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EXECUTIVE SUMMARY

The geographically mismatch of the water demandresrand the water resources necessitate
the transport of water over long distances and bighation differences. On average water is
transported about 350 km in South Africa (Bassam Wiekerk & Van Rooyen, 1997). High
energy costs and the increasing demand requirettibatvater transfer infrastructure should
function optimally. Since the 1930’s various resbars contributed to the identification and
development of factors and relationships to quartitié energy loss in pipelines, which led by
1958 to the development of pressures, head losgedischarge relationships (Chadwick and

Morfett, 1999) for the design and evaluation ofgsiand pipe systems.

There are various factors that influence the hyldraapacity and pipeline designers need to
take all of these into consideration during theigles For instance the estimation of
roughness parameter for a pipeline has a signifieffiect on the hydraulic capacity and
operational costs. An underestimation of this pet@r can be catastrophic when the

required demand cannot be met.

Life Cycle Costing Analyses of pipeline systems

In the current economic setting more than evert essmation is one of the most important
aspects of the design engineer. The Life Cyclet QIoSC) of an asset is defined as the
present value of the total cost of that asset as@perating life, including initial capital cost,

operating and maintenance cost, energy cost ancbteor benefit of the eventual disposal of
the asset (New South Wales DPWS Report, 2001)e Cifcle Costing Analysis techniques
take into account the total costs that the projelitimpose upon the client during the whole

of its life.
The objectives of life cycle costing are: to enablestment options to be more effectively

evaluated, to consider the impact of all costserathan only the initial capital costs, to

perform a sensitivity analysis and to assist tiiectize management of the completed project.



This report is a simple guide to Life Cycle Costgalysis, limited to the design/analyses of
bulk pipelines and emanated from research fundedhbyWater Research Commission
(WRC) entitled Review of factors that influence the energy loss in pipelines and procedures

to evaluate the hydraulic performance for different internal conditions’.

During this study existing software was adapted timauld assist designers in evaluating a
pipeline system over its full life cycle. In othenords the factors affecting the operational
efficiency and functionality of a pipeline can nde analysed over the full life cycle of the

pipeline. One of the governing issues during tleming and implementation stages of a
pipeline, or a distribution network, is the selentiof the most appropriate pipe material for
the specific operational and field conditions. inDgrthe planning stage it becomes tedious to
analyse all the different alternatives and to caraplaem on a sound and equal basis.

To assist the planner/designer in the evaluatiatess existing software that performs life
cycle costing was adapted for this purpose andailed AQUA Hydraulic Utilities (see
Figuresi andii). The program determines the life-cycle cost bigudating the Nett Present
Value (NPV) and the Internal Rate of Return (IRRYy the different pipeline system

alternatives.

A Step-by-step guide utilizing two examples, a gsagystem and a pumping system, was
also developed that demonstrates the calculatispedormed iPAQUA Hydraulic Utilities.
In this guide the different life cycle cost elenseate introduced to the design engineer and it

is indicated how these cost elements will effeetfthal decision.

Websites for downloading software and updates:

http://www.wrc.orgor http://www.sinotechcc.co.za
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Internal Rate of Return -

Life Cycle Costing (LCC)-

Net Present Value (NPV) -

Operating Costs -

Payback period -

Escalation rate -

The discount rate at White Nett Present Value of income
(IRR) and expenditure on a project are equal, thasett cash

flow is equal to zero.

A method in which coste adentified with an asset throughout
its entire life cycle. This includes planning, @gs acquisition
and support costs and other costs directly atedbwd owning
the asset (New South Wales DPWS Report, 2001).

The present value offthiere net revenues of an investment
less the investment’s current and future cost. irdestment is
profitable if the NPV of the net revenues it getesain the
future exceeds its costs, in other words if the NBYositive.

(Income = + and Expenses = -)

Costs that are directly relatedendering of services. The
operation cost has a fixed and a variable compon€&hé
variable component is proportional to the goodsvdetd. The
collection of revenues and other ongoing activitieskeep it
operational.

The time required for an investntengenerate enough net
income or savings to cover the initial capital latymf the

investment.

The rate at which prices/cosisemse (inflation)
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INTRODUCTION

One of the governing issues during the planningiarmpdementation stages of a pipeline, or a

distribution network, is the selection of the masgipropriate pipe material for the specific

operational and field conditions. The governingapaeters that influence the life cycle cost of

a pipeline are:

the cost of capital

realisation of the demand

diameter required to provide the hydraulic capagilifferent wall roughness of the
different pipe materials)

system pressures

external installation conditions and loadings

water quality and potential reaction with the pipaterial or internal coating

cathodic protection of the system (stray curretdy e

maintenance requirements and upgrading costs inguthe escalation of different
maintenance cost components

operational costs and the escalation of operaticost|

the ease of replacement (minimising the time ofitkerrupted supply)

During the planning stages it becomes tedious &byaa all the different alternatives and to

compare them on a sound and equal basis. Regamfldbe type or system that will be

implemented (number of pumps, pipe material, pliasii the construction etc.) the

realisation of the demand up to the design capaditiie pipeline can be taken as a constant

and hence discarded for a specified capacity. Sstathe planner/designer in the evaluation

process software that performs life cycle costirasvdeveloped calleAQUA Hydraulic

Utilities. The program determines the life-cycle cost byuwalting the Nett Present Value
(NPV) and the Internal Rate of Return (IRR) for thierent alternatives.
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What isLife Cycle Costing Analysis?

Life Cycle Costing Analysis (LCCA) is the identiiton and analysis of all costs
incurred in acquiring, operating, supporting andpdsing of a material system or
equipment. It is used to identify the budget irog@lions of capital investment

decisions and the cost impact of various designsaipgort options.

LCCA has its roots in the 1960s, when scientistscemned about the rapid depletion
of fossil fuels developed it as an approach to tstdad the impacts of energy
consumption (Svoboda, 1995). Since then it has lapplied successfully in various

fields for the financial evaluation of products gmnojects.

LCCA is a key analytical tool used by engineershi@a development, production and
through-life support of material systems. The teghe is based on the common
sense concept that “time is money”. By placingimetvalue on money, future
expenditures are brought back to a present base wkare a direct comparison

between alternatives can be made.

Life cycle costs should include the direct costd amirect costs as well as benefits
associated with the pipeline. A complete life eycbst analysis should include all of
the costs and benefits that result from the coostmu of a pipeline, both the direct

and indirect financial impacts.

The aim of this chapter is to demonstrate how LGf2A assist to obtain a quick and
easy method of determining what the real “bestrradittve” is for a given pipeline

systems (gravity or pumping).

Although other components like the end storagee(uesrs) play an important role in
the components sizing and operation, this aspestetincluded in this investigation.
It is accepted that the pumping capacity is sudfitito be able to provide the demand
in the available pumping hours and that the endrves has the capacity to supply

the demand pattern that may occur.
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The optimisation of the system can be obtained dyppgaring the Life Cycle Cost
(LCC) of the alternative systems and it is of valoieeflect the capital and operational
cost benefit of an investment. As is the case mtist evaluation techniques, the real
challenge lies in making unbiased assumptions, whioduce fair comparisons of
alternate designs (NCSPA, 2002). Engineering/ecoced assumptions such as
project design life; pipe roughness, deterioratate, discount rate, escalation rate and

inflation should be made.

Life Cycle Costing Analysis M odel

A Life Cycle Costing Analysis (LCCA) model is insnce an accounting structure
containing terms and factors which enable an estbmaof the various cost

components representing a pipeline system (NewhSéal#les DPWS Report, 2001).
Although there are a number of commercially avddahodels that may be used for

LCCA, it was decided to include a model specificédir the evaluation of pipelines.

According to the New South Wales DPWS Report (20ahg LCCA model

developed enables the user to:

* Represent the financial characteristics of the Ipipesystem being analysed
including the maintenance and operational requirgsnas well as limitations
and constraints in the system.

» Easily understand the LCCA process and allowinger driendly interaction
with it.

* Analyse a system comprehensively enough to highligl important aspects

of the system.

It was decided that the LCCA model used in AQQUA Hydraulic Analysis package

should be clear and user friendly, allowing theruseunderstand the calculation
procedures that are used. A LCCA cost breakdowrctsire (CBS) was used that
supports and highlights the LCCA process. The @B&vs the control and facilitates

decision making according to a set criteria.
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COST COMPONENTSINCLUDED IN LIFE CYCLE COSTING ANALYSIS

Time stream of costs and income

Development professionals should respond to owmersds and demands in a
financially sound way. The designer today requeiesethodology to analyse the
initial project capital cost, energy consumptiond aperational and maintenance cost.
The life cycle approach is concerned with the tstream of costs and income that

flows throughout the life of a projedtjgure 1.

t 1111

| TIME (years)

IENE

| MONEYFLOW M)>

Figure 1: Cash flow diagram (Veefkind, 2002)

The cash flow diagram is obtained from the syst&BS (Veefkind, 2002). The cash
flow stream will be different for each of the ahatives that will be analysed. LCCA
is usually performed to enable the comparison t¢ériaétive systems and/or to
evaluate an investment decision. To enable thepaang of alternatives the time
cash stream (costs and income) as showkigare 1, are discounted back to present

worth values in a base year.

The Life Cycle Costing Analysis (LCCA) requires tbetermination of the capital,
operating, maintenance and energy costs applidghbbeighout the life cycle of the
pipeline and pump station. These components ofifitneycle are discussed in more

detail in the paragraphs below.



2.2

2.3

It is impossible to accurately predict all the sostvolved during the life cycle of a
pipeline, and hence a sensitivity analysis is negliespecially on the major cost

components.

Capital cost

Capital cost for a pipeline has two main components
e Material cost

* Construction cost

When the capital cost is determined it is importeninclude all the costs that are
associated with the production, construction astirtg of the pipeline. It is important
to include all the major costs and identify theygaeeas where uncertainty exists, for
example estimating the rock excavations withouetaited soil analysis.
Usually the major costs for a pipeline include:

* Pipeline material cost

» Excavation cost

* Laying of pipeline

* Valve chambers

* Mechanical equipment such as valves

» Testing

Operational cost

During the design life of the pipeline, there vk associated operating costs. An
example of this is for instance when the pipelieguires cathodic protection. On a
monthly basis there will be electricity costs #ifited with the energy used.

Administrative and financial personal will be reqpd to keep the pipeline operational.
The operational costs are usually small comparethéocapital, maintenance and
energy costs but should nevertheless be includdekifife cycle cost of the pipeline.



24

2.5

2.6

M aintenance cost

Once the pipeline has been completed it should &etaned. Typical maintenance
cost for a pipeline will be 0,4% of the capital tosthe pipeline and 2,5 to 4% on the
electrical and mechanical capital cost. In SouthcA this is usually one of those
budgets hardly spent and insufficient. Maintenamceoften only done when a
problem arises or when there is nothing else to By.keeping the pipeline properly

maintained its life is increased.

Energy cost

The water sources in South Africa are in most caseslose to the end users. Water
frequently has to be pumped over great distancat tagh elevations. When

attempting to optimise a pipeline design, energtsthus plays a predominant role.

Although it can also be seen as an operating dostas identified as a separate
component since its escalation rate can be diffesgral it can be a major cost

component. This energy cost is only applicablpumping systems.

Residual value

In most cases pipelines are buried under groundrarsdare usually disposed of/taken
out of service by leaving them where they are. Wa@&ew pipeline is installed on the
same route as an existing pipeline it is commomdyalled parallel to the existing one.
This allows for the construction of the new pipeliwhile the old pipeline is still

operational. The older one is hardly ever takeartapr removed from the ground.

The resilient value of a pipeline system is thumwst cases negligible.



INTEREST RATESUSED INTHE LCCA

In order to be able to evaluate any system alfré¢t®/ant costs that have an influence
should be calculated. The following equation aBndd by the Hydraulic Institute

(2002), reflects components that will influence thenetary value in a specific year:

C, =C,+C, +C, +C, +C; ()
Where: G = Monetary value (positive or negative) dor
specific year

Cqj = Capital cost for a specific year

Cni = Maintenance cost for a specific year

Coj = Operational cost for a specific year

Cej = Energy cost for a specific year

Ci = Income from water sales for a specific year

| = Specific life cycle year

C - Capital cost

This is the initial cost of the system. Smallegpgs can be used resulting in lower
initial cost, but resulting in higher pump headsl dhus higher energy costs. The
initial cost includes the plan, design and constodiche water supply system.

Cuyi - Maintenance cost
To sustain an optimum working system, regular dfidient servicing of the system
is required. The maintenance cost component ysestlalates as the system ages.

Cyj - Operational cost

In order to operate the pipeline system variousqratel provide an input into its daily

operating thereof. In other words to keep the Ipipesystem operational requires man
hours with several other expenses such as trangbectricity etc. Manpower entities

and consumables are needed to run and operatgstieens



4.1

Cq - Energy cost

Energy consumption can be one of the larger costpoments in pumping systems
and may dominate the expenses of the LCCA. Theggrmst is derived from the

pumping hours and energy charge rates. Smallenedexs will result in higher

pumping heads and thus higher power consumptiashipg up the energy cost.

Cij - Income
The supplied water is sold at a certain tariff tmsumers. Annually the tariff might
increase and thus the annual income increases. yiEh@ from the system can

however reduce due to the deterioration of the.pipe

The estimated or calculated costs for the varioosnponents constitute the
expenditures/income for each year in the life cyfléhe system. In order to compare

alternatives these costs for each year shoulddogght back to present values.

METHODS OF COMPARING ALTERNATIVES

To be able to compare alternatives over the lifelecyt is required to compare the
Time-Value of Money (Grant, Ireson, Leavenworth9@P The nett present value
(NPV) and the internal rate of return (IRR) methads normally used to provide an

economical/financial ranking of different alterrves.

Net Present Value (NPV)

The NPV method discounts all future costs to theebgear at a given interest rate
(discount rate) reflecting the cost of capital. eTdiscount rate is thus used to convert
all future income and future expenditure to a bgesar for comparison purposes. If
the total discounted income is greater than thal Wiscounted expenditure then it
indicates that this is eventually a viable projetttmust however be highlighted that
the choice/selection of the discount rate may hagggnificant influence on the nett
present values. It is therefore recommended tayswindertake a sensitivity analysis
to identify the possible risks of changing costcapital. The NPV is a very easy
method to use. The formula (Equation 6.2) with ckhithe future values are

discounted back to present day values is showmbelo



4.2

P=_ )

Where: F = The future value
P = The present value
[ = Interest rate (discount rate)

>
I

Number of years the amount should be brofogtvard

Internal Rate of Return (IRR)

The internal rate of return (IRR) of an investmenthe discount rate, which causes
the present value of its net cash inflows to egeab. Another way of defining IRR is
as follows: the IRR of a cash flow is defined as discount rate which would result in
that cash flow having a NPV of zero (IIEC, 2002f.a project has an IRR, which is
greater than the alternative options for investthg capital, then it should be
considered an attractive project. The determinatiothe IRR for a project, generally
involves trial and error or a numerical techniqtiee following steps can be followed
to determine the IRR of a project:
» Select at random a trial discount rate
» Define the costs as negatives (-) and the inconp@sitives (+)
* Apply the NPV to each of these future costs andnmes using the selected
discount rate
» If the nett present value is positive, then thesalcinternal rate of return is
higher and if the net worth is negative, then tbeia internal rate of return
is lower than that selected
« Adjust the selected discount rate and recalcukeeNtPV until the NP¥come
and NP\,ypendiureare equal



SENSITIVITY ANALYSIS

Sensitivity analysis is a test of the outcome obppraisal based on alternative values
of one or more variable parameters about whichetieuncertainty; for example, a

change in the design period or the discount rate.

Before finally selecting an investment projectjstsometimes desirable to test its
economic feasibility based on alternative valuekey parameters uncertain in the
future, e.g., expected life of the building, enemice escalation rate, and discount
rate. It is also important to know the value orgaf values of parameters that affect
the LCC analysis. This can be done by recomputireg tCC for minimum and
maximum values of the parameters in question, (Rakh980). This informs the

decision-maker of the consequences associateduntrtainties in the data.

As described by Rakhra (1980), the LCC analysisireq the following steps:

» Specify the objectives and constraints of the asisly

» Identify options to achieve the objectives.

» Specify various assumptions regarding discount, iafiation rate, economic
life, etc.

» Identify and estimate relevant costs.

» Convert all costs into constant monetary valuestaraicommon base (present
value).

« Compare the total life cycle costs for each opaon select the one with the

minimum total costs.
* Analyse the results for sensitivity to the ini@e@sumptions.
COST COMPONENTSAPPLICABLE TO PIPELINE SYSTEMS
Introduction
Pipeline systems can either be gravity system orgmg systems. Each one of these

systems has its own unique design aspects, suplp@e pressure class selection,

pump station design, electrical and mechanical aorapts etc.

10



6.2

To perform a LCCA the applicable component’s cossds to be identified and as

accurately as possible quantified. The costs compis of the two systems are

described in the paragraphs below:

Cost componentsfor a gravity system

The cost components of a gravity system consist of:
Capital cost

Design and supervision cost i.e. cost for the desigthe pipeline system and
the cost for supervising its construction.

Pipeline cost, the cost of the pipeline itself withing system, external
protection, delivered to site and installed in piyge trench.

Excavation cost, preparing of bedding and blankdtench, compaction, and
material cost.

Mechanical and electrical works cost, such as &lspecial fittings, telemetry
system, cathodic protection, flow meters etc.

The cost of the valve and meter chambers

Maintenance cost

Maintaining the pipeline, fixing leaks and burst.
Inspection of the pipeline

Replacing or renovating of valves and other devarethe pipeline

Operational cost

To keep the system operational the running costd te be identified, such as
the costs to have operators, managers and adratiistipersonnel available
and working on the system.

Other costs, such as electricity costs and runtliegelemetry system are also
included under operational cost.

11



6.3  Cost componentsfor a pumping system

A pumping system has all of the above costs asrithescfor a gravity system. Only
the additional costs are described below:
Capital cost

» Construction of pump station building with pumpalves, pipe work, motors,

switchboards and electrical supply.

Energy cost
* The energy cost is taken as a separate cost aliremrgetimes included under
operating cost. The energy cost is the energytigbuthe pumps and is
dependent on the energy tariff structure, numbgyumhping hours during the
year, efficiency of pumps, pumping head and voluwheater pumped. This
cost escalates during the life span of the systethcan be a very important

cost component when comparing alternatives.

7 ROUGHNESS PARAMETER CALCULATION/CALIBRATION

During the design or rehabilitation of a pipelirystem an extremely important design
component is the roughness parameter. Designerdifisrent friction loss formulae
to calculate the losses in a system for a sped#imand. The assumed roughness
parameter also differs and has a significant imib@eon the actual demand. The
increase in the roughness parameter over the dégperiod of the pipeline also

plays an important role.

The calculations to perform a calibration and deni analysis of these parameters
were included in th&QUA Hydraulic Utilities program. With this software program
the effect of the different friction formulae cae lsalculated and compared. The
program also allows the back-calculation of thegtmess parameters based on

measured losses between different points on thierayand the flow rate.

In the next section the principles that have bemtcudsed have been incorporated in a
computer utility program calleQUA Hydraulic Utilities.

12



8 AQUA HYDRAULICUTILITIES

The software was developed to provide a quick asy gay to perform life cycle analysis on
pipelines.

8.1 Installingthe Program

To install AQUA Hydraulic Utilities program:
Insert distribution CD in the CD-drive and followet automatic instructions
the user is instructed from here on by the indialieprogram

or:
The user can also install AQUA Hydraulic Utilitiggough windows program
manager.

The installation program creates the directory gigecby the user and then copies the
necessary files to this directory. The followindes should be in the selected
directory:
User Directory\AQUAHU.exe
\Readme.txt
\AQUAHU.hIp
\St6unst.log
\Projects\Example 1 (Gravity system).ahu
\Projects\Example 2 (Pumping system).ahu
\Documents\Step-by-step guide for LCCA of pipelipe$

AQUA Hydraulic Utilities runs on any personal cong but requires Windows
N.T., Windows 2000 or Windows 95/98/ME/XP, as itas32-bit application. The
program takes up approximately 12 MB of hard dig&ce, requires 64 Mb of RAM

and a pointing device (mouse) is a helpful tool.

13



8.2

Screens

The program’s help file provides the user with exgitions on all the required input
data to perform the life cycle costing analysis #mel roughness parameter analysis.
In the paragraphs below a number of program screages are presented. It is
recommended that the “Step-by-step guide for LCA pgbelines” be read in
conjunction with the software’s help functions totain a better understanding of the
use of the program.

8.2.1 Input screens

The program has two pipeline system options, gyaifpumping.

3. SYSTEM TYPE X

Select the system type

* Gravity System

" Pumping System

| Cancel | animwe

Figure 2: System type selection
Once the system type selection was made all trevaet system data should be

entered. This is done on one screen that has tnreir “tabs” at the bottom of the

screen, seBigures 3to 6.

14



# AQUA Hydraulic Utilities (Owasta water purification works to Spitskop reservoir)

File Analyse Preferences Help

Fumping system

=

LIFE CYCLE COSTING AMALYSIS INPUT DATA

File name C:AQUA Hydraulic Utilties'Projects'Pumping system example projectahu
Project name 1Qwasta water purification works to Spitskop reservoir
Designer 1Pr0f5.]' wan Viuren Date 12? Fehruary 2005 :J
Description This is an example project of a purping system .
A PO Designlite  [Tyawe] <[ [ o]
Starting vear 2005 |«
Supply startyear| 2007 |« [ »]
Select the preferred option - Enter the reservoir top water levels Varvine de 1
" Fixed demand Pumpstation {1340 Jm j a
& Varvine de TeserTvoir water Year Demand <<
- End reservoir 1 22
- Select the preferred method of | | yoier fovel 14315 fm -
calculating the flowrate 2 285
" Specified operating flow rate 3 2
{+ Specified pump curve 2 bl
5 30 Li
Enter or change the pump curve De 1 units
Click on the hution below to enter or change the pump curve ]Mega liters/day l.|
General Data J\ Profile Data J\ Energy Data l Rates atd Sales

08:58 PM | 2005/02/27 Enter the project General Data

Figure 3: General data
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LIFE CYCLE COSTING ANALYSIS INPLUT DATA

Enter the pipeline profile
. Accumulated Pipe Wall Pipe Secondary .. =
it Al lengih diameter | thickmess | cost'metre loss i gt
1 1385 0 a00 15 650 2.5 Purmpstation
2 1350 493 800 15 650 1] Mode
3 1397 2564 800 15 650 1] Mode
4 14175 4153 500 15 650 0.1 v vabve
5 1285 4764 a00 15 650 1] Mods
] 1415 6325 800 15 650 0.1 & v vrabe
7 1406.5 G726 800 1.5 650 1] Hode -
Fipe laying conditions / cost | | Add row H Deleie row || View profile |
Lining system
& it Lining thickness Pipeline units
& Cemext mortar 20 v Pipeline diameter units _— -
. Wall thickness units -
Rougzhness of new pipe (Ks) |EI.EIl |m.m j L
. Pipeline elevation units .
Roughness of old pipe (Ks) |EI.1 |m.m j peTEE e ™
Roughness deterioration years Ilji years Pipeline accumulated length wniis |, ]v
General Data l Pmﬁ]JeData l Energy Data l Rates and Jales

Figure 4: Profile data

LIFE CYCLE COSTING ANALYSIS INPLUT DATA

Capital cost Maintenance cost
Mechanical works Pipeline Ll_l ﬂ Escalation raie |2 U4
R o0 Mechanicalworks [ 23% ] 4| | »| Discountraie 7y
Electrical works Flectrical works ﬂ J ﬂ Energy cost escalation IT i

Project supervision fees R |520000

Operational cost Income
WaterboardMunicipality (owner) staff expenses Operational expenses c i waier sales
Staff Annual Percentage Description of Annual unit tariff
ackage of time (%o eXpeHses amount
package (R) (%0) P ®) R [ |
hlatiager 400000 10 Tratisport 50000
Engineer 300000 15 Fuel 25000 Water tariff
ual i
Technologist 150000 20 Electricity 10000 A Merease
2 ]
Techniciat 120000 15 Trainitiz 4000
Foreman G0aaa 30 Housing ]
|
Labourets 30000 25
& dministration 55000 10
Finaticial 20000 10
Geteral Data l Profile Data l Energy Data l Rates and Sales

Figure5: Ratesand Sales data
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In the case of a pumping system a fourth tab, gngatg, is shown.

LIFE CYCLE COSTING ANALYSIS INPUT DATA

Summer

Click in the rate hoxes to zelect the applicahle rate

Hour |1 (2 [3 [4[5 [6 [7 [8 [9 [10 11 [12 [13 [14 [15 [16 [17 [18 [19 [20 [21 [22 [23 [24
Raie [ T T [ [ HNENT [ [ [ BN NN 7

.Pea]: rate R [033 W .Sianﬂ.anlraﬁe R 025 W

Number of summer months ﬂ ﬂ

Winter

|:| Offpeakrate R (015 W

Click in the rate hoxes to zelect the applicahle rate

Hour [1 (2 |3 4|5 |6 [7 [8 |9 |10/ 1213141516 [17 [18 |19 [20 [21 [22 [23 |24
Raie [ [ [ [ TN NS 70

.Pea]: rate R 04 W .Siand;anlmte R 03 W |:|0ﬂ"—peakrate K [0.19 THY
. .
Maxdmum number of pumping hours ﬂ ﬂ
General Data l Profile Data l Enerzy Data l Fates and Jales
Figure 6: Energy data

On the profile data screen tab the user also festion to view the entered pipeline
profile seeFigure7.
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VIEW PROFILE

F]T;'Dr;te: 1811.500 m*'h Pumping head: 120,655 m W View hydraulic gradeline

1480
14&0

1440

’g 1420
g 1400
|
&
& 1380
1380
1340
0 5000 10000 15000 20000 25000 30000
|Distance :  Out of range Elevation : Out of ranze Accunulated lengthl m)
View section Legend
Begin  |;oog - || Airvahe If‘ Reservoir Ii‘ Pipeline — g | 2007
q profile Roughness: 0.01000 mm
End 22531000 ||| Non-return Pumpstation Hvdraulic

[ Wiew ][ Printview | Iolating gradeline [

Figure 7: Viewing the pipeline profile

The additional feature that allows the user to qrenfa calibration of the roughness
parameter is activated on this screen. Up to $i®enarios can be analysed where
different measured pressures can be entered andotighness parameter back
calculated for a specific flow rate, sEmure 8. This can then also be plotted on the
pipeline profile graphKigure 9).
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ROUGHNESS CALCULATION

Select the scenario and enter the data for each

pressure measuring point Seenario ! | | j
5

s:‘ui:““ measuring 1 2 3 4

Accumulated length 0.000 2564000 15036.000

Elevation 136500 142300 141200

a— s oy T B —

Roughness parameters to calculate Measuring data (for scenario 1)
[v ks (Barr)

¥ ks (Colehrook White)

Prezsure units |metres of water {m) j

Flow rate |1700.50 : -
v ks (Karman Prandil) | w'ih El
Cvalue (Hazen-YWilliams

v e e ) | Previous screen | | Calculate |
Resulis (for Scenario 1)
Caleulated between 1102 2103 iod 45 ||  Pim |
Colebroolk- White (ks in mum) 1.1a60 2837 View graph
Barr (ks in mm) 1.152 25080
Earman Prandil (ks in nam) 1.256 2703
Hazen Williams (C) 114.51 101 92
Average diameter (mnw) a1 20 fAal 20
Average velocity (mmn) 0724 0.724
Eeynolds numhber 200628 | 420062 8

Figure 8: Calculation of roughness parameter
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VIEW PROFILE WITH ROUGHNESS VALUES

FIT;;;tB: 2076.500 m*'h Pumping head: 201.313 m W View hyiraulic gradeline

ls00

1350

’ngDD
g
EHSD
5
1400
1350
0 000 10000 13000 20000 23000 30000
[Distance : 23286.712m  Flevation: 1588.072m Acoumulated length ()
Scenarios
[====] ¥ Scenario 1(Q=0.497 m%is) [l T
[===] ™ Scenario 2 (Q=0.569 m"js) [=—] I
[—] [—] I
—1r [—1r
Legend View section
Airvalve |f| Reservoir |E| Pipeline —_ Begin |5 0ag -] A »| 2004
. file :
Nun_mm qu,mum Ell;dmuhx: o |28531.DDE| j Roughness: 0.01000 mm
Tsolating gradeline (=] | view || Print View | 0K

Figure 9: Plotting of scenario hydraulic gradelines on pipeline profile

Once all the input data are entered as shown tlee@ycle Costing Analysis can be

performed.
8.2.2  Analysis Screen

The program will check that all the entered data eorrect and then show the

Analysis screenHigure 10).
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The data has been verified,
proceed with analysis

o v |, 100 %

| Cancel ‘ ‘ Continue |

Figure 10: Analysis screen

Once the analysis was successfully executed threcameclick on the&Continue button.
The program will draw all the graphical plots artbw all the calculated tables as
indicated in the next paragraph.

8.23 Results Screens

The Results screen consists of a number of talbstinét determined results.
e Hydraulic analysis
e System analysis
» Cost analysis

With these results the user can determine thel'to&" of the designed system.
The first result shown is the hydraulic analysistloé system over the design life

period thereof, seBigure 11. The hydraulic gradeline for the system is pkbiba the

pipeline profile for the entered or calculated floate.
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RESULTS

Distanwe : 25706955 m Elevation : 1381.739 m

1500
1480
1480
1440
Ea
& 1420
p—
g 1400
ks
% 1380
i

1360

S e [ [

5000 10000 13000 20000 25000 30000
Accumulated length! m)

gi:nm‘jm End ;ﬂm godeline ] | v viewmmmn;aﬂe

|0.000 | |zes31000 - e Pl [ ] <l 2| [V Viewlydrauki gradeline
Flow rate: 1811.500 m*h

| Wiew || PrintView || Componens Pumping head: 120.655 m [ Viw e

Hydraulic analysis 1 System analysis l Cost analysis J Inpui screen

Figure 11: Hydraulic analysisresults screen

The system analysis results, is one of the tabsisigothe calculated demands and
yields Figure 12) as well as the income & expendituréidure 13) through the
design life period. These calculated values arevehan graphs and in table format.

RESULTS

.
40
38
é 56
[j° )
% 32
g |
28 |
26 |
24 |
20052002 2011 2013 2015 2017 20129 2021 2023 2025 2027 2029 2051
Vear
Graph options Demand & Caparity Legend
@ Demand & Capacity | [Il] Demand (Supplied +shoriage) (Mega litersiday)
O Tncome & Expenditure | [[] Vield (Mega litersiday)
Hydralic onalysis | Kysemanalisl | Costanalysis | [ putsereen |

Figure 12: System analysis - Demand and capacity results screen
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RESULTS

30000000

25000000

20000000

15000000

10000000

5000000

200%008 2008 2010 2012 2014 201a 2018 2020 2022 2024 2026 2028 2030

Wear

Graph options Income & Expenditure Legend

) Demand & Capacity B income Riyear) 0 tenance cosis (Riyear) View tahle format

l:‘ Operational cosis (Rfyear)

® Income & Expenditure | | [l Capital expenditure GRiyear) [ Energy costs (Riveas)
Hydraulic analysis 1 l Cost analysis J TIiput screen

Figure 12: System analysis - Income and expenditure

The cost analysis is one of the tabs showing thauleded capital cost as well as the
other associated expenditures throughout the litdecsuch as energy, maintenance
and operational costs. This summarizes the costeoproject and this can now be
compared with other alternatives, $eégure 13. The nett present value of the income
as well as the expenditure is shown. The intera@ of return is calculated and a

graph thereof can be viewed by clicking on ew IRR button.
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RESULTS

Total capital cost

Anmmal costs
Description Amount Select life cycle year « ﬂ Year:1
Fipeline cost R28 402,680
Iechanizal F4,200,000 S Amount
t
* e < Total annual operational cast F262,000.00
Electrical cost R1,700,000
kil it Pipeline R113,610.70
Sub total R34,302,650
fad i Eﬁ::lmm“fmt Mechanizel R105,000.00
Preliniary & General (103 R3,430,268 —— 62,0000
Sub total 37,732,950
Total anrmal energy cost RET0,080.40
Contingenziss (10%) 3,773,295
Escalation 3,642,307 Designlife 25 years
Sabline] Ll Nett Present Value (NPV}
Consulting fees (S44CE) 2002) R3,110,653 i AT
Asdmiristration and management F.520,000
e s ’ Income  R141566,100
Total construction cost R48,779,200
Internal Rate of Return (IRR)
VAT 145 R6,320,089
Total capital cost RS5,608,290 e R ED
Hydraulic analysis 1 System analysis l Input screen

Figure 14: Cost analysisresults screen
8.2.4 Other Screens

There are a number of other screens that will afisés user in performing the life
cycle costing analysis. These are the option gbirting data from a spreadsheet type
application Figure 16), setting user preferencesSigure 15), printing input data and
result Figure 17) etcetera.

USER PREFERENCES

Set your preferences on this screen i
Units Currency Rates
& Metric Units + $4 Rand (R) Contingencies 10.00%0 ﬂJ ﬂ
Preliminary &
¢ US Units " USDollars (§) | General LIS T
Caneel || oK

Figure 15: Setting the user preferences
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IMPORT PROFILE DATA WIZARD

STEP 1

STEP 1: The first step is this screen, providing instuctions on ]I'tll'
how to import an existing profile data set from a %
spreadsheet type program.

STEP 2. The nextstep is to goto the spreadsheet, select the relevant
data (pipeline profile), copy it to the cliphoard and reiurn to
this program in which you will pasie the data.

GTEP 3: The final siep shows your imported data and if you are satisfied that the daia
is correct import it inte the existing project.

To go to the nexi step click on the Next huiton.

(e o ] [®

Figure 16: Import profile data wizard

PRINT
Select what to print

Input data
v General Data

v Profile Data

[+ Energy Data

[¢ Rates & Sales Data
Rezulis

v Hydraulic Analysis

Iv  System Analysis (Demand & Yield)

[v System Analysis (Income & Expenditure)

[+ Summary of Cost Analysis

Graphs

v Hydraulic Analysis

[+ Demand & Capacity Analysis

[v Income & Expenditure Analysis

lv IRR graph

Figure 17: Printing the analysis
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9 CONCLUSION

The AQUA Hydraulic Utilities program provides the engineer or designer withoh t
to ensure that the design is the most economidatiso for the complete design life

of the system.

The program requires the user to enter the demaietsgn life, pipeline profile,
pipeline characteristics, laying details, rates aodts. The program will determine
the initial capital requirements, the annual maiatece and operational costs and in
the case of a pumping system, the energy costs.piidgram provides a graphical
representation of these costs, as well as the uldreapacity of the ageing system.
Tables with all the calculated results are alsowshwith the capability to export these

to other Windows applications.

The Help Section of the developed software alsotains a Sep-by-step hand
calculation of the Life Cycle Costing Analysis procedure datgiall the calculations

needed to evaluate a system over its entire ddéiggn

The web sites for downloading the software and @lupdates will be posted are:

http://www.wrc.org

http://www.sinotechcc.co.za
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