27 PS-6 es sue '1Bfal.''.I u~. o ~-J! .. f.71, 379 I .!.1~._ ___ e.i.. ______ o __ ._ __ ..cl'.!;.'.D.E. ___ _i_'l22.ei.aEo_._ _______________________ -t 

PS-6 PS DIS 486.00 165. O. 8871, 2418. 2~1~. &53. 3217. CR~CE 19226861 28 

29 PS- 7 PS S lJ C !18 b, 0 0 ! ? 4 • ~l!]J_, ___ .3 .. 9..~t._._ ___ ;l_9..!f . .__J_Q.2_, __________ .o_._ ___ J:.P.J..QL_l.9.L26.El£i .• , _______________________ ---t 

PS-7 PS DI~ 586.00 124, Q, 88711 22421 2~4~. hOl. 2Yl61 CRLDE 19226861 3D 

31 Ilt1f_~l~t:J~T£E£ __ .f:.B.£ .•. ll.:l ___ ll.Q. .o_.__8..8.:Z.l . ..__2.l.fi . .__~l.9 . .__~2... ..0..1_...C..R.LD(.._l.9.22.68£..a------------------------~ 
0 IN DIA CH 686,00 BO, 01 88711 21F1 :ia. ~21 01 CRCDE 19226~61 32 

33 Df-5 Sl.!l.JlLL __ .6.a.6_,_Q_Q ____ e.ll_---=..BJHl_.__ ______ o . ..__-2.l.8..a._~1.;J. ___ 52..._ _________ .a •... _.CR..L.0£. ___ 19.2.26!:..L. ..... _______________________ ~ 
3A 

35 -----------------··--·--·-··-·------··-·-··--·-··-·----------·-------·---·-··--·--·-----------------------'------=-i 
36 

31 

38 

39 PU f'.P PU !'IP CHJ_A N- _I!:IB_!)_E_l,l_J __ _!!R~.g ___ _f_Q.\oi.J:JL ___ p_(JU;.E:.!M.I.: ·-·-----~-Q.ll.E.!\ _________________________________________________________ --1 

STA CURVE TITY BPH HORSE- RATE OF TJ~E COST •O 

•1 NA ME PO liER !. / K.Ktl..!L..__P-_l.!.~P...lt:G ___ i_/__Y..R ... ------------------------·-----·---------------------~ 
•2 
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23 ~~-~~~--2~B~J .. .OJl.-2.2!L. o...__~o 1. 3.2~'i!a. " o..._tE.!:m:_-1922!.U .. -------------------------1 _PS-4 es sue 
PS-4 PS DIS 2&7.00 2~0. O. 9801. 2794. ~794. 974. 435J. CR~DE 1922686. 24 

_E_S_::..5. 15 --'-"'-""''"'"...__...,.3,,.e_..6 ...... .!LL---.r.i a • 0.:. ... --'2.MJ..,.___.!i_o_i_ .. __ ~_o.i. ... ___ J.1 .•. __________ o ... ___ .c R •_ c£. __ 1.'n.2c. e "·-----·----------------------1 PS SIJC 
PS-5 PS DIS 386.00 198. O. 9H01. 2716. :11c.. '~3. 4266. CRUDE 192?.686. 26 

17 P ~-- 6 p__s__s_u~c~-4~6..fJ...!lO 1 65. D...---.21Lli..L_..3.D..c ... _.:rn. o ..... ____ ~.1. .• ____ o_.__c:R1~r:E._-1.2.22rn 6....__ ______________________ __:.:~ 
PS-6 PS DIS 486.00 1&5. O. 9801. 2701. ~701. 959. 4~53. C~UDE 1922~86. 2B 

29 PS- PS sue '\86 2 • 0 ~!rn..l..!___.2..!i~-·---a .. 'f .. o __ _L.O_._ ___ _ll.._ ___ r.fl..LDL _ _l9_2~.e.!i.a. _______________ ~---------i 
PS-7 PS DJS ~86.00 124. O. 9A01. 2685. ~6P5. 969. 4~53. CRLCE 1~22&86. 30 

31 l .. NJ.F INJ.f.R E HL« .•. .!LQ. ____ .(Hl_ _0 __ ..__'1..e..Qj_,.__2_£..8.. .. _.2.6.H.. .... _ _J_l. .. ______ o..__c.R.LD.E. __ ll.2..2.·:.B..l._._ ______________________ _..;;~ 
0 HI DIA CH f:fl6.00 fiO. O. 9801. 2f:ll. 2Ml. 71. O. CPlDE 1922:.Bb. 31 

JJ f_::_S___S1:tl QE L 68 P.ct.!lll. ___ 8.0 ..•... _::.28JU._. __________ o .• ______ .2hfl.. .. ____ <:.E.e . ._ ___ u_ .. ________ ,.o .• ___ .CRL.DL ... 1.9.2 26.&.6. .... _____ . ______________________ , 
34 

JS -----------------------·-······-··----·--·-···-·····-·-····--·-···-························· .. ···-·-·---·-··············--······-··-···-·-···-···-·--·--·-···-·--·-·······-·•«••···-·--......................... ______________________________ -; 
36 

37 
YEAR - 16 
POU[!L£Q.5T DATA. ·-----·-·-·-·-·---··-·--·------··--·-·· ····-··-·------··-·-··---·--····-·---········-··~··-··-····-·-···-···-·-·--······-·-------------------------· 

38 

39 Pll_~_E___f-~~Ql!AN=-. __ .!.t!.13.!l.!".\H ___ !H~.A.~L-.. --.J?..O.~'.E.JL ............ .!'.E..BC.EJfl!.I..._ ........... !".<'.~.lB_ ............................................................... ··-·····-·-·------------------------------· 
STA CURVE TITY OPH HORSE- RATE OF TI~E C05T 40 

" 1-----~ME PO_!~_F;_R __ V.!S.l!HR __ f.'._!)_~_['J..N.L ______ ~J..Y.!L __________________________________________________________ -1 
42 

43 ~_l.___E_h::J6 l ___ ~Q.QJJ. __ 'l3."D-"-----~!1..'t .. 3..CL~---1 .. JlO ___ l2.2.3.2.5..I .. _________________________________________ , 
PS-1 PC-15 1 ~flOl. 4353. .04305 1.00 12239~7. .. 

4S P S-1 P C-14 0 --2lliLlL __ 4_3_j_l! __ @JL'!.3..!!.2. ___ l .. o Q_Q__ ___ l.2.2 . .3.~--~-7.•.--·-···---·---------------------------------------~ 
PS-1 PC-13 1 9801. 4~~3. .04305 1.co 1?23957. 46 

PS- 2 PC::.! 6 O 9 !_l_QJ_•---~L?.f!J1.L-_.!!..!!.~-:~Jl.~-------·1. .•. !i .. O ... ___ l..l .. '.:t.';l __ C;i,~J:~ ... --·-------------- q 

P S- 2 PC-15 0 9~01. 4?66. .04305 1.DO 11951>46. 48 

49 

so 
P s- 2 P <:;_-1 4 2 9 .ftJU . .!. __ '1.?ct?.~_!t ... ___ ,_Q_'\.~.ltS ______ l..~.o .. O ........ .l.l.'.J..<;i.·f. .. '1 &:.•····-·--·--·-···---·-···-···-·-···---·--·-----------·--·----------------------------1 
PS-2 PC-13 2 9fi01. 42hL. .04305 1.00 ll'J9L46. 

SI P S-3 PC..::J 6 l __ '.?..fJ!.J.! __ i_~.~-!. __ !.!!.i~_Q_,'i_ ____ l ...•.. Q.Q. ___ l.?..2.~.~--~-I~-----------·-------------------------------------1 
PS-3 PC-15 1 9AOJ. 4353. .04305 1.00 1223957. Sl 

SJ P s-3 Pc ~ ___ o ___ •rn.t1_. -~--}~-~-L._ .. !.!l .. '! .. ~ .. ~.;: ...... ____ J ..•. ~o-._·.l.;:..;r~.'t .. ~..7.. ...... ----·--·-···--·-·---··----····--··-·--··-···-····-----·-·---------------------------------1 
FS-3 PC-13 1 9ED1. 4353. .04305 1.00 1223~~7. S4 

_P"~:-4 P !;.=.! L 1 9_!.tQJ,_L-~-~2.~.~----~-.Q-~}J:)._2_ __ l..~.!!.Q _____ J.?. .. ;:.}5'._~J • __ _ SS 

PS-4 PC-15 1 9~01. 4353. .04305 1.00 1223957. S6 

P~::i_ __ ~_!;_::J_4 ___________ JL .......... ~J&.L! .......... !.L}~} •..........•. Q'.1 ?.!!.'.';: ........... 1 • o Cl. ___ l?. 23 ·~~}, S7 
............ ··············-···-·-·--·----·-·--·-·--·--·--·-------·-----------

P~-4 PC-13 l 9E01. 43~3. .04305 I.OD 1~~3~57. ~ 

_f~::_5 __ r:.C.-:H ___ Q__ _______ ~ .. \! .. QJ .. ~------"'·?..~.fr!... ___ .... !.Q.~ .. 3.!l .. ~L----····l ..•. o.o. ______ U_2') .. f,..'l.6 .. 1 .•. ________________________________________ .....•...•..... ·-·-·---·-·--·------------------------'-s9-I 

PS-5 I 5 0 9~01. 4?h6 •• 04305 1.00 ll9'Jf,4f,. ,.A IAl 

~~=~ ~~-7~• ~ ?;?~ :~~~: :~~~~~- ~:H H~?;~;: • Pipe LincaT~"W~!!~!?gistQ, me. 
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....... ·-- ~eo• :-.;ei!J i :co• . . . - . . . • r·..i-6 PC-1''" 1 4 3~3. 1223';1~·7. ,.--.., 
PS-6 I 0 9801. 4 353. .04305 l.oo 12<'39~7 • ., .. -.. I 9!!C l • !! 3"'· • I!!! 710" l.ca 1223952. 

/ PS-7 PC-16 1 9H01. 4353. • 0 1130 ". 1.o0 i;:23957. 
PS-7 PC-l'i 1 9gc i. 4 ~~3. .0'1~·05 l.oo 1<'23'1':. 1. 
PS-7 PC-14 0 9801. 4353. .0'1305 loOO 12239!"17. 
PS-7 PC-13 l 9E.Ol. '1353. .0430•, 1.00 1<'.239!'>7. 

---·--·-·-··-···-··-···-·---·-·--·-···-·-·-----·--------·--·-·---·-"'"'-"'·"'·"'·"'·"'·"-"'-·--·--·-·--·-·----·-·--·--·-------·---·--·---·--------------------------------<-! 
8519077. 

1----------------------·-·-------·---·------·--·----·-·--·-·-···-·················-···-·--·-···-·--·-···-···-·-···-······--·-···-······-···········--·-·--·-···-------------------------------'-I 

1-------------·-----·-------------------·-······-·-··-··-·-··-···-·--·-···-···-·-···-·-------·--·---------·-----------------------------~ 

1---------------------------------·-·--·-···-·-··-·---·--·-···-·-···---······----·-·----·---·-·--·-·--·----------·---------------------;.;...i 

\..----------------------·-------··----·--·-······-······-···-·-···-·-··-·····-········-········-······-·-········-···········--···-·-·--·--·-···-·-···-···-···---·-----·---------------~---=t 

1------------------------------·-··-··-·······--····--·---···-···--·-···-·--·----·-··-·-·-----·-···-···-·-···-·--·--·--·-------------------------"0-.1 

. 

1----------------------------·-------·-------------·------·--·-----·-----------------------"'-1 

1------------------------------------··----·-·-·---·--·--------··-··-·-··-------··-----------------------:::..-' 

1-------------------------------------··--·-----·---···----···-·-··-·-··-----·-------·------------------------------1 

.__ _________________ ------------··-----·-------·--------·--·------·--·---·-----------·--·----------------------! 

1--------------------------------------------·----------------------------------.;.;-i 

'-----------------·-·--·-·--···········-···-····--·-···-·············-··-···-······-····-············ ···-···················-········-·····-···-···········-····· ·····-·········--··················································-········-········-·--·-···-·-·--------------------=-t 

•---------------·-------·----------·--·-·---··--·-·-···----·----··-··---·····---·----··--···-·--·-----·----··---------------"-----------==ss'-1 
56 

Sl -------------·-···-···········-··· ····-······-··· ········-·············-

~----------------------·--·------·-··--···-·-···--·-·-·----·-·-·---···-···-·-···-······-·-·--·-···--·-···----·-···-·--·-···-·-·-······-·--·--·-··-·----·-----·---------------'~"-YI 
60 
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--SAME..LL....CRUDE o I I ..E...l.E..E.L.LJiE..._ __ p..LJ.MJ>..:..-S.U_l I CtJ S CO ~-L.W.E-lf!L.¥.£.A.R~-l-+-a. .. _ . .J.n.C.--1.2 ... ---------·--------------------------------=-> 

------·---·--·--···---·--···-·--·-·-···-··------·-·--·-······--·--·--·-···-·-···-·--·-···-·----·--·------------------------~ 

YEAR - 17 
<: <;I IR E G RA.CUE.N.t...-l:l..ORS£.2.0liR......-LlNE.f:-l..L.Lt-. .E.1.C.-------· ·-----·--·--·-·--·--·-·--·--··------·--------·---------------------------~ 

illl.L- NODE 
NAME TYPE 

M II i- G 1rn l!.uN.un _ _.,Su::iHLL:P...<./!!£1 p /I li£AJl.--11_f_L ___ £J:r.s.s. ___ .lol.E.J.GlU£0---·L.lU.!:.f-l.Ll:.-----·------------------------'-"-t 
POST ELEV RATE RATE ELEVA~lON PSI AVlRAGE LIQ VOLUME 

'--------------H..EI B.P.JL ___ .8.EJi. __ u.e. ____ ._.Q.N. .. -·--·--·----···-····-········-·l'..HP-······--······-·--···-·--·--·······CBLS-···---------------------------'-1 . . • 
,_.,___.~...._.....u.. __ _.._o • ._o.._o..._ __ .e..o. _n_. _ ___.11 .. --2.t2. .. _212 ... __ . __ .. 5.n .•. __ ._ .. _ ... _. __ ._ .. o ..... - .. L.B.LOE..---.l.9..2268.6..__. ____ ---- -----------------''=-f HJ DIA CH 

RS-1 Sil/DEL O.OO 80. 9801. '801. 212. 212. ~O. O. CRlCE 1922666 • 
..___L,W._u,......,. __ __.a~ • .o._n___Eo. D_.__~..e.n.L----2..12-a_-U 2. "·o_._ _____ ..o ... __ -£.B_Lcr..--l..9.226eu....-----------------------~ S=l ES SllC 

PS-1 PS DJS O.OO 80. O. 96010 2613. 2613. 959. ~~53. CR~OE 1922686. 
s-2 PS 'i!!C 95.00 1 f·R. o. 98Q.1....___3.U. ... ----31.1..._..:.__5..6.. -D.---CR.LC.E-i9.2.2£.8..t>-a.---"---------------------~ 

PS DJS 95.00 lf.8. o. 9801. 2632. 2632. 933. 4i?l:6o CRLOE l'J2HR6. 
L-.L.>>-=...J.._---'~_.,_w..._-.l.2~2.a.•.uO_.,n _ __.1..;;C\LLl. .n_. 9 80 l o---2 flli .. _21!8 • c: 2 -.-O.---C.R:lllE.-.-1.9.226.8.l..------------------------'"-t 

PS DJS 192.()0 l~l. o. 9801. 2689 • .:>F..li9. <uo. 'l:!~:.S. CRLO[ 192268tJ. 
~1 es su.r:. n1.oo 22.n.. _n_.--9.ao1. .~!P.. ··93. fi"- . ..._.cttCL-l.9-2.2!:.81:..--------------'~---------__.:;;:...i 

PS-4 PS. DJS 2Pl.OO 220. Q. 9801. 2794. 2794. 974. 4~53. CRtDE 1922686. 
~ ::!l._.P_s_s UC 3 A Lo O O l <J.B. Q._.__'J.B1l.L.___.!..O.l. .. _!J..Q.t...___:ZJ. .. _______ .ll .. o ___ .CR.l.CL--l.9-2.2.68.6.._ _______________________ -t 

PS-5 PS UIS 3&b.OO 198. O. 9&01. 271(. 2716. 9~3. 4266. CP.lCE 192268&. 
-E..S-6 ps sue 4ao._Q.o as. o_.___'lli_O..l.. ___ ;rn.o._ .. _:ln.o.. ~-1 .. _____ n . .__c.&1..:.m: __ ..1.2.2.26e..6 . .._ ______________________ __;;.;-1 

P~-6 PS DIS 48L.OO ll5. O. ?HOl. 27nl. ~701. 95~. 4353. CRlDE 192268~. 
P s-1 P s sue •.fi n_,_OJL___J_z". ~.1L1 .. ___ 2Jt1t_.__z.a.'f ... __ _i,D .... _____ ..o__._.t:.R.!.DL._l.9..2.2.6.8.£. .• , _______________________ ...:.:...., 
PS-7 PS CJS 58L.00 124. o. 9801. 26&5. ~~as. ~&3. 4353. CRlCE 19226e6. 
~£ IN l.[Rf __ ~!i.6 ..... :tc.__ __ .O.Q.. .o_.__.'JlHl.l.a._.2.6.!l.: __ 2.b.l;.._ _ __.1.l ... ___ _u ._ _ _c!UO.L_l.9.2.2.£.f..6...._ ______________ --'--------=~ 

0 IN DIA CH 686.00 80. O. 9801. 2~H. 268. 71. o. CR~OE 1922686 0 
l---"L..=..<'----"tJJL.lLl--'---6A£..._O 0 en_----=-5.8.0.l....____n. 2 £,.ll._.._ __ 2.ll.8. 7L.__ ___ .Q .• __ Lft.:...OL-.l.9.2~68.b.-------------------------t 

. 
~A--R---1-7----------------·----·------- ------·---·-·---------·-------------------------! 
oPOIJER COST DATA. ---··-----·-----·------··-·-------------··--·--··-··-·-··-·-·-··---·-------------------------! 

P !,!.~PU MP q_y_!_N-=-__ J!:!EJU~.!JJ __ J).~(lX.C_ .. _J'.Q.~.(K __ ····--··P..f: .. R .. Cf_!\!•~············-··.P.flJ!E.R_._···-···-···· ····--···-·-··········-··-······-·-···--···--·-········-·--·--------·--------------------'--" 
STA CURVE TITY BPH HORSE- RAlE OF TIHE cosr 

NAME POWER $/IS.WHR P!)JiLltii! __ JJ.J'..~---------------------------------------1 

F'S-I PC-Hi 9.AO.L. __ 4~.~J_•---J_!l.~_'t.J4 lo_O.D 126.ll.E..J_i.. .. 
PS-1 PC-15 1 9801. 4353. .04434 1.0~ 12~G67Lo 

P s =-1 P c-1 4 o 9 !HU .. .! __ 4_~2-.~! • o 4 ti 3 4___l_ .. Jl..)__.l..2Ji.0.Ufu. 
PS-1 PC-13 1 9eo1. 4353. .04'134 1.0~ 1260L7~. 

P S-2 !'C-16 0 9801. 4 ~.~J!._• --• . .!!.~_'!_~!!_ __ J. . .t.i!.!L ___ !.2_~5-.fc~-~ .. •.-----·------·----------------------------! 
PS-2 PC-15 0 9f01. 4266. .04434 l.Oo 1235&~5. 

P s-2 P J;-14 ? 9 sol ~~i>-L--LQ!!.'!~_i_ •.. Q.!L_l?..~.~.C.1.~.•-·----
P S-2 PC-13 2 9801. 42~6. .04434 1.00 1235~3~. 

P S-3 PC-16 l 9J}..QJ.~ __ 4 3 ':'...~.!.--!..9..'!.4.~_'!_. __ t, .. Q..IL .. _._l_~JJl_fi..1.€ ..•... -·-··-·-·--··---------·-------·----------------------'-'-t 
PS-3 PC-1~ 1 9R01. 4353. .C4'134 l.OG l26C67E. 
P s - 3 P .£.:.1. ti ____ o __ 1.!L'!.!._!_. __ !! .. ~2.~.!---·-~-9 .. ~ .. 'q.'\_ ... ---··J. .. !.Q.!L ___ .. ..l ?...(;.!!. {..J(.•·-············-··-···-···-·-······--···········-···-········---······-·--·····-··-···-···-···-·-·-·----·--------------------.o.:....i 
fS-3 PC-13 1 9E01. 4353. .04434 l.Oe 1260~7€. 

__ P ~.-4 ___ P ~.:J. 6 l ___ .J.!i.!!.J.~_'U5 .. ~.•-·-•-.Q . .'.! . .'.!~.L ___ L •.. ~.Q.. __ ._J.2 .. '19..~1.6_~.-----·-·---·-------------------------------·---~ 
PS-4 PC-15 l 9~01. 4353. .04434 1.00 126067E. 
P S-4 ~-14 9. __ 9 £_0_J_~--~.J_5..:h._.__. .. Q . .'.! . .'.!~ .. 4. ___ .. J .... !!.L .. __ ).?. .. ~.9.-~1.? t:-.•··----·-----·--------··-·-··----·--·--------·-----------------'-• 
PS-4 PC-13 1 9801. 4353. .04434 1.00 126067~. 

-1:.~:-._5 __ .l'.~_:::J_f!_._. __ Q···--·-·-··';l.f\ .. ~J .. ! ....... _ .'.! ?(?~······-··· .. ·-' P.'\ 4 3'+·····-····· 1 • Q (I ... ·- 12 356 ~~. 
PS-5 pr- 1 5 o 'Jl:l'Jl. 42F.6 •• 04434 1.oc l?.~5f.~5. 

. .... -····-·· .. -···· ..... ·--·-·--·---·---·---·--·--------·---------~· 

PS-5 4 2 91'.01. -42£.£... .041134 l .Of! 12 35"'35. 
PS-5 I 3 2 9001. 4266. .0'14.54 loOO 123563~. 

>-c- rr.-1'·• <JHr• 4·•.<ij. -94''-~q i.noe 12Fc,u .. _, 
Pipe Line Technologists, e.--

i a Kan' company 



:... -t_. t ·t,-1 

-~~;,; ~ • ·s-6 P·C-1' .. 1 ·<;i e. !.-£ • 43':. j. 1. 0 - 12t0f. n. • PS-6 0 9801. 4 353. .04434 1.00 l:?C.Of, 7E>. 
P~-t. l %!.!l • ~ !·";3. 1(i~fl4 l •DD J<''·C'·16. 

/ P~-7 PC-16 1 9601. 4 ~·!l3. • 0 1143'1 i.oo lHH n. 
r 

PS-7 P·C-1 <i 1 91\(l l. 4:~·~3. • n '• 4 3'1 1.00 l2C.067f, • 
PS-7 PC-14 0 9b 01. 4~')3. .O'l434 1.00 l?E>OE.76. [ 
P~--7 PC-13 1 9801. 4?.53. .u41134 1.00 1:?£,0C:.76. 

'---------·--------------·-·····-------------·--·--·-------------------~::'-":":.~-~-~-""!':.~-~----·-----------------------------------------------------------=-i 
1'77%49. 

( 

!----------------·-------·--·-···-·-·---·-----·--------·-·--····--······-·-···-·-···-····· ···············-·-········-·--·--·--···-·-·····················-······-··--·-····-········-·-···-·---------------·-

1---------------·------·-·--·----·-----·----·----·----·-.. ·-·--.. ---............................ -------.. --·--·---........ ----·--·---·--------------------------------'~ 

!--------------------------------·-·--·-·-.. -----·-·--·--.. --·--·--·-----·---·--·--·--·-·--·-.. ·-·-------------------------------~ 

'------------------------·----.. ·------·--........................................................................................................................................................................... ----·--------------------------"'-! . ) 
1----------------------·---------·-----................... -........................................................................... - ......... _ .................. _, ____________________________ __:.::..f 

1------------------------------------------------·-·--------------'----------------------"'-1 

!------------------------------·----------·--·----------------------------·--------------------------------'~ 

!--------------------·------ ----------------·-----·-------·------------------·----------------------~ 

1------------------ ·--------------·-------------------------------------------------=-! 

l----------------------------------------------·--------··-·-··-····--·-·-·-···-··-·-·--···-···-·-···--·-···-···········-···-·-···-·--······-···-·--·-··--------------------------~ 

1----------------------------------·---·------------·------------------------------'-j 

1--------------------------------.. ------.. ------.. -----·-.. ----·--·-·----·--------·-----------------------l 

l------------------------------------------------------------------------------------~1 

1--------------·--------------~----·-----------------------------------------------------------------=-i 

·----------------·--------------------·----------------------·--------·----------------------i 

!-----------------------·--·--·---------------------·-----------------------------------"--! 

!---------------------------'---·--·--------------.. --------------------·----------------------'"--' 
1---------·-----·------------·-------·--·-...... - ...................................... - ............................................................................ -.................................................................................... _ .. ________________________ _:c:;...i 

--------------------------·---------·-··-·----·-·-·-·-···-------·-----·--·-···----·-·-·--··----·--------------------------------=-1 
!----------------------·----·-·---... - ... -............... - .... ·---·-.......................... _ .......................... _ ........................................................................................................ -----------------------------~ 

--------·--------·--·-----.. ------·-""------·----.. --....... _ ...... - .............. -·-·--··-·--·-...... _ ..................................................................... ----·--·----·------------------------~· 
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SAMPLE Cfill.QL__Q.lL .... P...lP.J:.Ll.N.E. ..... _ . .E'.L:~---.S..lA_lJ..C.N.L.C.O.~LillL.LlJ.L_lfL_.:t'.£.A.P..~-1 .. • .... h .•.. ANC ..... 12 .•. ____ ... _ .. _·--·------·-------------------------------=-1 

!----------------·----·-----·-·---·---------·-----·-·---·-----·· ···-···········-···················· .. ···-· .................. ··················-········-·----·--·--------·-----------------'-! 
YEAR - 18 

1--..._.......,,.,_..S._..!J~R~f__,.._G B.A.Ul.£.N..l.J._J:LOJLS..E.P.ll..W.U....._i...I.NLE.I.Ll.~.£.1.L__ ___________________________ .... _. ____ .... _________________________________________________________________ --t 

.l:IDJl.E__JHill.L_lil.L.L_li.O_Ul& SHP/fil..~.L__fil.lt.D.._.Iil\! __ f. .. L_._P:RE.S.S ....... J.t£.J.GHJ.E.D. ... _. ___ l.l.N.LHLL ____________________________________ -'-'-I 

~AKE TYPE POST ELEV RATE RATE ELlVA1JmN PSI AVCRAG[ LIQ VCLUME 
1-----~---------ELLL_ __ .fif.H_ ___ e.e.tt. ___ _u_e_ _______ o.t:L ________________________________ [:.l.iP. ........ --·--····-·-·······-·-·········E.B.LS-··---·------------------------~ 

. ·' 
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PS-5 PS DJS 386.00 198. O. 9801. 271~. 2716. 95~. lt26bo CRLD£. 19~2~86. 
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PS-7 PS DIS 586.00 11'.4. o. 9eo1. 26E5. ?.i:E5. ':i69. 4~53. CRLrE 1~22&8~. 
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_.l N DI A CH 0 • ...n..o __ .....llil.~ ___ _n_. ___ Jl.. .. _.2.12. .• _.2l.2.a ........ _ ..... ~o .•... -....................... o ............ C.P..t:.t£ ........ l.9.221i.B.6 ... _________________________________ ~'-f 
RS-1 SH/DEL o.oo eo. 9801. 9H01. 212. 212. 50. o. CRLDE 19~2~8€. 

--1:S..=.l.___E. ... S_.,_S,..!J,,.C __ __..o ...... _,,_o ll__...B.ll... _____ o_._:__g_ao..i...._2.12.. .. _--2.)!2...__ _ _sn_ .. ________ Q. .. ___ ..C.!l..LDL--1-~-2268.E...__ _______________________ ___:~ 
PS-1 PS DIS O.OO 80. O. 9801. 2613. l6~3. 959. ~3~3. CRlr~ 1Y~2b8€. 

1.-..!:P:...<:.;..:-::...:;.._...L...,;i___>llL1---~-'l.o..1w.1-~..L:..C.....__ __ _...._~lU.....____3.U ... --3.J.1..._ __ ~_ .. ______ .{)..._ ___ (R.l:O£ __ ..l9.2-2.1>8.e-a.. ~----'------------------------1 
PS-2 PS DIS 95.00 168. o. 9801. 2632. 2~~~. 933. ~2fbo CRlDE 192268L. 

1-...i:....>..:;..,...____,<:.....>..__.,_ ......... _ __._J-L .. a o 1 '• 1 .• ~o..i. .. ___ .2.b.f!. .. _...2.E1:1 .• ____ 5,., _________ Jl_._ ___ ciu·cE.--.. -l.9.22c. 2.6.-------------------------=-=-• 
PS-3 PS DIS 192.00 l~l. a. 9801. 26~9. 26P5. 9EO. 4~53. CRLCE 1922e:.et. 

S-1! PS S.ll C 2 fil.--C..IL_.2.2.Q. 0....__9.8 a 1 • 3 9~_53 ..... ____c."' o_._.C.JiLOL-1922£.8 6..__ ___________ ---'------------'-~ 
PS-~ PS DIS 287.00 2~0. O. 9801. 27~1!. 27~~. 974. 4~53. CPLDE 1922686. 
P s- 5 P s s u c 3 e £.. .. CJJ..--1..'Jll.. o • 2n11.i_.___ __ 't..!l.L ... _~_1n . .__ ___ 2_1_. _____________ o .• ____ .c.r<.L c::E.--1~ 2 2.e. e.c. ..._ ___ ·-----------------------":-i 
PS-5 PS DIS 386.00 198. o. 9801. 27H. nu,. 9~3. 426&. CRLO[ 192268£.. 
PS- p s lj f..00 1 '-5. 0 ...__2li_O.L.____l.C.ll_._~O_Q_. ..1. _____ o_.___c.B..L.C::.E._ll.22.Df..b..._-______ - _______________ __:;_4 
PS-6 PS DIS 48~.oo 165. o. 9801. 2701. 2101. 559. 4~53. CRLDE 1922E&l... 
Ps-· PS sue '°·P.f..00 9°.!Ll......____2...!i.'LL-...2.l:~'I.• f:O... 0 • _ __l:.fi.LQE__l.9.22.£.8.£:......_-______________________ __:.'-I 

PS-7 PS OIS · 5Hf..!l0 12'1. O. 9801. 26f5. 2~85. %9. '1~53. CRLDE 1922EB6. 
---11-lH--1.ti.1.LRf __ G.U .... O .. Q __ E!..O • C . ..o.._2.li.0..1.a._.2.L1ia __ 2.6;6. 7.1. ..a. . .___:_C.B..LC£_1.'122.Ec. "'..,... '------------------------=.:....! 

0 IN 01.A CH F8f..OO ao. o. 9bOl. 2f.e. ~68. 71. u. CRLO[ 1922E8£,. 
J:iE- 5 Sl:!Lll£..L____1.i!l_L,_Q..ll._Ji0_~.8..0l .!L.__2..6B_._2.LJl ..... ___ J.l. .. ______ .Q_., ___ £BLCL--.l.'l22E8.6 . ._.----------------------.:::...i 

YE.AR - 20 
POWER COST OAT.A. 

·------·--·---·--------·---·-·--·-··-··------····-·····-·--···-··-·--·----·--·-···-·-·--·--····-----·--·-·-·-----------------------~ 

--·------·-----··----··--·--···-··-·-----·-··-·-·-·-·--···-···-·---------------------------':::....i 

PU MP PUMP Q U.A r..- TH R UPUT 'BR A KE P Q!! .. E.lL __ f~.R.~I.i:H ____ e_Q.li .. E.E _________________________________________________________ ---1 

ST.A CURVE TITY BPH HORSE- R.ATE OF TIVE CCST 
<-------~:..:..l:....Al;..:.,E,,____ PO:;/_(fL __ H_!DH·iR_.J~.w1.e_IJJ.~----··-·····~-l..Y..!L. ___ ............................ ·--·-··-···-··-····--···-······-···-·-··-·--···---·-·--·-·------------------------~ 

p ~ - l __ e.~-=J._f. ___ L_ ___ ~.l':.U_!!. ____ '! .. }~l_~.~---~-'Et .. e.!i::i ... _______ L_.J,l_O. ___ ,LiJJ .. S.1-lf. • ______________________ _: _____ ·-·--------------------------------~ 
PS-1 PC-15 1 98Cl. 4353. .ol!e'15 1.00 1377574. 
P S-1 P C-1 4 0 --2.tP...l . .!_ __ ~J-~-~~~---'-J!!i.!L'l~----l-• Q_Q _____ l3-17.~.7.'1 .. 1. _________________________________________________________________ -'------------=1 
PS-1 PC-1~ 1 58~1. 4353. .0481!5 l.Oo 1377574 • 
.f.~ .. ::__2_. __ _P._L-::lf> ____ 9 ________ ~.!_l.~.J.L._. __ .ti.?.!?.(!.~·-····-··-·! Q ~ ~ 1!_'..• .. ··-······-·j ·~ 0 (!._ ....... J .. ~ .~. Q .2 J 2.• ... ---···· .............. ·-·--······ . ........ _ ·············- ·-····· --·--·--·-----'------·------·----------------'~ 
PS- 2 . P C-1 5 0 9 8 0 1 • 11 2 6 6 • • 0 11114 ~. · 1 • 0 0 13 ~' 0 2 12 • 

__ !'_§. -2 __ P S..::.L'L ______ ? _______ ~_ll.QJ,_! ________ '!.2 .. fi.f?..~----·--·!.9 .. 't .6 .. '! .. ~·-·--·-·-·..l .. ol! 0. .. -........ 1 ~· ~.02_12 ······-······-···-···-···-···········-·-···-----·-----·----·-·--·----------------------------=--i 
PS-2 PC-13 ? 9&Al. ~26ho 004~'15 1.00 l~~O~l?. 
PS- 3 PC-: H 1 'H'. C!l __ • --~!..~.~.!.-_!_9..!!f·_'L? __ l.., . .Q_<;l ____ l:.3..7.J.5 .. 7..'! .. .._ ______________________________________________________ __:.~ 
PS-3 PC-15 1 9H01. -3~3. .04aq~ l.Oo 1377574. 
F· S- 3 ~-~-:.l';! __ ..... _. __ .!) __________ ~-~.l'..l-! .......... --~--~-~!~ .. ! ....... _ ... ~.Q'.tl;i.'t. 5.-............. ) .! 0..0. _______ J}· 7 7 5. 71! • ... . . ......... ·········-········ .. ·-·· .......... ··-· ....... -···-·-···-···-· ·-····--·--·-··-··----------------------=-:....i 
PS-3 PC-13 1 ~kel. -3~3. .04845 1.00 1377574. 
P S-1! PC-11'. 1 5 .. t.QJ __ • ___ JJ_;_~.!-----~-.Q.~.t.'! .. ~---··---l ..•.. Q.9 ____ ]_--:,_.7.1~!.7..!l ... t. _______________________ ·-------·--·-------------------------.:::...i 
PS-4 PC-15 1 9R01. ~3~3. oC'1845 1.00 1377574. 

__ f~-~-i. _______ P..!;_::J.'! .... -.......... o ... '311.0 J .•........... -''}; ~, .......... ··'!:'-~ft'!. '.:i ............... J , o o _________ 1 ~· 17..~:.7" • ....... ........ ... . ........... ............................. . ............................. ····---·- --·-------·-------·-------·-------·----...... 
p::;-lj PC-n 1 9hCI. 'IY::3 •• t11ati:: 1.0U 1~77~7'•· . 

__ E..§..::.P_· __ P..C .. ::J_f,_ __ o ______ ... "l.B.O .. ,. ___ ~Xk~?.!.. ____ ... Q.~ . .!:Ut.'.i .. _ .. _ .. .l .•. O..O .. _____ u.~.0.2..l 2 ..•. ______________________________________________________________________ __;°'-1 

PS-5 p- ·- 0 9SOI. ~2~6. .Q484S 1.00 1350~12. 

Ps-s P " c:irc!. "~'-(,. .r.ti~:lj:, 1 .ou 1~·.0;·12. 

PS-5 P~ - • ..i 2 %01. '12f.6. .041:145 1.00 1350212. 
- (. PC - 1 (, • 1 ')II C 1 <+ ?, 'd • • • k 4 !) l • r:; 0 1 ?· 7 E· 7 4 • • Pipe Linc Technologists, I 

• a Kane.company 
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I .. i. PC-ii; 1 'li:.11i. 't .) ~1 j. • l ~" ._, j .u ~ \ ;1 i I . , I "I e • • PS-6 pr (J 'Jt(J 1. 4 353. • (J '184'.: i.oo D77'J74 • 
P~-r.. Pl l 21'(;1 JI !! l'd. 1 ll!I !l!l!l 1 o ll ll 1321",Ho 

r PS-7 PL.-J" 1 9el}}. 4 353. .04845 i.oo 13.77574. 
P~-7 PC-l<i 1 9H~·l. 4~.~13. .04H4'; l .c 0 1~·77~; 74. 
PS-7 PC-14 0 '1f'.•j1 • 43°.•3. • 1)'!84~· l.OC ]~.7757'1 • 
PS-7 PC-13 1 91'101. 4353. • 04 tl4:.. i.oo D775H • 

1------------~---·-·-·····--···-··--------------------------------"'-"'-""-""-"'--"·-"'"'-"'-·-·----·----·-·---------·---·-------------------------------------"-I 
'1'.ifiB 2Y6. 

1----------------------·------------·--·-·--·--···-····················-···-···---·-···-··-·-········-·-·············-·-···-···················--·-·---·--·---------------------------~ 

-----------------------------------------·-·--·-·-···-······· ····-·············-··-···-·················--···---······-···---···-·-·------------------------------------------=-i 

1----------------------------------------·--·-···-·-···-·---······-···-·--·--·-······-···-···-···------------·-···-·--·-------·--·-------·--------------------~ 

1---------------------------------·····-····-·-····-----·--·--·-·········--······-···-···------······--·-················-···-·--·-···-·-···-···--·----------------·------------=--i 
·' ·' 1-------------- -----------------------··--···-·········--············--················-······-······-········-···-···-······-···-··-·--······-······-·--········----·--·-·-----------·-----------------"-! 

1--------------------·----------------------------------------------------------------------------.;..:....i 

1-------------------------------------------------·--·--·---·--------------------------------'-'-t 

1------------------------------------------·------------··-------------------------------------'-'-I 

1---------------------------------------·---------------------------'-------------------=-i 

!---------------·-----------------------------------------·------------------~-----"-~ 

1--~-.0-------------'------------------------·------------------------------------------------------------=-i 

1-------------------·------------------·---·-··-·-···-·-········---·-····---···-·--·-···-···-·--·------------·-···-···-·-----·-·----·---·--·-------------------------------1 

1---------------------------------------·-----------···---·-··--··-···-·-··--------···--···-·--·-··-·-··--------------------------1 

1--------------------------·-·---·----------·-·--···-··-··-···-··-··--·--·-·-····-··-······-··-··-···-········-·-··-···-·-···--·-·---------------------------------------1 

1---------------------------------····-----····---···----·········-·-··-···---·-······--···-----···--···----·-------------------------------I 

1-----------------------------------------------------------------------------'-i 
1-----------------------------------------------------------·----------------------------------__;;;_~ 

1----------------------·--··------·····-······-·-·--··---··-····-·-······-······-·-·······-·--···-·-·--·-···········-···-···········--·········----·-···················-·-················-·--······-···--·--···-·---------------------------1 

1---------------------·----------------·-·-···········-···--···-······-···-·····-··--······-·-···-···-·--····-······-·--·-···----·--·------·---······-·--·------------------------------"-~ 

1----------------------------------------·-···-------------···------··------------------------------------------t 

1-------------------------------------·----·-·-----·--·----·--·-···-··-·······-···-·-······--·-··-···-···-···-···-····-·--·-···-·-···-··-------------------------------1 

1----------------------------------·-·-·---·---·-------·--·--·---··-··-·-·-···--···-·--·--··-··-·····-···-···-···-·--·-··-·--···-···-···-·--·-·---------------------t 

1------------------------------··---·-------------·--·-----··-----·--·-·-······-······-·--·-·-········-----·-···----------------------·----t 

----------·----------·-------·-------·------------------·-----------·--···-..:....·-·-·--·-···------·--·---··-·--···-·-·-·----·----·--·--------------------'--~ 
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r"DGRAM L IQPL FTN v~.O-F3eO OFT:J 06/15/76 1~.30.11. PAGE 1 " 1 

PROGP.AH LIQPL C INPUT,OUTPUT 9 TAPf.5=1~PUTtTAFf6:CUTPUl> 3 

C••••••••••*****************************•••••••••••••••••••************* • 
5 i------------c______ ~----------------·----·---------------------------------------..::of 

C L!OPL SIMULATES A STEADY STATE LIQUID 6 

1 1-------"-____ ..._,._.._p...,J p._.._._f I lNLJlU.J:l_...A.N.L.N.UMEfJL.OL_.lN.J.E.C.UC.N./.C.ELlV.E.f<.'.t . ...S.T..A..UOtH-t .... tl.l.A!".[l(fL _________________________ -'--f 
C CHANGES, ANO PU~P STATIONS. e 

9 1-------------f'______ - ------·--·-------------·--------·------------------------------4 
C THE PIPELINE ~AY Br. FILLED WITH ANY NUMBEk OF LIQUJCS ~ITH . 10 

II 1 __________ ....__r_r...._1r_f.£.f.LN.LJ:l.11l.RA.llLILE.l!.OEE.RUE.S ... _, ___ Jl:lL_U.SE.R.._.SP..E C.1£.lES .... .TH.L-f'LRCtJ.:.T.AG.L.----------------------'-'-1 
10 C OF EACH LIQUID MAKING UP THE LINEFILLt ANO THE PRCGRAM COMPUTES 12 

ll .__ __________ ..._r__!HL.LrnE.f.l.LLli:L.P..LAClt!G .... l.l:IL.C.I.V.[.N .... P..(R.C.LN.l/..G( .... Cr .... ( . .AC.t---.L.J.QUJ.(; .... Of..l.WEEt.L.-----------------------!"-t 
I• 

15 

! c EACll no PUMP STATIONS. 
i-----· ._.> _______ ..._r ______________________ ... _ .. __________________________ .. ___ ,, ___ .. _______ ...... -·-------.. -----------·----·--·---·--·-·--·-·-------------------------'=-f 

C ANY NUMBER OF PUMP CURVES CAN BE ENTERED AS GATA ANC Tt-E QUANTITY 16 

17 .__ ____ _..1 ..,__ .. _____ ... c __ Q..,,F._..LAL.tLC.U.R.llLA.LLALl:L£.U!tf_S1.AllQlLSPLC.ll.l£.o_.___J.JiE.._f.RO£R.ut._J.H.UL.------------------------",;...i 
C COMPUTES THE OPTIMUM C0~1BI~ATION OF PU~\PS FOR fACH F"UMP STt.TIC!ll I& 

19 r RA<: r- n.1 hff "I VfN THR.OliGJ:tE.UJ.<: ----------------------------------------""--" 
c 20 

11 1--_________ _..r__ER.lil.liltL.Lll.SSLL.A.HL.LJ.L.C.UUJ.E.0--8A!iE.lLl}h_TJtL.Lllll.lU...--1.HE..-US .... ":_,._D _______________________ __,"-1 

20 c CHOOSfS BET~EEN THE HAZEN WILLIAMS, THE DARCY ~El~~ac~ fORFULAS n 
2l 1------------..._r__,,_A~.n__..s.u~aa.ui1~r stufi~k~v----------------------------------------------~~ 

C FOR FRICTIO~ LOSS CALCULATION. THE BRAKE HORSEPOWER REQUIRED AT 2• 

25 i-----------..._r_•,_' Acur..,· H"--'-P~•IJMf.__S_lA.l.l~rLI.S...__cALaJUJ.[JLBA.SULOJLE.AC!Lli.LV.E.N.-Ll.C.UlO-BE.1N.G------------------------";:..1 

~ 30 
ln 

C IN THl PU~PS FOR THE GIVEN PERCENTAGE OF THE TIME• 26 ,. 27 

C SEE SUBROUTINE SLURRY tOR DESCRIPTION OF FRICTION LCSS CALCLLATIO~S 28 

79 
C I~ SllJRRY PIE.l.Lli!~f~<:.._-_____________________________________________ ~ 

c 
c 
c ,. SY Ml:IOL llEFINl TION 

C I NOOE NUMP.ER 

JO 

31 

n 
lJ 

3• 

35 1------------><-r__,.r ______ _f_l.P..L .. RO!J.G.HtlE..SS .... E.A.C.lO.R_.E.Q.R.J.liLllAZliLllLLIAJiLE.ll.-.-.--------------------------..:.~ 
C DEFAULT VALUE : 150. 36 

37 1-----""""''"'-"-----'.__X.tle. .. U.1. Hl.U:.P..O.S.L.Of....JW.DLbl.U.MBE.R....l.a __ , ____________________________________ ~ 
C ITYPCI> NOOE TYPE. 1 : BATCH IUTERFACE 311 

J9 .__ _________ ...._r_. ____________________ ,_2_ .. ; ...... SH.l.P..M£.f\..I./D.E.L.1.VLR.Y .. _.~lU.l.C.ti. _________ , ________________________ --j 

C 3 : P.s. SUCTION •O 

" •2 

c: !f_;_P..1.S..1 ..... 0.l.S.CIJAliGE._ ______________________________ --:---'-I 
C 5 : Ol~METER CHANGE 40 

0 i-------------"" _J:!jl > HLAILUL£E.£.L_A.B..O.V.L.SE.LL£YLL.-----------------------------------~ 
C HUPCJ) HEAD AT AN INTERFACE BASED CN OEN~ITY CF UP~TRE~~ PRODUCT .. 

•5 ._ __________ ...__r:_"-P iJ > PRE il.U.fl..L-1.!LE.S.l _______ , _____________________ .. _______________________________ ~ 

C O<I> FLOW RATE OUT OF NOGl IN BP~ •6 ., .__ _____ 'l,__5,:__ ____ ~ __ .N.!\.t'!l .. l.IJ ____ Jl~.1'1.L ... O.LN.IHlE ...... __________ ............. _. __________________________ ... ___________________________ , ___________________ ~ 
C RATlCI> SHIPMENT OR DELIVERY RATE. NEGo ~O. l~ CELIVERY. •& 

•9 i------------=C'---'-'-'P'M . .M!lJ-1:!.A.ltlJ'J!tLA.L...l.fil'HILLP..R.l.SSU.Rf: ______ ,, ______ ,,: ________ , _____________________ ~ 
C SGCl> SPECIFIC GRAVITY OF Ll~UID 50 

51 

52 
1--_________ ..._c __ v, .. r...,s~c l> v li~.C..S.J_LLQL..L.l..Q .. !.!UL.--------------------------------------------=~ 

C PMIN<I> Ml~IMUM ALLOWABLE PkESSURE IN PSI 50 
SJ 1-----------~r~B.tt.f .. U.L __ e..B.~.H .. J!.QJHiI .. f.QK.E.lLALJl.OJ~L .. L. ____________ ... _ .. ____________ .. _______ ... __________ . ________________________ _..:::..,1 

C EL<l> GROUND ELEVATJO~ IN FEET 5• 

55 

56 

._ __________ ...__r_e.HLU) ~lf'..f_IJl..S.lD..L.D.lA.'1UE.fLULltKH .... E.-.5: ___________________________________ -=-t 

C EPSI ROU6H~£SS Of PIPE FOR USE ~ITH ~OOOY OIAtRA~ IN INCHES 
1-----'""5""5'----·--·---·t: .... ____________ ............. -........... -............ JJff ~' U.LJ.. . V f>. L V. f. .J S 0 , 0.01 f, ... 57 ""' ........................ --------·-·-----------------·-·-------_,:-I 

~8 

59 
~------------------------------------------------"-·-------------·-·--·-----------·----------·--·-------·-·---·--------"'"'"""""'"-·-"""-'""""-"'"'-"' __________________________ __;;._, 

60 

\. 61) J>ipc Linc Technologists, lnc.--
a K;1nr.h ·.nmo:lnv 
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r PROGRAM LIQ PL H\IGBHRB FTN V~.O-P3~0 OPT:l 06/15/76 14.30.17. PAGE 2 

C IPRO<I> PRCDUCT NAME 0 
C NUMI TOTAL NUMBER OF NODES 

, _____________ .c..._ __ ~O.L.1___1,:UJ!Ei.E.R_D~A TC H I t.!...U:RU.C.[.S_ ______________________________ ·----------------------------=-i 
C NOL2 NU~BER Of SHIPMENT/DELIVERY STATIO~S 

,__ _____ c.._n ____ ~r. __ .nD.LL .NU.M£.£JL . .G.f_-1? .... s .• _.sucu.o.~-------·-·--·--·-·--·-···-·--·---···-·--·---······--·-·--·-------------------------------. 
C ll!OL'I NUl"RE.R OF P.S. OISCHARGES 

,_ __________ c:...___J~.OL.5__ ___ ..NUJ.~t:;[R _ _oE.._.Q.lA1:1Ll.£1LLHA~G£.S.---·---·--·-·--·--·-·--·--·--·-----·-----------------------------------t 
( .. · 

C NOLE. NUM[.[R OF f'Oill!TS IN GROUND PRCFILE 10 
1------------C-~X" . .Ltl.lJ_JUilf'Jl.SL.0.L..flA..IC.H.._J..N.lE.Rf...A.CL ________ ..... ___________________________________________ --'-n-f 

65 C XH?<I2> MILEPOST OF SHIPMENT/DELIVERY STATICN 11 

t-----··------~r-~x~"'~' .u:U-1ilLEP.C.S.L..Of_ ... e .... s .•..... s UC.T.ICNS. .. --··--·------·---·--·------·----·--·-------·-----------------------~1 3'"-f 
C XM'l(l'I) MILEPOST OF P.S. DISCHAHGES 

t------------r.-~y·~M'o._U5) Ml.LLF.'..O.S.L_Qf __ fil.A~cLT.LR. ... CH.A.l.GLS ... _______________________________________________ __!5 
I• 

(1 

C XM6<16> MllEPOST OF POINTS IN GROUND PROFILE 16 

1-----~ 1_ n ______ r._F_·1~r-· lLll.t...l EL EY.AIJ..OJ.L.D.L.Ci.RG.UND.-1N_f_LL1-_. ____________________ ~----------------11_, 
C IEQ TERM USED TO SELECT THE FLO~ [C. 18 

1------------r ________ lLlL~_o_. __ S.UaROU_l.lJ<L._.il.URB..L.M.l ... L ... L-P._[_!.._l_c:[._·.n....._ ___________________________ 19-1 

C If IEQ :: 1, HAU.~ ~II LL I AMS FORMULA 1.'ILL E'E \!SEC. 20 
, __________ _..r. _.lf_.l.LCL.:-2..t--DAB.f .. 'L.l."E.lS.iiA.c.J::Lf_QJiM..LU--1ol..ll. ... 1 __....nE,___,..11...,c:'"._.n......_ _______________________ ---'-11-f (.) 

75 C PRATCl> POWE.R RATE JN DOLLARS PER KILOWATT HCURS. n 
1------------r--'PL-Mn.Q..LI..L___fll~LR IN Kii OUAJ.}_~.C.U~R~S~·------------------------------'----------~13-1 

C PCOS<I> PO~ER COST IN DOLLARS. 
, ___________ ...__r._~1rn 1 f.l.li..S.L_'t.E.A.R.._UL.P_.1.tlLlN(_QE...E.Ji.A.l.ID.N. .. ______________________________________ 15_, 

C NOYR NUMBER Of YEARS Cf PlPELl~E OPEHATJOI\'. TO EE ~TUDlfD• u 
1------""J1....__n _____ ..__c---'Pw'F'-'R,'-'O"'-----"P_.E_.R_....c_.E,..,H.LO.L.1.J.l'LP_l.PJ::.LlN.L . .l~E.E.R.AUNG• JN DU..IB..~.&-1_c:_. _________________________ 21-t 

C 0fSC11Y> THPOUGHPUT f5CALATOR F~ClOR. ~ 
c Pf~ c fl Y > P Ow FR Fqi TE OtA.LtJ.O.R._f.A.C..l.OB. .... __________________________________________ 29-t 

C IYlAllY> YEAR lHAT THE GIVEN lSCALATOR FACTORS START. ) 
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IF<C.LE.O.>C=150. 
lfCEPSI.LE.o.>EPSI=.0-018 

• • 
HllGBHRR FTN V!.O•P380 OPT=l 0~/15/76 ll\e30.17. PAGE 

.._ __________ _c_________________ ----------·--·--·-----------------------·----------------------=-t 
C SLURRY PIPELINE DATA. OMIT THESE CARDS If PlPELl~( IS NOT A 

, ____ ..... 2 ..... 2 ..... s _____ c...._~S~• ..... 1........,1RR.'L.£.1.P..ELl.J'iE.-t-l.a.L...e--1E-l[.D.-1.S._tLQ.J __ (.C.UAL---l.O .. -l.£RC.--.. -._-·--·-··--· .. -·-... ---··-·-------·----------------------'-f 
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.__ _____________ _lf_lll.G .• .NE....Q.1_.liQ ___ T.0....2...--------·-·--·-·--·-·-·--·-·-···········-······-········-······-·---·---·----·--·---·---·------------------------------''-1 
READ<IR,280> VOLFRC,~TFRCtGVS,SlZFLGtSOLSIZ 

r 1-_________ __.. _____________________________________________________________________________________________________ "'-i 

230 c ADCITIONAL SLURRY PIPELINE DATA. OMIT If IEG IS NOT EGUAL ZERO. 
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c ... 
.._ _____________ ~ ... · ~.A.11f:L:...Jl __ · _____________________________________________________________________________________________________________________________________ --'=-

GO 1 JS:l,900 
"'" l----..L...l"'---------~RE.A.lli..lR.•.2.~.!Ll.-5..lLl/LLI..S.l--.SAJ:1.ILl~tLr~e.__• _______________________________________ -'-'-I 

IF<SIEVECIS>.EG.99900)GO TO 2 
, I:. C: ft •ID I : •: C: A MD I + 1 

c 
'------------'~SL.Al.Al.OR FACTORS-E.!lfL..IHR..O.llGJ:l£.U.IS_ANO PDMEIL.B.Ad,~l~r~c------------------------------~I 

21\0 C END DATA WITH A CARD ~ITH 999 STARTING IN COLU~M ONE. 
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2· 00 3 IY=l,900 
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IF<IY.E~.l>GO TO 3 

v 
w 
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1-------------~9J.il..lhl!Lll~·--------------------------------------------------__::o:...i 250 c 
.__ __________ ..._r_ .... l•r,,_.,__nn,._ fJllLlh __ rnoJ.1.aD.LOAIA_ILll.ILLLA.RO_Jil.ill::f_2.2.'L.I.N_ Tt'f FIR s I 3 COL.UM.N1~"---__;__; ________________ __:::.:...i 
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c 
1----~2~5~5'---------'-4 ~-~L-------------------------··-----~ ---------------'-·------------'--'--! DO 10 l=l.900 
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1------------~lf...!.'.l!.~O~lJJi~L .. lQ---=.5 ________________________________ ·----------------------------i 

260 IF<lTYP<ll.E0.4>IYEAR<I>=IYEARll-1> 
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lF<PMAX<I>.LE.O.>PMAX<l>=PMAX<I-1> 
1-------------_,_1_,_;: J.P...lQ.LU..!..l...1..!...Q!..l.EJ.P_LU..::.E.JlLU.::.l.L. _________________________________________________ ..:.:-1 

JF<PRAT<l>.LE.O.>PRAl<l>=PRAT<l·l> 
'----~2~6c.:5:__ _______ !..l! .. f.'.1J~ . .9J.1J.!.1.~.-!..!L!.lf.t,;R.!HJJ._::e..t..!tO.Jl::.tL. ___________________________________ ·---------------------------4 

5 IFCNiME<l>.fQ.l999)G0 TO 20 
1--------------R~A __ :_f~.:....!_.!!..U.LUJ .. ---·-···-··-·-···-···--·-··-··---·-·-----------··---------·--·------------------------'-'-l 

10 NUMI : ~UMI + 1 
1------------==-2,,_0-'I\"-'/>"-.· T~-"--[ !.N!lf:J.) = ::M __________________________________________________________ ___::.;4 

270 c 
1------------=C--'l"-'-'l n~,U=l .P. __ .t.!i.9..!?.~f!.1.II.~-!... ___ j....1.Sl ... ~.f!._f.<_O_l..s..._rn __ B.L-2..2..'L_C_AR.r;. ... _. ___________________________________________ ~ 

c 
i---------------'0,._;0~3J)_I PR_:;l~Jl..!L _______________ . ___________________________________________ . __ ___::~ 

R[AD<lR,230> NPRO<IPRJ,PERC<IPRl,SGPR<lPR>,VISP<IPR>,PM~<IPR> 

.__ ___ ..:2..:..7-=-5 ___________ !.L.J.tl.P._ILQJJ.P.:EJ..!.f..~.!.l'-.'.t~ .. rn.Q._ . .I.tL.~ .. !L .... _ .. _________________________ ....... -.. ·-······-··-·-···-········-···-·--·-······-·········-···-·--·-··----·-·-----·----------------'---4 

~-------------·---·---·--·-·----·-···-··-····--··----·····----·-··-··--·-··----····---·--··-·---·--···-·-···-·-···-·-···-·-··-··-···-···--·-···-·--·-··-·-·-·--·-·--·---·-----------------------~ 

\. Pipe Line Technologists, lnc.--
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r LIQF·L FTN V~.O-P38C OPT:] 06/l~/i6 l4e30ol7o PAGE 

c 
C NOTE - lF THIS IS A SLURRY PIPlLINf, S[T GVL: SPECIFIC 5RAVITY 

, __________ _.__r_..o.f_JHLJ.l.illllD-..AH!LS..GP..UleJU.:..SELUf..l.~RAUn'._ . ..cf--.l.Ht:...-SLLitR-'t.-----------------------------------i 
c 

t------""_.,D,un _________ .l.f...LlLO...G.l.-D.J.£..Q.._J.(L3.tL--·---·-·-·-- --···-·-···-···-·-·····-·-······-········-·--··············-····················-···········-·-···-··-·--·--·---·--------------------------'--f 
GVL : SGPkl Jf'R> 

1-------------..S..G.PJLU?..R.L_;;_.Jl.()Lf.Jl~.G.ILS--~--U...L!'"_V.O.L..f.R.CJ .. 11 ;;..V.L-·---····--·-···-·--···---·-------·-----·--·-·--·-----------------------~ 
30 HOPR : NOPR + 1 

r .1-------------M---------- ----------·--·------·---·-··--··-------·-·-·-----·------------------------"------------"'--! 
285 c PIJMP CUR'IE DATA. READ IN 6 POJN<S FOR DCH CU~\'E• LAH CARD IS 

r 
• 1-----~-----_.._ __ ..L.T~r.A....,>~Q'i'.ij_(.ARD.a.--·--------·--- .. ----·--·-·-··-·--·---····--···-·-·---·-·-·----······--·-·-·-·--·--·---·---·---·--. ------------------------=-! 

c 
1------------="Q__fr{L_5.n......l.£.C..;.L~IL__ ____ ·····----···--··----·-·-·--·-···-···-···--······--·-···--·-·--··-·--···---·---·-··--·--·---··-----------------------'~ 

R£ADllN,220>NPClIPC> 
~ cin 1------'-'_.._ ________ 1~i:-.._..1tiLE.C..Ll.P._~)_..£.li..JS99!GCL.l.CL.~L_,,_n ________________________________________ --e.:...i 

c 

REACllHt250> ( OPCIIPT,IPC>t ~PCllPT,ltC>,EPC11PTtlPCJ 9 IPT=l,6) 
c:,n •·t\Pr = ~1nor + 1 

1------------..._r_i;;.Pu.l'""'.i::0c..LURl'.£.&_A_V./Ll.LAH LE A I f A CH Pll~J..A.lU.~.t.AA.LilW-f-1.llSl._.D~~...-------------------------"-1 
2'J5 c AND WORK UOWNSTREA~. END DATA FCR fAC~ F.s. WITH A CARC CONTAinJNG 

1-----------~r.~_SJ.lili...llJ~Ll.N CO! llMN l. HJ.1L.E..( • AllA I! Af:L Ll'-U..A--1.Lll'-LLJ.R.Q..__ _______________________ __:.:..,i 

:rnn 

C CO~TAINI~G 999 STARTING IN COLU~N 1. 
c: 

60 no ho 13:1,900 
~·nPllH3) : 0 

·--·-----------------------·------------------------'-'-! 

00 70 fPU=l ,100 
1--------------JlJl!QPJ!1.I3>.GT.6>WRJI(.Ll}Ls.25JL-----·-----------------------------------~ 

U1 

"" 
IFCNOPUfl3>.GT.6)60 TO 9599 

r 
305 C KOT£. IF ALL IS NOT EOUAL TO ZCR~, ALL PUMP STATJO~S ~ILL EE 

1------------.._r_~A.S..s..Llill.ElL..IilE SArE £1J.M.E_C!IB~.£s.....AA. [HC EIRS.l--1W~-.S.l.A.l.l.CU....-~··~~~[-1I • ..--... _______________________ =.i 

C LAST CARO IN THIS SET TO OESIGNLTE THE VALUE OF ALL. 
, __________ ...._r'._·------·-·-··-~--··------···----------··----·-------------------------------------------f 

READ<IR~220> NePCllPU,131,NUPCIIPUtf3> ,ALL 
1----=3~1~0 _______ ~1 E!.A.L.L.a.L..I .• _Q •. l.E.Y.LR..Y.:.AL.L ___ ._. ____ ·-·--------------------------------------1 

1FCNAPC(IPU,13>.EO.I99>GO TO io 
1-------------·lf.J.KP:f!=.J.J..P-!L1J_~ .... J:.!hJ_~2.'U.G .. Q .... .I_Q ... _';U_.·--·-···--·-··-·--·-·-·----------------------------------------1 

70 NOPUII3~ : NOPU<I31 + 1 

1-------------=8=0_C~C1,~.N~T~lf!!!i:: ·------·------------·-----------------"-----------------1 
315 75 FOH~AT l////,1X,46HJNPUT fRRO~ ~•• NO M0RE T~AN SIX (6) CIFFERiNTt 

1--------------~_J>J!~.J.:....C.~kVl'S-11AY HE USLILA.l.J..N..'LJ~!;!:f __ S_lA.I.1..C~N~-~'--------------"----------------.......:::....1 
c 

1----------.._r'.--'G....,R-'-,O=U!'!ID PROFILE DAIA..___aill_JJil..s_rn.LIUJ.l:LAL_CA.Rl:. __ 11.l.~'.i.9-.llAJU.1.u.N1..._"'-_____________________ __::'-I 
C IN C.OLUMN 1. 

,__ ___ ~:s~2~o _____ c~--------------------------------·-
90 00 100 i7:1,900,4 

1------------~R~f~A.~D UfLi.~!!..QJ_~!.1.JJ.l.U.n._u_u.1..LUtttlil..7..!.lh.f...LLHIL~.lJ . ..t.Xilil.1±-'~\~--------------------------1 
1 [LE7tI7+2>tXM7Cl7+3>tELE7<17+3J 

1---------------l~F~IX~~-'7~1~1"-"11.E0.999.)GO TO l=f=o-------------------------------------------__;;-1 
325 100 ~OL7 : NUL7 + 4 

1------------·-U-L.~ .. QNT.J.t-1.lJ..\;. ·······--························-·································-····-·····-····· ·······- ···········-····-··· -··············-·······-····················-···········-·····-·············-·-····-···-···-·--··---·-------·--------------:.:c.i 
JFtXM71~0L7>.GT.O.)G0 TO 120 

-------------··J!.Q!J ... _=. ... A.9.1,,.L.:: .. _L_._··----···-···-···---··-··------·-----·--------------------·--------------------·----i 
GO TO 110 

>-----~3 ~_L ___ . ___ . ___ J]_Q .... .f. f.•HIJ.!'! ti}_ ... ································································-·············-···-·····-·········-···· ....... .... ............................. . ......... ·-··········-··· ·······--·---··--·· ···--------------·---

t---------------··---·--·--·-···-···-··--·······--··········-·-----·-··-·-----·-··----·--·---·--··-·-··-·-···-----·----·-···--·---·-·-·--·-·-·-····--·-------------------------

• • 
60 

6]J 
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200 FORMAT (20A4> 
210 FORMAT ( 1s.sx.2F10.o> 

i------------~?l.5._.f . .QR.~;._r_L..A6_a.l!i..U1...14.6f..l.L.ILL ______________ ._._._. _____ ·--·--·----------------·--------------------------=-i 
220 FORMAT C A6,4X,J5o5Xt6FlO.O> 

,_ ___ ~-..~,-..~, "~------~?.3JL£.Cl.JU'.A.LL.A.E....S.X..e!ill.O.. .. O:.l. _______ . ___ ·--·-·--··-··-··-·-···-·---···-·---···-···-···--···-······--·-·--·-----·--·----------------------'-I 
240 FORMAT. ( Fl0.7, 7fl0 •. 0) 

1--------------'?.5.(l _ _f_.QR~'.AL . .L.6E.l.O .... O..l ____ ._·---------------------·----·-·-·-------·-----------·---'·----------------------'-I 
2b0 FORMAT < 14olXol5o10Ko2FlO.O > 

1---------------.L."_, 7.:.o.._r_CtlUl.A I l l 1t..._6.42f-1Jl...Jl.L ______________ . ·--"·-·--------·-----·--·----------------------------------"'-! 
2AO FORMAT ( 3FlO.O,J5,5X,F10~0> 

1--------·• _______ ..2.s.a_.f_QRY..A.I.l...l.5 .. ,.s.x.,.f.lO .•. n.>---····-··-···-·---·----·-··-·-·-·---····--·---··---·-·-···--·--·--·--·-·-·--·-···-·--·-·--·-·---·--·-----·---------------------=f 
:.,• C*********~***************~*************•••••••••••o••****************** 

i-----------~r-------·----·--·-------·----·-·-······-·--·-·-·····---·····--···-···-·-·-·····-······-···--·-·-··--·-···-·-··-·---···--·-···-······---·---·-·--·-,---------------·------'=-i 
c 
r 

CALCULATE MISCELLAN£OUS VALUES FOR EACH NOOE TYPE. 

12 = 0 
l :i, = n 
I'+ = 0 

1--------------~T!i_: n 
350 00 350 I=l,NUl".I 

1---------------..lE..LLl.Y.P_t.l.l.e.LJL..2J.filL..I11_ ........ :i.1_ n----~----------------·------------------------~ 
JF<ITYPCJ).[q.3>GO TO 320 1------------·-..l..EJ...lU.E_tlJ_ .. LG . ._UG.CLT..O_.J.:3.IL. __________ . ____ . _____ . _________________ . _________________________ --1 

lfClTYPCI>.lG.~>GO TO 3qo 
'I<;'\ 1-----...._.. _________ L'.._...'!:.l.ILi.L\l.1_30Jl.L. ______ ,_________ --------------·------------------------'~ 

c 
r 

Ul 360 c 

300 f0Rf',AT<lX,5lltINPlJT [kROR ••• ILLEGAL VALUE FCR fVOCE lYPE t.Uf'13ERo> 
GO TO qqq 

Ul :i.1 n 1-------------...... ..._~12-:.-1.~i-----------------------------------------------------=-i tJOL2 : I 2 
1---------------"'1.J.:tE_UL:. __ .6.H.S.l:tLD.E.L __________________________ . __________________________ --'~ 

GO TO 35U 
... <. <; r 

c NOD£ TYPE 3, PUMP STATION SUCTJ-ON. 
i------------"-r----·--·--··-·····-·-------·--·---·---------------------------------------------------------f 

:: .. 20 13 = I3 + 1 

t---------------~N=O~L3_=_..l.~3-----------------------------------------------------i 370 IF<EVERY.L[.O.>GO To 32~ 

,__ ____________ ___l.l.Q.e.lU..l._31...--=-_.Gll.fJl.1 ........ t>__,.--------------------------------- --------------•--fl 
N : tJOPU < 1> •• 

t--------------Il.Q__l~_JJ~_U=.l.~·~~'------------------------------------------------------•.c:..s, 
NAPCCIPU,I~> : NAPC<JPlJ,1> ~ 

,__ ___ ~3~7~5~ ________ .t-J.!,'.f.'_~ .. !..l.PJl.tJ.~.l_=._N!!f:.C...U.!'Jl . .tlJ ___ ·------·------·--·---·---------------------------------"·-1 
325 CONTINUE d 

1-------------=3=2=6~,JlY.£..U.L=-.12.tJ.J:Lfil!.C ____________________ . __ ·---·----·-------------------------'--19 
x~·,3<13>: H~P<I> so 

1---------------~P~tt=3.~<.~l~_eB_Alll.~>-----------------------------------------------___;.51~ 
380 Pl3Cl3> : P£SC< I> 51 

t----------~------~I.Lt.LY..[~.!UJJ._ •. !,,J_!_Q .. tLY E.A.!B .. JJ._:::.LYJiL_ .. _. ___ ·-·--·-·---·-·······-··-·-······--·--··--···-·----···-·-··-···-·-···--··-·-----·-----------------------'-53_ 
GO TO 350 ~ 

, __________ .,..c _______ ···-···--··--·--·-··-·-----·-·--··-·---···-·-··-----··----
c NOUE TYP~ 4, PUKP STATION DISCHARGE 

--~3.r:.2 __ ··---···--·-··-··--·~·····-·· ················--··- .. 

SS 

56 

SI ·················-·-·--·-·--·--·-·----------·-------·--·-----------------
58 

t--------·--·---··-·---·-·---·--··-··--·-----·-··-···-·--···--·--··--··-··-·--···-···--··-······-·--·--··-·-··-·--·-····---·--·-···--·-··-···-·--·······--·-······-·-·-···-···-·-------·-----------------~S_91 
60 

\.. . Pipe Linc Technologists, lnc.--61.' 
R K Rnr.h r.omn;tnv 
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r PROGRAl'i 

3 30 I 4 : I 4 • 1 
rlOL 11 = l'I 

HIJC,B-tR8 FTN V~.O-P38C OPT=l 06/15/76 14.30.17. PAGE 8 

~---------------··J.U.P.J .. Il ... _;: __ bll.P.s.._n_i.~"'-----·---------------·---·--·----·-·--·--·--·-----·-------------·--------------------"'-t 
PMX4<I~> = P~AX<l> 

~qfl.. _______ ~r E..Ul'.E.A.R.L.IJ. ..... u: .... nJ .. I.U.A.R.!.lJ.;..u.u. .. _. _________ .. _._ ............. -·---·---·-···-···-·---· ........................... ---·------·--·--·--------------------~ 
GO TO 3~1J 

-----·-·-·--------~---·---·--·-·-·-·---·---·---·----------·-----------------------"'-! 

c NOD[ TYPE 5, DIAMETER CHANGE 
i-------------r-----·--------------------·--·-··-----·-----·--------------------------------i 

395 :Ho 15 = 15 + 1 
t-------;--------~~.!().L~---~-..1.S. ________________________________ ..... --.. --·----··----·----------·--·-·--·-·---------------------------'-=-I 

·.·' JTYP < l:o : 6HOIA CH 
i-------------~ll£.5.ll5 .. L...=:..:.....llf...U .. l. __________________ ... _____ ............... _._ ... _ .. _____________________________________________ "-I 

~105<15> = PID<I> 
1-----~~~n......_n _______ _, __ ~!.XS .. U.~L.F-....P..llA~X~<~I-I _____________________ ~ -----------------------'-------"-f 

350 CONTINUE 
r••••••••••••·•••••••••••••••••••:!:.!..~~··-••••••'t.t.Jt-L#_!..1'~'.tjiALf..L"\:t~·~·~·'------------------------'c:...i 
c 

1-------------r_r ALL.l!U...IL....l..HL .. L..1.NH I I I ER OM I HLGl.lln.IJ.LE..C.E.N.IA.t;.L.. .. Cf-....£A.O:... .. LJ.1UJ.l.O---------------------------· 
'105 c 

1------------,.._r_F.._..llilL_TJiL...ll.Ql_UMfS BETWEEN PUMP ~TATION.S....__ ____________________________________ ......:.::..i 
c 

,_ ______________ l[1J.:.'..0..fll.a.tl.£.a..l..Ui .. Q_J.~0-9~5~0------·------------·----------------------------·--------------------'-----1 
HOU =l 

·----~4-l~O ________ vLo~·Ll...1..l.l_.=.......\LO.LUUL0..1.5...s..K~AMP .. s!Ll.M..Lt....XH.PJ..l....P .. In5...l _______________________________________ __;;'-'I 

NPRl<l> = NPRO<l> 
1--------------'V~M~1l~(~l..l........:...ll1£..1..N!.illl..~>----------------------------------------------1 

SGl<l> : SGPRO> 
..._...._~ ____________ uLLW..'~l .. CJ> = VI..5£..Ll....'£----------------------------------------------=-i 

415 P~Nl<l> : PMN<l> 
t--------------~~Q_IJl..._'f.~.5-.--------------------------------------------------~ 

450 N = ~OL3 - 1 
1------·--------·--Il.CL.'l..6 .. 0 ...... D.:.l.,.J~L. .. _. ___________________ ... _. _______ ·------·-·-·--·------------------------i 

1 :'.il = D +l 

1-----~4,g_~o ________ K.!:L3 ... U.J.1J .. ::.....l!.t1.l.U~.11------------·----------------------------------------1 
XM3CI3> : XM3<13) 

1-----------~'lfi..Q._Y..Q.!,..JU..l.~J .. _..=; __ J!..Q . .l..Y . ..lli.91...~....t .. X.l:\ .. 5 .. 1.XM.l..ti.LU.1..l!H .. hl.3...iP.l...0.5 .. L __________________________________________ -1 

Xl"•P<NUMl > = XMP CNUM 1 > 

o-------------~X.M_~3~<N~O~,L~~~~-~~1i~.~<~N=O=L~~~>---------------------------------------------t 
425 v OLM (NO L3 ): VOLU <NOL 5' XM5 tXMP ,,, urH ,x,., 3 tNOL 3 ,PI C5) , ___________ c: __________________________________________________________________________ -'-1 

C FJIJO THE ~lIUEPOSTS OF BATC~I INTERFACES BASED, Ol'i Tt'f GIVEl.r 
1-----------· __ r_P~'r~R~C..t..N.J..AG..L_JJf .. -L.AC.ll ... lllti! .. l!L . ..f!.Ll.iili .. K....EA.C!l ... J.JIO .... e..L.f.E.. ... U.Hl...C.f\..S-L-..... ______________________________ ~ 

c 
i------~4.:3~0--------=-Il =-_:: ..... !L _____ .. _______ .... ------·-·-·--·-··-----.. ·------·-·--·-·---·-·--------....... _ .......... ------·--·----·-·--·-------·--------------------------1 

UO 't90 13=1,NOL~ 
1----------------DJ~ .... !!R .. !L.le..b:;;..l .. 1 .. t.i.QP.J~ ....... ____ .. __ .. _ ... _ .............................................................................................. ____ .. ___ ... _. ______________________ . ____________________ _....;.c....1 

IF<IZ1.NE.l:>GO TO '170 
1--------------_,,1£...!.lt.B...,J!.E~J .. lJi .. !L..I.!,L't.1...!L _________________ .. _________ .. __________________________________ -1 

435 ll=ll•l 
1---------------------=-V.QJ.._ ... ~ ...... \!.J!.b.t\~ .. 1.t.!.P. .. rH . ..U.L_ ......... _____ ......... _ .. ____________ ................. - ............... - ........... _. ____ ........ ___________________________________ -'--I 

VOL}( 1> : l/OL 
1 
______________ N..,_P'--'~'.:....l._ U..L-=.... .. ..'H'..!.UlJ...lJ. _______________ . _________________________________________ , 

KMlCl) = Dlsr<VOLtX~3,1,NOL5,x~s.PID5> 
,_ ___ ~4_4~1}------·-----~:.l?J..J.lJ ...... ~-.... ~.'~.f. .. R .. tLL_ .. ___________ ........ _ ..... - ..... -.--- .. -·-·-···-·--·--··-··-----.. ·-·--·-.............................. _____ ....................... _ ............... _____ . ____________________ -1 

---------..................... -·-·-----·---·----·-·-···---------·-----·----.. ··--·-·---·-----··---------·-·-····----·-·---·-.. ·-·-·--·-·-·-·---·---·------------------

___ ___.. • • 
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r PROGRAM L IGPL tiWGSHRB FTN V~.O-P3RC OPT:l 0~/15/76 14.30.17. · PAGE 9 

VISl<l> : VlSP<l> 
PMNl<l> : PMN<l> 

1--------------·-··G..CLl.tL!LliD,_· --------------·----------------·--·----------·----------------------------<.J 
4 70 11 = 11 + 1 

.-----~4~4~ c; ________ ~OL.=..._llDUlt.UJ_'!.fLB.C.J .. l.f.LI. _________________ ··-·--·--·---·-··-·---·-··-·---·-···-·---·-···-·-------··-·---·--··--·--·-···-·--·-···-·----------·-----------------------'-1 
Ill : 11 - 1 

,__ _____________ J..~1..U.lJ ___ ;_K.t'Ll..l.ll..~.lJ ___ t__D.J.~Tl.ll.OL.,X.Ml.t .. l.ll. •. N.OL.5tll~.5 .e . .ros.1 .............. -.... -----·--·-·---------------------------------'--t 
SGl<Il> : SCPR<IPR> 

i-------------~V_lll1.l.l.L...::__ILl_SP_i.l.fR.l__ _____________________________ ,,. ___ , _____________________ , __________________________________________ _, 

lt,50 PMNl< 11> : PMH IPR) 
1------''----------L.V,Q.Ll_t.ll_L..;; __ 'l.O.L_ ___ ·------------·-···-·-··-----·-···-····--····-···---·-·----·--·--·-···-·--·--·-·--·--·-···--·---------------------------=i 

NPRl<Il> : NPRO<lPR> 
1--------------_..IJ_QLL_Lll.. __________________________________ , ___ .. _______ ................... ---·--·---·-···---·------·-------------------------------=-i 

'180 CCNT INUE 
,__ ____ 4~~~.5.._ ____ ~~"-~~0~C.U.~l.IJllU.r~-----------------------------·----------------------------''--f 

c 

t-------------~4~G~--r.~n~~.21L.l==~t~•~N~ll~~ ... 1-------------------------,-----------------------------t 
460 00 500 11=1 tNOLl 

•--------------~ l~F~«~K~M~P~«~U...a.LI. Xl1 l <I 11 >E.a TO 51 0 
'IFCll·EOiNOLl>GO TO 510 

1--------------~-n . ..._n..._rruJ..I.llHJL _____________________________________ _ 
510 SG(l) : SGl<ll) 

465 
VIS<I> : lllSJll..l.._> __________________________________________________ ~ 

lllAPR(l> : NP!iltll> 
VOil): vn11111\ 

PMIN<I> : P~Nllll> 

•------------~~2.!LJ:..01ill..N~!J~r ____ ----'------------------------------------'------------_;;.'--f U1 
-...I 

470 C•••******************************************************************** 
c 
C CALCULA~E LINE FLOW RATES FROM SHlPMENT/OELIVERY DATA. t-__________ c.__ _________ , __ . _________________________ .. ___ , _________________________________________________ -1 

SUM : O. 
•-----'4._,7,..5,__ _______ -"'D.lLfi.O.D. __ L;.L.NIJ.tl.l __ , ______________________________________________________ ~ 

SUM : SUM + kATEll) 
,_ __________ .flJl!L ... !1.U.t _ _; __ .S..UH_ ________ , ____________________________ , __________ , ______________________________ __, 

C••***********************•******•••••••••••••••••o••••••••************* 
1-----------~c: _______________________________________________________________________ ~ 

480 c MAKE EACH BATCH INTERFACE A NOOE. i-----------..._c ______________________________________________________________ -'--f 
11 : 1 

t---------------~0~0~7~3· 0-1..:..1..t..~9-kC~O'---------------------·--------------------------------~ 
II : I 

1-----"~8~5~--------~x·~'"1-.lll.L£...!J'l_J_U.l_L _______________________________________________________ --i 
XMP<I> = XMP<I> 

1--------------'l'-'-'F <.M.11.11.L..Y..L~l!l'~~Q_l.!L.D-~D-------
t~UM I : N\JMl + 1 

t---------------,_,_K.,_2 __ .=__=..1 __ ... _____________________ .. _______ .. ______________________________________ ~ 
490 700 K2 : K2 + 1 

,__ _____________ l'!~'--=-~t~.!J.tH .. ...::...1......::..JS..L ___________________________ , ______ , _____ .. _.,_ .. _____________________________________ __, 
IF<N.EQ.O>GO TO 710 

•------------·---............ r.H!Mt< .. 2 .. :=. .... NJH'.\J ..... ::. ... ~.2 ........................................................................................................................................................................... --.--.--.. ----------------------------i 
XhPtNUKI-K2> : X~P<~UMI•K2-1> 

....__ ___ _,4..r.9_,,_5 _______ --'-'NMl.UN!!tLl::.IUU_~:ti.A.l'lJ:.!.fill.lil.::.K.2..~...ll .. --------·--·-------·-·-----·----------------------------'-r 

---------·-··-·-·--·······--···········-··· ···-···-···-···-·--·--·---·--·---------------------------1 
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r PROC·~AM 

• • 
LHIPL 

IF<IYR .GT.JENO> GO TO Y99 
00 6qO 1Y=ltNOIY 

··-· ' ' • 
fTN v~.o-P~8C OPT=l 06/15/76 14.30.17. PAG[ 11 

i----------·-··-·---·--······-·.1.LU.Y-EA.U .. '.l'.l_ •. LQ. .. ll.ILl.G.O_..J..Q_U,.Q ___ . ______ . __ . ______ ._. __ .... -.. ·--·-·--·--·----·-------·-----·-·~----·-·----------------------------------=-1 
t)qo CONTINUE 

..._ ____ _.c.._.c.__,_c. _________ _l.t__;;._I.Y.P..R_. ____ . ________ _: _____ ._ .. ____ ._ .. _._·-·-···-··-·-···-···-····-·-·-···-·--···-·-··-··--·-···-·······-··-·--··------·------~-------------------.:...i 
660 00 670 l=ltNUMI 

..._ ______________ Q.il.l_.r.._ . .,'l.U)._'!'_Q.ES.C..ll.ll _______________ ._·-······--·---·--·-·--··-------·--·-------·------------------~---------~ 
R A TE < I > : R A TE < l -> • Q E.S C C IY > 

1------------._.i:.·~ 7·~ n.e..b.A..l.t.l.L_;__fJ.J..LUl...tPf SC« I Y-1.. _____ :__·-·-----·--· .. --.-........ -... ---····-·--···-·--....... _._ ... _ ... -.... ·------·----·----·------------------------'-'-1 
5~0 IYPR : IY 

J-------------.,..r~ ••~• t~ ..... !..!.!.t.:lt.Lt.!._'!..~-~ .. U. .. ~!:L~-t-t'_'!_!_~-L1t.1t.'t-11.~-t-'t.Jt_1t..!__1t.:lt.!!..A.1t_11 .. 11 .. fl.~t..A_t..fLfl.lL11..A.*-. .A..fl.:1<..*-.ft-*-:1<.--*:1.A.*-*--------------------------"'--! 
c 

1-----------~r_.C:.M..C.UU.IL11:if..._kLC.tll.l.RE.D..._J:lY.DRA.UL.IC. .... G.h.AO.lf.NJ .... E.A.~E.C ..... o.~ .... l.HL ... .M.lkl.~l;I! ................ -........... --·--·-·--·-·-----·---------·-·------~~. 
C SUCTION PHESSUk[ AT EACH PUMP STATION ANO THE GIVEN THFCUGHPUT 

____ S...&J6.._s.._ ____ __..c _ _..11._..s._._1, NG_.SiJllfl:O.U.Llt.lL.G.B..Ail- ---------------------------------------'! 
c 

i: Rn C Al L GRA!L_----------------------------·----------------------------------~ 
c~*********•••••••••••••••••••••**************•••••••••••••••••••••••••• , ____________ ..__,.. _____ ·-·------·--------------·-·--·-·-·---···-------·-----·------···--·---------·------------------------~· 

570 C CALCULATE THE BkAKE HOkSEPOWER REQUIREO AT EACH PU~P STATION 
1-------------r.-~A lliLR.f:..c.Al.C.ill.A.If ___ Ilff H YOfi A IJL IC GR A 0 I EN I !IS Ul.6-.S.l!ll._.,R_.C .... llLJILJiuN._.f._.H"-O._._.._D~c:i-___________________________ ~'-' 

c 
1--------------t~FJ..NQP..iJJ...U • .LR.a..OJ.filLHL.6.8!1_ ____________________ .. __ . ____________________________________________ , 

CALL .HORSE 

In 

~ 

c 
c 

COKPUTf TOTAL POWER COSt.i•---------------------------------------------_..;;~ 

J--------------~~.8_5_1_~~-~=~oLI.'---·-----------------------------·------------------------------~ 
580 00 6YO I=ltNUMI 

1-----------_.,.~.2.ll_lP£__:_I£.C __ t_fLO.sJ..~r~'---------------------------------------------------• 
C•••••••••b*************••••••••••****************6********************* 

i-------------c~-------------·--··-·-·-----------·--·----------------·---- ---------------------------~ 
C PROGRAM OUTPUT • 

• ____ _...,.5.,..8_,.5 _____ .c____, ___ , ___ ... -.. ··------·-··-·-··---·----····---·-·-·-·----······--·-----·-··-·--····-··-·-··-·-·--·-·--··--·----·-··------·-------------------------t 
IF<KONT.GT.O)f,0 TO 1100 

1-------------··-····!5_QNJ .... .E ..... l_ ... -·----·--·-···-··-··-·----··---·-·····-·-··-··-----·-··-.. ······-·-------··-··-·--·--·-·------------------------------t 
WRJTE<IW,YOO> IT1,IT211T3tlT4,JT5tlT6tlT7,lT~•lTYtlT10tllll• 

1-------------~1~···---·1!1-~..t_U_LhJ.l.l~-2.lI.1.5.t_U.lfu_Llll..t .. l .. ll.B.1..IJ.1.2..t.U.2..ll ________________ -'----------------~ 
590 900 FORMAT(l~lt////t1Xt20A4, ) 

1--------------~l.f..1.l.£Jl,_U£.,..l.lJi.Q_l!LilD ____ ·----------------------------------------------------1 
N 1 : 6HHAZE tl 

i---------------_._N,_...·?~.ll..Lll___ _____________________________________________________ -'-1 

1\3 : 6HMS 
1----~5~9~5~--------="·"~~1 I.LlJ_l!'_.t_'U.2.} __ JH .. t.N,..t..N~t.f:_. ______ . _________ . ________ . ____________________________ --"-1 

932 FORrAT (//,1Xt29HSTEADY STAT[ FLO~ fCUATJON : , ~~6tlt 
1-------------1~_U.!.~.!!Z.fJ!__!il.L.L.l..!f'...S __ C._f.A.C_lO.B_._;_ .. t.E.~ .... ILl_._. ____ .. ______________________________________ __:.:....., 

GC TO 920 
1----------·--~9_..l-=-O~N,__,1, __ : __ ,6=1-i!JJ\.li.0. _________________ . ____ , _____________ .. _____________________________ --i 

600 f'< ;:> : 6H liLIS~A 
1-----------------'-r<,'_,}'-... :;: __ .b.J:l.~JL .... ---·--·-·-·--··--··----·---··----·--·-···-···---···-·--·----··-·---···--·-·--·-·-·-········-·--·-·-·-·-·-·--··-----·-··-----------------------------1 

~RITE<IW,930) NltN2,N3tEPSI 
i-----------~9.JJLfOR.!'.tU ... _Lf.l.! .. U . ..t.2..9..l:l.~T.EAil.Y. ..... S.IA.IL..E.L.O .. l!L_E...!1-V_AU.O.~L;_1_-3.l..£u.L1 __________________________________ -=-1 

1 1X,32KPIPE kOUGHNESS FACTOR, INCHES : tf6.~J 

1------=f>:0_.,.5 __________ ~_(..Q__~l'-~J.L.U.~-'··'l~.;~J. ..... I.J..~J ...... , .. \\'.O.V.R .... ·············-········-·-···-···········--·········-·--········-·- ·····-···············- ···········--············· ············-········--·····-·----·--·-·----------------------'-

·-----------------··-·--·--·-···---··----······-··-······-·-······-····-·-···-············-······-········-··--·······--·-·-···-···-······-···-······-·-···-·-·--·-·············--·-········-···-·-···-·-·-···-·----···-·--·-·----·--·------------------_..;;~ 
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) 
r PROGRH LHIPL fTN v~.o-P~HC CPT=l 06/1~/lE 1q.30.11.· PAGE 12 

~ 935 FORMAT ( 1X•2EHFJRST YEAR Of OPERATION: tl4tlt1Xt 
1 28HLl~E. OF PIPELINt IN YEARE: tl2> 

;) t---------·--··--··-·-·-··-·.l.H.KO.e..C.. .. E..Q .. Jl.1.kR.llLUJ.L•.92ileLEF---·--·---·-·--·---·--·---·-······--·--·-·--·--·----·--·---·-------------------------------------=-i 
925 FGR~AT I 1Xt2LHAVERAGE PUMP EfflCl[hCY : ,F4.2, > 

,__ ___ u..._n _______ _killLl.l.1U.92.L.L . .D.lf_f __ . ____ ·---···-·-·--··-··--·--·-·--·-······-······-·········-···-···-···--···-·--·-··················-·-···········-······--·-·--·---·------------------------------"-I 

D 
52E FORMAT C 1X,33HAVER~GE PUMP CRIVER EFF!CIENCY: tF4.~, > 

,_ __________ c__, ___________________________________________________ . ______ . __________ ··-·-···-···-···-········ ·····-···········-···----·-·-···-···-------------·-------------------------i 
C SLURHY OH A• 

!:I 1------------r.~----------------------·---·--·-----·-·-·-·----·--·-···-·---·--·-···-··-·--·-·-···--·-······--·--·--·-·-·-···-·--·--------·-·----------~----------~ 
IF<IEG.GT.O>GO TO 9353 615 

0-----~··----------t.''R.l.ILlBl ... !J.n.6.L. .... .G..ll.L.1.-... G..VS .. e.-G.V .. SLR, ............................ -..................... -·······························-·-·-·············-···-·-··-·-··--·--·-·-·--------------------------=-t 

;I 
-.• ' lVISC , llOLFRC, lllFRC, FLO\/, FROOt V[L ~DIA 

1---------------lH.S..l.ZELG. .• L.l.-.2.J . .G_Q ___ t_Q __ 51..3_!i.l ..•. -·-···-·-·····-·········-·········-······-···-···················-··---·-···-···-···---·-···-·--·--·-···----·--·-·---·-----------------------=-i 
~RITE {IU,902> NSAMPL 

~ 
, _____ f.~'-n _______ ~!.i.R.UL __ ll.ri.t..9_Q.lli.S.l.lL1.K1_._.S..AR.11.I.l.IU_, _ _c_~Lt.K.:...t-C.0.1..K.)_._tt;;_L.N.!.AttL>----------------------------"-'-' 

WRITE ~IU,90~) WTSUM, CVT 
1--------------~r,,~ O..L0.2!..3.5_2.__ ______________________________________________________________________ __. 

~ 
9J~1 ~RITE <IW,901> SOLSIZ 

t-------------''51~3..._5.._2_,,_w EU.I.£..t.ll..1..2D..5.l_Q.f.LP..S.aL£LEll..e.ClIF..E...--------------- ----------------------------=-! 
625 906 FOHMAT <//,JX,2Jt:SLUP.RY PIPELINE DATA. ,11, 

) 1--------------.l!--1.L.3.~J:L..Ll.1.U..l.CL.G.RAJl.ll.L.lilil_jj•AJ ER : , ES. ..... "'~''-------------------------------------i 
x 1X,32ri SOLirs GRAVITY URT ~ATER = tf9.~/ 

1-------------~x_.U'..s_3.2.!LS.Lll.Rf\.'L..G.RA.V..ll.L.l.!.k.T __ lr.'.Af.£.R _______ ._;; __ ~f.'J. .•. "!L __________________ . __ ·-------------------------C..1 
) 

X 1X,32H LIC;UID VISCOSITY, CP.. = ,f<J.:U 
1 ____ _..6"'~"'-o _________ )L ___ llLt. ;32.!:LllOLUJ.lL.f.RA.C UO U .... SOL I.OS ..... ----·-···--:;···-' F .9 •.'I '--·---·-----··--·-------·-·--------~---·---------------------1 

II l>lt3~·H WlIGHT fRACTIOf\ 5CLIDS : tF9.4/ 

;) 
O'\ 

____________ __,_x~.J.2\..,]_6..lLf_~~lE..t.._.f.P-.1'.':.. ________ . _______ .;: __ ,_f .. 'i .• 2-L------------·--------------------------1 
X 1X,32H SOLIDS PRODUCTION RATE, T/HR : tf5.l/ 

........ 
1_....__ ____________ .K.--1.lLt..~.2..tL..S.LIJ.IIB..'L_\l.£.LD..Cl.U.t--EI.LS.LC. : aL'LAl--------------------------------'--i 

;; X 1X,3~H PIPE INSIDE DIAMlTER~ IN. = tf9.31 
1------------~9 ll.L.f_i:Rtl.A.l.C_2X.t.3 .. C1.l:!A.l/£.RA!iL..S.OLlO.£.. .. llMl.LlLR.o..IN ..... --.;;-•El.D.a..ll------------------------------'-I 

635 

902 FORMATClHO, 1Xtl9H••• SOLIDS JATA FORtE3tl2H SA~PLES •••/ 

;) 
1---------------.. .'L.l.t.!O. .. t.ll!.1.'.tl\.t.!.~A~:P..Lf .. _AV.G ........ E.P.. A.C . .I.I J.N: .... _ .. OL .. _.S.LURfi.Y ..... \IC.LUl'."..L_. __ ._._Q.fi.AG.L_. ___ . ________________________ -'-1 

X 2Xt52~ DIA~lTEM TOTAL SOLI~S FR~CTION CCEFflClENT/lH 
1 ____ _,,.,6....:.'l_,.0 ______ 9~~--E.ll.Rt!.H.t.2.X.t.L'l ..... f..t . .!t .. lLt.f.ll .•. .!t .. t .. O..!Lt.F. .. li.e .. i .. t.6.X .. t.f .. 8.. •. ':t.L ... _ ... --------··------------------------------------'--1 

) 
904 FOR~'. ATC l 5Xt £H-------- ,s Xt8H-------/ 15JC ,FB .'I, BX, FB. 4 > 

0------------~5.Q_~ __ .f._QBJ.1.AJ .. !.l.!:LQ t.~ .. ~ .. !.?.Z..t!.LQ.lAl ..... f.fl.E.S..S.!.!-",L .. D..!:..UP. ... -.... ;:_, .... fJt •. ~.1'J. .. e ... P..S.l.l.tUL.lL_ .. ___ ·-----------------------t 
X tX,;>2HLlQUIC! PRESSURE ORCJP :" fli.2t'JH PSl/lllL[/ 

~ 1-------------X~_f,~·X_t.? .. ~.HPERCI."J~J_-11:!.C.E.E..A~.E...----·-=.1.f.~_ •. !l.1. ___ ·-·----··-·--·---·-----·-··-··-·----·-·-----------------------------1 
c 6lt5 

) 
i-----------c~-------------------

9353 ~R1Tf<IW,93l>. 
1------------CJ~,..3,f.'"'--EQBJ:LH_J_Ll.t.ll.t.l.fill.E.SLJ.LAJJLIL.£.A.!:.I2!t~._..Ll.t·.1K.t.&.l:t.S.I.AB.ll.N!i.,.2X..t...----------------------------~ 

1 7HTHllUPU1 ,2x,10HPCl.iEf\ RATE.,.',lX, 7HAT Yf.,'IR,3x, 7HE~C FAc,n. 

i) 1-----""'6.,,5_,.o _______ g_I!:!.~-~s;: __ f.A.~ .. !.lJ.-.. ----·-----·----·----··------·------------·----·-·--·----------·----·--·--------------------------1 
00 938 IYE=ltNOIY 

1---------------'\..:""'' R""'· I~_T'"""'t:.l.l.U.9~_IL_lJ'_[.A_Ull1 _ _,__Ji_E;_S.J . ..llXEJ .. t .... l:E..S,CJ .. l-'!E..L_._··--·--·----·---------------------------------t 

~ 
537 FORMAT ClXtI4t6Xtf5.3,4X,F5.3• 

1------------·-9.<..03'-'8"--'C,,_,Qr/.J_l.!!J!.t,.._.-----··---··-··-·--·-·····----------·-----·----·--------------·-------------------------~~ 
6~5 i.IRITE<I"lit939> 

~ o-----------·--···~-~-'! .. _.f..9.B .. 1".A.U.L!..t. ULt ... ~J.HJ..Nll.l .. M. •..... S. t!lP.J1l~.UD..E.L.lV.E:RJ. .... O.A.U •. ,Jl.t.l .. h ...... ·······-··-·········-··--·--·-·------·--------------------• 
1 7H~TATION,2XtbHMIL(POST,2X,~hSHP/OELtlt20Xt8HRATEtEP~,/) 

, ______________ .CJL .. J.~.2 ... J.:;:_1 ..• t.V..~.L_:_··-·····-···--·-·-·····-··-····-····-··-··-··-·--·------·-·-----······---·--·------------------------------=-i 

~ 
lf<llYPCI>.NE.2>60 TO 942 

1-----_.,HJL ___ ._·-···--···········-····-··-·!1..f:JJE c I.t..t.'l~ .. l .L..tM'LU.>, >WPC J > - ~fl TE U >.. ·····-··· ·······-······-·········-····----·----·-·----·--------·--------------

~ ~------------------···-···----··-···--··-·--·-----··----··-··-·-···-··-·······---·-·-···-·--··--··-······-·-·-····-·-··-···-·-----·-···-···-·-···-·-·--·---------·--·----------------1 

'-
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PROC-RAI" 

• • 
LJ(;f'L 

541 FORrAT<lXtA6,3XtF7.2t3X,f7.0> 
942 CONT HIUf 

HWGBHRfl 

• • 
FT~ V3.0-P3HO OFT=l 06/15/76 14.30.llo PAGE 13 

1--------------··-··-··-·-.J,1JU . .YL_U.1Le.~Ht.O..> ________________________________________________________________________________________________ ___,:..i 

940 FORMAT (//,1Xtl4HPIP[ SCHEDULE.,//,1Xt5HMILE-,4X,4HPIPE,4Xt 
1-----£.6. r:....__ ______ __.l__AHM.AX ___ O.!?.£.Ko Le.lX.e.!U:IP...OS.I .•. 6.X..e.2.H.ID.e.~ ..• .E.HP.RE.S.S.U.ll.£,J,.l Q.X.., 6H.1N.CHE.S.•··--·------------------------------'-I 

2 4Xt3.~IPSI,/> 
.__ _____________ _ll_Q._9.6,Q ___ l.5..._;;; ___ L,.JJ.QL.5___ _____________________________________________________________________________________________________________________________ -'-' 

~HJTE<JW,950) X~5<15>.Pl~5<I5>,PttX5Cl5> 
, ____________ _._..<lr-"'--r.f_QRf1A..L_LlX.eL1..a2..t-_f.8..oIL.,f.B. .•. n.1 ________________________________ .: ______________________________________________________________________________________ ~-----"'-'-' 

670 560 CCNTlNUl 
1-----__,.'--_______ __j;_R.l.IL._.l.l..i.Le.'3 .. 1.UJ .. _________________________________________________________________________________________________________ ............... ·-········-······-·-···-···-···-----·--··-------------------

.) 970 FOR~AT (//,1X,31HHYDRAULIC PROPERTIES OF LIOllO•t//,1X, 
1---------------~,--6.1:1.L.l.!l.U.l.O_ ... ~X-t.1.l:IE.£R.LEJJ.l .• ,2.x.,.BH.SP.EC.If..lC.e.2.lt.'3.H.V.I.S.C.O.S.lIY ..• 2x ..• _ ...... -........ _. __________________________________ _ 

2 7 HM IN HlllM t It 12 X t 2 HOF,~ X, JHG RAVI TY, 6X, 2HC S, E:X t l!HPF.E ~SURE tit 
1-----_.'-.._7,._.5,__ _______ ,,,_3 _l.JIJLLll.1:1.Ll.NE_f_l.LLs..2.!i.X.s~lri.E.l;;.l.e.L.l. ________________________________________________________ ~ 

DO 990 IPR:l,~OPR 

1----------------'" i.;· .......... r.T JLLI..u..9.8.0..l...J!PR Q f IPR >_.P.LRLU.PJ!..LtSli.e.R..!JE.R.l..s.lll.SELI.P.l\...l..e.P...tlli.ilPAl1 ________________________ __;.;c..i 

980 FOR~AT <1XtA6tfB.3tf9.3tfll.3,flleO> 
1-------------_J..J.qc..._n.-r..QNJ.l.~Jill_____ ---------------------·-·---------------,..,.------------~:..1 

680 IF<NOPC.EQ~O>GO TO 10~5 

J-. _____________ .Q.Q_lj)_'J_Q__JEC_-=-.....1...!.K.O~P~c~-------------------------------------------------"'-J 
MRITE CJM,1000) NPC<IPC> 

i-------------~ , ... n1
.., 11

1
..._ n-'-'"'0BJ1Al . .t.LLe.lL . .lfilt.E.l!ML.C.U.R.Y..E-11A.lL...1L..U..X.e..llil:ULU.L._P.llfP_(UB.~--.Ac'..i-'------------------------1 

irlf.JTE<IIJ,1010> 
l-----~"~·A~1r:.L-------~,~~&1.._n'-=~o~,~AT ( /14X1 8HCA£A.c...I.rl.s.6.K..s.._!.liHEA01 3Jt9.-3.~l££.J.l-t_.2._x_.3..a~l~r..LD1r.uM-~L~Y-----_-----------------------~ 

1 3HBPH> 
·--------------~n~n_.....1030 IPT = lt6 

GPl'I : .1 * UPC( IPTt IPC> 
1__;°':...;._ ____________ UU.J..£J.l..1t .... t!l.2.ILLJiP.n • .u.e.c..u p T. I PCJ ,H pc ( Ip T. I p_u_, EP c' I PT-t.lf.C.l. __________________________ __:.:...i 

F' 690 1020 FORMAT <lXt 3f7.0,f6.2) 
J-.------------"-"'10_~3~0_.h_Q.Nll!'J~£----------------------------- ---------------------------------~ 

1040 CONTINUE 
•-----------~1.-"'o~;L.~.UI.E.lHL!l.9.5.!JJ. __________________________________________________ ~---·--···=-------·-···----·-··---------------------------1 

10~0 FORMAT<llt1Xtl5HPUMP STA DATA. ,//,1Xt4HPU~P,4X,5HMILE-,3Xt 

1 _____ ,6.._9"'5..__ ________ _L ___ ~.l:tP..!.!.!:iP .. t .. 3.X .. 1.~1.l:tt~.U~JL".'._1.'iJtt.B.1:!.E.IRSJ ... _.'t.R .. 1.'+.X_,.7.l:l.£.ER.C.E..t1.l•.3lLtf.l:L't.EAlL..S.IA., ... ________________________ ___:.-l 

2 ltlXt3HSTA,5X,4HPOSr,4X,4H~AMEt3Xt4HTITYt5XtlOHFOWER RAT[, 
1----------------3 __ __2_1<_.t . .1!:1.Q..f __ T.JJ!.Lt ... ____ ~lL11.\!:!1= . .0.N: .. Lii.N.t.Ld.5.lL1.Il:tP..!JHP..l.Kli .. 1.;3.X.•~tl.L.lN.E...LlL. ________________________ -1 

I ?1 : 0 
i-----------------"'-'o Q_JJ.!.fiQ __ JE.Lt .. tl!JJJ1.I ____________________________________________________________________________________________________________________________________________ 1 

700 lf<ITYP<I>.NE.3>GO TO 1080 
, _________________ l.~ ..... =._ .. J.~ ____ :!; __ J ________ ···-·-···-------······-·----·--···--------------·-----·----·--·-------·--·---~---·------------·------------------------"'--1 

N : !JOPU<I3> 
1---------------p..Q_...l.ll..7 o __ lf.\l __ ;_l..1_~-----------------------------··----------·-----·-------------------------:::...i 

~RITE<JU,10l(J) NAME<I>t XM3<13> , NAFCCJPU,J~), NlPC<JPU,J3>t 
,__ ____ 7,_00<..:5,,__ ________ J ____ l'YAI.UJ_, __ J~.rn.QJlli.JJf.A!UJJ _________________________________________________________________________________ -'-----1 

1060 FORMATC1XtA&,F9.2 t~X~A6t2Xtl2t~XtF7.5t7Xtf4.2tbX,J4) 
, ___________ __._l_,,(J_,_7_,,0--=C~C~N_UNYL-_______________________________________________________________________________________________________ -1 

1080 CC-NTrnU!:: 
.__ __________ _...1 =l=O=O_,~_BJ.I_UJ_~t-~.!! .. Q.LJ_Il.,J-1 .. ~ct1.l~ .. t .. l . .l!:t.t.l.I~ .. t.lJ.f.i..t .. l.J.h.lJ..t:· .. t .. l.l5..t..lll..O..s..l.U1.1 ___________________________ ~ 

710 1 IT12,IT13,IT14tlT15tlT16tlT17tIT1HtlT19tIT20 
'-----------------------""'".!U.T..f..U.1t.!.J.?. .. ~.9.J. .... Jl.l.l ............ _ .. _ ................... _______________________________________________________________________________________________________________________________________________ __;;.o.. 

IF<IOUT-1> 1235,1104tl~90 
1-----------~1 _._1 . .ll.L.~.1UJ_LU~~-'J.J._Q_2J _________________________________________________________________________________________________________________ -'-'-i 

1105 FCRMAT< 1X,45HPRESSURE GRArIENT, HORSfPO~ERt LI~EFILLt ETC.> 
1------7....,1...,5,,__ __________ !!..h..I.Il .. U.~-'JJ.J.!!J. ____________________________________________________________________________________________________________ , 

-----------·--·-··--·--···-·-·-·-········-·-················-······-·······················---·-···--·-···-·-·····································-·············-··-············································-································· ······-·········-·-····--·-·-···------------------------------=-1 

Pipe Linc Technologists, Inc. 
a Kaneb company 



0 
r PROGRAM LH1PL HIJC1fl1R8 ~TN V~.O-P38( OPf:l ~E/15/lE l4e30el7• PAGE 

m 1110 FORMAT ( lt2Xt4HNOOE,3X,~HNOOE,4Xt4HMJLlt3X,EHG~CUN[,3Xt 
1 7HSHP/OELt2Xt3HP/Lt3XtlOHHElD JN F1~3Xt5~P~[SS,2X,8HWEIGHTEOt 

~ 
1---------------·-·-·--2.···--·:3.X. ... 8H..L.lNE£.l.LL .. L, 2.JC .... !tHNMlE .• :n .• !1 H. T.Y.P.. (.. 4 x • "HP cs.r., 4 x. 4 I-: E LE v .• (; )( t ·--·--.. ·-------·· -------------------------~-. 

3 4HRATE,3X,4HRATE,2X,9HLL~~~TJON,sx,3~FSJ,3~,7HAVER•GEt~X, 
i------7LL-?,.._ n-------~ A__..'lu M,L.11L..9...X.t . .£Ji.V..O.W.~f._..Lt25X.,!J.l::tf..[.E.J..,f.X. ..... ____ .. ,_, _____ ,._._ ... - .. ·-···-·-···-········-··· .. ·-······-···-·· .. ·---·----·--------------------------''-t 

@ 
5 3HBPH,4Xt3HBPH,4Xt2HUPt4Xt~~D~tl3Xt~PEHPtl~Xt4~~BL~tl> 

..,_ ______________ n Q.._l.L~D-.-1..;.L,.t>.1111.L--·-·-·------·--···--·--·-·-···- .............. -···-·-......... , ...... -...... ----·-···-···-···-·· .. --·-------------------------------------< 

e 
lf(lYEAR<I>.GT.IYkJGO TO 114~ 10 

1-------------~,,~,n~u-~~~1~.~~l~~~Lll~JI~~11~x~~ii~ .. £LLLltRAJLLI~.oJJ~~HUPLllt------------~-----------~l~I 
1 HCJJ,P<Iltfll1P<I>tNAPR<I>tVOU> 12 725 

0 

1----+--------~11......, -..n~F._QRJlA.L._t..l.X ... .A.6 ... 1..x. .•. /!.6..s.E.9 .... 2.s. .. -t: . .7 .... 0.,.lx .• :s.f. .. 1. • .0.,,F.b-.•. O .• F .. 7 .... .o ..•. :sx .• F..b. •. 0 ..... _. __________________________________ -=•31 
·.) l 2Xt AC,t F9e0) I• 

1-------------...... 'H.Q_Cfill.ll.til/L_. ______________ , ____ .. _ ........... _. __ ............ --... ····--···-·· .. ····· .. ····-··-···-·-···-···-·· ................... -........... -··-·-.. -·-·----------------------------~15~, 
WRITE<Jw,1230> JYR 16 

@ 1 
_____ 7._.3..._Q.._ _____ ...,1.._2_..3~0_._E, OfillA..L_(./_L .. t..llt.Lifil'.il~.L!tl ____ ._______ 11 

1 2 35 Iii RI Tf < J \.' , 12 'I 0 > 1s 

1------------..u:1'3A..1L...nL~-"'-"n~~..A.L_.U..X.....1.£jj£.O.kE .. B.-1:.QSJ_QAJ.k......L.L..2.X..t.!il!P.JU:I!~·------·-----------------------------"'19~ 

0 
1 3X,4HPUMP,3X,5HCWAN-,2lCt711rHRUPUT,2ll 9 5H8RAl<Et~Xt 5tlPOWERt4llt 20 

1---------------"-'.)' __ lli.EE.S..C.UI_ •. 9...X.s.51iP.1l . .'1!.LR.t-L .. 2.X..,.!.l:!S..T.l\_,.u.,.!iliC.UR.ll.Lt 2.X.4!1.liJ.ll..Y .... .lx._,__ __________________________ -'2""11 
735 3 31-:CiPtl,6)(;£,HHuRSE- ,2x, 4HRATt::. 5Xt 7Hor TJf•'.[ ,4X t4HCCST tlt9X, 22 

G 1----------------4 __ ~litiA~£~2~P..a.YLR. .. 3~6.lil.~rlR..t..3.X.Lll:fP..UHe..lN£.1.!t.X....Ali.S./..YR.,L1----------------------------~234 
13 = 0 2• 

1--------------_...,,na__1.2.2ll-1.:.l_....N!IIlL _______________ ~-----·-----·----------------------------------..;.;2s;.-i 

0 
IFfITYP<I>.NE.'+>GO TO 1270 u 

740 [.3:13+1 27 
o-----~~--------~-~~-~------------·---------------------------------------------------1 

If<IYEAR<I>.GT.IYR>GO TO 1271 ~ 

9 O'\ 
t.:: NOPllCB> 29 

00 1 :160 JPU:l tN JO 
N i---------------~I,E.U..P.Jl...£.O....l>NNPC:NP~c~l~<I......._> _____________________________________________ ~J1_

1 
~ 

IF<IPU.EQ.2>NNFC=NPC2<1> n 
1--------------~l . ..LU.fJJ.o.I..Q.,J.HLN.f.'..C.:=.KP..C..3 .. U.l. ______________________ ·----·---·------------------------------3-13 

745 

IF<IPU.EQ.4)NNPC=NPC4<I> ~ 

Q 
1---------------... 1.,F_ Ll.E.!.h .. £Jl .. t.~.lt.i.Nf'..C .. =..KE~.~.ll .. L _______________________________________________ J;.;;...is 

IF<IPU.[Q.6>NNPC:NPC6<I> ~ 

Q 

t-----~7~5~0 _______ ~1JBJ.J.Ltl.fi .. 1.U:.5. .. QJ ..... N.M1.bJ .. .l.l.t11.!.P..C.1.lE..tlt.I.31 .. dme.c.,JLU.b.h.l:IP..J.l.hfM.H.IJ_,, _________________________ J7-t 

1 PEROll>tPCDS<I> ~ 

1---------------=1=2.:5~0-~F Q..~.!:J.~_L.U .. !!..1A~.2.X1 .. ~_f? . .t .. ~.~.t.n .. 1.ZJ!..,f_7_,JL!2.X1E€>_,Jh.2.X.1.f7_,~.1!.1.X .. 1.f.4..o.2...t.3J...t..:.B . .o.l\J ________________________ J_9 1 
1260 CONTJNU[ ~ 

a t------------_._12::...:...70=-·-·C=-=0!..!N.cl..!.!'!hl.f. ____ . ______________ , ___ . _____________________ ·-------------------------•-il 
755 l.IRITE<IIJ•l2ilO> H·C •2 

~ 

1-------------·'-'12~R,Q._£..QJ!.~_.I_._L~U..t.'Z..J::l:_::=--:.::=.::.=..::.J .. l.t.5.6J!.1.I-2..a..Ol..Lll.:..Ll ______________________ .;.._ _______________ __o:•l:....i 

GO TO &30 ~ 

t------------~1=2~9~0~JF~c.~OtlT. GT .1 >GO TO U~l0 _________________ ·------------------------------'•5-t 
KONT : ? ·~ 

~ 
i------7~6~0~----------=··~J.JJ_.{_l~_!J.~Jl..Q.l._, _____ ,_, ___ , ____ ... __ , ____ . _______ , ________ · ___________________________________ .,-t 

1300 FORMAT (//,1X,12HPOWER cosTs.,11,1x.4HIEAR,2XtlOHPO~ER COST,/, d 

~ 

1--------------~1. _ _,7.J:..,J_g.!!llLJLQ.l._~-~--~.1.1_---·-------··--··- .......... _ ... __________ , ___ ._. __ , ___ , __ . ____ . ______ . _____________________________ ""'•P-1 

1310 WklTE<IY,13~0) IYR , TPC ~ 
1-------------=-1 =-3=-2=-0--"--F -=-0B.t'_u_u1.!.l.i.1£J._2 .2 L---·------- __________________________________________ s1-1 

7&5 c;o TO &30 51 

[) o---------·-·---·!;;,,_,,,_,_, ___ , ___ ,,,, .................... -........................................ _ ........................... -............................. _,_ .... -............................................................................................................. ______________________________ 5-t3 
~Y9 GO TO 9~ ~ 

1-------------c~, 9~9~9 ... JJ!NlJ.!H~J. .. _ .. __ ·-·------·------·-·-··-----·-------- ----- SS 

i 
E ~·o 56 

--------·-.. ·--·-·-·""''"'''''"-"""' 
~, 

....................................................... ------·---·--------------------------· 

lb i--------------·---··-·--···----·----··-·----·---·-····-·-·-·-··----···---------············-··-·-···-······-·-···-·····-······-"'·"··-···-· .. ···-·· .. -···-·---·---·--·-·---------------

'-

9 • • • • 
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Su~KOUTINE GRAD HWGBHRll FTN V3.0-P380 OPT:l 06115176 14.30.17. PAGE 1 

SUf.li!OUTlNE GRAD 
C•************~*********************•••••••o•••••••••******************* 

1--------~---r'--·---··----·----·-----------·------·--·------·---·--·--···--·-··-·---·--·--·--·-----·--·-···-·--·-·-------·---------------------------..:..i 
C THIS SUBROUTINE COMPUTES THE REQUIRED HYDNAULIC GkAtlENT RASED ON THE 

1-------'"''-------'r...__ ... M.._.T•il.lilJH....S.U.C..UfilL£.RLSS.UR!:-A.L£A.C.l:LP..UMP-. .S.T.A.T.J.O.L.A.NO...-l.1-:t:-.G.l.llt:N--.T.hROUGttP..U.T.S----------------------'-1 
INTFGER SIZFLG1SIEVE 

t-------------"",__~u. ~IL.C.O~.lifilL_. ___ ·---------------··-·-·--·--···-···-·-···-·--···-·-·--·----·----·--·------·-·-----------------------------~ 
c 

t------------r.._ __________________ NAfl.£. ... G.LAU... __ _f._C..U.I.~--·--·-.GRo.tJNn. __ 
10 C NODES PRODUCTS PUMP CURV PU~P CURV PROFILE 

i----__. ______ ...._r _________ . ________________ ···-·--···--·-----·-···-···--·--·-·-·-----·---------·-··-···-·-·-

~.) COMMON NAMEC20D> t NPROClO> , NPCl25) t OPC<6t25> t X~7ClDOJ, 
1--------------_._1 ___ _.1....._T'f.E..t2..0..Q_L ... 1-I'..£R.c.t.LO.)_._JU.l?..C.l.O..t-3.0.J-._ .... HP..(.tQ..,Z!.L ....... .£LE.71.lQ.0.l-'!'---------------------------"::..i 

2 XMPC2DO> t SGPRClD> , NUPCC6,30), EPC<&t2~) t 
1-----,~"''"'--------~~----~RAlLt.2Jl..(j> e VJSE.U....IU_ . .._. ____________________________________________ ~~ 

'I PMAXl20Q> , P~NClO> t 

1--------------..._~ ___ _..P_.J..._11 ..... 1._.?'-'n._.,nu',_----··-------·---------·-·------------.,-------------------------~ 
c 

1 ___________ ....._r ______ ~k''~'n~n·~E~S,__ ___ _..N.OO~E~S ____ P..IPL-. __ __,p.J.:l'£ __ __$A.l.~r·0-u~------------------------~ 
20 C 0 JAM STA INTERF ,_ _________ . ..._r __________________________________________________________ ~ 

COMMON PMIN<20D> t NPC1<2DO> , XM5(5) t X~3(30) t XMl<lOO) 
1---------------4-, ____ ...V.1.S...(2.D.0 > 1 bP_.C2..l2..00J_s.Y-lD5 .. t5.Lo __ ,._ .. f..1:1.f\3.( 3.0.l.._._ __ SG.l.tl.DO.>.-... s.--------------------------=-i 

2 SGl200) t NPCJC200> t PtO<'iC30> , VISlClOD> , 
1----__,?.._,".:..• ________ ..._ -.. ____ _,.n._,1._.?"-'n .. ,o .... >'--''..._.~ ....... 'P.C....'t.l.2...0.0..l_._ N O.Eil1..!.ll..L...-P.1tlilil.QD.l 

'I ELC2CD> t NPC5C200) t Nf·Rl ClOO> 
1--------------""'-~-___ _..P~tu?~nu'"L,)'--',..._.r~~P_,,,Cb_l2.D.0~'------------------~------------------------"'--1 

COMMON HC20D> t 1:!HPC200), 
1-"',,...._ ____________ ..._1 ___ _..H,_..!llf'_l.2..Q.QJ_L_liP_CH..(.2..0.0..L_s..----------------·----------------------------"-'-l 

W 30 2 PCOSl200) t POIH200) t 

1--------------...._-.. ___ ...i....i;P•R~AJ...l2.Jl..ll~-E.Ji.Qj.2.DJU~ . .._--------·---------·-------------------------=-i 
'I IY£ARC200) 

'---------------""-" n~Q..l'i.JH>.L.l . ..1.lll.O .. L.2...1.N.o.L.3..1N .. O.l.~.1.N..O_L.5-1.N.Olfu.NQ.LI.1.N.OE.C.s.K.O.P.Rtlill!.l_,. ____________________________ =-i 
1 IEQ,EPSJ,1w,c.IPMXt P£FF1IYR tDEFF 

, _____ .. w_' c:L_ ________ CJIBi:'LO.NL'$.LU.f. •. il .. lS.l.LVLt2.~ .. l-... 1--S.A.!!..~.I..l.2..5.L-1Y.OLER.C..t . .W.I.E.R.C.1..G.ll.S .. ...S.l.Z.E.1..G_,.SOL.S.l.L-----------------------~ 
1 tGVL,SIZEC~5) 1 CVC25)1CDC25>1NSAMPL 1 WTSUM,CVT,GVSLR 1 VISC1FLOW 

'--------------"'"2-~Pf!,.9...P. . .t.Y.t;..l • .1JJ_~J.J:'..S_t_Ol:.L.P..W.1 .. L\.l.f.f .. 1.l:1P..f'.1.1.0 .. IA.LR.Uf_. __ . _______ ._. ___ ._·-------------------------_, 
DIMENSION PPHCl0>1HHPPClO> 

1----------"r. _________ ~----------·--·-·-··---··---·---·---·-·--------··-·-·----·---------------------~ 
'ID CS. STOP. ES< I, Pt H, tiUP, Rt F ,REL, At B ,c tlf P Mt £FF A 1PPR, CE LP' BHPP, IP n t 

, ___________ i:;J_;_J __ ._..D._EJ-J:!..1.IJ..l:l.P..1.P_Q_!/_1.E.CPJ! .. t_.-·--·-·-·-·----···----------·-------·----------------·----
1 :: NlJMJ + l 

1-------------.=::lO_.l_=_.I_-__.1..__ ________________ , ______________ ·----------------------------~ 
IFCl.EO.O> GO TO 999 

'-----4"-5"'----------'l~HPiJ_l _ _=._._O. ___________ . ____ . _____________________________________________ ..:.:....i 
PCOS Cl> : 0 • 

'--------------~1-"-F__,_l_~I,J;.2_,JJJ!f~IJJ..~L.!..Q.-2.0.~---------------··---·------'-------------------------..:.:....i 
IF CITYP<I>.NE.3> GO TO 25 

1---------------~l~f-~<~I-"Y-~~~·~G'-=--l~l1.(AR<IUl-JL.l.Q__,~D'--·-·-----------·-----------------------------------~ 
50 IF<IYEAk<I>.LE.OlGO TO 20 

1-----------------.f.!JJ ...... ::: ..... ~J.!..+.J..:L_ .. ____ .. _._··-·-----------·--···-···---··---·--·--···········--·-·-·····-···-----···-···-·---··--·---·-----·------------------------~ 
11'1> :: H<I+ll 

---------------·--·-·~..\!f.'.J.JJ .... =-. ..!:HJ..P. .. U .. t.LL.. .... __ ...... -.. --····-·······-···········-···························-·-····· ···-··-··· ·························································-···-····· ···········-······-------------------·---=-1 
r,o To 10 

1------'5""'5"-------c=-------·--·--·----·--------·---------·-·······---·--·---·-··-·--···-----···-·---·---

~-----·--------·-·····--·-···--··-····-········-······ ........... ·······························-·····- ················· ···························· .. . . . ···-· -················-······-···········--···~-----·-----------------· 

\.. Pipe Linc Technologists, lnc.--
a Kan eh r.om nan v 
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/ SUBROUTINE r.RAO HIJGEHRll FTN V~.C-F3RO CPT:l 06/15/76 14.30.llo PAGE 2 

C TER~INAL ENO OF LINE CR PUMP STATION ~UCTION 
( 

~----------·---.. 2.n__p__1J .. L=-Etll.i'U .... T..__, ______________ , ___ , ___ . __ , _____ , __ , __________________________________ ~---"-t 

H<I> : PII>IC.433•SG<I-1>> + EL<I> 
~----"W---------u"'Ll.P.1..1.L...;:_JiU..L___ -------------------------------·-·-------------·------------------------------------------------'-f· 

GO TO 10 
"'------------'---·------------------------------------·--·--·------------·--------------------------------------------~ 

IEQ TELLS WHICH FLOW EQUATION ro USE FC~ PREGICTI~G FRICTION OROP. 
~---------_._ ____ ,..,,~-n~:""""-n t-S.LllfiRl'.._f.lP.Llll<E .... __ U.S~--.S.UB.R.Clll..l!i!L . .S.l.UR.R.Y_ .. ________________ . ____________________ --"~ 

lE~lt PRODUCTS OR WATER PIPELINE. USE HAZEN WILLIAMS FORMULA. 
~---_._ _____ _._ _______ 1£~2 . .e---CK.ULL.O.lL._fU.P..LLINL~-·'USL .. DA.RC'L . .Wt:.l.SEAC~---EDUA.Tl.ON .... _. ____ , _______ , ________________________ ~ 

~-----------.L.J?''i-1£1.Ll.lf..U.l.=-ll2J_U£...t.2.1--------------------·---·--·--------·--··-----------·---·---·----------------------·--'-------------·--------=f 
26 K = I + 1 

1 
____ __....._ _______ _.._GuO_TJL.2.8 _______ . ____ _ 

------------------------------------------------~ 27 K : I 
1-------------L~il_"L1 c_CL'~1 ~~·n:L..!-~·tu.\_82_a.3Jl.~t3~5"-------·-----~------··-------------------------------~ 

c 
.__ __________ ..._r __ 11~s:~.__.,UA.l£:.'L_.loL.l.L.Ll.A.ti,~S~E-Q~l!~A~T~I~o~u-------------------------------------------=.:..1 

15 C TO CALCULATE HEAD LOSS PER MILf. <THIS E~UATIO~ SPOlLD BE USED FOR 
1-----------...._r_.._c:_...R1..._ncucI PIPE' Hrr<: ' 

c 
l------------..._..-.n_ . .._r.i_•::.=-'-r.u.1...._I!ilJl.lS..llU.J..!..!....OfilJ..u..G..(.KLu....5.A.L _____________ , ___________________________ -=-1 

IF<VISIK>.(Q.1.00.ANO.SGIK).[Q.J.OOJCl=C 
1 
____ _..BuOL-_______ .._c,.,o,.11~s~I~==-L"-123.!i!i....[_l • ..!l3~..5.G..lK1J, __________________________________________ ...;.c..

1 
HPM: CONST•<<~<I>/Cl>••Jo85~)/<PID41)~•4.87J 
r.n In A" 

c 
0\ -1-~---------...._r_,.,111 .... ..,~•I!H O I\ R C.Y_~f!.AC.l:L£J2.UAl.1JH: IQ CA 1 Cl!U Al£..-1Ha..Ec....A~O~•~c-...s,..5,_.f:..c'E..0R~Mo..il~L..c(.---.«_.J.A-.& u•..,"~---------------------=-i 

85 c EOUATJON SHOULD BE USED FOR CRu~E OIL Plr£LINE~.) 

.._ _________ ...._r ___ ------- --·------------~-~---·---------------------------------=l 
c 

, __________ C.___J;;_0_11f'_VlLJ.tlE:_ .. R£.Y.N0.L[J_S ___ .!i!!J.t18.[R. ...... ______________________ . ___________________________________ . __________________________ _..;;.:..i 

c 
1------.z.qin.11._ ______ ..>bL -.r;Ji _ _;: ___ U.!:.9..a..ll.~.!U.I.lLl.P..l.D . .C..ll.?.-Jl.l.S..lKl!.1 ___________________________________________ ~ 

IF<R-0.>37.37t3A 
1------------3Ll!EJL.::_ .. g .. ~·----------------·------·--·-----.. ---.. ----.. ·-·--------·----.. ----··-------------------------------------------'--1 

GO TO e'i 
38 IF <R-2000.> 11n.4n.c:;n 

95 c 
1------------"'-c-~r·-=-A•l_CJ.!.LAI.E_l!fLJl.QO.[il'_fJU.C.ll.O.N~F~A~·~1~c~R~·--------------------------~-----------=-i 

c 
1-----------·_.._C_Al~AMAI=:NA.IL_flOW_-a_ __________________________________________________ __c:.:._i 

c 
1-----"l""O""D'---------'-4-.,_0 _ _,r:_-=....fa.~L~.l.R_ ______________ , ____________________ _ 

GO 10 80 

c 
50 Tf (~-3-000-) 60tf.0tll!'-------------------·------------------------------_:.;_i 

~----------=-c _ _,_TR~A~r~•S::.:..I!ION FL~O.W~~·----------·--------------------------------------~ 
105 c 

1-------------"6'-Q __ f.-=_ __ _, .. Q.Q.~J..!!.~ • .. t~~-~_7._!;i~.L-·-----·----·----------··------------·--·-·-··-·-----------------·---------------------"'-1 
t:O TO 80 

1------------"'-c_____________ -----~-----------------·----------------------=-! 
C TUR~ULENT FLOU. <USE TH£ OON J. WOOD [QUArION 10 C~LCULATE THE FRICTION 

._ ____ .._11"-'o,._ _____ .. ~ ______ f.,l& . .LO.R.t ... f...!!J ............................... ____ , ______ .. ____ ......................... _. ____ ... _. ________ ... _ ....... -............................... _ .................. _ .............................. --...... -... -···-------------------------C-1 

~---------------·-·------------------------·--·--·---------------------·-----------·--------------------

\. 

• • 
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r SUBROUTINE GRAD IHiGBHRll FTN V~.O-P31\C OPT:l 06/1~/76 11\.30.17. PAGE 3 

c 
70 REL = EPSI/PIO<I> 

, __________________ J!. _ _;; __ LO.ll~_U\L~..!....2.25 > + .5.J..!_JU .. L _______________________________________________________________ -"-1 

~ : BA.•<Rf.L••.441 
1----_..1_..,. __ ; _______ --'r~=_j_a.6~-U!.~..!. .. J: .. 1~.-1----------·-·---·--·-·--···-·--·-·-·--·-·--··--·-·--·-···-·-·-·--·--·-·--·-···-·······--·-·--·-·--·------------------------------t 

F : A ~ B • <R••<-C>> 
1----------_,,.__r. __ . ____________________________________________________________________________________________ ---f 

c DARCY ~EISBACH EQUATION. 
,.__ __________ c ________________ ---·---·-----·------·-·--·--·---·--·-·---·-·-·-·--·-----·-·-·-·----·-------·-----------------------~ 

120 80 HFH: ~0.5536•F•Q(J)•Q<Il/PIO<I>••5 
1-----.----------"-r: D_liL!l .. !L---·---------·-·--·-·--·--···--·---···-----·----·--··-········-·-·--·--·--·--·--·----···-·-·-·------·-·-----·--------.....,..-----------~~1 · ... · c 

c 
c 

·----~~----~---------------------------------------------·--------"----------------~~ 
125 c 

82 VISC = VIS<I> 
1---------------'r~1~TA~-=~P_J~(~J~<I~>~------·------------------------------------------------'--'--I 

RUF = EPSI 
t-------------~F,_L~O~W~=~.JlJ...1~~7------------------------------------------------t 

Ul 
U1 

130 

135 

l'I 0 

CALL SLURRY 

C COMPUTE THE HEADS AND PRESSURE AT EACH NOOE. 
c 

c 
c 
c 

r. 

85 H<I> : HUP!I + 1> + <XMP<J + 1> - XMP<I>>•HPM 

C~LCULATE PRESSURE USING THE HEAD AND GROUND ELEVATION• 

P<I> : lH<II - EL<I>l•.433•SG<K> 

C TEST TO SEE IF LINE PRESSURE EXCELDS P~AX. USE THE DENSITY Of 
1-----------...__r_,r.._.A~~C~H_,__,,O~F~T..tl.LG....l..llilL....LLQU..lJl.S_jJL__U:IL_I.LS.L__. _____________________________________ -f 

c 
•-------------~ri~O._{l_J_ __ .l..P. . .B.=: .. l....11:l.O.e .. R. ___________________________________________________________________ -'·----------------------------1 

PPR<IPR> : P<t>•SGP~<IPR)/SGlK) 
1-----·1_.4_5 _____ ~·-_DlLP. ___ ; ___ .P..P..R...l.l.P..R.>. __ .-:: ... .P..!:!.lN.U.l _______________________________________________________________ , _________________________ ~ 

lf!IYEAR<Jl.GT.IYR>OELP=O. 
0---------------~P.....!J.f.'.8.t . ....= ____ , __ Q.Q.O.!t.OJl .. ~.!l.tl .. > .. ~.O.E.L.P../P. .. H .. f ____________________________________________________________________________ _ 

JF<PMAX<I>~GE.PPRCIPR)IGO TO 87 
1---------------I~P~r~~x"-'='--'l..._ _______________________ , ___________________________________ --1 

150 ~RITE!JV,R61 NAMECJ>,JY~,NPRO<JFRI 

1------------Rw''-l;l_JFc....;'.u>.'D.M..L.J...1.K.t....2!i..t!lil.A.fi.N1..1.ti __ !...!~.P...tl..AK.......£..x...c:r..EDLD_:_A.L_..A£_..s..t:LllL..riJ...'Lt---------------------------1 
l 4H IF ,A61 16H IS IN THE PIPEol 

1------------8-1~r.~0~1N~T~l~~LU-r ________________________________________________________ --'~I 

c 
1-----..... 1=5=5 ____ ~C,,__ _ _,_T_t..~.LJJL.~f. . .E __ l.LJ~.!!£..S..S. .. !.!.!if ...... L~---·LJ.:.S.S ..... ltJA.~--..P-tUN .... -----·----·-·--·----·-----·--·--·---·--------·---------------------------t 

c 
1-------------R,,_,:R..,__.l.._,F_-J...e . .11.1.li..llJ _ _::._.P_U.lJ __ l..1.0_i.l:l.0_1 .. ':!.IL ___________ --------------------------------! 

c 
1------~------'c____f£l:_~_~J.Hi.L._J.i.~.:L. . .IJY1JLJ'lU.~i-t .... .C..Cl..!!.RU:.J. ... -lt!.L .. H . .'r.o.R.AU.L .. l.C ..... G.RAC.l£.N. .. l.1_ ... W.C.Rl.<..ll\l<i.-1lll~N.S.J..IiE.A . .._ ... _________________ __;..C-f 

C TO NEXT PS SUCTION. 
1--------------!;···-··-·---···---·--···-·-····-····-·-·····-·-···-···-······-····--··---··-···-··--······-······-··-·····--·-··--··--········-·-··-··-·-····--···-··-··-····-·-······------·--·-·-···-·-·---···-·--·-··-·-···--·----·---·--------------------~ 

'JO i.Jfllt : Pl":IN<lll<.4~5•~G!K)) + [L! J) - 1-l!I> 
1--------------_t_Q.._1-!l . .!L._.,J _ _:. ___ l .. 1..IHJ.MJ. ___________________________________________ ·--·-------------------------~i 

H<J> : H<J> + OELH 
>-----~~---·--------··-·-·J·:J.J.l ... :: .... :UH..J .. L.'.'.' ... .U .. (JU *. ..... '!};3.*.S<iJ ~- > ................... . 57 ···········-···--···-·-···-···-·--·-·--·-·-···--·-·----·-------·------------------·· 

~d 

59 ------------·--·--···--·-···-·-·····-·-···· ·-·-···-·······-·····-···············-··---···-·-··-·-··················-···········---··--··-···-·--···-·-·············-·-···-······-·-···-·····-·--·--·-···-··-·-··-·----··--·-----------------------_..;;..-! 
6IJ t. 

Pipe Line Technologists, lnc.--·11 

a K aneb company 



SUBROUTINE G~AO H~'GBHRA FTN V~.C-F380 OPT:l 06115/76 1~.30.17. PAGE 

c 
C lF NODE TYPE IS PS SUCTIO~t 60 TO 110. 

t-________________ c________ ·--------·---·--·-·------·-----------·---------------------------------=-
J F < Il YP < J >. E~. 3 > GO TO 110 

1-----J.1_,_ 7....._ n ______ .._1..._n,.__n1..._· Cl.N.l..llilJ_i:-_________ ·-·--·------·-·--·-·-·--·--····-·-·--··--·---·--··-··---·--·--···-·--···--·-·----------------------------~i 
c 

1-------------c_ ____ ..C.ALC.IJ.LA.IL._J.HE...J:t.f.AD_Q.N._.UP..S..t!l.H.M ... Sl.DL.Of. .... eA.TCH .. .!~.TL.Rf.AC :: ..... T HL.F-JU:SSt.:R£.S.--~-------·-·-----------------"-1 
C ON fACH SIOE OF BATCH INHRFACE WILL BE EOUAL. 10 

t-__________ .._r. ___________________________________________________________________________ 111 

175 110 IF<ITYP<I> - ]) 130tl2Dtl3C 12 

1------------~12.D._1~.l'P_U_L...=....E.1.U.l..l. .•. 'i.:3.:3.t .. 5 .. G..C.l.l.> .. _.± .. _.E.L.U.J_ ... ___ .. ___ ......... --·· --.. ·-······-·--·--.. ·-·--·-· .. -·--·-···-·····--·-· .. -·-···-···------------· ------·----------1
-
3

, 

... ) G 0 T D l '1 0 14 

1 
_____________ 1..3.ll__l:i_!J_p__llL.=__.tlu.t _____________ .. ___________ ....... -·-·····-........... _ .......... _____ ..... _______ .. ___________ .... _______________________________________________ ,"""s 

c 16 
t----J.1~R..._n _____ .._r_CALUJL~1E_..ll£1Jili.IUL.llli.f...., _____________________________________________ ---',~,1 

c 18 

1-------------"'-1"""'"'-1.1n_.._Tl'".._.._11._·&..rv..._._PtJ..L..hL.1t) GO TO 1 0 19 
0 HP< I > : 0. 20 

1--------------...Jc.._a..._.1~s a_I.E..B.::.L.Jij_n...,p._.R.,________________ 11 

185 BMPCi> = 6HPCI> + BHPP<IPR>•PERCCIPR) n 
1-------------~l~Jl.__(_C~l . .:J:LU£ ________________________________________________ ...._ __________________ 7_3

1 
C COf".PUH POlriER IN l<ILOllATT HOURS FOR ON[ YEARS CPEl<AlIN. 24 

o--------------~f~'O.lllLl_.=._~~_fil:!f_l1.L..~J?:E.B1l.1l..L..L_(ttff_ ____________________________________ 1~s1 
c COMPUTE PO~EH tosr FOR ONE YfARS OPERATION. u 

i----~1~9~0-------~f'~C..Q.~..!.LLLf.Jti!.J.I..1......L.£.B.A.1.U.L ______________________________________ --------------------___.17 

GO TD 10 ~ 

1-------------'-9~99~c~o=r-'-"-1T!N~U~£----------------------------------------------------~--1 
PETU~N ~ 

l--=.!..---~-------....L.tiil ______ ~---~-·---------------------------------------------J-11 
32 

t--------------------------------------·-·---·----·-------------·---------·------------------------------..:.JJ'-1 
J• 

JS 

36 

37 ·---------------------------------------·---------
38 

39 >--------------------------------·--------····-·----·----···-·--···--------·---·-··--·---·--·-----------------------------·-l 
40 .. 
.. 
•6 

0 
__________________________________________ ___, 

48 

49 

50 

SI !-------------------.. ---------------·----·····-··- .. -·-·--· .. ·--·---···"'"""""""""""""""-···-.. -...... ______ .. _ .... __________ .. _ ... _ ..... ----------------------------~ 
S1 

SJ 1--------------·------------·---·--·-----""·-· .. ··-··--··--·-----.. ··-·····--·--.. -·-··-··· .............. - .. -............................................................................. -....... - .................... -....... -·-------------------------! 
S• 

SS 1------------------------------.. -·---------·-·-----------------·-··----·------------------------------------1 
S6 

Sl 
t---------·--------·---------------···-··--·-··-·-·-·--····---··-·-···-··-·-··-·-···-·-·-······-·······-·-···---·-·-·······--·--·-···-···-·--·--···················-·-·--·-·········-----------------------------'--1 

58 

59 t------------------·----------------------------·----------------------------···--·····----·-···-···--·-----·-···-···-------·------------------------
60 

• • C -
___ 6,.,V 

• 



• • • 
~u~~OUTil\!E HORSE 11WGBHl'<8 FTN V3.0-P380 OFT:l 06/15/76 1q.30.11. PAGE 

SUBROUTINE HORSE 
C••••••••••****.**************•****************************************** 

1----------··--C..··-·--·-····--·--···-------·- ------·-·------·---·------·-·--·--····----·---------·----------------·-------------------=-t 
C THIS SUBROUTINE DETERMINES YHICH PUMPS AHE TO ~E ON LINE AT EACH PUMP 

1------...._ ____ _c_ _ _sJ.A.U.O.~,.-.!lL.I£Rt!.lkE.S._.1.£_JHJW.ILl.NG..-lS- .. R.E.C.U.lRE.O .... AJ.n .... tto.i. .... r.LCH ....... CALCULA..lES-~---·-·-------------------~ 
c rnE bRAKE HORSEPCwER REOUIHO AT EACH f'UrP SH.1101\t AtH RECALCULATES THE 

1------------...___r___.M,.Y.D.Iii..ULI.C...-.G.RA.C!.I.£1"J_..__ ___________________________ ·-···-·-···········--···-·-······-···--·-···--····--·---···-·-···-·-----------------------------:...i 
c 

, ___________ r..__ .... 11··.._ •att._C.OM~------------·---·----·-·--·--·-·-···-·---·-···-···-·-···--·-·-···-···-···-·--·--·---·-·-···--··--------·--------------------------'-'-1 
10 c 

1-----_,. ______ r...___ ____________________________________________ NAM£:,.~UAN .•... --.P.O.I l\!.T.S ........... --·-···GRO.lJNO ... -···--···-···-···--·-·----------------------~ 
;• C NODES PRODUCTS PUMP CURV PUl"P CURV PROFILE 

t-----------r.._ _______________ ~--·--·-·-·------···-······-······-····--·--··-··-···-···-······-·-···-···-···-···-··-··-·--······-···-···-·--·-·--·--·---·---------------------~• 
COMMON NAME<200> t NPROClO) t f\PC<2S> t QPC<bt25> t X~7C100>t 

1-------1,._c:;..__ _______ 1~ __ __..1.rte.J.2..ll.O) ' PEB.C.1.lJl.l __ ....._w._ec.t.6...,.JJl.:l-.J.i.PL(.b.t.l.5L_, __ £.L[..7_UJl.01-t------------------------i 
2 XHP<200> t SGPRClO> , NUPCC6t30), EPCCbt2~> t 

1---------------.._ ... ___ ...,_,,lllJ._.T.._r ...... 1 . .2._0....,li.w>.._,._.v~I...,SEJ..l.O.L_L---- .. -·---------------·----------~--------------------'-'-1. 
'4 Pl"lAX<2C'Cd t PMN<lO> t 

t-------------_..r. ____ _._P!D_l2-Q~n.._, ______________________ --~------------------------~ 
20 c 

1------------C""-------~N.D.DfS 
c 

NODES PIPE 
DIAM 

Pl ,..p 
SlA 

c ----------·---·-·-------------·------------------------------------------'-'--! 
COMMON PHINC200> t NPC1<200) , XM5t5) t X~3(30) t XMlClOO> t 

t----~2~5=---------~t ___ ~V l.S_L2J!Jl. > NP c.2.1.2.llll_l_.__f.l.D.'5.L:ll__,__.e_M.h.!.L5 .. 0. l • SG..1.1..1.DJl..>._ .. _______________________ --''-I 
2 SGC2CO> t NPC3C~OO> t P~~4<~0) t VIS1Cl00) , 

1-----....,-----------'3,._ ____ !li.<.ll.L1JP_C.H2..ll.O > ' lJ..0.f..!JJ...!D_)_,_E~lN.1..C.L0.0.-' ------------------.----------t 
4 El<200> t ll:PC5<200) t NPRltlOO> , 

1--_.....------------=-5 _____ fJ..2..ll..O_L_t__~_C.b..l.LCl.O_L _____ ~--------- -·-------------------------~ 
30 COMMON H<2C0) t e.HP<200> t 

1--------------__..1 .tl.!.!P._L2J!_QJ_, __ tJ.P..CU . .l<:JIJlL_-. ______________________________________________________________ _, 

2 PCOS<?OO> t POW(200> t 

, _______________ } ________ .l~.R.A.J..J.2 .. 0QJ._ .. L .... P. .. E..R.O.t2.0 .. 0 .. ) .. t.-.. ··-·-·-·-··---·--··-··-···-··-·-···-·---··-·--··-·--···--·-·-·--···--·-·-----------------------=-.i 
4 IY(ARC200> 

1--------"-"'35 _______ ~C:Jll:ltiO.tLH.ULl .. t.t~Q.L2.t.NO.l.~ .... N .. O.l..!1..tN.O.L5..t.N.C!L.lu.f:l.[lL1..t.tl.O.e.c ... 1,;.a.P..R..e..h.UM.l .. 1 ... _ ... _____________________________ __, 

1 lEO,EPSI,IWtCtIPMXt PEFftlYR tDEFF 
1----------------.n.rn.t:.N.S.l.Q.~ .. -l:IJ) .. (.2..0.!D. ..... t ..... P..!JM.t:l.(.6.l .....•.... E.f.F. ... (.6 .. be.e.R..<l .. OJ .. t ... _ ... _ ............. _. ____ f.H.P..P. .. f.l.O.}. __________________________________ --t 

C$ STOklS <HD1ltDHLDtBIW1NPCltNPC2tNPC3tPUP,P,P,ISTA,PUP11,EfftNt 
1-----------~C$ __ 1~-~Q~fiKK.~ ...... rnL.i.tsN.L.N.2 .. t.~.~-1.HLI.D.t.!J.£.Ll:i.t.C.O.S.l.t.tl.tl.9..hP. .. CJ .. t.E:H.A.t..e.E.B..-.liP.R,__ _____ __,_ ______________ --I 

40 C$ 2 OELP,EHPP,PCl10,~PR1HPCH11BHPC> 

, ___________ c ___________ ·--·-·---·--·---·--·---·-·--·-------··--------------------------·-----------------------=-i 
c SET ARRAY HU EQUAL TO ARRAY H. ASSIGN MISC. VALUES. 

1------------..._r.. ______________________________________________________________________________________________________________ , 

00 10 I=ltNl•MI 
1-----~q=5 _______ ~10~_.!ifl...tLL_E_!:!.(.J .. .t _______________________________________________________________________________________________________ -1 

I = O 
1---------------n~H~L0_=~0~·---------·-·-----------·---·--------------------------------'-'-1 

n'I=l+l 
1--------------___..I.E_!..I._~JiLli\HLll.___Cil2--1.!L.ll.2 ____ _ 

50 BHP<I> : o. 
1------------------J~.Q~! . .U.J. .... .=._g __ , ___________________________________ ...... ·-·-··---··--·-··-·-···-··--··-·--·---·--···-··-··-·-·-··-···---·--·------------------------1 

p cos ( J) = 0. 

, ___________ c~--------··----·-----------·-··---·-·-··--·--····------·--·----·--·-----·------------------------"'-1 
c SU l!U!Hi[R OF PUMP CURVES AT NCO[ vJv TO ZERO. 

1-----_,5,,_,5=-------··c,,.__ _________________________________________________ ...... --·-·-·-·-·---··-·-·-·-···-·--·--··--·-··-·-·····-·--·-··-···-·-···-·-·--·-·--·-·---·---·------------·----------'-'-t 

·----------·--------···-·-···-···-········----······-···················-······-··-··-········-··-·················-···········--······-·········-·-·········-···········-···-······-·-···-·-···-·············-·············- ··········-··············-···-···-·--·--···-------------------------· 

Pipe Linc Technologists, lnc.--
a Kaneb company 
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r SUBROUTINE HC~SE 

NFCt<:> : 0 
hPC:?<I> : 0 

FTN V3.0·P380 OPT=l 06/l~/76 1'1.30.17• PAGE 2 

1-----------------·--········NP...C.:H.:.L.;;_._Q_·---------------·----·---·--···-·---·--·-·-----·--···--·----·-----------·-----·-----·-----·--·-----------------------"-I 
NPC'IC]) : 0 

t-----~'-~D·~-----·------.kP..C~.LJ.l_._;;_ . ..O. ____ _:. ___ ._ ... _. ____ ... _._._·-·--·---··--·--·---··-·--···--···------··-··--······--···········-···-·········-····· ·····-···-·--·-··············-··---··-······--·······--··-·---·---·--·--------------------------1 
f\IPCb < l> : 0 

t------------~"-----·-·----·----·-----·--·-----------------·-·--·-···-·-·-···-········-······-···········-·-···-·----···-·-·-·---···--·--··-·---------------------------------i 

65 

c 
r 

FINO THE NOOE TYPE. 10 
II ---------·-·-----·--------···---·----······--···-·-----···-·--···----·---··-----·--·-------·-·-·-----·---···---·----------------------------1 

IFCITVPCJ>.[0.2> GO TO 30 12 

1----------------1.L_.C..LI.YE .. C.l.l ..... E~ .•. 3.L.G.Q._J.O_..A.ll..---·-·-··-·-··-··-·----·-···-·······-·-·---·---··-····--·-··-··-·----·--·----·---·--···-·---····--·-------·----------------·------'-1=-i1 
-.) IF CITYPCJ.).[r;.4) GO TO 50 1• 

1-------------___I.E.._11.J..l'..e_UJ ..• U.5.J-'i.o_J.n_.3.0 _____ ... _ .. ____ .. __ .... --...... ____ .. _ ...... _ .. _ ... _._ ... _ .. _ ... _._._. __ ._···----···-··--··----···---------·----------------------'1""5. 
c 16 

>----~7-n~----~~-~P.AJ_CH_l_MJ.£.REALL---------------------------------------------------------'1'-11 
c 18 

t---------------~Mr_11t~P~C ~I~> -=~U:l.!U_l > - EI ~ .. !L.:ll.!.S.G.Ll:U.l.1-~1i.(..li.L~L~--D.lil.0------------------------'-19'--I 
P<I> : o433*SGCl>•<HUP<I>-E~:ft) . ~ 

t---------------~M.J..L~---~-lll..L.L..4 3 ~ • SG Utll..L_:t__[Ll.l-'--------------- 2I 

75 OHLO : HC I> - HU<I> 22 

~o TO 20 n 
c 2• 

1-------------'---l"_.w.u.-:: ... .LL1P1U:.hllJ1EL.IJL(_E_L.S.J.AJ-1..0.tiL1UL..IllA.tl.Ll.£1LC!tiN.G.E--.._ __________________________________________ 2s 

c u 
.Rn ~n JU I) = HD ( 1 ) + rttL 0 ,, 

H UP (I> :: H <I) 28 
t---------------~P~l~T~l_::=-~•4-'--"-'3~.!il_l_l_!J.li.tl>-EL«I~._, ________________________________________ _;.~'--1 

O'\ 

85 

r_ 

c 
c 

GO TO 20 30 

PU~P STAilON SUCTIO~ 
31 

32 

3J 

'10 H<I> : HO«l> • DHLO 3• 

t-----------·-----·--.!:tVP. .. t.lL_:;_.J:!U.L __ . ______ .. __ . __ . ___ ._. __ . ________ . ___ . _____ . _____ ··--------------------------1-1s 
P<I> : .433*SG<I>•«H«I>-EUD> 36 f 

90 c ~ 
1-----"--=-----~----··--··--------···-·-···--·-·····-·--··-·-··--·-··---··-·-·---·---··--·----·-··-----···---··-·----·---···-·----·----·-------------------------~ 

c IF H<I> rs Gf([AT£R THAN OR EGU~L TC> HDll•l> - EYP~SS Tl-JS SUTIOl'I. 38 

c 39 ·• 1------------=-----·--··----··-·----··-····-···---···--··-·---------·-----------------·-~·---------------------'-I 
4R IF CHCJ>.LT.HOCl+l>> GO TO 20 ~ 

1----------------'-I = I • 1 '' 
DHLO : H < I-1> - HOII> •2 ~ 95 

, ______________ -f;;.lif:'..LLL_;. __ o_ ... ___________________________________________________ ..::•3o_i 

H <I) : H«l-1> •• 
>-------------~H~lle...t.JJ~.---·--------------------------------------------•-t5 ~ 

P«l> : P<I-1> •6 

1-----~1--"o--"o _______ . __ G~~l)- _I.9_ .. _2:_(L._ ... --.--.------·---··-------·-----·--------------------- q 
c ~ ~ 

, ___________ L_fJltiL..:~I!UJl.f'l._J)J __ ~!:!ARfi~L-._--·-·---······-·····-·-····-······-···--····----·----·---·--·-···----·---··-·········---·--·-------·-----·--·-----·--·--·--·------------------------------1'9 

c ~ 
1------------=c __ __,_F.:.;I N,'--o"---.I._S~TL_f.!l~.!"._!ilLNJIJ~r.R.,. _______________ ._. ________ . _________________________ __;;5"--11 ' 

105 c " 
;~ 1-------·---------·-··-·5--Q·--·H--I··h;L~E: .. i·v·1:·t;..-1··1->--,---e;--o·· .. r·o····5€--·-·--····-·· ···-····-····--························----······--·····-··-····-···---·····-··-···················--······--···-············--··--·--··-····--·--------- -------------:~-! 

•--------------·-lH1.n: .. !'\JU.JJ ...... L.E. •.. O.J .. G.!LT .. O ..... ~.~-·--·--··------------··------·-·--------------------------"s"--ls 
P<I> : ?«I-1> S.I 

----·----·---·--UJL_ ............ . H ( l > : ·! C I - I ) ········-······--···--·-········-·-·· ...... -·----··------·-------------·-------·---·-·------~'---

>-----------·--··--·-·---····-···--·-·-·--·-···-·-··-····--·-···-·--·-··········-······-··-···-···· -·-······· -·--······--- ··-···········-·····-·-···········-·············-·-·······-·-···-·-·-···-········-···--·----·--·---------------

• • 



r 

• 
sue.P.OUTJNf HCR~t 

HVPC I> : HCJ-1> 
GO TO 20 

• • • 
Hl.'GE:'HRA FTN V3.0·F380 OFT=l O~/l~/76 14.30.17. PAGE 

1----------------··5_5 ___ fi_Q_ __ f,..[l._.J__.;; __ 1_._ttlll! 1 ----·--·----·--·--·--·--·-·--·-·--·--·-···-·--·----·-·----·-·------------------------------------=-i 
IFCITYP<J>.EQ.4) ISTA : ISTA + 1 

, , c; --1.L_t.J.. •. Lll ... l.L.Ji.Q._J.IL.1..Cl_ _________________________________________________________________________ ........ -.. ············-···········-···--·-·-···-----------·----------------------':...t 
60 CONTINUE 

1------------'"--------·-·-·------------------------·-·-·--······--···-·-·--·--·-·--·--------·-·--------------"'---·-----------------~1 
c f Irrn TtlE HE AD PUT UP 1n· E"ACH PUMP. 

-----------~'"----------------------·-·-·----------·-···-···---·--·-···--·-·-·--·-----·-···-·--·--------·-----------------------~"-! 
120 70 DO SO IPU: lt6 

1----__.. ________ .Eill.lJ:!_LlP.lJ.l ___ ~ __ n_._ _______________________________________________________________ ....... ·-···-······--·-···-········-·-···-·-···--·-·-·-·------------------------=-i 

·.·' 80 EFF<lPU> : .0001 
i--------------~~-'-~=~Jil.DP.lLU.ilil. ______________________________________________________________________________________________________________________________ ---'=-i 

GP: Q(J) 
i----~t~'~c;--------~T.f_LO.P_ •. LU....O . ...l.G.n.-1..u.O-M.3u..D _____________________ , _____________________________ -"-l 

DO 140 lPU = ltN 
1--------------n~'-O~<t~o~IL,p~c-· ~=~t ...tiLC1.._p_c ____ ·-----· ·------·-------------------------------------------t 

If<NAPC<JPU,JSTA>.EO.NPCCIPCJJ GO TO 100 
1------------..LQ•...__nc.ON.1.l.N.U.L.. _________________________________________________________________________ """'"'-I 

130 WR I T [ < I IJ , 95 > 
1-------------"-<l"..__.UlP...M.A.L.J..lJ!..1-U..H..Iltl't!l CRR Nl • u NAME.S__C.L . .E.U.M Es AT .e..LlMJL..S.1.Al..ln 111 - -----------------------__;;..;;-! 

l· 40HOO I-JOT MATCH t;AHES Cf GIVEN PUMP CURVES.> 
1------------~1~n~on_Q_l.1-0._..I.e __ :.__1.,L -·--·--·-------------------------------------------=-i 

If COP - QPCCJP,JPCJ) 120t110t110 
t----~1~3_.._5 ______ ~1~1.._DJ:..OJil.Jl!!!E. ______________ ---·----------·------------------------------t 

120 IP = lP - 1 
1-------------~P~U=1~'-'"-'1Hjl?U> = CURV<OEt.l.E.C..s.lf...t.t:lE.C_t.~~'"~'-------------------------------------t 

Eff<JPU> : CUP.V<OP,IPC,IP,(PC,QPC> 
l'.'7-r---------------1.f..llf..£.ilP_!l_L.._LQ .• ..D....J..E.E£.llf1Ll.:....0...0.-D-t ____________________________________ -.,...--f 

r ~ 140 C 14 0 -~~~T !~~-£---·--------·---------- --------
C FIND OPTIMUM COMBINATIJN OF PUMPS. 

1-----------'C.---·--·-··-··--··············-···-·-··----··--····--·-···-·---··--···--··-···-······-···-·· ···-······-···-···-----····-···-·--·------···-·-·-----·-·----------------------------------t 
l'KKK : 0 

1----~1~4_5 ________ . [_Q.LQ ___ ;; ____ 9..'1.2.2_9..2 ..•.. ______________________________________ _;_ ____________________________________________ ~ 
NI= NUPC<ltlSTA> + 1 

1------------·-·--·!!!.;;> __ :;_ .... N.V..f.'..!;.J .. C! .. t .. L!?.J.~J ___ ~---·l-·-··-·····-·-···-···-··············-··-···----··-·-·················-··-··-········-·--··-·······-·······--·---·--·--·-----------------------------t 
N3 = NUPC<3,JSTA> + l . 

t-------------N4 : NUPCl'Lt.I=S~T.~A~>~•-~l-------------------~------------------------1 
150 NS = NUPC<5,ISTA> + 1 

1------------~llJi__;: ___ lH!E_<;_j_fo_i.LH!.L.:Ll._. _____________________________________________ -=-1 

00 220 ~UL6 = ltN6 
1--------------r.'-'-,o"'-'"~J..!L-'.1.lJ.l..~.--~-l..tJ;.5. ____________________________________ , __________ -..,-------------1 

CO 200 MUL4 = 1,N4 
,__ ___ ~1~s~s ________ f!.!L.l_~_!L.J':JJ.J,.~_.=__l.t.!:i~-------------------------------------------------'-' 

uO 1~0 MUL2 = l•N2 

1--------------[~•~0-~l 1Jl.Ji!JJ,._L-=-...l .. t.Nl . ---------------------------------------~ 
t1EA~ : PUMH<l>•C~Ull-1> + PUMH<2>•<~UL2-1> + PU~H<3>•<MUL3-l> 

1-------------~lUillitH .. ~J.!.~.f.~.L'!:::.1J._:t_.J>_Ur•1t5_)_~JJiV.l...5=-l..L_!._..f.!J..r..ttl.6_L~-C.1:'..UU.!:1-~'---------------------------t 
160 Dflt-i = lilAO - OH JJ ·- H<l-1)) 

1 ________________ _lLJ .. i.l.E. .. !.Jl.J .... J .. IQ.1J.';..P. .. 1.1-1!P ..... ______________ ................. -···-·····-····-·-············-·······················-···········-···-··················-······-··-···-··-···-·-·---···-·-------~-------------1 
c 

1----------~C~F.l.hl;___l..9..l!!.t:_,c; _ _LB.f.l..A.l.l.Y..E;._ kO .. S.l ___ QL .. U.C.tl. .... e_u_M_f;' ____ t.Qt'J3.l.rli.A.l.l.O.N.._lHA_L __ _G_l~.ES._A__f_QSl.I.l.V..L.--------------------=-i 
C VALU[ OF IH.:LH. 

1----_,,l..,.f..::S'--------k--------·-·---·-··-·-··············-·············--·---·-·-···-·-···-···--·-····-···-·----·-·-···-··-·-············-·········--···-······-···-·--···-·············-·····-······-··············-··-···----· 

~---------------------·-··---···--··-·--·-----------··-·-----------------···-----·------···--·--·------------------------'-I 
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150 KKKK : l 
!:OST: PUMHl1)•01ULJ-l>/EFFl1> + PUl'dl•2>•<!-'l.L2-1>/EFF«» 

•--------------.l.:L.P..U.tlH..Ul_tl~!.UL:'..:.Ll/Lf...E.L.il_:t_..£1..Mti.UU ... !!._(!'.lJ.L-4.:U.t.£.f_f:.LU------------·----·--·----------------------~ 
2+ PUMH<5J•<~UL5-1>/lFF<5> + PC~Hl6l•<~~l6-l)/(FF<E> 

1-----~'~7~n~ ________ J...L_LLQS_k.C.OLD.J_l.6.o . ...i111 .. ,.u.n. ________________________ ........ -·····--·-········-·-···-···-···················-······-···········-·····-··-·-···-···-·--·--·---------·--------------------~ 
160 CCLO : C:JST 

1---------------.Il.l:ILC_;:_.DE.Lti_ ________________________________________ ......... ·--···-·-·-------·-----------------------·--------------------"-I 
,~PCl<I): MULl - 1 10 

1--------------~~::P .c2.I I) : r Ul.2---__ 1------------------·----·--·-···-------·-···--·-···------------------------------------------------1" 
175 NPO<l> : MUL3 - 1 12 

1-----'o'-----------KEC.'t_UJ __ ;; __ MllLL.=._.t. __________________________________________________________________________________________________________________________________ ~-----"""'3~1 
· .·' NPC5 <I> : M UL 5 - l 1• 

-------------~r.;f..C.b..tl.l. = _fil!LQ. __ -:__i_ ___________________________________________________ ...... ·---·-··-········-·--·--·-···-··-···-·-·---------------------------------!i 
110 cornrnur. 16 

1-----.._,18..._,o,.___ _____ ll!.!L.C.G.!~.I.l.NU.L _______________________________________________________ ~--------"--l17 
190 CONlINUf. 18 

1---,-----------~'-n~nrJlli.llNllF 19 

210 CONTINUE ~ 

1------------~'·~?..._._nr.Qk_Llfl1.u.£ 21 

195 c 
r 
c 

22 

23 

2• 
1---------------~TF~IJIB.KK> 2 70.~·~2~3-0~,2~1-0 ______________________________________________________ 2-15 

2 3 0 t-1 H : H < I> - H C I -1> 26 
i----~l_,_CJ_..O ________ ~~·R~I~l.LH.ll• 24 0 > N.Mlf <I> HIL.s_QilL ____________ . __________________________________ 2-11 

2'10 FORt',AT <lXt l'JHllAf<NING - PU~IFS Al • /161 151-'NcT CAPAELE OF 9 28 
1--------------.._11._7._,H_u! 11 ..... --i!!.I J f\ED Hf AD o.L...s.£.6...a Q, 71- f T AL..t.f.i...a.0..1._..!l£_jifJ:i._\.__ ____________________________ _;2~9 

CHLO : o. · ~ 

i---------------~GQ . .1.o_2_8.~0'--··--------------------------------------------------------'3:.:...f1 
195 no IHI> = Hl><I) + DHLO 32 

,__ ____________ llUP._U_L..=__Ji.LU ______________________________________________________________ JJ-t 

?~D P<I> : .'133•SGCJ)•(H<I>-ELCill ~ 

l------·-----!;_-----···---·-······-·····-·-···-·--···············-··--················-·-················-·····························-····-·---····························-······----·--·-···-···-··-·--·-···-···---------···-----------------------------------3-'-IS 
c CALLULATE T~E BRAKE HOkSEPOWEfi ~EQUIRED ro DRIVE THE PLKPS. ~ 

•----~2~o~o _____ ~c _________________ , ___ ·-···--···-··-···---··-····-··-··-····-···--·-·········-··-·-··-·--·--·---·-·-···--·-·····-----·····-··-···-··········-·-·····-·-···-·--·-·-····-----------------------------J_11 
l\'PCT: NPClfl) + NPC?.CJ) • riPC::'<I> + NF'C4<I) + NPC5CIJ·+ ~PC6(]) JS 

1---------------.1.L.J.Nl'IJ.L ... ?._'.!_0_,1.~ .. ,_3.JLQ ____________________________ , _________________________________________________________________________ __;_J9
1 

290 [fFJI : PEFF •O 
,__ ______________ G~O,~TQ_llJL _________________________________________________________________________ ~---------------i•1 

205 300 EFFA = <EEFCl>•NPCl<I> + EFFC2J•NPC21IJ + EFF<3>•NPC!Cl> + EFFC~>• ~ 
1-------------1~r.i_P_c.~_U_:t_EEf_i.5.l.!..Nf..C!i.1.lJ_+_EE..f_UU.'!lllrL6!.llJJ..KE£.L___ _____________ _:_ ______________ --::,~31 

'' 310 8HPII> = .OOO'I08•0<I>•<P<I>-PCI-l>>IEFFA 
1----------_,._r._c,._·n""'.r.:,""';p_,._·u1.b_EQ11il_l!LJU.Lil.liA.U-1iOllR.SJ.O.ILJ>!lE_~Lll.R.S_CP..E.RA1.lO.N~---- ------------------------'•~5 4 

POl.!CI> : 6~32. • BHP<I> • PERJ<l) I DEf.F •6 

o-----~2~1~o _____ =C-~(;.Q~.E'..\.!.IJ: __ _P._9...l!'J.B.~I.Q.~.Lf_Q!L~D11.J;; __ .J_f..!E .. L.ilf'_;:R_AUO..N._• ----------------- 47 

PCOSCI> : POlH() • PRATCD •a 
C n 

1-----------~-------------------------------------------·---·---·----------·------------------------------i 

C CALCULATE HIE CiISCHf.RGE PRESSUH illlH EACli OF THE PllOOLCTS IN THE so 
1-----------~C-~P-~U-~~1~ p ~-!--.-~[ E __ lf __ JJ:L~.!HIJ;_i,,J_!ili_J __ s__Ku_;;_~ __ ;?_A.Rl .... li!l.Ul __ ,~-~l .. _.c.f ___ T._ti_E ___ £.BJl..OJLC.J .. S~· ________________________ SI-I 

C CALCULATE WEIGHTED AVERAGE aRAK[ HO~SlPOW[R RECUIRE~ENlS A~O HEAD. » 215 
1-----------~c·----------···--·-·------·--·-···-·····-·····-··-···---·-····-···-··--······-·······-·--············-··································--·-······-····-·······-·············-······--------------------·----------------------'-'-153 

DO 313 JP~=l,NOPR M 

1 
________________ P£f!JJ1' .. R.L.:: .... ~.~-~-3-.*..~.G.P..!d.J.P.JU.!.Htt.:J.::Ll.t.U.t. .. ____________________________________________________ 55 

uELP: <IUJ>-HII·l»•.'133~S5PF:<!PP.> 56 

t-----~2=2_,_0 __________ ~HP.E_U.EBJ. __ '=----'--P...!i .. Q.i9._~-~-LLt*...ll.EJ .. P..l.U£.J, ______________________________________________________________________________ _,51 4 
58 

59 

• 
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, 
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c 
C CHECK TO SEE IF PMAX JS ;(XCEEOEO. 

, _____________ __c___________________ . -·-------·-----·--·--·-·--·---------·-------------------------------------=-! 
IF<PMX4CISTA>-PPRCJPRJJ3llt313t313 

, ____ ..... 2;...::2;...J5....._ _____ .,,3_,_J .1 _e"-Qt:!1l__:;;__p_eRLtER1.__,,,_.P..l\ll.!i.1.1.S1./l.) .. _-·-·--·-·-··-·--·-·-··-·-·---·-·-·-···-·-·-·--·-···-·····---·-····--·-·-···-----·-··-------·--·---- -----------------'-f 
LHPC: .00040~•QCIJ•PCHO/EFFA 

t-------------·---·-l.:kU.E..l.Hl.1 . .3.l.2.L_l.rn .. 1 __ .P.:L.l:.0.1.ElHP.C.,NAM.E..t.l.) .. tNP..R.O.t.lP.h.l ... _ ...... -.. ·--·--····-···--·-·-···-···-···-·--·---------_:--·------·--------------~9 
312 fCRMAT ClX.151-:1-:uTE.. lN YDR tl4t2Ht tF4.0,17H PSI PRfSSURE OR t 10 

1-----~--------L.£5 ... JL-.~fil:L....tH!Ji.:.iUJll:LfL..P_R.L.1J.IRDJ1E.1.EO._.A.l-... t.A.6.,6H.. ... IJ.HE.li.. ..... t./.6.t .. -.. ·-········--·--·-·--··--·-----·---------------------'-'-t". 
230 2 1!7H IS IN lHf PUl".PS.J ll 

1-----.,-!~-----... •~t•_L.c:kJ.l.tlUL_. _________________________________ ...... - .. -······--···-·-··-···--······-···-·--·-·--·--···-·--·-···-···-·--·-.. ·-···-·-·--·-··------·--·--·---------------------~n'""' 
13 HP C I> : 0. 1• 

1---------------_G!:.._.3.1.!i __ LP..R ___ ;_ __ .1.,..lil.C.P..R ... _________________ , __ , .. _ ... -... _ .... -·-············--··-······-·· .. ·······-···-·-···-···-··-···-···--·--·········-·--·-···-·--·--·-----·------·------·---------~151 
EttFlI> = BHPll) • SHPPCJPR>•PERCCIPR>· ~ 

•----~2 .... 3 ..... s ______ ..._3..._l:i.4_._f Clli.I.l.N.U.L------------------·------------------------------------------'1~1 
C COMPUTr POIJ[i{ JN KJLO\olATT HOURS FOR ONE YEARS CPt:RAlION. 18 

o-------------~~-n~1~ . .Lll__:_f..5...3.2.. • BHP~P-£..ti.QLLL_/__[).Ef.fr-------------------------------------'1~9 
C COMPUTE PO~ER COST FOR ONE YEARS OPERATION. ~ 

•-------------.£.a:..oS-1.I.L.:._E_Oj,:_(.Ll....L.EH.lll.l.l------------·--------·-----------------------------=1.:..11 
240 C n 

1 ____________ r._r_H~F,[ K IO SrE IF M/!K I MIJM A I ~.Aru;.f_£p[ c: St;R [ J 5 .£.X.._r-"-s:-·L-r.--'-L-rr.-.,_...n ____ --,--------------------"23::....i 
c ~ r 1 

l--------------~TLF_lf11llil.S.1A) - P ( l..l.L-3z.o..._33Jl .. 1.!.3Jl.. ____________________________________ :_ ___________________________ _,..2s 
320 PCHO: PCI> PMX'ltlS(A) 26 

•-~--~2u4~5 ________ _c,_o__J.o_~..._11 ____ ~------~--·----------------------------..,---------------------2--11 
~ 3~0 PCHO : O. 18 

HPr~tT>:n. ~ 

GOT020 JO 

c 31 

32 c 
i------------c---·-----·---------·-----------------

250 CAU:ULATE HORSlPO\l[R CHOK[O. 
33 ~) ------·----------------------'--! 

340 HPCHCI> : .00408•Q(l)•PCHO/EFFA ~ 
•--~--------------···_JJJ.U ...... ~ ... .P..H .. !!.,.J .. l}.1A.>.J..l .... ~~-3;3.*._S..G . .l.l.l_l ..... ~ .... .£L.Ul .. _____ , ....... _ .. _. ________ . _______ .. _ ... ____ . ________ . ___________________ . _____________________ 3_,5 

".UP< I ) = H C I > 36 

•----~2~5~5-------~[l.:J:tl.9 .. ·=_tLUJ ___ ::. __ H.IHJJ ________________________ ···---··-·---·------------------------------.37 

P·cI>: PMX4CISTA> 38 

1--------------··--·~Ji __ L(L .. ?..Q. ____ .. _. ________________________________ , ___ ...... --·-·······-·-··-··-···-·-····-············-·-··-···-···---·-···-···-·-···-···---·-·--·-·----·-·--·----------------------39-1 
999 R[TURN -~ 

fNn ~ ., 
43 .. 
•5 

•6 

-------------------------·-------·--------------------------------".,-! 
•8 

1---------------------·--·--·----·---·----·----·---··------------·---------------------------·~9 
so 
51 

Sl. 

53 1----------------·-·----··---------·---·--···-·-·-··-·-···-·--··-·······-·-··-·····-·················-·····························-··-····················-················-····-··-···-·-·-···------------------------'-I 
5• 
55 ·--------------·---·---------------------·----------··-------·---·---·------------------------"-'-! 
S6 

Ji!' ,, 

57 \:; 1-------------------···-··-·--·-···-·-···-·-·-·---·-·-····-··-····-··············-·-··············· .................................. . . ... ···············-·---····-···-···-·-···-----·---·---------·-·---------------- . 
~ 

59 -----·-------·----·---·--·--·---··--·-·---·--·--····-·-···-----·--·--·-·-······-··-·--·-·-··--·-·--····-··--······-···-······-·-·-···-·--·-·-·-·---------·----------------f 
60 
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~ DIST 
C••••••••••~••~•••••••••••••••••••·••••••••••·••••************************ 

' 
~-------------..c: __ ·-----·-------·--·-----·---· -·-·--·-·--·--·----------·---·-·-·-·--···-·-·-- --·-·----·--------~-------------_..0 .... 1 .... s ... 1,__ ___________________ -=-i 

c THIS FUN£TION CALCULATES T~E DiSTANCE ADNANCEC ev A~ I~TlPFACE AS DIST 
~----_;.i.. ____ --' . .._r_..._A.i::"·..._'j/£bL . .111lLUML-1':C.V£.S_.£_is.LJ.-P..OJ.~l . ._. _________ .. _ ... _. __ ·--·-·--·-·-·-·-·-·-···-·-·-·-·--·-·-··········-····-·---·--·-------lJl~"-1-,.------------------~ 

~ 
C 0 JST 

'------------------·-Jl.£.ALJ:!f'.l.UO.li.hMP._U.~.l-•Ml-t.tHL.--.-·····-················ ........... . . .... ··········-·-···········-·-··-·-···-----·-----·----------------------'-! 
DIMENSlON PJV(5) 

~ 1--------------fil_5_L..=_ll..o ------------·--·-·-·---·---·-·--·--·--·-·--·--·-·--·---·--·------DJ.S~ T-------~----------~ 
10 1'.1 = MPl<ILl> OIST 

~--'--__.:! _________ ...ll.Q_ __ LlL.lD.l.A._.; __ 2.e.t..tO.L.9. .. ________ ,._. ________________ .... - .. - ..... -··---······-··-··--····-·--······-····-·····-···--·-···--------···-------·----D-t.Sl--------------------~ 

tJ M'I = M?'l<IDIA> OIH 
1---~----------lf-ltil:'.-'1.'Ll.2.0_,.1-0.t.lll-----------···-····----·-·······-·······--··--···-········--····--···········-······-·--···-···--····-···-···-··-········-···-·-·-----··--·--·--·~·IS.T-----·--------·----·------'~ 

lCi CONT IN:JE DIST 

t) 
, _____ • .Lc::"--______ 2.L.ll.L=..._t!L'i~J'ILtH.e.I.0.1.lll.lhllu2.Lu...i.2.9cUJl3_ nu. ... .L-------------------..:.:....1 

IF<VOL-V'l>'I0,'10,30 DIST 
.. ,. Vf•I : j/Q(. - V h _______ __,,r ..... .1 .... <',_.T~-------------------'-'--1 

~ 
liIST =DIST+ <r.'1-Ml> DIST 

•--------------~--L.;__fuL___ ---·----------- "l-Sl--------------------=.:..1 
20 IOU : lL>lA + l DIST 

) J-------------·-ll.L_;_J1P_'f.UD.1_V n '.S._._ T _____ ---------------=-~ 
IF<IUii - ~OL'l)20,20,50 DIST 

1-------------"" 1.1,_.._ n....._.. nt _5.l_~_s_l_!._\!llLLl5-..12..9.131l..'1tlf11LU.O.l.k:1.J.l_t.~.2.l-----------------·----D-l.S. . .1-T------------------=-1 
~ 

50 RETURN DIST .... ,. 
::> ........ 

N 

~ 

l) !-------------------------------------·----------·-----·---------------------------------~ 

·--------------- ---------------·-----··---·-··-·---·------··-··-··-·---~--··----··---·-·-·-------------------------1 

:>. 

S) !---------------------------------·-------·-·---·------·------------·-------------------------" 

J 
1---------------------------------------------------------------------------------~I 

~ --------·--------··----------·--·---·----·-·--·---·-----·--·---·-----------------------------------~ 

i 
~-----'------------------------·-----------·-·-----------------------------------------'-! 

9 !------------------------·--·- ----------------··-·---···-··------·--·--·---··---·---··-·---··-·--··-----·-·------------------------'"-! 

~-------------------·-·----·----------------·--·-----·-··--·--·--·----······-···-·-·--·-····--·----·------·-·---·-·----·-·-----··-------------------------'-'--! 

~ 
~--'----------------------------------------------·-·-·-----·-·--·---·-·-·--·---·--·-·-·-·-·-------------------------------------! 

!) 
\. 

~ 

----··-··-------·-···-----··---··-·-···-·------·-·---···········-···-·--·-·-···-·-···--·--·-···--···-···-·-··-·-·-·--·-·--·--·-··-------·---- .. 
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r FUNCTION VOLU FTN V3.0-~3ec OPT=l 06/1~/76 14.30.17.. PAGE 1 

FUNCTION VOLU <NOL4,MP4, MP2tIL2,MPltlL1tPID> 
c~····-••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

t------------·_c_-·---·······-······-·------·-----------------·--·------·--·-·--····--·--·-·----·-·--·--·-·----------·--------------Jl.O,.._I_.. lll"'IM._ __________________ =-! 

c THIS FUNCTION CALCULATES THE VOLU~[ OF PRcnucT~ BElWEE~ A DCW~STREAM VOLU~ 

1------..._ _____ ,c_ _ _t!JL£P._Q.S.L, ___ f:'..P2-l.lL2.l_, __ .A.NL.A!1L..UP..S.lREAM .... M.l.U.P..C.S..T. , ..... t:.P.l.t l.l.1.) ..................................... -··············---·--JWLU~----------------------'-i 
C VO LUM 

1-------------·-.R.E.AL..MP.-1.ilO.D..LtliP.2J.1.n.n..>..e.Me_u5.L. ________________________ ......... ·-··· ···-······-·-···--·-···---······--·--····-----·-------------------------------~ 
DIMENSION PIU<5> 

!---------------"-v_.., "-LIJ.M........:_ _ _j)_.____ ---·---·-·--·---······--·--·-········-·-···--···--·--·-···-·--·--·----·-·-···-·--·------_.llOL.U~M------------------~ 
10 Kl = 0 VCLUM 

1------=-·· __________ .M.P-1.tl.l.Li._..;; __ .tte.1.c.l.L1.1 __________________________________________ .. ___________________________________________________________________________ : _________________________________________ ~ 
~P2ClL2> = MP2<IL2> 

i------------r-------------·-----------·--··--·-······-··-····-·--·--···········-·--······-·-········-···-···-······-··-······-···-···-·-···-----·---VD.LU-..M ___________________ "-1 

C FIND THE DIAMETER CHANGE JUST DOWNSTREAM FRO~ ~P2. VOLUM 
1-----,~~...__ ______ r _______________________________________________ v..o•~•~',..__M __________________ -1 

DC 10 IDIA = 2oNOL4 VCLUM 
!--------------.... '"'-i:·_..r.!i£!i.( mu) - MP?« I I 2>.ll.0 .• 2..ll...,2.Q _________ .___________ llQ.L.LI,~M __________________ __, 

10 CONTINUE VOL UM 
1--------------..._J-'L£.nTA.i_:_.l.D.._1....__A ____________________________________________________ -=-t 

20 IOIA = IOIA -1 
i--------------~Pllll : PIDCIDJA> 

VO LUM 

C VO LUM 
1-----------·c ___ c~A ... l_C11.LAJ.LJjj(_\lOL UME BETWUN MP2« It 2> ANC l1P.l.UU.J--~-----------"·..O• .... 

C VOLUl'i 
1----__.2._,·~..__ ______ _..2...__n.._1....o n..._1.A----=-11!..I~ A.,__-~1---------------------------

____ l.LOLJl-..M ___________________ , 

1-.J 

I F <MP 4 ( 10 JA >-MP l < JL 1>>75e75t25 
25 K 1 : K 1 + 1 

VO LUM 
11n1 .,,. 

lF<IDIA-Kl+ll26o60 VCLLM 
w i=-------------~' . .f_lf..lM£.'t_UJUA.::.~1.:tJ.J..::.M~P~l~C~I_..l~J~>~>.__.7~D~s~3~D~·~·~~n~----------------~"~n~1_..1u1M~------------------~ 

30 30 IF<Kl -1> 50o't0 VOLLM 
t--------------~4!LJJ.EJ:Le...-=._1~.e.2.i_l.L2.1 _________________________ -'-_______ v_.,n1,_.__..111...._u __________________ ~ 

GO TO 60 VOLUM 
1 
____________ 5J!_.!J.f.11.P. __ ~---J?i.l:'!J.!.l.Q.l.A=.K.l.tl.l.._____________________________ ___}/QLU..._M _________________ ~ 

60 VOLUM = VOLUM + <UPMP - YP4CIOIA-Kl+l>>•<PIC<IDIA•Kl•l>••2> VOLUM 
i----~·:i; ...... ~ _______ __..1 ______ ~t5_ • .l.2.9..l.!.!L2_ V.O.LU~---------------------• 

VM : VOLUM 
1---------------·-···-t'J~_'IJ ___ ; __ J:!.l' .. 'tJ .. UUA:::.K.H.l..>. _______________________________________________________________________________________________________________________________________ --1 

PlDl : PID<IOIA-Kl+l> 
1--------------~~Q__lQ-2...~-----· . ·-----------------~VQLlJ.MLL--~-----------------'-1 

40 70 VOLUM: VOLUM + IMP4CJOIA-Kl+2>-~Pl<JL1>>•<PIDCIOIA-~1+1)•62) VOLUM 
t-----~---------~•·~5 .• ..122.1..~.~2 vn1 "" 

~PX4 = MP4<JDIA-Kl+?> 
1---------------''~" Pl.UJ,J _ _l._;__JlE'..lJJ_L:Ll. ________________________________________________________________ --'-1 

MP2CIL2> : ~P2(Jl2) 
1-----4"'-'5=----~-----~V . .t!. .. '=. .. _V.Q_!...VJL ______________________________________________________________________________________________________________ -1 

r.o TO 110 VOLUH 
1-------------~75 __ _.V.=OL!J.JL:; _ _ifil.2_.U_L2J_::M.f . .l.U.LUJ .. , .. l.P..1Il.UD.l.A.t!.~..:'!.>._~5.. .. lL.~.l.!.O'l _________________________________ V.O.LU...._"'-___________________ , 

80 CONTINUE 
t---------------V. . .9.b.!L--=.__Y..Q_b""'U_._M,~----·------------------------------------------------------------"~ 

50 RETURN 
i----------------L!:l.Q _______________________________________________________________ ............ ·-···-···-·-···-·-······-·····-······-······-······--·-········-··-·-··-·-···-·-··-···-·-··-···--··-·--·-··----------------------=-i 

·------·-·----------------------------------------·---=-! 

t-------------·--·-·---·--···-·-···-···-···-······-·······-········ ·-· .. -··--·-·····-·-···········-·· ·······················-······-···-·················· .................................................... . ............................ ···-···---·------·-·-------·-------------------~-

~--------------·----·------------·-·-··-··-·-···---·-·-·-·--·-·---·--··-·-···-·-···-·-···-·-···--·-···--·-···-···-······-··-·--·--·-----·-···-·--------------------_.:.;-1 
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r FUNCTIOI~ CUF< V HIJGBHRR FTN v~.O-P3eo OPT=l 06115176 1q.30.11. PAGE 1 

FUNCTIO~ CURV lQKNO~N,JPCtI¥.~PC,QPC> 

C••••••••••••••••••••••••••••••••••••~••••••~••••••••••••••••••••••••••• 

·---------------···c._ _________ .......... ________________________ _:_ _______________________________ ~---·--·--·-·----·--------------.(.U.R.\"I"-" t.--"--,-'------------------=-i 
C TIU~ FUNCTION INTHPOLATES !!EHICEN &IVrn POINH ON A Sf'COTl-i Cl:R\iE:. CURVE 

o------~------r: ____ lJ __ !LSL.S..._Jl:l.L._l1:1R£L..N£All.£.S.L.KNO.Y.ll! .... .i.'Oll\'.U ..... TC .OE.lE.F.~lNL .. THf. ... COEFFICl[.t-;!.S.-.. ··---CL!R\'-E-------·----------------< 
C A, o, ANO Ct OF A SECOND ORDER POLYNOMINAL EQUATICN. THIS EGUAIIO~ CURVE 

._ ____________ r _ _l_s_ __ lt.l£1L1lS.£..D.__1.Q_~J..K.LJ.tiL..l.K.l[Jtf.'.OLA.l.lON .......... J ..... ; .. _.A.tXUX.L.:L6 (.X. ) __ ,..___c _____________ (.l.JIU!.'°t.--------------------~ 
C CUR\'E 

1--------------~n~l.1:1EN.S.Ll.ll:L...l:l.££.1!u2.SJ_,_!,:J~.C.1.6.t.25.l._ ..... _. _________________________________________________________________________________________________________ ~ 
10 C CUR YE 

..._ ____ • .__ _____ ..._c__...S[.U:.C.LJW!.l.CJL.11.l:U.C.H .... IHRLE... . .Kl\i.O.l.!N ... r.Ol.N.TS .... 10 .... m:L •....... ····························-············-························-·----··CURVE-----------------------~· 
· .·' C CUR\'[ 

._ _____________ lJL;_fi__ ______________________________________________________ ........ -······---·--·-···-···-··---·-·--······-···-·····-··-·--··-·--------·--------------------------'-1 
IF<IF.EO.e>GO TO 40 

,__ ____ 1_5~------~I.LL.J...l~..6.1_..0.R. .. ilf..a.Ll.a.l..L-1.G 11 l O 5 n 
IF<OKNO~N - QFCl6tlPC>>6t4Dt3 

1---------------"'1'-..._..CUr.ulR.ll.[ : • DO 0 1 .. -------------------------------------------------~ 
GO TO 70 

o--------------~~~I.Ei.IP-tl51l..t21Lt.1~n.._ _______________________________________________ --=.~ 
20 l!J !Pl :: IP - 1 CUR\iE 

1--------------~1 .. e~_1P-________________________________ r_·1~11R~l~'"--------------------'~ 
IP3 = IP + l CUR\.E 

0--------------~1&_1.lL.3.lL ________________________________________________________________________ CUli.\.r:-.__ __________________ --t 
20 !Pl = IP CUR\iE 

1 ____ __,2~5~--------I~P.2..::._li.~•~1---------------------------------------------... r . .Uft.\a.r:-,__ ________________ .,......_--t 
IP3 :. P + 2 CllP.liE 

r111n.r:-
-..J c CALCULATE THE COEFFICIENTS. CUR\iE 

1----',i::.~----------""-r----·------------------------------------~~,UAD>\~1,_,._r:-__ ~---------------~ 
30 30 A= ((H~C<JP1,1Pc1-HPC<IP2,1Pr>J/(QPC<I~1,1PCt-OPC<IF2tIPC>> CVR~E 

,__ _____________ L ___ (.1:11~.C_(.l.P-L.J.P_c.1~1:i.P-C.Uf..3..t..I.e.L> . .U..ta.e.t.U.?.1. .. J..f_f.).,._r.e.t.<.l.P-3....l-E.ill.l-----Cllli_., 1.11t-r------------------=-t 
2 l<QPCCIP2,IPC>-UPC<IP3tlPtJ) CUR~E 

, _____________ _!L.=_ ... ltiP..::.U.E'..h.lf.L . .l.::H.E'..C.U.P..2.~lP. . .Ul.Ll.Qe..C..UP..1.1 . .lP..t.l.~.e...c..tlf.2.,.H>..c.> \ .Cllii.YE.------------------~ 
1 -A•CUFC<IPJ,JPCl+CPC<IP2,JPC>> 

,__ ___ __.3~5,~ ________ c.__.=-__b.P..C...U.E:l ..•. I.f:>.C.L~.J...~.G.F.'..C . .U.P..l. .•. l.P...Ll."!.f.iP.C...LLe.l.a.l.E.Cl.!:.e.~ .. CP._C.1.I.E.1.,.l.P...C.) _______ (.U.R.ll..,__1:" __________________ --1 

C CUR VE 
1------------'L_(:_~J,._'-.l)J..A.I.E ... .T..!:IL.!l.K~N.Q.\IJ.L.V.A.R.l.!.1.B.L.E ..•... _ ... __________________________________________________________________________ cu.R..llf. _________________ ~ 

C CUfiV'[ 
1---------------_,,__,,CU=...llV_E .. --==_.c:A'--"*~Ou.K..._.N OJ.l-1J.!..QK.lill.ll!L:L.l.!.filt_t!f.Q.W.N._LL____________ .LllR..\tl'~--------------------t 

GO TO 7J 
..._ ___________ .:i.4..._..0r: . .1.IB.V.E. .. _;_.liE'.C.i.l.e.c... •. f:.l _________________________________________________________ _..::;=--1 

G 0 T 0 ·10 
t------------~ .. 1.D.JIJ1L1Lll.}L.1.6.0J..l.P ____________________________________________________________________________ --'

4 
60 FORMAT l/.1Xt3HHERROR FLAG FRCM FUNCTIO~ ClRVE. IP : ,[~, 

..._ ____ 4 ...... 5...._ ________ l__3_DJj_. _____ lJH!f.:..K._.f __ Qfi . .J:!P_IJ __ QP..t...t_Qft._E.e.c_..1.L..t..1.X.:..lil.l:Ui~.Lf.[.LJLLXC.£..[.l:..Eil..J ________________________ -i 
70 CONTINUC 

1--------------=C~U~R~V-=~C~U~R~V£.~------·---------·--------------------·-------------------------'-I 
Rf. TUl-!N 

1----------------'~~!.L--·-·-----------------------------------------------------------~ 

t-------------·-·--··--···---··--·--···---··--------······------····-·--··-·---··-······-······-·--······-···--······-···-··-······-···-·-···---·----·-·------·--·---------------------=-'--1 

t-------------------·------------··---··---·--··---·-··--·---·--·---·---·-···-·------·----··-·--·---··-·-·----·--·---·-·------------·--------------1 

S9 0----------------------·--·----··-·----------·--··------·-·-···-------------·---·-----------------------------i 
60 
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r sueROUTIN[ ~LUMRY HwGBt-<rdl FTN V3.0•P380 CPT:l 06/15/76 14.30.17. PAGE 1 

SUBROUTINE SLURRY 
C•••••••••••••••••••*****************••••••••••••••••~·~**************** 

t----------·_c:_ _____ J.H.I.S_ ... S.UBJ\Jllill.!>l.L.C!l~U.I.£LJ.tt.E-£iil:s.!i.llRL.-UkO.LU<E:.EC.lt.O-.l.LA...-!i.LUE.it:t. _______ . _____________________ -"-1 

C PIPELINE ACC0RDING TO THE DURAND CORRELATION tS J~PLf~ENTEO 
1-----...__ ______ r_£L'L.lol.A.s.P.._£_J __ .AL_/,_L.I!£.C.tiH-Lt.-. .lNC. .. _ .. IH£. .. .f .. O.LL.C..lll.N.G ..... C.A.T.A_ .. ARE. .... RE.Q.U.lREO ........... _ ... _. ______ ... _. ________________ ·-·----------------''-t 

C SLUKRY DATA. 
1-----------c____1_.._ ___ V.OLE.B..C.C.ILIH.ERC~--lHL._V.OLl!.ML .. OR_ .. ~_£.lf,HL.f Rt.CT..l.Ct..-.S.CL.10~ .. ------·-·-·-------------------------------'-t 

C PRESENT. TH[ CHf NOT S~ECIFIEC 15 CO~PUTED. 
t-----------~r.--2.L_{i_\l._S_,_. __ U:!.L_S.Ci.L.ll::O.S ..... S£LClF.lC .... G RAV.U't,. ... WRI .. i.: A.lE..F: ........ _ ................... ----------------·--·------------·------------------1 

19 C 3. &VL, THL LIQUID SPECIFIC GRAVITY WRT WAT[~. 
t-----r-'-----~r ____ .!i_.__Lt.iG_t.!i ....... ll:IL.P.l.P-L .. LEll:.G.l.H .... .lr~ .... MlLE.S. .......... _ .......................................................... _ ...... --.............. ___ ... _ .. ___________________________________ ~'-t 

C 5. OJA, THE PIPE INSIDE DIAMETER JN INC~ES. 
, ___________ ..._r ___ .h. •. _Ji.Uf_, __ _e.i.e.L_Aii.S.OLUJ.L .. &.O.U.GliNLSS.1-.... lN.CHE.S ...... o[fAULT..;;.O .... n.on.i.s.: .. __ :_ ... _ ............... ----·--·--·-----------------------' 

C 1. fLOU, TH[ SLURRY FLOIJ RATE, GPM. 
t-----1~ "-----~r: _____ a_._....IJ.E.L_,_ __ ll:tL .. S.LllRfl..I __ V.ELO.C:.lJ .. Y.,_ .. f_l/..SLC .• __________________________________________________________ ~ 

C ~. PROU, THf SOLIDS PRODUCTICN RATE DESIRED, T/HR. 
t-----------..._r. __ N,_....,_ll··~T·r_:_.QJiL.L.O..~L_Q_f__1.u.f.lu._.A.(l;.Q_..2..o ... J~E...ED ___ b£._.S.P..U:.U.J.£[L.J..S ... _lHC1l1.HUS....AB..~"--------------------~~ 

C THEN SET. 
1-----------...._r: __ ~1_n~-..Ji.D~ I Z t I HL..A.11.L!i.ALL..S.OLl.D.S...lll.Atl.£.IE.B..1_ .. lN.c.t:.E..S . ...._ _______________________________ -=-, 

20 C :1. SIZFLG, A FLAG GflERMl~ING THE SIZE OISTRIBUTION CF lPE SOLJCS 
1-----------...._r: ___ ---"=-1.JL.~E__CHE_S.12.L.Jl~-u ........ .s.cL~ll-------------------------------------------~ 

C =2 IF USE TH£ PREVIOUS SIZl DJSTRIDUTION. 
1-----------""-r:------"=-:LJ.E.._!!U..D..--1lliOl..tU:.JLS.O.L.ID..S.._ilLL.1J.I.S.l.RI.B.Ul.lON. _______________ :_ ________________________ ...:.:.-1 

C FROf\ MANELISI SIZHlu• 
,_ ____ 2~5 _____ ~c ___ l~2~~ .V~I~SC..L...i __ 'LLli.CJ!..0llL.D.LLI.!l!.!JJJ.i__C.f'..o ______________ , ______________________________ ___. 

C ADDITIONAL SLUhRY ~A~A. 
t-~-.---------=c ___ ~l~-r~~s=,A~M~P1 . .1_J.!t~-~J1.£.ILJl.L_~.l:t~D..l,S_J.A.Kt.~._ _______________________________________ --I 

~ c 2. SIEVE, AN AF:RAY OF NSAMPL !NH.GER SIEVE rrsIHATIONS 
i-----------C~-------':.D.B.B.LS.E'_Q_l'>.G.I.N.£ __ 1.D.. ... J.HL_l.a.S_SJ.Ali!.DAlill-Sll.ILL.S.1.ZLs.J.S......S.liOJl.L..L'll,~-----------------------i 

30 C PERAYCS TAOLE 21.l~ CFJFTH ED·> NUr~fRl~G FRO~ TCP 10 
1-----------...._r ________ ll.QI.H\.!:L .. tL •. E. .. __ l::.l..01.Ll':l1t .... 6.;:5;3_ •. tLJ1~ ...... £.I.C .... L._. ___________________________________________________ __;__

1 
C 3. SAMi.T, M'i AF.RAY 1-:ITH NSAMPL UHRIES COP.RCSPONCING TO Tiit 

o---------~L__ ____ l!'.E .. HiJ:!J._.!1.L.J.J:l.£ .. _.SA.MJ'.L.L ... _f. .. O.UN.0.-.. 0N .... .ltiL..C.ORRLS.E'..Ol'IC.U:.G ... _~.lE.\IL . .S.c.REE..N.._ _________________________ -t 

C NOTE: THE AV[i<./IGE Sill FOil A SAMPL£ IS THE ~UN OF THE SCREEN 
1 ____ __,.3 ... 5 _____ ~r: __________ .S.I.ZL_.OJL:~1.Hl.CH. ... l.UE. ..... S.Al'.l'.Lt .... .IS. .... f..OUUt .... A.~D. .. J.liL.!;.CRE.EJ'il_ ... S.lZ.L .. Of. .... JJ:!L-.-----------------------1 

C NEXT LARGER SAMPLE. lHE SIZE OF lHE LARGEST S~MPlf IS TAKEN 
,__ __________ c.,._ _______ J .. Q ..... V.I .. _l .. 2 .. U .. :;: ..... Of ____ LU ..... S.C.P:.E.EN ..... S.l.Z.L ......... _ .. _ ....... _._ .. __ ._ ..... - ... -..................... -................ --·--·------------------------------< 

C THE SCRElN SIZE OF THE SAMPLE WHICH PASSED THROUGH THE LAST 
------------=c _____ S;.CB.U.tL.fill11-~!LtL . .e.L.I.tt_E: __ s.AUE.. ... l\.S. .... lH.A..I ..... e.R£.\l.l.Q.!:..S.. ... J.o._ .. l.J_. __ Jll.L.J_.v£.RA..G.~r----------------------f 

40 C SIZE OF lHJS SAMPLE IS 80 PER CENT OF lHE S~ALLE5T SCREEN S1ZE. 
,_ _________ ..._c _____________________________________________________________________________________________________________ ___. 

C 1HE PRESSURE OROP IS THfN COMPUTED TO THAT EXFfClEC 
,__ __________ ,._c __ .._lif,__,ni.u.iN.LL.ll:!.LLlJH.!JlL.C.A.IIB.l..E:R._f.Llll.lL.W.£.B.L_f..LD.l.'.l.t~.6--A.l_J.t'..£_~.LUR.R:t __ R.AJ.E. .. ______________________ --1 

c 
1----~4~5 _____ .C~ __ l....,.l!L .. m .. El_NJJ.l_Q_IL.V.f .. _O.ll:lf.E ...... llAB.IAB.U.S ... JJ..S.E.I:..._l.1.i. __ lt'_l.~_ .. EP..11.G.RA.t• __ l\.RE._ . .A~.--------·-------·-------------------'-t 

C FOLLOWS: 
1-----------=C------------·------·-----.. ---......... --.. -· .... -...... -·--.. -.. -·--.. ·-·--.. ·-·-.. ·-·--·--·-·--·--·-------·--------------------------"--I 

C CV AN ARRAY REPRESlNTl~G THE. CONTRIBUTION CF THE ITh. 
t-----------=c _______ .....SJi_t'..E.LL .. Q.f. ___ i! .. _:~.O . .!.J.D. ..... J.Q. .. .ll:l.f. .... \l.QL .. UMl .... Cf ..... lHL ... fLU.ftlD'. ............. -...... -.-........ ---... ---------------------------'-t 

50 C CO A~ ARRAY CONTAINING THE DPAG COLFFICIE~T OF lHE ITH 
1------------"'c------~~.1! .. ttE.lJ ... _Q_f..._J..tU:_ .. ~.!J..Ll.O.$.. ......... -. ____ ........... -.. -... -..................... - ........................... -............. _ ................ ___ .. ___ ... -... -------·-·-----·--------------=-i 

C fOD THE rllLATIVE ROUGHNfSS OF THE PJPr. 
___________ .!; ______ £._ ______ l_tu:._ .. Ji.Q.Qj).J ___ f.i.U.C . .l .. l .. O.N ..... f..A.C .. l.O.h ..... Qf ...... T.HE .... S.L.U.R.R.Y ___ u.5.E.C ..... T..0._ .. _ .. _ .. _ .. _ .... __________ .. _____ . ____________________ -'-'-1 

C COMPUTE THE SLURRY PRESSURE DROP. 
, _____ 'i...__1 "~----_c __ H.'........_ .. __ JJ:l.L .. ~.l.!:!.Q.IJL.f..RJ.C.J.J ... O.t.1_ .. fAC.LOR .... f._O . .UN.D .. _.I.f....._lHE ..... L.l.Q.l.1.l.L. .. _ ... _. _________ .. ___ ... _._,_ ... _. _____ .. _____________________________ ----1 

---------·-·-·-··--·--·-···- ............................................... . ............ - ---·--·-·--·-----·------------------~· 
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r SUDhOUTINl ~LU~HY rl~ V!.~-P3fO Ofl:l 06/15176 1~.30.17. PAGE 2 

C FLO~ED IN THE PIPE AT THE SLUR~Y VELOCITY WJTHOtT 
C ANX SOLIDS PRESENT. 

t----------··_c;__ _____ .Q.£Le..J..1iE-O.llLRALL.f'.R.U>.SURL..OR.CP.-O.f......I.h£._.S.L.lJ.RR.Y.-. .E.l...C.1.t.I-ll!.C:.------------------------------------t 
C DlLPll THE PRfSSURE DROP TO BE EXP[CTEO l.'ITH NC SOLIDS 

t-----~6~n~ ____ c_ ______ .P_RLS.EH.J .. _.l.t!_._ttfL.Lil?.L._ ........... -.. -._···-·-···-·--·-······-·········-··· ................. -······-········-·--· .. -.... ·····-·-·---·-··--·-·--·-·---·-----------------------'--I 
C DlFF THE PERCE~T GlFFERENCE ~[TllEEN ~ELP AN~ DEL?~. 

t-----------~r. ___ G.ll!:LR __ J.HL.SL.Ul:UU'.-·.S.f'£.C.Lf.l..C--C.R.:A.VJ_T.x .•. -·-···-.. -----·-·--······ .. -·-- .. -· .. ···· .. -· .. ······---··------·--------------------------------------~ 
I l\Tf.HR SIZFLG, SIEVE 10 

t--------------......._Rr AL.L.U.G.lll_ ___________________________ . ________________ ..... ·-···-·--·---··-·--·-···----·--·-·--·--·----------------------------111 
65 COMMCN/SLURl'</Sl(V[(?5> ' S~'11.'!T<25) ,VCLFPC,lllFRC,GVS1SIZFLG~soLSIZ 12 

t-------------~1 .. __ i.G.lU..1..S.12Ll25.l .. t.C.V.<.25.J .. 1.CCJ.(2.5..).,.t~SAY.P..L.IH.5Ut',,.C.V.J., .. G.V.SLR:. •. V.I.S.C.,f.t.C.W . ._. __________________________ .=.i13 

... ) 2 PRCD1VELt Df.LPS,OELPW,DIFF 1HPl':,Ci lA ,RUF I• 

t--------------·lllM.E1i:S.l.O.k _______ . ____ , ___ .. Sl.EVLC2.5J t .... S.A!HIJ.C2.5J., .. S.1.ZU2~> t-...... _._ ........ -···-··-··--·- .. ·-··--·----------------------------------1~ 
1 CV<2~>. CO<t>5> 16 

1 ____ __.7_..o _____ ... c. _..t. __ S.._._,.J OE.£. S.Lllfilf.RL1.irdf.E..C..1.G.V.s_,.!..V.L.1.LMGil:t.1.0.l.A_,RU E. 1.f.LCW.1.S.C.LS.l..Z.1.S.Uf.L(....____ 11 

cs 1 VlS.CLtNSAMPL,~IEVE,SAMllT,6VSLR,t.RU,V[L,PRCD11.'TSUM,CVT,cv.co, 18 

t------------r~'--'~".illhC.llRIU.E...Q..ll..s.£.Lt.fJ,L.1..llE.LP-..~.f-t.)[LE'.-101.f.E.L_________________________________ 19 

LNGTH: 1. ~ 

1--------------·-'LlSCL.:'-.ll.lS..L ______________ , ______________ , ___ .... ------·--·----·---·--·----··--·-- 21 

75 C n 
c n 
C COHPUTE THE ~EIGHT OR VOLUME FRACTION SOLIDS u 

.._ __________ ..._r __ CJA,f,_Qli.G_..Hl..ltL!LlU.t.IL.S.LIIB.R..LelUlf.£.B..ULS. ------------------ -·----------------------~25-1 
c u 

i----~8~0--------~I f.H'.QU.Jlh.o.U.&...JLL.Jl.9J.f.RL_;_~J[R.C~..GY..LLUi..'lS.-~.-...li.If.R.C.!..l.G:wL=.G..V.llJ ____________________________ 27
1 

WTFRC = 1.01c1.0+<1.o-voLFRCJ•GVL/GVS/VDLFRCI ~ 

t--..,------------=-c________ --------·-----------------·------------------------~~ -....J GVSLR = VOLFRC•GVS + c1.o-vcL~RC>•GVL ~ 

°' 1---------------=A~~,_~aA_;_~._i.!.j_~!Jl.lA.~ll.lAJ~_(i./..!...JL. ______________________________ ,__ _______ --IJI 

85 IFO'LOY.GT.O.Ol GO TO 12 32 
1---------------~l[J_\'..E_l ... .Y.Lt..O..t..O .. L.fi.Q.J.D..._l.3 ____________________________________________________ -'3"-13 

FLOW : Pk00•2000./60./WTFRCIG~SLR/62.47•7o481 ~ 
,_ _____________ ..,.._VfL. ... _;: __ f.L_.01/LI~.-1*.6.l.l.6.0 ..•. lAR.E.t._. _________________________ .. _________________________________________________ '-'-135 

GO IO 14. ~ 
t------'9~0 ______ ~1=2_H..l._.£_£_LQ.IU.I .... 'i.IU..l..6JL,..l.AR£A _______________________ , ______ --------------------------37 .... 

PROO : FLOl.'•60.•~TFRC•GVSLR•~£.4/20D0./7.481 ~ 

t------------·--·-=-(, Q __ .!.Q.._1.~---·---·····-···-·-··-.. ·-·-.. ···-······-······ .. ·····-···-·-··-··-·-···-··-······-··---·-··-··----.. ······--· .. ······--·-·-·--··-----···-··-·····---·-·--·-------------------------------139 
13 FLOll : VEL * 7.481 • 60. • AREA ~ 

1----------------P'-'('(_QQ__.::._.fb_Q.!L~~Jl-~-~JHf.B.~.~-.G-Y~L.8..~{i-~_.,_!1 . .l..Z.!!JU! .... _lJ_,_~.R.l. .. __________________________________________________ •1--1 

95 l~ CONTil'.Uf ., 

,__ __________ ~c---------------------------------------------------~---------------~=-i 
C CO~PUTE THE SIZE DlSTklBUTlON. « 
c d 

t----------~-·----------------------------·---·-·-·---··----·--------·-·--·--··---·--·-----·-·----·-----------------------------------------f 

IF CSlZFLG-2> 23t22t21 •6 

100 c 0 t------=-=-=-------=----·---·-·-·---·---·-·------·--·----------------------------------------------1 
C READ ~EW SIZE DISTRIUUTION. d 

c ~ 
!-----------~----·----------··---------·······-··-·····-·-----··-·-·---·--·---·-···---·----------------------------------< 

21 WTSUM: SCRCON<NSAMPLt SIEVE1 SA"Wt, SIZf> ~ 
1--------------~22~c~ON_UNUL_ ______________________________________________________________________ s1-I 

105 c » 
1-------------i:=-___ US_C.I..t!.t;. __ U . .§.L.~.U .. [ . .JU.s..rn.1.e.!.! . .T..l.OJj ___ J ___ Q.R.._~EJL..s..u.r.s.. ______ ...... ______________________ , ________________ ··--·---·----------------53-1 

C JUST READ ANO CONVERTED> M 

1------------~c---·------··----·---·-----·---·------------·-···--···-···-··-------··---·---··--------·------------·-·-·------------------------"5"-ls 
CVT: J.O 56 

1-----~1.;1~0 ______ !;_ _________ .. ______ , ______________ .•. _. ____ ..... _________ , ___________________________________________________________ , .... -·-----·-·--·-···-----·--------------------"---151 

~-----------·--·-·-······-···· .. ·-·· .. ··-·· .. ·---·· ................ _ ............................................................. . 
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• • 
SUBROUTINE ~LURRY HWGBHRA fTN V~.O-P38~ CPT=l 06/l~/7( l4.30el7e 

t corPUTE THE VOLUME FRACTIONS AND URAG COEFFICIENTS FOH EACH SAMPLE. 
c 

PAGE 

._ _________________ nn....2.0.._i_..:--1.w.s.Afil'..___l ___________ . _____ ._. ______ . __ . __ . _________________________________________ -=-i 

CV<Il : VOLFRC • SA~~T<Jl 

.,_ ___ _.1_,.1_.._ o; _______ £..tl .. ;;; ... c..v..I •. ..t. •. .L.V.UJ _____ .-·-·--·--·------·-··-·-·-···-······-·--······-·--·--·-···-·-······-···-········-····-·············--·-···-·-···-·------·----------------------''-' 
CD<I>. = ORGCOF(SIZECiltGVS,GVLtVISCL> 

t------------·2lLC:.Clli.T..l1filL_ __ . ________________ . __ ·----·--·---····--·--·········--·--·---·--·--·----·--·-·------·---------------------:..i 
G(J TO 24 10 

(" 11 1--------------------------------·---·-·-·---·-··----·-···-···-·--·---·--·--·-···-·--·--·--·-···-·--·-·--·--·-·----·--·-----------------------'-t 
120 C ON£ S 1 ZE ONLY. 11 

1-----.-·-------'"------------------------·-··----··--··--·----·----···--···-··-··-·-·-----·-···--·-···-·--·-···-·--·-···--··----------·---------------------~l~l .· 23 NSAMPL = 1 ,. 
1---------------·C..U.lLl...l= DR G C 0 E.LS.0.LSJ..Z-tJi.V.S.,li.V.4.V.l.S.CU ....... __ ... _. ______ ·--·-··-·--·-·--·-·----·-·--·--·-------·-... -·------·-------·-----------------1~5 

eve 1) = VOLFRC 16 

1----~1?~.S-------~?~.C!.N.I..l~l![.__--------·--------------------------------~-------------------~--111 

130 

135 

....... 
-..J 

1'+0 

145 

150 

c 
r 
c 
(" 

c 
c 
c 

r: 
c 
c 
c 

c 

10 

rr•MPllTr TMr TnT11.1 S:liTrTTnM S:A£..l.Q.IL.COllR£.C.l.IO!\! PY C!!l'.MllG.....IJ:!L----------------------------119 
CONTRIBUTIONS OF EACH SOLID. ~ 

R[JURN 
ENO 

21 

44 

45 

46 

1-----------------------------·------------------------ ------------------------------~q'-1 
48 

1---------------------------··----------·-··----·-------------------------------------·~9 
so 
Sl 1-----------------------·-----·------·--------·--·-----·---·-------------------------------t 
Sl 

51 r------------·------·-----------·------·-·--··-··---··-·······-··--·-··-··-·-···--···-··-·-·····-·--···--·-···-···-··-·······-·······-·-·--···-·-···-···---------------------------1 
54 

55 1----------··-·-·---···--··-·-----··-··----··-··-······-·--·-·-··-··-··-····-···-·---····-·········-·········-····-·-············--··-··-···-········-······-·····-···-··-··--·-··-··-···-·-···-·--·-·····---·--···-·-·-----------------------1 
56 

57 1---------------·----·-···---·--·--···-·-·-·-·-··-·--···--·-·----····---··--···--·--.. -·-··-.. -· ... ···-·-··········" ....................... _ .. -.. -·············-········ .. ·········· ·····················-···-· .. ··· .. ··-·---·------·------------ ·-----· 
!>II 

w ..... ··-···········-···-·--·-···--·-·-···-·-·--·-------------·---------...::-1 >---------·-·------······-···-···· ......... --······-···-···-.. ·······-······················-·········-·········· .. ····· 
60 
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.r FUN CT ION DRGCfiF H!JGB'iRP. fTN v~.o-:3ao OPT=l 06/l~/1f 14.30.17. PAGE 1 

FUNCTION DRGCOF<O,GVS,GVLtVl~CI 

c 
•---------·---L-------Itt.lS_rnN.C.LlOlL.C.Ofil'..Ul-ES.JJ:l(.._QJll.G.-C.O.tf.E-lC'.lf .. NL!lf--A .. -Sf.Ht.RI CAL-------------------------------------''-! 

C SOLID P~RTICLE ~ITH OIAMETEK ~ AND SPECIFIC GRAVITY GVS, 
1-----~-----c___fJ...LLl.N..G_..ll..k.O..UL.H._lL...LlllllD--.l.l.l.lt:IL.S.et:.C..lf .. l.C. ... .:;RA.V.l.l.Y ... -G..VL ... -.. ·-·-·-·····-······-···-······--·--···-·-·----·--·-----------------------... 

C AND VIS:OSITY VJSC CP. 
t------------,__r ____________ ·-----·-----------------------·-···-·····-···-·····························-·-···-···-···--·-······--------·-·--·--·-------------·--------------------1 

DI MENSI Oii: A<!'» 
1-----...,--------D..AJ.A._A_l_-:...l.....3..8.l..t..L.ll!i.5.--=-5..a.3.2.~"'2.. •. 2.&.81.9.£ . .,,.-i.t.l.e.1-'t.2.L,_.,_4/···---·--------------------------· --------------i 

10 C~ SlORESID.GVS,GVL,VISC,COkSTtCDkE2tX,SU4,C,HE> 
o------~---------n==il-------·--·-··---·---··-·--·------·---·-"""··----·-·-····-·--···-·----·-···-·--·--·--·--·-·----·-···---·-·--·-·----------------------------. .. 

GVS=GV3 
,__ __________ ____G.Y.L::..G..llL ___________________________ .......... ·-·····-····-···········-········--···-·-···-···-···-··-·-·--···-···-·-···-···-······-·--··---··-·--·---------------------

V J SC= VIS C 
t------1-S~ ________ c_aRSl-=--.!La.0..!..3.2....2..~.6.2..~£..2...S· I 988. ~...L4.8.1!...!..3...Q.l.l...1.2a .. _______________________________ --"-I 

CORE2 = OONST * CGVS-GVLl *G~L •D•D•D !VISC /VISC 
1--------------~l~F~IC~llRJ:.2....:!il....Lo.2 l GO TO 1 ----------------------------------------------''-! 

DRGCOF: 24. "24. I CDRE2 
o--------------~~LlUJi.M.. ____________________________________________________ ---=-'-1 

20 1 CCllHINIJE 
1--------------~X-=:_l_L~~--------------------------------------------------------i 

SUM : l.C 1) 

1--------------r....._:~ALll.li.lJl.l..c.Il~R~E~2~>-----------------·--------~----------------------------1 
00 10 I =?.·t5 
v = v.r-

10 SuM : SUM + X•ACI> 
-------------~W=f·-=~.-1..C....Jl.+•SU . ..._M _______ ~------~-----------------------------------~ 

........ rPGCOF = :oRE2 /HE/RE 
,....... ......,,..._ ___________ _,,_h£..lU.RlL_ ___________________________________________________ --1 

30 ENO 

!-------------------~~---------·---------------------

>----------------------··----------·--- ----·-- --·-----------·---------------------~ 

------- ·---·-·--------··----------------··-·-----------------------------! 

1-----------------·----·------------------------------··---··-·-------·-··--------·-·-·---·--·----------------------------1 

!------------~--- -----------·------------------------·---·-------------------------------1 

t---------------------------------·--·----------------------------------------------1 
1---------------------------------------·-----··--···---·-·--·--·----··-·-·-·--------·-------------------------~ 

--------------····-··-----------··--·--·-······-----······--··········-···-·-···-----··-···-·-·--·-·--······-···-·-···-··-··-···-·--·--·-··-···-······-·,··----··--··-·--··-·-·-·--------------------=-· 

t-------------------------·--------·----·---··---·---·--·--·--·-·-·------··-··-·-··-·-·-----···----·------------------------1 

................ ···-······-··-·--·-···-·--·-------·--------------------:::=------

'-
~~ -· .. 

-----· . ·--·- --- -·-··--·•----- --· ----- • 1.I.-

[ 



FUNCTION scRcor~ H\.iG!3HH8 FTN V3.0-P3SO OPT:l 06/15/76 14.30.17. PAGE 1 

FUNCTION SCRCO~(N,JSJV,IJTS,SZ> 

c 
, _______________ c.__ __ Itt.LS..._f_UN..CJ_lD.i'LC.01'1.IL~J.i.E.O.llJ:l.Al-lCill.....l.CLA.V.£.IUW:._. ___________ . _______________________________________ ---''-I 

C PARTICLES DIAMETERS ACCO~DING TO THE IOS STANrAkO ~CPEEN fJZfS. 
1-------c; . ..__ _____ (____JH.L..S..L'li?.LL.:.lJLlGH.I.S._.Af_£._.N.O£.l':ALIZ.Etc._.T.0 ..... 1JEIGHL .. F-hAC.lI.CN .... MW ..... l.HL .. --.-·-···---·----·-----·-·----------------~ 

C TOTAL WflGHT FRACTION JS RETUR~ED <SHOULD ALWAYS ~[ l.O> 
i--~--------""-r-·-·--·-·--·-·--·-·-·--·-·---·--···--·--·-----·--·----·---·--·--,-·-·--·-·-······-·········-···········-··················· ········-·····-·-···-······--······-·--·-·-------------------------'-----...,-------~ 

REAL MESH <~2> 

1--------------~nr 11£.N..S.l'i 'J. I "I llJ.ll •. ILI.S..!.til .. ,.S.Z .. lN.L.. ___________ ... ___ ... _. ______________ ~----... -·-·--···-· ... ··--·-··-·-·-·--·--------·------------------------:..:..i 
10 DATA CONV/25.4/,MESH/107.6,10lalt90.5,76.lt64.0t5!.Bt50.H, 

1-------''----------..A.ll!i.!i..&.3 ... _3.8_ •. L,.32. •.. c .•. 2.u .•. 9 ..• 25 .•. !.t .• 22 ... f...,.1.!:'. .•.. n •. u •. n .... 13 .•. 5.,..12.. .. 2_,.1.1. . ..2 .•. 9 .• .s.i. .. ________________________________ =-1 

·.J xe.oo,6.73,6.3~,5.66,4.7&,4.oo,3.3~,2.s3,?.3H.2.oo,1.Es,1.41, 
i-------------~Y . ..1....l..9_1..l. •. .D_0 . .1----------------·-···-·-·········-·············· ·······················-·····-······-···-······-················-···-···-······-···-·-···-···-···-·-···-·-·--·--·--·----------------·--------'=-! 

xo.H41,u.101,o.595,o.~oo,o.420,o.354,o.297,o.2so,a.210,o.111, 
i--..,----1~"~' -------~>t!l..a.B..2.:1.D_.a.l.2.5_.t.O_o.lJl.5.1..D. .• .Il.~.B . .,.CJ.. • .O_l!Lt.O. ... .ll . .6.3 . .t . .ll .• 0.!:..3.t.Il .•. 0.9.!.t .. t.Il.•.0.3-1L ____________________________________ _;.;_.i 

J: ISIV(l> 
t---------------S~71~J~>~=~M~f~S~H1..J> * I. 2 I CON.V----·--------------·----·----------------~-----------~ 

NMl : ~ - 1 
t--------------~s· ..M . ..:->LI.S.lL'~----·----·---·--------·---·--·----·--···-----·--------------------------< 

20 DC 10 I: 2tlH'.l 
1---------------~·'~'-=-.l.s.l~U~'-------------------·---·-------------------------------i 

SZ<I> = !MESH(J) • MESH<JJ))/2.0/CONV 
..._ _____________ _..l_-=-= _..!J_ _______________________________ ·--·-----------------------·----------------...,-------------------'-1 

10 SUK : SUM + ~TS!I~ 

t----~~-5~-------~S~U~M-=~S_U~~M~•~WI..S..i~NL·>------·------------- --------------------------'-----~ 
SCRCCtl = a.o 

t---------------J_:~I . ..s..1.Y.J.ll.>~-------------------------------------------------------1 
~ZIN> = MESH(J) • 0.8JCONV 

..._ ___________ _____fr.0...2..IL.L=.l..1.IL _________________________________________________________ _, 

'-' 30 ioliS<ll = IJTS<l>ISUM 
\0 ,___, ____________ ,21L1'cl:R.C.O.~ .. ..:_!i.C.R.C.OJL_L.W.l.s.t.U _________________________________________________________________ -1 

P.ETUr<N 
i--------------Ll'i.0.. ____________________________________ ..... --··------·--·--·--···--·--·-.:_-------·--·---·---------------------------1 

1-----------------·-----·······-··-·---·--·-·----·------·-···----··-------···-·---·--···-··-·-··-·---·-·--. ----------------------------! 

r------------------------·---------·------------·------·------------------------------------1 

1-----------------------------------·--------------·--·--------------------------------------1 

1---------------------------------------·-·--·-···--··----·--·----·--------------·--------·----------------------1 

1-------------------------·---·--·-----··-----·--·--·--·-···-·--------···-··--·----·------·-------·-----------------t 

1---------------------·------·------·---···-······-······-·-··----·----·-··-·--··--····-··-------·-----·---·--·---·---------------------=-i 

1-----------·--·---------·---·---···-······-·-··--·---··-·-·-.. -···-··-··-············-····-·-···········-········--·········-·······-··················,···················-··············'·······-················-···-···-·--·-·----·----------------·----'-1 

~--------------·----·------··---·--·---··-·---···-·--·--·-·--··-··--·······-·····-··-······--···-·········-·-·-···-···------·-----·--·-···-------------------------'-! 

Pipe Linc Technologists, lnc.--
a Kaneb companv 



J 
r FTN V!.O-P!8~ OPl:l 06/15176 1'1.30.17• PAGE 1 

3 FU~CTION AMDClY <RE,A~> 
. l 

c 
) 1 ___________ ..c_ ______ Irt.lS .. _f_L'N..CJ.1.0.i.L.C.O~U1l.S._J.tl~.C.OG.Y.-.F...F..l.C..ll.O N... . .f'..J.C.1.C.R. ... f.~R--L---------------------------------~ 

c FLUIU FLDYING JN A PIPE GIVE~ THE REYNOLrS Nu~r£R A~O 

i-------"•~· _____ r:~._:IhLEE..LlU.lJ/.L . .B..OU.GJ:!.N£.S5..._.0.E._ .. J.HE._.P-lf.•.£..t •... t\.I\._ ... --.-········-···-·-···-·--·-···········--···--······-···-·-···-·-·--·---·------"--------------------~ 

) 
c. 

1--------------..D.AIA_ .. S2.J.1.. •. l_'i.L'l2.l.36L __________________ . _________________ ._. ___________________________ --'----------------------'-I 
F=lE: .• O/Rf . 

) 1---------------EJ!.Cf_~_.l_ • ..n.__ -------·----·-·-·-·---·--·--·--·-··-·-----·-·--··------·---------------------------'-'--! 
IF<~E.LT.2100.0) GO TO 101 10 

) 

.._ ___ _,_ ______ __, _ ___.F.._:;: __ !t ..• iO .. "!!.ALO.Gl..n.c.o .•. 5/.J.Kl.--t-3 .... u1 ..•..... _. _______________________________________________ . ..,.-·-·------------------------=t 
• .• fRCFAC : 2.0 

.._------------~1 L.illt!..RLlf_L~2. .. G.E:....1.Q. .. .D.L.GO_._J.:J......l.D.2 .. ---··-····-··--·-··---------·----·---------------------------~ 
DO !.>O I=l,10 

) 1 ____ __.1,_r:;.__ _______ .... r: _ _;._.1_..._qH~!i .• ...O..!.Al..0.G.l.0.1.2.alUA.KLt..1....D +9. l"· •£.t.2...n.LAKJAE.l...._ '-------------------------------t 
50 CONTINUE 

.._ ____________ _._..FRfLAC : 3·0--------------------------------------------------~ 
) A : AK'*R£/F IS2 

t-------------~'~F-.t.Aa.:i..1....3...Jl. .. _,\JJD· A •l I. 7 n. O) iO .l.1l-.1..n-'-~------------------------------------::..;...i 
DO 100 l=ltiO 20 

) t-------------"1~o~n._._F_.;_!t_ •. l.!.AL0~•:~1~r.t~R~FJ~~'--...... "·-"--A--------------------------------------------t 
FRCFAC : 'l.O 

t-------------"''~"~''~F~=-1.o.1.LF~......._JF _________________ ----------------------------------t 
) 101 Arooov = •·O•F .._ ___ __.2~'5.__ _______ ~R~F~l~U.R.U, __ ..:__ _________________________________________________ '---4 

ENO 

) 

00 
) 0 

) 

------·---------··-·------·-----·-·-·-·------------------------
J 

) 

~ 

) t-----------------------------·------·--·---·---·--·-----------------------------------1 

~ t------------·--·---···---·--------.. -·---·---·-·-···---··-·-··-···-·-···-··-··-·······-··-···········-·····-··············-······-·-···-·····---···-··-·-·--------------------------'--1 
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