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ABSTRACT

This paper summarises the major whole of mine tonnage and quality reconciliation
systems and implementation methodologies currently being utilised in the coal
industry. The critical elements leading to a successful operating reconciliation system
will be highlighted, in particular:
e Over-arching system rules, objectives and imperatives,
e The vital data mapping phase, confirming all unmodified raw data sources,
data usage and manipulation stages,
e Confirming the validity ofsoall dat a
¢ Confirmation of potential error sources from unmeasured quantities, e.g. water
addition / loss points,
e Assessment of measurement points and mechanisms, their required
accuracies, and the use of error triggers,
e The technique of sequential comparative reconciliation for the whole of mine
process,
e The vital management commitment matrix to guarantee resources and
authorisations available for implementation and ongoing responsibility.

Additionally, certain generic case studies will be utilised to provide worked examples
of the systems that have been successfully implemented in Australia and RSA.
Descriptions of the key deliverables and the functional rules to ensure the correct
reconciliation imperatives are understood by all mine site personnel, as well as the
primary persons responsible for the routine population of the reconciliation models
and reporting requirements have been highlighted.

INTRODUCTION

ACARP Project C3017 (1995) offered the following observation:

ACoal |l oss iIis costing the open cut <coal

in saleable revenue. The extent of coal loss varies between 5% to about 20% of in
situ coal. These figures are conservative due the compensating effect of dilution
material that is currently being counted as coal in many operations. An increase in
coal recovery of 1% would provide an increase in revenue of between $1M and $3M
per year to most mining operations. Much of the coal currently being lost could be

recovered at margi nal cost and therefore

The anecdotal evidence collected in moving around the coalfields suggests little has
changed since 1995, except there appears to be a greater desire to tackle the
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problem of coal loss and reconciliation. Transferring this desire into effective actions
remains the challenge due to many contributing factors.

The data volume is considerable and spread across many disparate systems
such as survey systems, geological databases and models, scheduling
systems, asset tracking systems, paper-based reports, SCADA systems and
third party service provider systems.

The coal production chain is rarely straightforward. A single seam being
mined, transported directly to a CHPP feed stockpile and subsequently
processed is uncommon. More often, multiple mining faces, multiple seams
and intermediate stockpiles serve to complicate the coal tracking and
reconciliation process.

The unreliability or absence of vital measuring points in the coal chain, such
as ROM quality. Many modern mining operations have dispensed with such
measurements in the name of cost control.

Many reconciliation processes operate with built-in assumptions for
parameters such as dilution addition or moisture content. These assumptions
are rarely tested.

Which model? Terms such as geological model, reserve model, engineering
model, grade control model, resource model, mine plan, ROM model and
mineable model are virtually interchangeable across the industry, when in fact
they can be distinctly different terms.

ACARP Project C3017 broke the first part of the coal chain down into units to define
terminology. This process model has been expanded to describe the key
reconciliation elements for the whole of mine reconciliation scope which is the subject
of this paper.



Figure 1. Reconciliation Process Model.
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RECONCILIATION SYSTEM IMPLEMENTATION OVERVIEW

The development and implementation of a whole of mine reconciliation system can
be broken down into a number of distinct phases:

1. Complete a site data mapping process

2. Develop a reconciliation model structure

3. Develop the final reconciliation model and implementation plan

Site Data Mapping Process

The primary purpose of the site data mapping process is to determine all the
permutations of material flows around the site together with the data sources, flows
and formats which accompany these material flows.

Taking the simple case of coal movement from an open cut pit to a ROM stockpile,
there are many potential associated data sources, including:
e Weightometer tonnage measurement at destination,
Truck count for the period under consideration,
Survey of extracted coal volume,
Loader mass measurement tool,
Survey of receival stockpile.

All of these data sources need to be assessed for accuracy in the data mapping
phase in order to determine the primary and secondary measurement points which
might be used in the final reconciliation model. The primary measurement point in
this case might be the receival weightometer on the basis that it is modern, regularly
calibrated and considered to be the most reliable data source by site stakeholders.
The other data sources would then be considered as secondary measurement
points, or measurements triggers, which alert the user to drift or inaccuracy in the
primary measurement device.

Each measurement point in the supply chain is assessed during the data mapping
phase for primary metrics and triggers. Data mapping will often highlight the absence
of metrics at critical points in the chain. For example, it is common to find no plant
feed sampling for ash and moisture, which conspires against the reconciliation of
mined ash levels and dilution. The final data mapping report would highlight this
issue and might recommend installation of a mechanical sampler to overcome this
problem.

Similarly, it is common to find no measurement mechanism for the tonnage of certain
CHPP streams, thus preventing an effective mass balance as an error trigger against
weightometer based yield determinations.

It is important to use raw primary data in the development of any reconciliation
system. Any data modification process or assumption needs to be validated in the
data mapping phase. For example, cut height in an underground operation or
working section thickness in an open cut would ideally be measured, rather than
assumed.



The sources of potentialnter bot of somnédedmeas.:
during the data mapping phase. Water addition at transfer points, for example, need

to be assessed volumetrically and built into the final reconciliation model. Similarly,

systematic losses from such devices as breakers need to be assessed and built into

the models, if not actually measured routinely.

Perhaps the most important function of the data mapping phase is to understand the
management interface for the final delivered reconciliation system. Reconciliation
crosses all departmental boundaries and functional disciplines. Required raw data
will typically be held in information silos in many different locations. It is rare that all
the data required to maintain an effective reconciliation system can be found in a
centralised database. This raises the issue of who extracts this data and who
populates the reconciliation model.

It is critical that management resources are guaranteed and accountability rests on a
particular individual with the authority to manage and deliver reconciliation results.
The adoption of a site reconciliation system will create a significant burden on
participating employees, who are typically time-poor prior to commencement of such
a project. Too many reconciliation systems in the past have failed for want of the
appropriate resources or systems to make them viable.

The deliverables from a site data mapping process are typically:
e A flow diagram setting out material flows, primary measurement points and
measurement gaps,
e An accompanying report detailing system expectations, implementation path,
data gaps and recommendations for closure, reconciliation model structures
and management resource requirements.

An example flow diagram for the hypothetical ABC Mining is shown in the following
figure.



Figure 2: ABC Mining Data Map
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Develop Reconciliation Model Structure

Each model structure, whilst based on a generic template, is site specific and
designed to utilise the measurements and collected data relevant to each site. The
generic list of possible reconciliation events, measurement points and error triggers
are shown in the following figure.



Figure 3. Measurement Points and Triggers
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In the case of ABC Mining, auto-samplers have been recommended for plant feed,
plant reject and sized export product conveyors. Once installed, this equipment will
facilitate reconciliation of the following stages in the coal chain:
e XPAC model vs Mining (tonnage)
Mining vs Field / ROM Stockpiles (tonnage)
Field / ROM Stockpiles vs Plant Feed (tonnage)
Plant Feed vs Plant Production (tonnage and ash)
Plant Production vs Railings (tonnage and ash)
Railings vs Shipping (tonnage and ash)

The reconciliation model structure has been developed sequentially, as described in
the following figure.



Figure 4: ABC Mining Reconciliation Model Structure
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Development and Implementation of Reconciliation Model

A robust reconciliation model built on a MS Excel platform has been found to be the
most serviceable solution. It offers simplicity, transparency and flexibility. Changes in
material flows around the site have been found to be common occurrences. The
Excel model can be easily modified to accommodate these changes without recourse
to complicated software programming. In most instances, the user can make the
necessary model edits.

In addition, production data can be retrieved through live linkage to other site
production reports, or other data warehouses either in existence or built for purpose.

Whilst event-based reconciliation models could conceivably be developed along
similar design protocols, a time-based solution has proved most popular. Most of the
reconciliation models implemented have been based on a monthly cycle with
capability for daily or shiftly data entry.




The reconciliation model itself is developed sequentially, with each reconciliation
event contained on a separate worksheet. The first worksheet within any model
typically contains all the model assumptions or defaults as specified by the mine
plan. This includes such parameters as in situ density values for coal and dilution,
default stone ash values, in situ moisture values, stockpile bulk densities and water
addition assumptions. The following figure displays these parameters for ABC
Mining.

Figure 5: ABC Mining Assumptions and Default Values

ABC MINING RECONCILIATION WORKBOOK. Warsion Y001
Legend Frequency
Calculated Cell [0S
HPI Information To be reviewed daity by CHPP Represertative
MONTH STAR 1/05/2008 CHPP Detault Walues To be updated as recuired by CHPP Representative
Mine Planning Data Ertry To be updated weekly (Won) by Planning Representative
CHPP Data Ertry| To be updated daily (Mon-Fri) by CHPP representative
Mine Data Ertry| To be updated daily (Mon-Fri) by Mine Representative

DEFAULT VALUES - Mote, not all parameters are utilised in the workbook but should be inputted for user comparison

NORTHERN OC SPARE SPARE SPARE SPARE OTHER

PARAMETER

Default Stone Ash %
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NOTE:

The following workbook is intended to be used at ABC Mining as a tool to reconcile tonnages across the complex.

The methodology used is to generate multiple sources of hase data for selected rec I 1 points. The d I found, if any, between data sources will help identify sources of errar.
This workbook is not intended to replace currently used reconciliation spreadsheets. It is designed to operate in parallel as a stand alone non-manipulated document.

Mo macros have been used in this document

Do not overwrite the blue areas these are formula cells. All other colours are manual input.

Ensure that the "Surey Reconciliation” is cormpleted to ensure all production up to EOM is captured

All inputs should be raw, unadjusted numbers,

Areas that have been hatched are for future development if required

ASSUMPTIONS

Where ash tracking has taken place, the guality of coal leaving the stockpile is assumed to be equal to the ash balance of the pile.

A worksheet for each sequential phase of the supply chain is then developed. For
example, the ABC Mining pit to stockpile phase may be represented in worksheet
format as shown in Figure 6.



Figure 6: Reconciliation of Mining to Stockpile Phase for ABC Mining
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It is not necessary to populate every cell for every day of the month. If a pit survey is
conducted once per month, then only the survey data for that day is entered to the
model. At the end of the month a reconciliation scorecard is automatically generated
showing each reconciliation point in sequence. The ABC Mining pit to stockpile
phase is shown in the following figure.



Figure 7: Reconciliation Point for Mining vs Stockpiles
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An automatic alert is triggered when multiple measurement parameters show a
variance in excess of 5%, or other selected control limit.

Additional reconciliation points are developed for each reconciliation interface
through the whole supply chain.

Mid-Month Surveys

Not all survey events occur at the end of each month. In the case of mid-month
surveys, an adjustment mechanism is required whereby the survey reconciliation is
performed on survey date, and a book figure for each production stream covering the
survey date to month end can be entered to the reconciliation model. This task is
performed on a Survey Recon worksheet contained in the model (Figure 8). The
reconciliation scorecard automatically updates for mid-month surveys.



Figure 8: Mid-month Survey Adjustments




