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ABSTRACT

Most mine ventilation engineers are involved in ventilation planning and design in some capacity.
Ventilation modelling software used by a competent experienced ventilation engineer is extremely
useful in developing good ventilation designs by allowing assessment of a wide range of potential
options. Unfortunately, ventilation modelling undertaken by persons who do not have sufficient
experience or knowledge usually results in a facade that covers up a fundamentally unsatisfactory
design. Ventilation models are produced for a wide variety of purposes including: fault-finding of
a problem area in a mine and options analysis for resolution of such problems; a complete review
or optimisation exercise of an entire mine’s ventilation system; or a much longer life-of-mine type
of study. Models can be intended as the basis for studies with diverse purposes such as primary
shaft or airway sizing, primary fan specification, examining re-entry times after blasting, resolving
leakage or recirculation, or investigating the impact of fires or underground climate or cooling
requirements. The concepts of ‘materiality” and ‘fitness for purpose’ are essential to developing
or using a ventilation model and serious mistakes have been made in wrongly using a ventilation
model for purposes for which it was never intended, often because it is simply the most recent
model on the mine site. Mistakes at this level often translate into faulty ventilation strategies
and inefficient or ineffective use of scarce capital for ventilation projects. Validating a ventilation
model is a time-consuming and expensive process and not every model must (or even should) be
fully validated to meet the objectives at that time. This paper discusses the application of quality
assurance in ventilation planning with particular respect to the “basis of design” (BOD) as well as
the standards for validating a ventilation model. It also provides a recommended way of dealing
with non-conformances in measured versus modelled values of critical parameters in the model.

INTRODUCTION

Developing a high quality ventilation strategy that will be
safe and effective in an underground mine whilst having the
lowest net present cost (ie adding most value) is not a trivial
undertaking. All too frequently the answer is seen to be in
‘the ventilation model’. As ventilation modelling tools have
become more sophisticated and the outputs more colourful, it
is easy to confuse substance with style.

A ventilation model can, in the right circumstances, be
produced in only a day or two. However, the model is not
an end in itself; in all cases it is the means to an end, which
is to solve a ventilation problem or assess a new or modified
ventilation design. In this sense, the model is only as good
as the validity of the data on which it has been built and the
process that has been used in its development.

In this author’s experience, there are three areas in which
the ventilation design process fails because of failure to:

1. understand the scope, battery limits or deliverables of the

exercise; recommendations in this regard have already
been presented (Brake, 2008)

2. obtain or use the appropriate inputs and assumptions
for the study or to understand the correct ventilation
operating standards that need to be achieved by the design

3. develop a valid (ie accurate) ventilation model(s).

In addition, the use of a ventilation designer with insufficient
skill or experience is a major contributing factor to the above
three problems. However, this is not always the case. Often the
mine design or operating staff do not understand the impact
of certain design or operating practices on the ventilation
system. If the wrong questions are asked by the ventilation
engineer, or the right questions are not asked (two different
situations), then it is possible even for competent persons to
arrive at a design that is unsatisfactory, but which may not
be recognised until the mine has spent millions of dollars
adopting the system.

In this respect, there are two particular quality assurance
(QA) issues that ventilation engineers needs to be familiar
with. These are:

1. how to validate a ventilation model
2. how to prepare a basis of design (BOD) for a ventilation

design.
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The process of validating a ventilation model refers to the QA
process, which ensures the model will give reliable predictions
of the performance of the ventilation system, either “as built” or
atsome future pointin time. However, a valid ventilation model
does not necessarily mean a good or optimised ventilation
design. This comes about by careful and comprehensive
definition of the inputs to the ventilation BOD as well as the
knowledge and experience of the ventilation engineer.

These two facets of the design process will be discussed
separately.

VENTILATION MODEL VALIDATION

It is very high-risk to use a ventilation model that has not
been validated (effectively ‘certified as free of material
errors’) as an input to decisions that may involve millions of
dollars in capital or operating costs, or may either support (or
compromise) critical future mine production, or may result in
serious occupational health and safety (OH&S) consequences
relating to dust, gases, fires, etc.

For this reason, only properly validated ventilation models
should be used for major planning exercises and any model
validation should have a documented paper trail back to
original source documents that show all these measurements
or justify all the key assumptions. In other words, the model
must be an auditable document.

For a model to meet these criteria, it must correlate with more
than just the measured airflows. In fact, a high correlation
between measured airflows and modelled airflows can often
cover up an invalid model!

The reason for this is that any model can be adjusted,
massaged or fudged so that it reflects measured airflows. This
is often done with the best of intentions and can be achieved by
adjusting friction factors or shock losses or airway dimensions
or lengths or regulator settings, etc. In addition, during audits
this author has often found compensating errors such as an
incorrect fan curve being used with incorrect shock losses but
still producing a ‘correlated’ airflow. Therefore, to assume
that a good airflow (volume) correlation means that the model
is valid can and often does cover up fundamental underlying
problems such as: incorrect fan curves (wrong fan type) or
blade or variable inlet vanes (VIV) angles or impeller speed,
incorrect air density, incorrect friction factors, shock losses or
fixed resistances or fixed flows or airway lengths, shapes or
dimensions, flow reversals or missing airways or incorrectly
modelled regulators or leakage or recirculation paths.

The issue is that a massaged model or one with compensating
errors will look correct and may in fact be fully satisfactory
for examining minor ventilation changes to the network, ie
whilst it is only being used for assessing minor or incremental
changes then it may be fit for purpose. There may therefore
even be confidence on-site in ‘the ventilation model’.
However, if such a model is then used to examine wholesale or
major changes to the network (eg reversals of airflow through
main airways, new major airways, blocking off existing main
airways, new major fans or fan relocations, significant changes
in existing fan duties requiring higher or lower pressure/
flow, etc) then it can give very incorrect results that may not
be detected until the changes are made, which may be after the
expense of thousands or millions of dollars and have potential
consequences on production schedules and the like. This
author is therefore very reluctant to accept any ventilation
model “as i, without any validation process being conducted.

In fact, it is better to have a ventilation model that doesn’t
reflect measured airflows quite as well, but has a better overall
correlation with all of the above, than one that has been

massaged to indicate a good airflow correlation but for which
none of the other important correlations have been checked.

Therefore, for a ventilation model to be considered to be
valid, it should meet the requirements in Table 1. Where any
criteria cannot meet the standard, the risk must be assessed
via simple sensitivity analysis to ensure the model will still
be ‘fit for purpose’ with the non-compliance and if not, the
measurements and/or the model are further examined to
bring the criteria into compliance with the standard. Note that
getting a good correlation between actual and model values
will require using compressible airflow and, in some cases!,
taking natural ventilation pressure into account.

In Table 1, ‘major” is undefined but refers to selecting a
sufficiently representative sample of high airflow airways
dispersed throughout the entire mine. What is sufficient will
depend on the size of the mine and the extent of the ventilation
circuit. However, as a general rule, the following airflows and
differential pressures should be checked.

Airflows:

e all regulators and circuit (district or booster) fans (as well
as primary fans)

e the entry and exit of air into and out of ventilation districts
or major splits.

Differential pressures:
¢ all mine primary and circuit (district or booster) fans
e all regulators and most other ventilation controls which,

if they did not exist, would result in a significant short-
circuit between intakes and returns.

In practice, any airflow split that is carrying more than
(say) five per cent of the total airflow or more than 4 m/s
should probably be checked. In some cases, it can be useful to
categorise ventilation measurement stations in a system using
the criteria in Table 2.

The above validation criteria is true for all ventilation
modelling software. With respect to Ventsim™, the following
specific checks are also recommended:

e Key airways are named according to the mine’s local
naming conventions; ‘show data” set up to hide clutter.

e Levels set up with elevations.

e User-defined presets set up under tools>settings. This
should include above-collar losses for surface fans unless
these are already included by the manufacturer in the fan
curve.

e No ‘custom’ values for friction losses, resistances or shock
losses or airway types/sizes are used at all in Ventsim™;
all such values should be set up as “presets” as this makes
global changes and auditing of the model much easier and
more robust.

e User-defined settings configured especially surface
elevation, surface barometric pressure and surface
temperatures. Ensure these are giving the correct surface
intake air density during modelling.

e ‘Prevent direction change’ is turned on for critical airways
as this will create a run-time warning for the user if a
major airway ‘wants’ to change direction.

e Airway sizes/shapes checked by sorting high to low in
spreadsheet view.

e Airway cross-sectional areas checked (too high or low) by
sorting in spreadsheet view.

1. Mines that have large voids (eg open stopes) especially if these voids have significant
vertical height and carry significant airflow at low wind speeds in hot or cold strata.
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South-west Ventilation Shaft Project
at Newstan Mine

D Piason’

ABSTRACT

Newstan Mine commenced mining operations in 1887 and has since undertaken extensive mining
within the Young Wallsend, Great Northern, Fassifern, Borehole and West Borehole coal seams
using a range of mining methods including board and pillar mining and longwall mining,.

Newstan Mine is planning to extend the existing mine workings using longwall and miniwall
mining methods to produce up to 4.5 Mt/a of run-of-mine (ROM) coal for at least 25 years. The
planned extension in the Main East and South West sections will involve developing new longwall
panels and related mains headings. The new area contains higher specific gas emissions (SGE)
than previously experienced at Newstan Mine. To achieve the optimum ventilation requirements
for the longwall operation in this new area, a new ventilation shaft was designed to be constructed
using the blind boring method in the South West Headings section.

This paper presents the shaft design parameters and selection criteria for the construction of
the new ventilation shaft, including the construction phase and the holing process to connect the
shaft to the underground workings. The paper also discusses future ventilation requirements for

Newstan Mine.

INTRODUCTION

Newstan Mineislocated around 25 km south-west of Newcastle
and around 140 km north of Sydney. Mining operations
commenced in 1887 using a range of mining methods including
board and pillar mining and longwall mining,

The proposed workings for the Newstan Mine extension is
located in the Main East, South West and Main West sections
as shown in Figure 1. The Main East section will be mined
using longwall and miniwall methods, while the South West
and Main West will operate a combination of board and pillar
method with continuous haulage system. The project aims to
produce up to 4.5 Mt/a of run-of-mine (ROM) coal for at least
25 years.

During production there will be limited gas make from
development activities due to the low in sifu virgin gas
content of the West Borehole and Young Wallsend seams. The
gas make will increase significantly when longwall extraction
commences in the Main East section. The virgin seam gas
content in the Main East longwall blocks varies between
2.7m*/tto 4.8 m’/t with estimations for specific gas emissions
(SGE) between 3.8 m’/t to 9.6 m*/t to be released during
extraction process (Moreby, 2012). The coal from the West
Borehole and Young Wallsend Yard seams has a medium
propensity for spontaneous combustion.

The new south-west ventilation shaft is planned to be
used as an exhaust ventilation system for the duration of
the Newstan Mine extension project. The planned peak
ventilation required for the mine extension project will be
450 m®/sec at 4.8 kPa ventilation pressure (Moreby, 2012).

The initial mine plan was to install and operate the new
main fan at the south-west shaft after completion of the

shaft drilling and connection of the underground workings
to the shaft. Due to the downturn of the coal market at
the end of 2012, the mine plan was reviewed and adjusted
by Centennial Coal. The mining system priority thereby
changed from two continuous miners developing the mains
for the Main East longwall blocks and two continuous
miners in the Main West board and pillar mining to focus
only in the board and pillar mining in the Main West
section with four continuous miners. The construction of
the ventilation shaft was also reviewed to ensure it would
be cost-effective for the ventilation system to the current
mine workings with considerations to the future Main East
longwall blocks. Based on the immediate improvements in
the ventilation system and the costs already incurred for the
preparation of the ventilation shaft, the decision was made to
continue the construction of the ventilation shaft to be used
as downcast shaft providing intake air to the underground
workings and reduce the overall mine resistance from
0.059 Ns?/m? to 0.045 Ns?/m®. The new main fans will be
installed at the south-west shaft prior to the longwall mining
starting production in the Main East section.

Newstan Mine operated a combined miner-bolter
development machine and longwall extraction system until
2009. The mine re-opened in 2011 using a combination of
miner-bolter development machine and board and pillar
mining methods until August 2014. The mining areas which
remain suspended within the West Borehole and Young
Wallsend seams will re-start using existing access ways from
pit bottom.
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