Development of a risk-based mine
closure cost calculation model

by A. du Plessis* and A.C. Brent*1t

all aspects in the life cycle of a product,
process, or service. This principle is being
implemented through various frameworks of
which 150 14040 is one example2. Further
environmental legislation is contained in the
new Mineral and Petroleum Resources
Development Act (Act 28 of 2002), which
requires that an environmental management
and rehabilitation programme be in place
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Introduction

The mining industry, as with many other
industries all over the globe, has to face new
challenges. One of these challenges is the ever-
increasing stricter social and environmental
legislation and environmental awareness of
the community in which it operates.

From the early seventies, a number of
Acts” were passed in South Africa, of which
the most significant environmental legislation
was the Environment Conservation Act (ECA),
Act 73 of 1989. This Act provides a general
structure for management activities, The next
Act, which together with the ECA forms the
basis of today's environmental management,
was the National Environmental Management
Act (NEMA), Act 107 of 1998. This Act took
management principles from the ECA a step
further and mainly focused on comprehensive
environmental management?.

There are a number of principles contained
in these and other Acts that govern the way
mining companies should operate. As an
example, ‘cradle-to-grave' is one of the
principles included in NEMA, which implies
consideration, investigation, and analysis of

*All South African Acts are obtainable from the central
gavernment website: htip:/www.gov.za
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before new-generation mineral rights are
granted. Regulations 53 and 54 of this Act
describes the methods, as well as the quantum
of financial provision.

The primary concerns for decommissioning
and rehabilitation are to ensure public safety
and health, and environmentally stable
conditions compatible with the surrounding
environment, and consequently minimize the
environmental itpacts caused by mining. The
overall objective is to have socially, econom-
ically, and environmentally sustainable
development. For example, the objectives of
mine closure as set out in the South African
Department of Minerals and Energy (DME)
policies are:

» Safety and health of animals and
humans must be safeguarded

» Environmental damage and residual
impacts must be minimized to a level
acceptable to all parties, i.e. avoidance of
future pollution

» Land must be rehabilitated to as close to
natural state as possible, i.e. creation of
a stable land surface

» Physical and chemical stability of
remaining structures must be such that
they are not affected by nataral elements

» Mines are closed effectively and cost-
efficiently

» Mines are not abandoned, but closed in
terms of policy.

i Department of Engineering and Technology
Management, University of Pretoria.

1 Natural Resources and the Environment, CSIR.

© The South Afvican Institute of Mining and
Metallnrgy, 2008. SA ISSN 0038-223X/3.00 +
0.00. Paper received Mar. 2006; revised paper

received May 2006.
s

REFEREED PAPER JUNE 2006




Development of a risk-based mine closure cost caiculation modet

In summary, the closure process should be a life-of-mine
process, where risks are quantified and managed proactively.

Background and objectives of the study

In the past, most companies followed the ‘command and
control’ approach to manage environmental problems, where
the strategy was a typical ‘end-of-line’ one, e.g. abiding by
emission standards and limits and following maximum
permitted rates of resource use. Problems were solved as they
occurred3, 1t has been stated4 that mine closure is, typically,
required at a time when the operation is no longer econom-
ically viable, when cash flow is often severely restricted or
negative, and when the value of assets is below the
expenditures required to achieve the environmental objective
of mine closure. Furthermore4, the objective of securing mine
closure funding at an early stage is to mitigate against the
tisk that an enterprise may either be unwilling or unable to
underiake mine closure due to lack of funding.

Currently a number of mines, both locally and interna-
tionally, are in the process of closing and are near the end of
their economic life. However, it is realized that most of these
mines do not have sufficient funds to close the mines to an
environmentally acceptable condition. The effect of the
problem is usually addressed by different means, but the
main causes for this lack of provision are not always clearly
defined or addressed. Some of the reasons for the lack of
financial provision, which is addressed by this research,
include:

» Improved technology that has brought about the
economic viability of exploiting increasingly lower-
grade ore from miness, resulting in greater environ-
mental impacts and changes from design criteria

» Underestimation of required funding; escalation is
higher than expected in a particular industry sector

» The rehabilitation concept was not properly
investigated during the early phases of the project and
then requires more resources than expected at the time
of implementation

» Early closure, cither due to technical or financial
reasons. Declaring bankruptcy would externalize the
costs associated with mine closure and result in the
financial burden being passed on to the governmeni4

» The technical solution implemented at time of closure
is different from the expected or designed solution. The
lack of a proper or updated mine closure plan can resuli
in severe environmental and economic consequerncess,

The rationale for the study? was therefore that there is
increasing pressure on mines to provide sufficient funding
for end-of-life. Communities and different governmental
departments such as the Department of Minerals and Energy
(DME), the Department of Water Affairs and Forestry
(DWAF) and the Department of Environmental Affairs and
Tourism (DEAT), by means of the laws mentioned
previously, are exerting this pressure.

1t was subsequently propesed? to consider the current
practices and requirements of mine closure. This stady
thereby aimed to review the existing closure cost models, and
attempied to combine project and risk management principles
with existing financial models to develop a model that will
assist both companies and governments to predict better
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closuze costs at end-of-life. An existing mine's closure costs
were compared to the closure costs calculated with the
proposed model. One of the objectives was to provide a distri-
bution of closure cost, which can allow companies to choose
how much risk they are willing to provide for. This model
also takes better cognizance of fluctuations in constraction
tates and product price escalations.

Existing models

Two proposed methods were specifically investigated in [ine
with the objectives of the smdy™:

» A mine closure model (MCM), which describes how the
closure or rehabilitation process can be done in a more
systematic way, based on project management
principles

> A ‘rules-based’ approach that is currently being
implemented by DME for calculating the quantum of
financial provision.

A mine closure model (MCM) has been proposeds, which
is based on project management principles, to assist mining
companies and governing bodies to plan for rehabilitation
and closure in a more structured manner. The model
emphasizes the importance of considering risks, the whole
life cycle of the mine, and having contingency planning in
place. The problem with this approach is that it still does not
cater for unexpected changes such as a possible increase or
decrease in mine life, fuctuations in construction rates, and
escalation rates.

In September 2004 the South Africa Department of
Minerals and Energy published a guideline document?. This
document provides guidance for the calculation of the
quantum of closure-related financial provision. This ‘rules-
based’ approach in the closure costing guideline describes a
methodology to determine the quantum for financial
provision. The quantum refers to the amount of funds
required for dosure of a mine. This guideline is generic in
nature; it does not supersede legal requirements. The
guideline tovers the most essential closure components that
are generdlly required for closure of a mine site. These
additional costs need to be considered to illustrate the
‘complete picture’ of the quantum for financial provision. The
described method consists of a model, which could be used to
fisst classify the mine in terms of risk and sensitivity of the
areq. It then determines the closure cost components,
weighting factors, and closure costs.

The master rate for each closure component is based on
the ‘generally accepted closure methods’ for each of the
closure components listed in Table B.4 of the DME
guidelined. The master rate is in all cases applicable to a
Class A (high risk) mine in a high environmental sensitivity
area. In instances where these closure methods will not be
applied, e.g. where in the approved environmental
management plan {EMP) indicates different closure methods,
then the costs for this closure component must be determined
by a specialist study.

The multiplication factors are applied to the master rate,
which depend on the risk class and the area sensitivity.
There are two weighting factors. The weighting factor 1
relates to the nature of the terrain where the mine is located.
This factor is applicable as it is more difficult (and hence
more costly) to undertake work related to mine closure in
areas that are undulating or rugged. The weighting factor 2
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relates to the proximity of the mine to an urban centre. This
factor is applicable as there will be increased costs to
transport machinety, goods and personnel to more remote
mine sites. This second weighting factor is applied to the
preliminary and general items only.

The methedology is based on the assumption that a third
party will be employed by the DME to undertake necessary
rehabilitation and remedial work, should the mining
operation close prematurely. It is further assumed that the
mine infrastructure has no salvage value. It may be possible
to offset the salvage value if the mine can prove that a formal
arrangement exists; there is thus a probability of lower costs.
This model also does not take into account the effect of risks
such as excessive inflation over time, changing technologies,
etc. The current practice is to revise the quantum calculation
on an annual basis. The master rates will be updated based
on the consumer price index (CPI),

Proposed risk-based model

Simulation models are used when the behaviour of a system
cannot be expressed in mathematical equationsto. The Monte
Carlo simufation technique is typically used to model risk11,
This method expresses uncertainty in a number of variables
by means of a probability distribution. A random sample
from each variable is taken to produce the total output. The
process is repeated many times to produce an output distri-
bution. The Crystal Ball software package12 was utilized,
which is a Monte Carlo simulation add-in for MicroSoft Excel
spreadsheets.

'The propesed model utilizes the DME gpideline as a
framework and then applies the Monte Carlo simulation to
calcuiate a distribution for the expected closure cost. The
proposed model consists of the following:

» The closure components and costs, per mining class
and with similar weighting factors as the DME
guideline?

» The application of Tife cycle englneering principles as
per the mine closure models, to cater for the full life
cycle.

> Additional components of the model?, which are:

- Escalation disteibutions for the last 5 to 10 years
for major cost components such as earthworks,
transport costs and steel, depending on the specific
project

- Probabilities of extensions or reductions of mine
life—based on, for example, a change in production
rate, possible new orebodies or borderline ore
grades included or excluded from the mine plans

- Probability of increase in costs due to having only a
conceptual plan for closure during the detail design
phase.

The proposed model is summarized in Figure . For
illustration purposes, it was assumed that the mine will
follow the ‘rules-based’ approach. Therefore only ‘Route 2’
from the DME guideline is used, but with the addition of
some risk examples as discussed above, each with its own
probability density function (PDF).

Application of proposed model

The mine used as a case study to demonstrate the proposed
model, is situated in the KwaZulu-Natal province of South
Affica. The mine consists of three main areas: the mining
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area, the primary wet plant (PWP)}, and the residue storage
facility (RSF). The mining area is approximately 260 ha, the
PWP area is 10 ha, and the RSF is 180 ha. All these areas
have to be rehabilitated during operation and/or after mining
activities have stopped. The areas need to be rehabilitated to
such an extent that they comply with the requirements of the
Environmental management plan (EMP), which states that
the areas need to be rehabilitated to its original land use,
which in this case is for agriculture purposes.

The proposed model uses variable quantities, rates, and
escalation factors to predict what the closure costs could
probably be. To have an understanding of the variability of
these factors, one must consider past projects and indices to
predict what may happen in the future.

From past experience on similar projects and due to the
significant number of factors that could influence the
quantity of work that is required for rehabilitation and
closure, it was assumed that the quantity could reduce by 5%
and increase by 20%7. This results in triangular distributions
as shown in Table 1.

It was assumed that the rates may decrease by 10% or
increase by 20% (also shown in Table I}. This assumption is
conservative and is based on past experience of budget rates
usually being lower than actual rates7.

The last variable considered for this study, which also
has the most significant impact, is the variability of the
escalation factors, which are used to calculate the final
closure amount to be provided for over the life-of-mine.

The indices from Statistics South Africat were used for
particular industries and closure cost components. The seven
indices used for this case study were:

» (P for the metropolitan areas—transport running
costs, petrol (STATSSA document PO141.1: Table 15).

» PFI for materials used in certain industries—building
and construction, ivil engineering (STATSSA document
P0142.1: Table 15).

»  PPf for all commeodities for consumption in SA—
manufacturing, transport equipment, motor vehicles,
parts and accessories (STATSSA document PO£42.1: -
Table 10).

» PPLfor selected materials—civil engineering plant
(STATSSA document P0142.1: Table 16).

» Tuble C3—SEIFSA index of actual Iabour cost: all
howurly-paid employees (SEIFSA website: '
http:/rwww.seifsa.co.za).

» Tuable G—STATSSA production price index: building
and construction materials.

» Wholesale prices of diesel—coast (Department of
Minerals and Energy website:
hitp:/iwww.dme.gov.za/energy).

The average increase per year was determined for each
index from January 1996 to December 2004. These averages
gave distributions with most likely values as indicated in
Table 1. This is not necessarily the average value.

Table 111 shows the initial assumed contribution of each
index in Table 1, to the different cost components, Note that
the average value for escalation is approximately 9.5%,
which is doubie what is normally applied in these types of
projects, and which was used for the base case.

*All South African related statistics are obtainable from STATSSA
website: http://www.statssa.gov.za
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Table |
Assumed quantity and rates distributions
Quantity Rates {R/unit)

Description Unit Min (-5%) | Most likely | Max (+20%) | Min (-10%) | Most likely | Max (+20%})
Dismantling of processing plant and related structures m3 9 500 10000 12 000 6.138 .82 8.184
(including overland conveyors and power lines)

Demolition cf steel buildings and structures m2 13 300 14 000 16 800 85.5 25 114
Demolition of reinforced conerete buildings and structures m?2 24 700 26 000 31200 126 140 168
Rehabilitation of access roads ma 18 050 19 000 22 800 15.3 i7 20.4
Demolition of housing and facilities m2 1451.6 1528 1833.6 171 190 228
Opencast rehabilitation including final voids and ramps ha a5 10 12 89 640 99 600 119520
Rehabilitation of overburden and spoils ha 66.5 70 84 59 760 66 400 79680
Rehabilitation of precessing waste deposits and ha 95 100 120 74 430 82 700 99 240
evaporation ponds (basic, salt-producing waste)

General surface rehabilitation, including grassing ha 38 40 48 47 340 52 600 63 120
of all denuded areas

River diversions ha 9.5 10 12 47 340 52 600 63120
Fencing ha 2850 3000 3 600 54 60 72
Water management (separating clean and dirty water) ha 9.5 10 12 18 000 20000 24000
2 to 3 years of maintenance and aftercare ha 2185 230 276 4300 7 0co B 400
Specialist study—biomenitoring Sum - - - 225 000 250 000 300 000
Table I

Most likely values for escalation indices

Nurnber Item Most likely value
1 CPl for the metropolitan areas: transport - running costs - petro : 11.7%

2 PPl for materials used in certain industries: building and construction - civil erginesring 8.9%

3 PPL All commodities for consumption in SA - manufacturing - transport equipment - motor vehicles, parts and accessories 6.5%

4 PPl for selected materials: civil engineering plant 8.4%

5 Table C3: SEIFSA index of actual labour cost: all hourly-paid employees . , 9.0%

[ Table G: STATSSA - production price index: building and construction materials 7.9%

7 Wholesale prices of diesel: coast 13.5%
Table Il

Assumed percentage contribution to cost components by each index

Description SEIFSA / STATSA items

1 2 3 4 5 6 7 Total Escalation
b Dismantling of processing plant and related structures 1c 4] 10 0 70 4] 10 100 9.5%
ncludirg cverland conveyors and power lines)
27 : Demalition of steel buildings and structures 10 10 10 20 | 30 4] 20 1400 9.8%
2 (B} Demelition of reinferced concrete buildings and structures 10 16 | 10 20 | 30 0 | 20 100 9.8%
3 Rehabilitation of access roads 15 10 | 10 20 | 15 0 | 30 100 10.4%
5 Demalition of housing and facifities 10 10 10 20 | 30 0 | 20 100 9.8%
G Opencast rehabilitation including final veids and ramps 0 10 10 20 |20 |10 | 20 100 9.9%
8{A) Rehabilitation of overburden and spoils 0 10 10 20 |20 |10 | 30 100 9.9%
8(B) Rehabilitation of processing waste deposits and evaporation o] 10 | 10 30 | 20 o | 30 100 9.9%
ponds (basic, salt-producing waste)

10 General surface rehabilitation, including grassing of all denuded areas o] 10 10 20 {20 |10 | 30 100 9.9%
11 River diversions o] 10 10 20 | 20 i0 | 30 100 9.9%
12 Fencing [ 0 10 0 60 |30 0 100 8.4%
13 Water management (separating clean and dirty water) c 20 | 10 20 |20 [10 | 20 100 9.4%
14 2 to 3 years of maintenance and aftercare G o] 10 0 | 50 |20 1C 100 8.9%
15(A) Specialist study—biomonitoring o j<14] 0 o] 10 G 0 100 8.9%
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Table IV
Spreadsheet used to run proposed model in the Crystal Ball software package
A B C D Year Year 10
No Description Unit | Quantity | Master | Multiplication | Weighting; E=A*B*C*D Escalation
' rate factor factor 1* per year
Step 4.5 |Step 4.3 Step 4.3 Step 4.4 | Amount (ZAR)
1 Dismantling of processing plant M2 10 000 6.82 1 1.1 R 75020 9.5% R 185,408
and related structures(including overland
conveyors and power lines)
2 (A} Demuolition of steel m2 14 000 95 1 1.1 R 1463000 9.8% R 3,722,821
buildings and siructures
2 (B} Cemolition of reinforced concrete m2 26 000 140 i i1 R 4004000 9.8% R 10,188,774
buildings and structures
Rehabilitation of access roads m? 19 000 17 1 1.1 R 355300 10.4% R 953,460
Demalition of housing and faciiities m2 1528 190 1 1.1 R 319352 9.8% R 812,639
Cpencast rehabilitation including ha 10 99 600 1 1.9 R 1095600 9.9% R 2,805,744
final voids and ramps
8 (A} | Rehabilitation of overburclen and spoils ha 70 66 400 1 1.1 R 5112800 9.9% R 13,093,47C
8(B) Rehabilitation of processing waste ha 100 82 700 1 1.1 R 9097000 9.9% R 23,402,932
deposiis and evaporation ponds ’
{basic, sait-producing waste)
50 General surface rehabilitation, Including ha a0 52 600 1 1.1 R 2314400 9.9% i 5,026,002
grassing of all denuded areas
11 River diversions ha 10 52600 1 1.1 R 578600 9.9% R 1,481,748
12 Fencing ha 3000 60 1 1.1 R 188000 B8.4% R 444,385
13 Water management ha 10 20000 0.67 1.1 R 147400 92.4% R 361,968
(separating clean and dirty water)
14 2 to 3 years of maintsnance Ha 230 7 000 1 14 R 1771000 8.9% R 4,161,931
and aftercare
15(A) Specialist study—biomanitoring Sum NIA 250000 N/A 1.1 R 250000 8.9% R 586,972
Subtotal 1 (sum of items 1 to 15 above} R 26781472 R 63129244
Woeighting factor 2 Step 4.4)* 1.08 . 1.05
1 Preliminary and general 12.5% of Subtotal 1 + weighiing factor R 3515068.20 R 8941963
2 Administration and supervision costs 6.0 % of Subtotal 1 R 1606888.32 R 4087755
3 Engineering drawings and specifications 2.0 % of Subtotal 1 R 53562944 R 1362585
4 Engineering and procurement of specialist work 2.5 % of Subtotal 1 R 669536.80 R 1703231
5 Final groundwater modelling 2.5 % of Subtotal 1 R 669536.80 R 1703231
Subtotal 2 (Subtotal 1 plus sum of management and administrative items, 1 to 5 above} R 33778131.56 R 85928009
7 GContingency 10.0 % of Subtotal 2 R 3,377,813.16 | R 8592801
Subtotal 3 (Subtotal 2 plus contingency} R 37155944.72 R 94520810
VAT (14%) R 520183226 R 13232913
GRAND TOTAL {Subtotal 3 plus VAT) R 42357776.98 R 107753723

* Weighting factor for undertaken work related to mine ¢losure in mere remote areas?. 9

Table IV shows the spreadsheet used in the Crystal Ball
software package12 to calculate the distributions as
summarized in Table V. The steps referred to in Table IV are
as per the DME guideline.

The values of interest, which are compared in Table V,
are:

» Sub total 1: closure cost at end of life-of-mine.
» Sub total 3: immediate closure costs if a contractor is
required.
> Escalated subtotal 1.
From Table V it is concluded that, if one assumes the
> 448 REFEREED PAPER
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predicted variability in quantities and rates are correct, the
probability of the actual closure costs being the same as what
the DME model predicted is very low. This can mainly be
attributed to the fact that the distributions of the quantities
and rates were assumed skewed towards the higher side.
The last column in Table V is graphically illustrated in
Figure 2. The base case escalated subtotal 1 shows a 9.5%
probability of being similar to the closure cost calculated with
the DME method. This is due to the distributions used for
calculating the escalation for each component. It is clear that
when risk factors such as possible rate and quantity changes
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Table Vv

Comparisen of DME model and proposed risk-based model

em Subtotal 1: final closure Subtotal 3: immediate closure Subtotal 1: escalated
DME method R 26 781 472 R 42 357 776 R 43 624 195*
Proposed model’s outcomes:

Mean** R 29 052 809 R 45950281 R 81 368 460
Minimum R 25685 711 R 40624 713 R 26 375 289
Maximurm R 32 858 472 R 51 969 206 R 264 440 317
Standard deviation R 1 005 686 R 1 520 600 R 34 650 632
Probability of => DME method 0.8% 0.8% 9.5%

* Escalation at 5%

** The mean values differ from Table IV due to the shape of the distribution (Figure 2)
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Figure 2—Distribution of Subtotal 1 - (Escalated values)
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Table VI

Level of risk for closure

Risk level Level of risk provided for Subtotal 1: final closure Grand Total: immediate closure Subtotal 1: escalated

Low 100% R32 858 472 R51 869 206 R264 440 317
75% R22 699 878 R48 973 551 R9g 402 667

Medium 50% R28 996 981 R45 861 843 R72 550 351
26% R28 334 684 R44 814 348 R55 746 475

High 0% R25 685 710 RAC 624 712 R26 375 289

DME rmethod R26 781 472 R42 357 776 R43 624 196

and variable escalation factors are brought info consid-
eration, the possible closure costs could be much higher than

expected.

This risk-based model now allows the mine to decide the
level of risk it is willing to take in providing for closure (see
Table V). Note that the closure costs calculated with the DME
method, in each case falls somewhere between the 0% and
25% level of risk provided for; thus in the high risk area.

Conclusions

Due to new challenges faced by the mining industry, mining
companies need to change the way they look at operations
and specifically closure. Increased focus on closure during
planning stages is also necessitated by various sources of
legislation. Historically, financial provision has not been
sufficient for most mines due Lo a number of reasons such as
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under estimation of closure costs, changing concepts, efc.

Using the DME’s ‘rules-based’ approach as a starting
point, a new risk-based model was developed, which employs
the Monte Carlo Risk Simulation technique to incorporate risk
into the model and determine a distribution of probable
closure costs. This allows the mining company to decide what
level of risk they are willing to take and then provide only for
that risk.

When using relevant CPI and PPI tables for the last
decade, it is shown that the mean of the distribution of
escalation factors is higher than what is generally used in the
mining industry to escalate closure costs. The distributions,
however, range widely. These wide distributions resulted in a
large standard deviation for the escalated closure cost distri-
bution. It was forther shown that the closure costs calculated
with the DME method have a low probability of being the

actual closure costs.
150 <
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Recommendations

It is therefore recommended that this risk-based model be
used, with appropriate master rates, quantities, and
escalation factors applicable to the specific project, to
calculate the expected closure costs. The proposed risk-based
model will add valtue to the life cycle management (LCM) of
the mine because it will give a better understanding of the
project costs before the project is implemented.

1t is further recommended to test this proposed model on
more case studies and on completed projects to determine if
the cost would have been predicted correctly. More research
should also be done on the effect of the indices and what
percentage contribution each index has on which cost
component.
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