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ABSTRACT

In today’s world it is imperative to understandtthide power demand of industrial and mining opersi
should be as economical as possible. This is ed|yececessary with the inevitable depletion of oatural
recourses such as coal, oil and gas which is uséldei production of electricity. Since no replaesis
currently available for carbon based electricitySauthern Africa, there is significant pressureligplpby
utility suppliers to force consumers to use enesgsely. The challenge is to run plants as effitieas
possible by decreasing operation’s electrical footp High electrical costs and tariffs are thextngrimary

driver for plant owners to use electricity efficilgn

Whether applying for allocation of power to a loe#ctricity supplier, designing for optimisatiohaapital

and operation expenditures, managing operation geatands or for all of the above, a consumer masge h

a method of evaluating the plant’'s demand side demdemand side consumption is the energy consumed
by the consumer at the tie-in point to the supdied is represented by a load shape. A study antbo
reduce the demand of electrical energy consumeithdogonsumer at this interface is called a demata s

management study or DSM study. A DSM study is paet DSM process.

On existing plants where stakeholders would liké&riow their demand side consumption or load shape i
order to implement a DSM process, measurementbedaken at the tie-in point (or also referred ¢dtee
point of interest). The question arises, what aloients that would like to conduct a DSM study toe
entire DMS process) on a greenfield project pertltapsg the feasibility phase or basic engineephgse?

In both cases very little information is available.

This dissertation presents a model as part of 88 Btudy on a uranium plant’s leaching sectiontha
client to use in his DSM process. The specific iag technology to which this model is applied afled an
on-off heap leach pad (OOHLP).

The process followed to obtain the load shape waslyfto conduct a search for other similar stedssnd

operations in order to find useful information @edhniques. The next step was to investigate asdyd a

prototype plant based on the client’s requiremeasta case study project, namely Trekkopje Maxitxtan

Namibia. The equipment, components and their ojpmia profiles were identified and from this a
I
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mathematical formula was developed and a visualeinags outlined. Finally the results were verifigtd

selected points against the same calculated bieatrieal software package’s load flow simulatioolt

The OOHLP’s model developed in this dissertation ba used in future studies to optimize the eleatri

design of leach pads.
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CHAPTER1 INTRODUCTION

Mike Bowlin (1999) the chairman and CEO of ARCOWnBP) said;*"We've embarked on the beginning of
the last days of the age of filatural resourcesmbrace the future and recognize the growing dehfar a

wide range of fuels or ignore reality and slowlyt Burely be left behind”.

Jimmy Carter the 39US president and Nobel prize winner said thate simply must balance our demand
for energy with our rapidly shrinking resources. 8sting now we can control our future instead dfilhg

the future control us”.

Given the above it seems that in today’s World r@neavings starts as a paradigm shift. It requiestly
research and financial tradeoffs. For companiesbtain power allocation or purchase agreements fio
utility supplier it is compulsory to prove that eygossible measure has been taken to ensurehthfiwest
possible energy consumption is required, i.e. dpayeefficiently as per the Namibian Electrical @Qah
board (May 200@&). Utility supplier representatives, such as Buyst[2011] states that the common goal is
to ensure the stability of the national power griélpart from the normal necessary efficiency sttalyls,
companies must optimize their operation strateggefar as possible. Capital cost payback perifféssoa
means of negotiations and creates a win-win sdodbr both the electrical supplier and the custoriibe
problem is that, before any operational- or camtat studies, such as a demand side managemédwntosta

new greenfield plant can be performed, the proogssystem needs to be studied, understood, modeled

and/or represented in a load profile.

According to the International Institute for Ener@pnservation (IIEC, 2006) end use(r) efficiency ¢e
obtained by a DSM study and implementation, cdlety called the DSM process. Demand side
management is an engineering process applied osahgumer’s energy demand to ensure that the least
impact on the utility supplier is achieved. The siomer needs to ensure and prove that his energy
requirements are as efficient as possible. Thisg®s is in the form of a study of the energy usabee
baseline consumption needs to be determined angzadaand then remedied. More on the DSM steps are

discussed in the chapter two.
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For this dissertation the following project was dise obtain a load shape as part of a DSM for atHC®

and the information obtained from Blake (2010):

The Areva Trekkopje Maxi project is situated + 6B Klorth of Swakopmund in the Namibian desert. This

a new Uranium shallow open cast mine and is schddiol be commissioned in June 2012. An On-off Heap
Leach Pad (OOHLP) is used for beneficiation of lilranoxide or “yellow cake” and it is estimated thia¢
throughput of raw material of the pad will be 1@DQAons per day. Figure 1.2, p3 illustrates thiagiof the
Trekkopje project [Trekkopje Maxi design criteria].

Figure1.1: A top view of a OOHLP taken from the FLSmidthsiteb- conveyor section (Nov 2011).

A OOHLP is the facility to leach a mineral or pratidrom the raw meterial. The material is stacked
heapgsee figure 1.1and then sprayed by a solvent, usualy an aciddpture” or dilute the product into the

solvent as it is trickle-fed via gravity throughetheap.

Bateman Engineering Projects: Sub-Saharan AfB&P) was appointed the Employers’ Representatide an

is responsible for the design, engineering andyyesnent. The total project budget is set at US$8LiBn,
2
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which will contribute to the growth of the Namibiarfrastructure, community and economy. (PretoriDst
2010) (McGhee, Oct 2010)

Bateman is entrusted to ensure that the bestlpedgiven a tradeoff) electrical efficiency sobi{s) are

implemented.
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Figure1.2: Trekkopje Uranium Project citing taken from Sytagidov 2008, 3)
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11 Resear ch problem

Electrical consumers, when applying for power atamn, are required to demonstrate that their etedt
consumption is efficient. In the case of a greédé€®©OHLP such demonstration is particularly chadiag,

since a methodology to achieve this is currently-agistent. (ek het die greenfields oral reggemaak)

To rectify this deficiency, a methodology needstodeveloped as part of the overall DSM procesanof
OOHLP design, that would provide the necessaryesdd of efficient and optimum energy use of the
OOHLP operation.

The methodology developed in this dissertatiortl§irsonducts a load study. It then proceeds to ldgvan
energy consumption model. This in turn is useddaxove a load shape for the operation of the OOHLe

latter can then be manipulated using several b8 Practices to achieve optimal electrical efficign

If applied to the Trekkopje Maxi project during tkesign phase savings, on both capital and oparatio
expenditure can be seen. The consumer can th&ated more accurate maximum demand figure in his

application to the utillity supplier.

1.2 Resear ch objective

The primary objective for this dissertation is tevdlop a methodology to obtain a model for an OOHLP
This model can be used by others, such as thet aienDSM study as part of a DSM process. In ptde

develop such a model the following are required:

» Conduct a load study on the Trekkopje Maxi OOHLE ahtain the applicable load profile(s).

* Use the load study and profiles to obtain a mathieaiaformula for the Trekkopje Maxi OOHLP.
This formula calculates the pads electrical congionp

« From the formula’s results a load shape are obthirStatistical data to be used in a DSM study can

be derived from the load shape.

With the research problem and objectives presetitedrest of this chapter gives an overview of the

dissertation.
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1.3 Dissertation overview

The chapter structure of the dissertation procesdsllows:
Chapter 2: Literature study
In this chapter the following are presented:

. A discussion on demand side management,
. A discussion on heap leaching and the OOHLP’s m®ce

. A discussion on the software program used to sitawdad verify the model.
Chapter 3: The mathematical model

In this chapter the load study, model and resuéipeesented and discussed. The load study iemgezgsas a
load list and then extended to illustrate the Igadfiles. The load profiles are the dynamic power
consumption behavior of the equipment(s) such aspguand conveyors over the course of the OOHLP
process. The extended load list serves then ag topghe pad model and is then represented asodudo

spreadsheet illustrating the OOHLP 300 day cy@lee individual steps are then presented in a table.
Chapter 4: Verification

The results are verified using an electrical engjimg software package called E-tap. The loadfih
chapter three is used to draft a single line dizgaa a base for the program. Then the absorbedrgaeter
and the individual load profile factors are entetedsimulate the points of interest. Finally, timedel’s

results are discussed and compared to the resutétsned from load flow analysis.
Chapter 5: Results

In this chapter the results obtained from the twevipus chapters will be presented and discussed,
highlighting specifically statistical informatiohat will be used in the DSM. In addition to tle®ge of the

dissertation the service power is also discussddrertuded.
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Chapter 6: Conclusion and recommendation

In this chapter recommendations for the use ofntbbeel and its results are discussed. These aieatlyp
synchronization with the national tariffs, typidaad shape manipulations and application of therdity

factor and power factor correction.
Appendices

The model calculation sheet, extended load liggEsimulations and an overall process block floagchm
are attached for further reference. A compact @d2) with the spread sheets used to calculatenibeel,

the E-tap files and a movie clip illustrating thacking and reclaiming of the pad are attached.

AS part of the literature study the required coteegmd tools to develop a DSM model for the OOH&P |
discussed in the next chapter. This includes t&Dprocess, leaching and leaching technologies, the

conceptual design for the OOHLP and E-tap the so#vprogram.
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CHAPTER 2 LITERATURE STUDY

2.1 I ntroduction

To conduct a DSM investigation, a clear understagddf the DSM process and of certain concepts
pertaining to the OOHLP was researched. Sound letge of the OOHLP process, technology, the
equipment and its behavior is required. The fomreshe pad due to its orientation and its impaaygd an
important part of the equipment's power requirermeahd are discussed here. Also, the tools and
calculations used in this investigation are adaéréssnd illustrated. To complete this literaturevey,

similar project implementation were investigated.
The literature is thus presented as:

* Alook at the demand side management process.

« Areport on existing DSM studies on an OOHLP.

e Adiscussion on Leaching, heap leaching and a &ypic-off heap leaching pad process.
e Adiscussion on the Trekkopje Maxi heap leach padgss.

e Adiscussion on E-tap the software program.

2.2 A look at the demand side management (DSM) process

From all the information available the author idiged and used the four most applicable sourcefie T
investigation looked at an international reportirthe IIEC (Jul 2006), the South African governirtdity
supplier's webpage on DSM named Eskomidm (Jun —20t1), a PhD thesis by the North West University
(Jordaan, Nov 2007) and lastly, a Namibian DSM re(eCB, 2006).

The references given above all concur that a DSM sudy of a customer’s energy consumption. The

consumer’s energy consumption should be as effi@snpossible and have the minimum impact on the

7
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utility supplier and the environment. Although #lectrical consumption is used as the measudegis not
necessarily mean that the DSM remedies shouldnhigetl to electrical efficiency only. Mechanicabhtis
can be designed or changed in order to use lesgyen€he process and process layout can also sigroba

(or be modified) to reduce the electrical footpri@itowth, 2011)

What the author found extremely interesting froscdssions with the South African utility suppli@ugs,
Oct 2011), is that it seems in South Africa and Nganthere is confusion around DSM. Eskom, thetBou
Africa utility supplier and supplement supplier ampower, the Namibian utility supplier has got an

incentive scheme as part of a DSM program (Eskom@ioh 2011).

According to Eskom (Eskomidm, Oct 2011) the IDMdderis to ensure single ownership of demand side
management strategies, objectives and operationaghout Eskom. It takes a market-driven approach t
understanding and meeting consumer requirements paoddes a platform from which Eskom can

collaborate with government, external stakeholdesconsumers.

A consumer has the opportunity to prove that haiced his electrical requirement using more efficien
techniques. The utility supplier will then compatesthe consumer depending on whether his reduction
qualifies and by how much. It seems that thisoisfesed for DSM, in the sense that a DSM is orlBSM if

an incentive by the supplier is given. DSM is@oft to obtain information on and then manage adedy

your electrical consumption.
According to the IIEC (2006, 10) the process f@3M study is:

To conduct a load research.

To obtain a load shape (either via monitoring orcalel).

To define the load shape objectives (the deliverabthis report).
To assess the program and implementation strategies

To implement the strategies as per no. 4.

o g bk w bRk

Monitor, evaluate and continuous improvement.

Considering the IIEC (2006), Buys (Oct 2011), Eski@»v (Oct 2011), Jordaan (2007) and the Namibian
ECB (2006) the Author proposes that for the purpadehis dissertation DSM is:
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DSM is an engineering process with the goal to aoreselectrical energy as efficient as possible when
evaluated at the point of connection between thmplgr and the consumer regardless of if any
incentive is given. The benefits for consumingrggnanore effectively should be enough of an
incentive. It also doesn’t matter whether DSM iaducted during the design phase of a project or on
an existing plant as long as the customer ensurastte is applying himself to the wellbeing of our

natural recourses.

Two definitions used above need more clarification:

Point of connection:This is generally the battery limit between theigys and the consumer, but this is not
always the case. What if there is an internaltisiahip on the consumer’s section (as found whils t
investigation), where the OOHLP is considered asadion on its own? The point of connection cars the

seen as any point where the electrical consumpiaals to be evaluated, i.e. the point of interest.

Energy efficiency:High energy efficiency can be achieved by maintajrénergy losses across a system to
as low a level as possible. In electricity thanslates that the real power (watts or kilowatt®usd be use

effectively and the reactive power (VAR or kVAR)ositd be as little as possible.

There are many ways to achieve good energy effigi@which is the ultimate goal or deliverable foD&M)

at the point of connection, but the author seea @& high-level as:

In the industrial and mining industry efficient ellecal energy usage is achieved by;
- awell designed, operated and managed process,

- high efficiency reliable and suitably sized equiptne

- reticulation system with very little losses

- and a low or best achievable power factor.

Measuring and then evaluating the energy consumpsigorobably the most common way of obtaining a
load shape for a DSM study (Buys, Oct 2011). T&i measure the energy consumption on an existing
plant at the point of interest and obtain a loagipghthat will be analyzed. The problem is thabetiag to
Chitongo (2010) the plant’'s consumption will onlalsilize three years into operation. So only thalh
accurate information be available to read and cmlecbn a load shape. What if the plant doesn&tedi is

not built yet, as in the case of the Trekkopje gzt How will the load shape then be obtained?
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When the plant point of interest is not availatde fheasurement (for whatever reason), a load stadybe
conducted on a theoretical model of the plant. nsinathematical equations, a load representation or
formula can be obtained. How can the model begrde be is satisfactory? As with this investigatan
electrical software package can be used to vehify/results. Another way is to compare it to prasio
projects, but what if no project of this nature daen found (as with this project)? The model must b
calibrated and confirmed once the plant is congdi@and commissioned. The model results must be
compared to energy meters metering at the relgwaints during operation, preferably during the secor

third operating cycle (after the first 300 days).

To summarise, before a DSM study can be conductedreew plant (commonly called a greenfields plant
the EPCM business) a load study needs to be dionerder to do this the process and operations teéd
understood and well defined. In the next sectienavailability of information for a DSM on an OOHRLs
discussed and in the following sections the teabmpoland the process required for the load studsthef

Trekkopje Maxi project is explained.

2.3 DSM on OOHLP

A literature survey was conducted to find any poegiDSM work or DSM related work on an OOHLP. This
was done in order to find information that mighsiasin achieving the objectives for this disséotat Key
words such as leach pad, on/off heap leach padnaigrieach pad, leaching, etc. or any combinatidhese
were used. Even when adding DSM or energy effayiemith the above no direct or usable informaticasw
found. This survey was conducted on all the daebavailable to the author and by experiencedpsrs
Also several experts in the field of DSM were cotgd such as van Rensburg (Oct 2011), Buys (Oct)201
Lowth (Aug 2011), Grobbelaar (Oct 2011). Theseeetgphold no knowledge of any previous DSM related
work on an OOHLP.

The Author is of the opinion that this is the filshd shape and subsequently the first model fymeanfield

OOHLP. The information and methods used in thiefohg sections and chapters was obtained by:

. Consulting experts in the field of DSM studies &@@HLP technology.
. Using the Bateman design team to assist in compjétie load study (a preliminary design).
. The information from the above experts and team begsused will be noted in the document and can

be found in the documents references.
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24 L eaching technology
24.1 What isleaching technology?

According to RPI (Oct 2011) and Claasens (Oct 20ihlyeneral, leaching is the process where thesrain
or product is separated by dissolving it into aigoh and thereby removing it from the unwantediseless
material. It is a chemical process and is popinldhe mineral industry. There are several diffietgpes of

leaching processes, but the one that is applidabkhis dissertation is heap leaching technology.

24.2 What is Heap leaching?

Consolidating the RPI (Oct 2011), Claasens (202011) and Weston (2010 - 2011) heap leaching is a
countercurrent process where a solvent is perabldteugh material that is stacked on a heap. his t
solvent, usually an acid such as cyanide, is patedithrough the material. It then becomes “impatged”
with the required mineral/product, i.e. absorbsgheduct. From this the product is normally gravieg to
ponds where it is stored to be further procesSdw: solvent is pumped to the heap and normallyysgrar
sprinkled over the pad. See the figures 2.1a ahlol 2elow. In the next section the types of hesgling

are discussed.

Cyanide Solution

| | 4] | Mol

Recovery
Mineral Heap

Figure2.1a: A schematic illustration of a basic heap leackagied from the website of the RPI (Oct 2011)
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Sprinklers

| r
- L

Leachate

| Impermeable Lining . :
Collection Reservoir

Figure 2.1b: A more illustrative basic heap leaching systenrgBss, 2011)

24.3 What types of Heap leaching technology ar e available?

Using Jansen and Taylor (June 2011, 2 & 3) and Esy§p011) the information below was obtained about

the available technologies of heap leaching:

Metals that can be removed by the heap leachingepsoare gold, silver, copper, nickel and uranium.

Presented below are the more common types of eeapés:

. Permanent single/multiple lift heaps
These are once-off type heaps. They are stacké@mr e the leaching process is completed become
waste heaps. They are large prominent heaps aiditl is determined by the amount of ore stacked
They will later be rehabilitated with fauna andrfilas far as possible.

. Planer or valley filled heaps:
These are the same as the permanent single hagparebstacked in existing natural bodies. The
shape of the natural surroundings, such as a vitétates the process. This is done with thiirzd
inclinations that will assist with the gravity feystem. It usually saves capital expenditure @i ci

works required for a project.

. Run of Mine (ROM) dump:

12
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This is a batch type of leaching process using R@e. A ROM pile is a singular, non movable and
pre-treated lay down area (footing) that is filleith material using a conveyor and chute. The gvast
is later removed by feeders such as apron feebleltsfeeders or vibrating feeders. This is a stiapf

(batch) process and not a continuous process.pidoess throughput is therefore inconsistent.

. On-off heap leach Pads (also known as dynamic mtiramus leach pads)
This is performed by using the same footprint oaed over again, stacking ore, treating the heaps
stacked and then removing the waste. The lifa@fine is not determined by the amount of material

stacked on the heaps but rather on the ore deposit.

For this investigation, an On-Off Heap Leach pad wsed. In the next section the on-off or dynanaap

leach pad process are discussed.

25 The OOHL P technology

251 The basic concept

The basic OOHLP concept discussed in this secti@s iper the collective information obtained byabthor
from discussions with Claasens (2010 - 2011) andt@ie(2010 - 2011) and a technical report by U.& EP
(1994, 1 - 16).

What makes the OOHLP different form the other |&agloptions and a more attractive solution is thés
reusable and continuous. The pad surface ardé@ers With a rail track which is called a race traick. the
working surface. This rail track is the footing which the stacker and reclaimer moves, much likeia.
Caterpillar tracks can also be used (as with aamikg). The OOHLP is made up of different simultarse

processes, so that at no one point productiompgpst to wait for another process.

The pad is made up of sections and is typicallg icircular form or, more commonly, an ellipticalra
This is to ensure ease of continuity. Please refdigure 2.2 for an example on the configuratidnan
OOHLP. This picture was taken from the FLSmitdh sith FLSmidth is a supplier of stackers, reclagne

and conveyor systems and are represented in Sdritia A

13
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Figure 2.2 The OOHLP layout or also referred to as the racckr (FLSmidth website — conveyor section
(Nov 2011)).

The process starts with a stacking step in ordetad the heap on the first cell. After the stagkstep, a

preparation phase follows where the sprinkler apdgare installed on the first cell. This meamsen the

sprinklers are installed, that the stacking sydt@siadvanced one cell, i.e. the preparation wankiriges on

the first cell while the stacker stacks on the sdocell. Whenever a new process is introduced, sgcond

stage of the previous process, the stacker andguestly all the other processes will advance sy c#ll.

This concept will be used continuously in the nedtions and will not be repetitively explained. okder to

imagine the movement of the entire process, thirtkeprocess as a dog chasing its own tail.

The process for a typical OOHLP is thus in the sega as below:

© N o gk~ oDdPE

Stacking

Piping and spray preparation

Wash

Leach

Rinse

Reclaim

No energy consumption (usually maintenance or pedioa work is done here)
Install/Remove section
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The above steps are individually discussed in naetail in the next sections and can also be sedhein

overall block flow diagram in appendix D.

2511 Stacking:

Consulting van Niekerk (2010) and using the FLSmidebsite (Jan — Oct 2011) the following informatio
was obtained for stacking:

The ore is stacked on a cell using a stacker. Wvegor conveys the material from the preceding gsec
such as a screening building or agglomeration draceted elsewhere to the stacker. On the attaCiied
(Appendix E) a video simulation shows exactly hine heap is stacked and reclaimed. The stackingrays
might vary in complexity, but it must ensure thhe theaps are stacked according to design. A lot of
emphasis (time, money and quality) is placed orhtre design and layout to ensure that the opamalunt

of product mined is leached. Please refer toréig23 for an illustration of a stacker as foundtbe
FLSmidth website.

Figure 2.3: A stacker built by FLSmidth (FLSmidth website (R0%1)).

Typical components that the stacking system coreprid are:
- Conveyors,

- stacker system,

- movable equipment,

- trailing cables,
15
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- etc.

Components of interest for this investigation:

- conveyors (the dynamic portion of the load)

25111 Wash

In this process step the cells stacked (or heapsyashed to remove any material or “dirt”. Selstages,
one after the other of the same process can betasetommodate for different degrees of watertypamnd
the effectiveness of the wash. For example, dminvash can be done with dirty water which corftem a
previous wash step (cycle) and the subsequent wastte clean fresh process water. The water ceptur
from the clean water wash can be used in the dialgr wash next time. The reason for this is tepkéhe

wash water cleaner for longer by using dirty wéter first wash (to capture all the real or butkst).

Typical equipment for the wash step are:

- Large Pumps (which will be VFD driven),
- Long runs of pipes,

- Control valves,

- Flow and pressure meters,

- etc.

Components of interest for this investigation:

- Pumps (again the dynamic portion of the load)

2512 L eaching

In this stage the product is obtained. The sauisosprinkled and leached through the heap. Teenical
process between the solution and the heap maesrgaires that the product is taken up into the isolbr
impregnated), drained from the heap and is thetuoag below. It is then removed using a gravityg fe
piping system. The piping system is installed uchs a way that gravity is used to remove the lediche
solution, i.e. the angle of the capturing pipes distribution pipes allows gravity to “pull” the lsion to the

storage ponds or tanks (see figure 2.1b).

16



A demand side management study model for an ohezp leach pad

Again as with the washing process, several stagésaohes can be undertaken using different leypeisty
or percentage contaminated solution. Each of théléeccupy its own cell. For example, if thereedive

different levels of wash, leach or rinse (as pett paragraphs) then five cells will be occupied.

Typical equipment that make up the leaching section
- Large pumps (these will be VFD driven).

- Long runs of pipes.

- Control valves.

- Flow and pressure meters.

- etc.

Components of interest for this investigation:

- the large pumps

2.5.1.3 Rinsing

Rinsing is the process step where the heap, nowrkras depleted cells due to the absence of product,
rinsed to remove any leftover solution. The planfreated to be environmentally friendly and tieme no
residual acids and/or uranium must leave the paglally water, dirty water or degree of dirty waiteused

to rinse the heap. Again several stages can likassabove.

Typical equipment:

- Large Pumps (Can be VFD driven).
- Long runs of pipes.

- Control valves.

- flow and pressure meters.

- etc.

Components of interest for this investigation:

- Large pumps.

17
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2514 Reclaim

Figure2.4: A photo of a bucket wheel reclaimer (Bumigemewmsbsite, Oct 2011)

A mechanical piece of equipment or system is useti as a bucket, drum, or wheel reclaimer to “pipk
or reclaim the depleted material or now called wadt is transferred from the reclaimer via a ayor to
the waste areas or also generally called the wédwteps. On the attached CD (Appendix E) a video
simulation vic-file shows exactly how the heaptacked and reclaimed. Front-end loaders and heppin

the conveyor can also be used.

Typical equipment:

- Reclaiming system.
- Conveyors.

- movable equipment.

- etc.

Components of interest for this investigation:

18
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- conveyors (again the dynamic portion of the load)

2.5.1.5 Install/remove preparation phase

On the top of each cell's heap (if there is matesig is a sprinkler system to spray the heap wither

water, impure water, the solution or version of$bkution depending on the process stage.

252 The Maxi project OOHLP application

The project Piping and Instrumentation Diagrams I 2010) and the Process Flow Diagrams (PFDs,
2010) were used to obtain the information presebtddw. The process engineer Weston (2010) was als

consulted.

As note it is worth mentioning that according t@trius (2011) engineering companies such as Batema
attracts potential clients by the specific prodessvledge and expertise the companies has. Tlowlkedge
and expertise in specific mining processes residésthe process engineers. In other words, in g@ribe
reputation of the process engineers are in largmlyn@art of the reason why prospective clients are

interested in Batemans business.

Refer to figure 2.6 for the Trekopje Maxi projeet ®ut as per Bateman’s drawing office Valasis (001
The 30 blocks are the physical pad (or race trawgith, the ponds and pumps to the bottom left ardwhste,

agglomeration and screening section to the bottght.r

The Maxi project is based on the typical OOHLP psxcas discussed in the previous section. ltaises
e stacking process.
e two wash-one steps.
¢ two wash-two steps (or fresh water washes).
* one wash-drain.
» five pregnant leach solution (PLS) leach steps.
» five normal leach steps or intermediate leachirigt&m (ILS).
« five barren leach steps, one rinse step, one draie-step.
e one reclaim step.

« four maintenance steps (setting up or maintairtieggravity fed piping system).
19
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« and one install remove irrigation systems on tothefheaps.

Please refer to figure 2.5 for an illustration. isTfigure was put together by the author usingitifiermation

discussed in this section.

The total process cycle last 300 days, of whichnel® days the pad moves one position (or a step)a
cell is covered by a step for 10 days.

In the next section the software, which will be dise verify certain points of interest (Chitong®1D) will

be discussed.

-

Cell 13

Two COVeVols

Ponds ,
Screening

Figure 2.5: The OOHLP layout (Valasis, 2010)
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Furthest from source

azh 2 {Frezh YWater)
Wash Drain

Leach 3 (PLS)

Leach 2

|Leach 1 (Barren)
_|Rinz=

il Rinss Drain

Reclaim

_ Mo energy congumption

M Inztall ) Remewve Irrigation - Mo energy consumption

gradient

clozest to =ource

Figure 2.5: The Maxi pad with color coding for process stegll(21 positions) (Nel, 2010)

2.6 E-tap

2.6.1 What is E-tap

From the E-tap website (2010) it can be seen Eidap software package described as an electrical
engineering software tool or more specifically ansient and analysis program. With this tool acteical
engineer can design, simulate, size, verify, regasent, etc. on an electrical system using mablaptop

or personal computer.

It offers a fully integrated electrical engineerisgftware solution, which includes a load flow as&

platform, short circuit analysis; relay coordinati@ptimal power flow system analysis and much more

2.6.2 Why use E-tap

To verify the model’s results a load flow analyssrequired. According to Pretorius (2011) and tRea

(2010) e-tap is ideal to simulate a pre-designteted model and calculate the load flow. The desand
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model should be translated into the form of a idifle diagram (SLD). For this dissertation theDSkas
derived from the overall SLD designed by McGheel@and plotted by Valasis (2010 - current).

The program is easy to use and the author isrzettaiser and proficient with the program.

The program is preloaded with libraries (techninfdrmation sets) for all of the equipment usedhie load
study. The technical information is readily aghik for use in the program or outside of the pog(as

with the manual calculations).

The question then is, why not use E-tap from the $b obtain the load shape? It is not idealdsigh from
first principles in E-tap. The design is usualiyné on a SLD, which is based on a load study andeimo
The SLDcan be produced in E-tap, but a load study or modstilsrequired. Also, most consumers (or
clients) do not have a license(s) for the progrdrtap is an expensive engineering tool and isllysaaly
used by large engineering companies. It is theeedopowerful tool able to deliver a manual model ta

consumer can manipulate in order to predict theti@a@onsumption from a load shape.

2.7 Conclusion

From chapter two, it is clear that this investigativas unique in the sense that no similar DSMaior
OOHLP has been undertaken before. It has beerdfthat studies on energy consumption were performed
by way of reading energy meters once the planteas in operation for three to four years in its tiycle.
It follows that the consumer is not properly infathon the OOHLP energy consumption and associated

costs prior to plant start up.

Moving forward, with the:
* research of leaching- and on-off heap leachingrieiclyy completed,
* no similar investigation found to benefit from,
» the research done on the Maxi OOHLP,
« and the E-tap software understood,

a model for an on-off heap leach pad is furtherettgred in the next chapter.
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CHAPTER3 DEVELOPING THE MODEL

3.1 I ntroduction

In this chapter the necessary steps and calcutatoa done to develop a model for an OOHLP. Also a
discussion is included on the calibration and \ai@h of the model. The model essentially is a
mathematical formula representing the OOHLP’s pgeceThe formula calculates the load shape whioh ca
be used in a DSM.

In order to develop a formula for an OOHLP mod&ad study is required. The load study is condiitte
identifying the load for each process step as seirochapter two. These loads consist of motorand

pumps or conveyors. Once identified and sized #reythen presented in a load list. For each psostep a
pad profile is then developed as a function oflaed profiles across the pad. A load profile (omator
profile) represents the electrical power consunmptay that motor over the entire pad process. d step
is to add the load profiles to the load list. mentioned in Chapter 2, the entire pad processgednsists

of 30 steps, covering 30 cells over 300 days.

Then the individual component profiles were summatad incorporated into the spreadsheet to illtestra

and calculate the pads consumption per step. dhdts for the 30 steps are presented in a table.

3.2 Developing the model

The basic concept of the model is that there dferdnt processes involved and these processeshapp
sequence or in a certain order as explained in ©h&p section 2.4.2. There are 30 possible vanstor
steps, i.e. every process (step) allocates toecumes a cell in the cycle once. When a processpes that

same cell again it means that the process hasteskta
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Considering the scenario where the reclaimer isadhone it means that the entire processes asepr®n
the pad and that the entire OOHLP process has deemd the pad at least once. This scenario i@ ase

position one, i.e. position one is when the statken cell 27.

The pad demand power, without including for retitiain- and drive losses, is equal to the sum oftitere
process load’s consumption (all the processes)fasciion of the process positions. To calculate power

consumed by the pad when it is in a position rfdllewing is used:

all the processes

PGW)= D ((process) X ppfisn)

Or, as in the case for position one;

all the processes

POW)= > ((process) X ppfis)

Where;

. P, (kW) = the total power, in kW, used by the padhat specific position n or scenario, i.e. “demand
side power requirement”

. ppfis the profile factor as explained in section B.@wot to be confused with “power factor”). (ppf
y» for a pump ok, for a conveyor).

. process;, = the absorbed power of a process’ load as irgtichy the load list. The process step is
determined by k.

. k is the process step positioning indicator, i.a@rBn is k = 6 or Wash2 is k = 20, etc.

In order to develop and populate this equatiorhritthe following two typical profiles need to bletained;
one for a typical pump and one for a typical comrey These can be used as the blueprint for all the
conveyors and pumps associated with the pad. tRexbads that will use these profiles need tadeatified

as part of the load study.

321 Theload study

To better illustrate the components as discussedhiapter 2, a high level electrical load list i@gented.
The electrical load list, when used as a spreadistaleulates and presents the absorbed powerntbr giece

of equipment as seen from the very furthest ceiis 15 and 16. This will represent the absolutest case
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for that particular load (which is a combination mibtors). The absorbed power, obtained from the
mechanical department in the form of a mechanigalpgnent list or MEL, was used in this investigatis

this is the actual power requirement that at thatpaf interest.

What simplified this exercise was that the loadasisied only of three main categories namely pumps,

conveyors and static loads. The only static l@adghe stacking and reclaiming systems.

At this stage it is worth mentioning that using atar’s installed power to calculate the absorbedgros
reverse engineering. When the project is in iteitesl engineering phase, the absorbed power \ill b
calculated by the mechanical engineers from thesiphi/torque requirements. At this stage the sidbe
loads are determined by previous experience ofnelegs such Redelinghuys (2010) en van Niekerk (2011
These estimates are presented in a MEL with projetber M7348-M880-001 (2010, 1- 4).

The formula used to derive the absorbed power pteden the load list in table 3.1 with informatiosed
from Bateman load lists (M7348-E831-001, 2010) is:

(Pinse X Msf x df)
Paps (kW) = 77 [1]
Where;

Paps (KW) =  Absorbed power of the motor.
Pinst = Installed power of the motor (nameplate rating)
Msf =  Mechanical safety factor, which is usuallg.0
df =  Diversity factor, which is in the basic @mgering an estimate of 0.9.
eff =  Motor or load efficiency.
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No. of =FF
Description Inst kW | MSF UDF (load) Abs kW
motors
(E-tap)

Central Feed Overland Conveyar 4 1100 x 4 0.8 09 .94® 3352
Reclaim Conveyor 2 1100 x 2 0.8 0.9 0.9414 1682
Stacking System Package Vendor 1990 0.8 0.9 - 1992
Barren Solution Pumps 3 3 x 800 0.8 0.9 0.9362 1846
ILS 1 Pumps 3 3 x 800 0.8 0.9 0.9362 1846
ILS 2 Pumps (Additional options) 3 3 x 800 0.8 0.9 -
Wash 1 Pumps 2 2 x 56( 0.8 0.9 0.9343 863
Wash 2 Pumps 2 2 x 56( 0.8 0.9 0.9343 863
Rinse Pumps 2 2 x 400 0.8 0.9 0.9326 618
PLS Pumps 2 2 x 250 0.8 0.9 0.9301 581
Reclaimer System Package Vendor 2850 0.8 0|9 - 2052
Total Abs kW (rounded up) 15.7 MW
Total Inst kW (not including standby units) (roudddp) 19.8 MW

Table 3.1: Motor load list for the OOHLP as per McGhee (206, A)

The load list in table 3.1 is only for discussiamrgoses and to simplify the presentation. Examplexctual
load lists that can be used in such a DSM studglaogn in Appendix D. This will provide the readdth a

better understanding of the typical informationikakde on such a load list.

With the load list and the absorbed power for ebxad obtained, the pad profiles for the pumps and
conveyors can be generated. The load lists frdmglction and load profiles in the next sectioregewn
obtained by consulting van Niekerk (Feb — Jun 2@lBad mechanical engineer, Redelinghuys (Febw No
2011), a lead mechanical engineer and Malan, a amécdl engineer (Aug — Nov 2011). Also the Bateman
preferred suppliers Cotterrell (2010) and Krusel(®@4 -17).

The pad profile for a piece of equipment comprisea set of percentages. For example, if cell 8kis
from the barren solution pump and the profile iatks cell 8 as 50% it means that the pump is dsaffghe
worst case power. The worst case power is therladdgower and is listed in table 3.1 as 800kWelt1S
and 16. This means that at cell 8 the barrenisalyggump only uses 400kW. With a pad profile tlosver

requirement can be determined for a pump on ety ¢
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As earlier mentioned, only three types of profilge included of which only two can be represented a

dynamic or as a changing profile. These were puangsconveyors.

3.2.2 Conveyor profile

There are two conveyors that form part of this gtue. the pad feed conveyor or central overlamaveyor
(COFC) and the waste removal conveyor. Theseewéhtually both be + 4 km long and runs up and down
in the center of the pad respectively. The pad famveyor delivers the uranium rich material tspacific
cell via a stacker. The reclaimer takes/removesdépleted or waste material from a specific célithen

transfers it on to the waste removal conveyor wimtiveys it to the waste piles or dumps. .

Using the consultants listed in the previous sactidth special mention of Malan (Oct 2011) and APEX

FENNER (2002, section 3 — 7) the key variables Wexe used to derive the conveyor profiles were:

. Distance

. Product- or waste weight
. Friction

. Losses

These were fed into the formula:
P=Fv [2]

Or
Power (W) = Force (N) x Velocity (m/s)

Where the force (F) depends on the system fridfidiers, pulleys, scrapers, skirting), conveyor (Height
material is lifted) and capacity (tons/hr). In geal, it depends on the distance and height theeyam

system needs to carry the material.
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The results when applying the formula to the pamhedby the mechanical department gave the following

series x

Xn = {24%, 28%, 32%, 36%, 40%, 44%, 48%, 52%, 56%, 60%, 64%, 68%, 72%, 76%, 80% ....
wr..80%, 76%, 72%, 68%, 64%, 60%, 56%, 52%, 48%, 44%, 40%, 36%, 32%, 28%, 24%}

Plottingx, resulted in the curve as per figure 3.1 and Haiss the typical conveyor profile.

It is evident that the further the material is @adror conveyed the more work is required and henose

absorbed power is used. It can also be seenhithanost power is used during cells 15 and 16.

3.2.3 Pump profile

As seen from the load list in table 3.1, theresmeeral different pumps contributing to the systerpower
demand, but all of them follow more or less the sgofile. Using the consultants listed 3.2.1 vatiain
special reference to Malan (Oct 2011) and SAPMAORZ®B1 — 66), these profiles were determined by the

head pressure of the delivery end of the nozZld® key variables used were:

. Frictions;
. Distance;
. Pressure; and

. Fluid density.

These were entered into the formula as below:

P = BgQH
Or
Power (W) = Density (kg/m3) x Gravity (9.81 kgm/s2) x Capacity (m3/s) x Total head (m)

Total head depends on static head (effective tightef which the fluid is to be lifted), and dynanhead
(friction from piping, fittings). Again, the powes a function of the distance, density and amafitiquid

the pumps have to move.
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From the formula the following series foy gave been developed and will be used on all thepguas a

blueprint;
Yn = {25%,30%, 35%,40%, 45,50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 100%, ...
o ..100%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%}
Again, figure 3.1 plots the curve for tlpg series.
These two typical profiles,,xand y were used as basis for populating the overall rafile table. The

profile table is basically the load list extendedrépresent the loads over the length of the padcan be

seen in Appendix A, A2.

Pump and Conveyor profile curves
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Figure 3.1: A plot of the pump and conveyor profiles illusingtthe power requirement over the race track

After the profiles and load list was determined &odsidering that one process step can occupy thare

one cell (see section 2.5.2), formula one was edgaifurther:

Pu(kW) = ) avg((processk +n) X pfisn)]

Or;
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B, (kW) = Reclaiming + (Waste conv. X x,) + (Rinsing X y,) + avg(Barren X y,)
+ avg(ILS X y,) + avg(PLS X y,) + avg(Wash2 X y,) + avg(Washl X y,)
+ (COFC X x,)+ Stacking

An average is used on a process occupying mulgels. This represents the main pipe delivering th
process to the middle cell and then connected theespread with a smaller piping system. Replatieg
description of the loads with its kilowatts and ifioging, the formula that will represent the model

produced. [4]

1847 1847
P, (kW) = 2025 + (1682x,) + 618y, + ( }’n+6,7,8,9&10)/5+ ( yn+11,12,13,14&15)/5+

(581}’n+16,17,1s,19&20)/5+ (863}’n+z1&22)/2+ (863)’n+23,&24)/2+ 3352 x,,, 55 + 1992

Notes:

. As y, and x, is applied over the pad, it might want to roll oygo to 31) once process k is near the end
and because there are only 30 cells. To compefwatteis if n + k > 30 it should read n+k-30, karnt
easier method was used., and x, is extended by repeating itself, i.g; ¥ y; and similarly forxs;

etc.

. n is the step in which the entire process findslfits.e. step one to thirty. n is the positioel(cin
relation to the stacker and therefore n+3 meametbell on from n, i.e. three cells forward inpest
with the stacker. For example: if n = 4 it medmat the reclaimer is on the fourth cell and the fimse

cycle will be on the 7 cell, etc. To extend thkplanation, please see the positioning system lasvbe
. Positioning:

0 n = the positioning from where the waste convegeeives the waste from the stacker.

If this is used then the rest of the process asitipoed

0 k = 3 is Rinsing
o] k = 6 is Barren
o] k=11isILS

o] k=16 is PLS
o

k=20is Wash 2
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0 k= 23isWash 1
0 k=25is COFC

Using the formula obtained, table 3.2 was populatéti the demand side power requirements (a more
illustrative spreadsheet can be seen in Appendi&lAwhich was used to apply the formula and seasa

rather good graphical representation of the totarall 300 day process):

cal Pdemand Rounded up)

in MW
1 10.141
2 10.193
3 10.220
4 10.198
5 10.129
6 10.177
7 10.312
8 10.433
9 10.559
10 10.685
11 10.802
12 10.908
13 11.000
14 11.061
15 11.118
16 11.134
17 11.095
18 11.080
19 11.102
20 11.161
21 11.123
22 11.009
23 10.911
24 10.777
25 10.645
26 10.527
27 10.410
28 10.306
29 10.230
30 10.158

Table 3.2: A breakdown as calculated by the formula for eaglhposition’s power requirements
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In the next chapter the results of interest ardigdrusing a computer software program, E-tap.e Téad
study and load list from this chapter are usedeiwvd a SLD which is then used as input to the g
The result in table 3.2 and results obtained by ghegram as a load flow analysis are compared and
discussed. In chapter five more statistical infation is derived from the results of this chapted &he next

chapter which are also presented and discussed.irfbrmation can be used in a DSM study.

The final step, which is not part of the scopehid investigation and will be done by the cliestta calibrate

the model with the actual plant once it is buildasommissioned. According to McGhee (Oct 2011), al
MCC incomers will have energy meters installed ad pf an energy management system. Each of these
MCC energy meters will represent a process unitsaiiequently a process in the OOHLP. The maimt pla
feeders, supplying the Nampower electricity feelll aso have energy meters which will measure estord
report on a hourly, daily and monthly basis on pbeer consumption. These actual values capturetidoy

meters will then be used to calibrate and valitlaemodel.
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CHAPTER4 MODEL VERIFICATION

4.1 I ntroduction

The next step in the investigation was to verify tesults of specific points (or steps) of integestisted in
table 4.2 and discussed below. E-tap version @$used. As per Boatke (Feb 2011) E-tap onlylsita
a specific scenario when using the load flow ansly@l. The OOHLP model is designed in discrétps.
Each such step constitutes for an operating saewndrich can thus be simulated using E-tap. lofe# that

using E-tap without a comprehensive OOHLP modektimed beforehand is cumbersome.

According to Chitongo (Aug 2010) the following warensidered as points of interests:

. The power peaks, i.e. minimum and maximum points,
. The mean,

. Total absorbed power.

The E-tap program will verify if the model’s reslis within certain limits, giving an indicationahthe

calculation was performed correctly.

4.2 M ethod

A Single Line Diagram (SLD) as per figure 4.1 wasated and used as basis for this model. Composite
networks were used to reduce the information omibh& page or to un-clutter it. The composite reks
represent, in this SLD, the Motor Control Centred/Cs. The composite networks or MCCs can be seen

in figure 4.2. Each MCC represents a processastdpt’s loads.

In order to simulate the positions of interest @isien was created for each position. Revisions te

“frame” or base SLD which include the positionimasizing, but allow you to change the parametect s
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as diversity- and utilization factor. The diveéysiactor represents the profile factor and théizetil factor
represents the absorbed power. The utility faitdd.72 for all the motors. For each step of ierthe

diversity factor and cell position per procesdsted in Table 4.1 (with respect to where the lietda is)

The main difference between the results of thewsoft program and the manual calculation was thiat it
difficult to simulate the average for a processrateentire 5 or 2 cell footprint. So the bessipon that

could represent the average was chosen and used.

MIN (Cell5) MAX (Cell 20) MEDIAN (Cell10)
COFC Conveyor 30 & 24% 15 & 80% 5 & 40%
Reclaim conveyor 5 & 40% 20 & 64% 10 & 60%
Barren 11 & 75% 28 & 35% 17 & 90%
ILS 17 & 90% 3 & 30% 21 & 70%
PLS 21 & 70% 8 & 60% 26 & 45%
Wash 1 29 & 30% 13 & 85% 2 & 30%
Wash 2 25 & 50% 11 & 75% 30 & 25%
Rinse 8 & 60% 23 & 60% 13 & 85%

Table 4.1: The position and profile factor used for each @xin the simulations

The SLD contains the following:

. Nampower power supply; 33 kV,

. main 33 kV and 11 kV distribution boards,
. transformers,

. Busses,

. pump section (Ponds) as MCCs,

. the conveyors as single load MCCs,

. and stacker/reclaimer section as static loads.

Figure 4.3 and 4.4 indicates how each componertjoipment’s data is change to simulate its behaagor
per its profile factor and absorbed power.
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The simulation uses a load flow simulation that barchosen to display the real power (kVA) ratieigrent

rating (A) or a combination of real power (kW) ar&ctive power (kVAR) rating at points of intere#is
this investigation is interested in the kilowatsed (kW), the kW and KVAr display was used.

Basic Electrical engineer and Pythagoras indideé t

kVAR

kW

kW? + kVAR? =kVA?

or could be represented as;

KW +j (KVAR) kVA

The author knows that to some readers the infoomaéibove might be trivial, but it is presented as a

reminder of power relationships. Later, in chapténis will be used to derive the power factol) (pf
Running the simulation on the base SLD the follgniesult were produced (refer to Figure 4.6.) aded
to table 4.2. In the green circle the demand payged by the plant at the point of connection ocarsden.

Also the reactive power is presented.

15 819 4 (8 366) kVA
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Now that the base SLD was run on the load flowamigltool, basically represented thgsRhe other points
of interest can be verified. In table 4.1, adifeach cell or scenario’s profile parameters caisden. These

have been entered as per figure 4.3 and 4.4, pgTH8 table below shows the results.

Cell Pdemam.(Rounded up)
in MW
5 (MIN) 10.089
10 (Median) 10.667
20 (MAX) 11.164
Absorbed kW 15.919

Table4.2: The simulated values for the steps of interest.

4.3 Comparing theresults

In table 4.3 the results from the formula are comagavith the results from the load flow simulatidine cell
load peak (max and min) value and the cell loadmwedue (median) produce a percentage differenéessf
than 1%. This is a good indication that the foranigl accurate and can be used for an OOHLP DSMe Th
absorbed power simulation differs from the formbial.4%. This can be contributed to the lossethén

reticulation system.

Even more losses can be expected when drives su¢hréable Frequency Drives (VFDs) are introduaed t
control the flow rates at which the fluids are p@tp These system losses (electrical reticulabeeds and
drive losses) will increase the demand, but at éss increase will more or less be the same fd@Gsteps.

A typical value of between 400kW and 600kW can kpeeted for the system losses as the 224kW from
table 4.3 is contributed by the transformers. VW6Ds a rule of thumb is to use between 2.5% and8%e
nameplate rating to calculate losses (McGhee, Ot1R 3% of 800kW, the worst case is 24kW. If éhare

13 VFDs this leads to 312 kW. The total will then¥86 kW. Designs will minimiséR losses in cable and
overhead lines (OHLS).

As mentioned earlier, the difference is also duerocess average consumption. Let's use the Barren
solution as example. The process on any given tiovers five cells. The supply pipes will be corteddo
the cell in the middle of the five and the spragteyn will be connected to cover all five. The malmodel
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calculates this as the average of the five celedubut the E-tap model cannot do this. So thediaid

position was used or the best alternative.

With the results verified and the model proven aatauthe next chapter analyses these results andssies

this with respect to the OOLHP application.

Matrix results E-tap results , _ Per centage
Cdl ) ) Differencein kW _
in MW in MW difference
5 (MIN) 10,139 10.089 50kwW 0.4%
10 (Median) 10.685 10.667 18kwW 0.1%
20 (MAX) 11,161 11.164 3kw 0.02%
Absorbed kW 15,695 15.919 224kW 1.4%

Table 4.3: Comparing the models results with that of theveafé simulation package for the points of

interest.
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CHAPTERS5 DUSCUSSION OF RESULTS

51 I ntroduction

In this chapter the result from chapter three anat &re analysed and discussed. The statistifahiation
typically required for the DSM is presented. Thedel results are compared to typical design chackk
calculations. A quick calculation is done to sdetithe power requirements for the services wilabd the

effect thereof on the demand side consumption.

52 Analysing theresults

Plotting the results of table 3.2 obtained frommiedel the following load shape is obtained. Sek p3

Using the load shape and the data presented ia al| the following statistical information can pet

forward:

Maximum demand: 11.161 MW
Minimum demand: 10.139 MW
Stacking position during maximum demand: Cell 20
Stacking position during minimum demand: Cell 5
Average consumption: 10.654 MW
Median: 10.665 MW
Installed kW (from load list in chapter 3): 19.8/1
Total absorbed kW (from load list in chapter 3): 5. 71MW

(continued on the next page)
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Figure5.1: The Maxi OOHLP load shape.
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53 Discussing theresults

With no information available to compare the resultth, the following were considered:

Usually the pad diversity factor would have beédtetaas either 0.9 or 0.7 depending on how conseevat
the engineer is according to McGhee (2011). Tdreventional approach will be to calculate the abedr

power as:

Pups = Pipsy X MSF X df [5]
=19.8% 0.8 x 0.7
= 11.8 MW

The maximum demand was calculated with the usbehtodel as 11.161 MW. This is close to the “quick

check” or the conventional method.
That being said, the base line demand for the peal reeeds to be included. This is non-procesgectla
power consumed and can be seen as services. §lthbis exercise is not part of this dissertati®tspe or

objectives it is discussed next to provide the eead user with a more comprehensive discussion.

Table 5.1 is a summary of the base power. This dgiick assessment done by McGhee (2011) and the

author.

L oad description Estimated kW | Comments

Losses 600 Reticulation, transformers (TRX), cables, drived an
(Load varies) converters.

3 substations with 200 kVA SL&P TRXs.
200 kVA x 0.8pf = 160 kW

228 160 kW x 0.8 safety margin = 128 kW
128 kW x 0.6 utility factor = 76 kW

3 times 76 kW = 228 kW

Small power and lighting (SP&L)

(Load varies)

3 x 2 (two/substation) x 60 000 BTU units
104 1 BTU = 0.000293 kWh

If it is assumed most of the VFD heat is removed

Substation air-conditioning units

(static/continuous load)
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with ducts from the substations.

lighting & intelligent relays

3 times 20 kVA Uninterruptable Power Supplies
(UPSSs)

22 20 kVA x 0.8pf = 16 kW

16 kW x 0.8 safety margin = 12.8 kW

12.8 kW x 0.6 utility factor = 7.6 kW

3 times 7.6 kW = 22.8

Emergency power
(Load Varies)

Total 954 +/- 1 MW

Table5.1: A quick estimation made to quantify the serviegl$ for the OOHLP (Nel and Mcghee (2011))

From the results of table 5.1, a lump sum of +BABW (or one MW) can be added to each step of the
manual model in chapter three to compensate fosdhdces and losses. The load shape will affelgtistay
the same shape/curve but will shift by 1 MW on thaxis. This can be seen as a more accurate

representation of the actual power consumed.

Another interesting observation is that when theleh@as in the spreadsheet of appendix A, Al is &xaahn
it seems that the peaks are determined by theigosif the stacker. When the stacker system ithet
furthest point, cell 15 the power demand is ahitthest and when the stacker is on cell 20, closette
material source, the power demand is at the low@stis effectively means that the COFC consumes the

most power.

54 Conclusion

With the load shape obtained from the model andrfoemation of section 5.2 and 5.3 derived frora tbad
shape others, such as the Trekkopje Maxi clientusanthis to complete the DSM process. The nexpten

concludes on this investigation and discusses sepmmmendation as DSM remedies for an OOHLP.
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CHAPTER 6 CONCLUSION

6.1 I ntroduction

In this chapter a conclusion is given on how tlgseltation developed a demand side management foode
an on heap leach pad. In the following section esatemand side management implementations and
techniques are recommended and in the last segtitiscussion on the DSM study and the impact ttieneo

the EPCM engineering domain are provided.

To quickly recap (before the conclusion is giveim);order to investigate the power requirements rof a

OOHLP and determine the load shape (as part ofM pr®cess) the following steps were taken;

. Investigate and design a usable OOHLP. This wasmaglished by using the work done by the
Bateman team for the Trekkopje Maxi project.

. Investigate and research similar studies done barapplication in order to obtain information or
experience to apply.

. Investigating and understanding the process aradjitfoment and operations to obtain a load shape

. Derive a mathematical model using both a formuld apreadsheet. The spreadsheet as seen in
Appendix B not only calculated the results, bubasrved well as a graphical representation.

. Verifying the results of interest with a softwaigcgage E-tap.

. Obtaining statistical information from the load pha

6.2 Conclusion

As a result of the research problem (see sectibnahd the research objectives (see section 12haw this
dissertation resolved and achieved these, thewoitptwo figures (6.1 and 6.2) are presented. THigsees
are provided as the discussion for the conclusiothe methodology selected (and used) by this detgmn

to provide a model. It also illustrates how thedelpin the form of a load study and formula, canused as
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part of a DSM study on an OOHLP. Figure 6.1 ilasts how the DSNbrocesswas applied to the OOHLP
by this dissertation. Figure 6.2 illustrates hdws tdissertation used a DS$fudyto achieve the objectives

(as per section 1.2).

The DSM process
(as per chapter 2 section 2.2)

A need is identified
(a plant, such as the
OOHLP)

Conduct a ]
DSM See figure 6.2

study

Conduct a
DSM
analysis
based on the
study

Conduct a
DSM
implement
based on the
analysis

Apply
continuous
improvement
(on the
OOHLP)

o /

Figure6.1: lllustrating the DSM process as set out by chapte (figure created by the author).
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A demand side management (DSM) study
(and how this dissertation achieved the objectives)

A load Conduct a As per chapter 2 and 3
list and .\ load study

load on the
profiles OOHLP

A
Obtain a
model from
the load

study

A mathematical formula As per chapter 3

and spreadsheet

A

Verify the

E-tap load flow simulation
model

As per chapter 4

A
Obtain a
load shape
from the
model

As per chapter 5

A

From the load
shape and model
obtain DSM As per chapter 5
related statistic
information

Figure6.2: lllustrating a DSM study as followed by this éidation (figure created by the author).
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From the above it is evident that:

A method to develop a model as part of an over&8IMJprocess to predict the energy demand of a geddnf
OOHLP is now available to consumers.  Consumeunsh sas Trekkopje Maxi can apply this same
methodology to study and analyse an OOHLP’s denaanadimplement measures to increase the efficiency
of which the OOHLP operates. If applied correethd using implementations such as in the nextecti

savings can be made on both capital- and operatipaenditure.
In the next section some DSM implementations asedées to increase the electrical demand efficiearey

discussed. These implementations are recommersldtiey are considered the most applicable to the

OOHLP process given the information obtained fromrodel.

6.3 DSM recommendation

With the load shape obtained and verified prospector future users can now investigate DSM

implementations on the OOHLP. The following areormended:

. Tariff synchronizations

. Load shape manipulations
. Reticulation equipment/component sizing
. Optimal power factor correction or PFC

These remedies are considered the most applicatlevil add the most value to the OOHLP procesgmgiv
the information obtained from the model. Otheriam, such as using more efficient components/loads
minimising losses, etc., should not be excludetiest should be applied / implemented in parallelsopart

of the solutions below.

6.3.1 Tariff synchronization

The bottom line for the customer is to save moneythe electrical bill. The amount of money spent o
power is determined by the time you use it anctahniéf at the time, which is based on two legs. eGsthe

connected power peak and the other the seasonarpaviff. In order to calculate monthly bills,ethpeak
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kVA demand and the number of kVA used as well asMiWh needs to be known. The apparent power also

plays a role, but this is usually limited by yoavél of PFC (see section 6.3.4).

With the model, i.e. the load shape and load tagether with the yearly and daily tariff costs,eotan
project the power cost over a predefined peridtbrmally the winter periods, May to July, is theshoostly

and the remaining months vary.

Plotting the tariffs over a period of five yearsdathen interposing the pads demand graph, exatapglit
for five years, one can see in which seasons theeppeaks will be and which loads consumes the most
energy during that time. This allows the userlempn advance when and how to control the demairtds

can be done by manipulating the load shape. Tkieseetion explains more on the load shape martipuala

6.3.2 L oad shape manipulationsto exploit supplier low end tariffs

As part of the DSM implementation and execution ggh#éhe load shape can be manipulated with the

following exercises:

. Load shifting (or load management):
When the plant OOHLP is operating on the peak demather areas of consumption can be trimmed
or decreased if possible, i.e. these processesmanate during the lower demand peaks (see the next
point). This works well with batch process. Itimsportant to note that when implementing load
shifting of load management the service(s) provigedt not be affected.

. Valley filling:
When the OOHLP approaches the lower end of its pa&eand, other process can be started to add
redundancy. A good example is additional buffarshsas run of mine stockpiles can be filled by
increasing the through put through crushers, ssraad conveyors.

. Peak clipping:
Applying better technology or smarter control te fprocess during peak periods can to reduce the
electrical demand. Let’'s use the barren solutexample. Three pumps are used in this procass, b
not all three needs to run simultaneously. Usimglbad profile for the pumps, for power requireten
less than 67% only two pumps are necessary. Opgranly two pumps will require it to “work”
closer to their area of good efficiency rather tiiaee that will operate at a lower power factod an

lower efficiency.
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These three techniques are closely associatefiblldivs that if one is applied the other is necegsmd is
automatically introduced (as a reaction). Withstheéhe off-peak periods can be exploited and awhditi
capacity can be introduced, i.e. when the powauirements in the off-peak periods are low — othrecess,

like filling run of mine piles or other batch pra&se can be increased as far as possible.

6.3.3 Reticulation equipment/component sizing

Every greenfield customer needs to apply for poalcation with the energy supplier. For this, the
consumer needs to specify the exact amount of ptavbe utilized.  Without the exact figures frahis

study the pads contribution to the overall powguireements would have thought to be:

Paemana = futitity X Pabs [6]
Where;
PgemangiS the power required
Papsis the actual power consumed of all the drives

fuiiry 1S the utility factor

The utility factor can basically be seen as howtla! loads are utilized together. As an exampléhisf if
four lights are installed in a house of 100W edwft,only two are used at any time then yqui,f= 0.5 and
therefore your RmanaWill be 4 x 100 x 0.5 = 200W as opposed to theaited kW of 400W. Usually

contemporary demand calculation will be withf of 0.9 or 0.7 and Branswould look like this;

Piemana = 0.9 X 19.8 MW
=17.82 MW
or
Piemana = 0.7 X 19.8 MW
= 13.86 MW

This means that the user, in the past would hapkeabfor 17.8 or 13.86 MW plus the rest of thenplaase

demand. With the model of this investigation in@v known that thei, is 0.56. Therefore:

Pdemand = 0.56 X 19.8 MW
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=11.1MW
dif fenerce of (19.8 — 11.1)MW
19.8
= 44%

Applying this reduction in the maximum demand figuo the maximum demand tariff charges will lead to
significant savings. With a full scale investigatithis saving can be determined more accurafedygo one
step further, if the customer knows from the resolt the model that the maximum demand will only be
about 11 MW and not 20 MW, the overhead lines (OHltamedium voltage cables (MV cables) feeding this
section of the plant, together with the transfosmésolators, circuit breakers, reclosers, etc,regculation

equipment can be sized smaller and hence cheaper.

With these savings, equipment with better religbdind better maintainability can be bought, iguipment
that needs less maintenance. Or redundant bagktgnss can strategically be put in place to elitgna

downtime.

All of these will save money and one can re-appgse savings. Eventually this can become reiverati
With a formal study the exact effects on avail#@pilieliability and maintainability and later castvings can

be determined.

6.3.4 Continuous power factor correction

The power factor correction (PFC) can be designeckeraffectively and this is usually one of the main
outcomes for a DSM on industrial and mining plardsthough the load study or load list only lookgtze
kW used, it can include for the reactive power gghre motor supplier's datasheets. Also, the
simulation/verification from the software package/g an effective apparent power (kVAR) value fatea

cell position.

Again, usually the normal procedure will be to desh PFC and harmonic filtering bank for 96% oftibtel
“absorbed” kVAR, but with a known dynamic reactasbanging 30 times in the period several filtens ba
installed in parallel. These can be switched theosystem in predefined steps as designed fothltsubff

course requires a separate investigation.
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The benefits of having PFC are that if the clianilled for the kVA and not only the kW consumtug
PFC will lower the bill and also the system cutsegre less and therefore cables and other comfsocam

be sized accordingly and save money. It also esitlee iR losses

Next, the DSM process is discussed within the batied of the EPCM engineering domain and more

specifically the importance thereof on greenfiaidj@cts.

6.4 A final word

With a load shape (which is verified) delivered thys study for the Maxi OOHLP, several value-adding
DSM-outcome-based-studies can be conducted toasergrofit margins for a consumer, i.e. the client.
These DSM deliverables offers information that barapplied by the client (if he so accepts) to O®Hih
order to increase the plants electrical efficiendyis will translates to savings and also a redacof the
footprint left on natural recourses and the impactlimate change. So what is the value added tyjirobg

the load shape upfront (before execution and coctsbn)?

. If these DSM strategies (remedies) are implememt@dthe upfront design of the plant the forecasted
savings can be used to buy more efficient equipmBliormally this high efficiency equipment is more
expensive and as a tradeoff the clients usualljesefior less expensive yet still moderately eédi
equipment. They can now motivate to buy more espenreliable and efficient equipment. With the
increase in efficiency even more money can be saweldthen subsequently be spent to enhance the
efficiency in other areas (or reapplied in a simi&shion). This can become an iterative procesisifa
the client commits to this, newer and newer poksds will surface. In the end, it comes down to
total cost of ownership where the client will want tradeoff his capital expenditures versus his

operation expenditures.

The client can also include for an increase in @seacapacity and plant throughput to exploit the of
peak periods (valley filling and load shifting) mgithe initial project budget. This can be donthwi
redundancy or increase of component sizes.

. Given a more accurate power demand figure the tcian approach the utility supplier with more
confidence and apply for power without the fearapéction.

. Even more so, with more accurate figures the cloamt revisit his budgets allocated to the eledtrica

design during the design phase.
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To conclude, there’s a very old saying in the EPi@tstry and one that Bateman abides to:

“A change during the design phase is a hell oftecleeaper than that same change on site”. — Unknown
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APPENDI X A: The model
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APPENDI X B: E-tap simulations
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Figure B1: The E-tap simulation for cell 20 which is the maximum demand.
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Nampower supply
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APPENDIX C: Theprocessillustrated as a block flow diagram.
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APPENDI X D: Examplesof actual load lists

Below are two load lists created by the authomasxample of actual load lists that might be useal DSM study.
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APPENDIX E: A compact laser disc (CD)

A CD containing the following:

El FL Smidth pad stacking and reclaiming simulation (requires VLC media player),
E2 The model asa spreadsheet (excel file) with extended load list and graphs,
E3 The E-tap file (requiresthe E-tap program and licensing).
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