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
experience or knowledge usually results in a façade that covers up a fundamentally unsatisfactory
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

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
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.

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
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

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).
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.

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
at some future point in time. However, a valid ventilation model
does not necessarily mean a good or optimised ventilation
design. This comes about by careful and comprehensive
knowledge and experience of the ventilation engineer.
These two facets of the design process will be discussed
separately.

none of the other important correlations have been checked.
Therefore, for a ventilation model to be considered to be
criteria cannot meet the standard, the risk must be assessed
via simple sensitivity analysis to ensure the model will still
with the non-compliance and if not, the
bring the criteria into compliance with the standard. Note that
getting a good correlation between actual and model values
,
taking natural ventilation pressure into account.

It is very high-risk to use a ventilation model that has not
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

depend on the size of the mine and the extent of the ventilation
differential pressures should be checked.

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

cover up an invalid model!

all regulators and circuit (district or booster) fans (as well
as primary fans)
the entry and exit of air into and out of ventilation districts
or major splits.
all mine primary and circuit (district or booster) fans
all regulators and most other ventilation controls which,
circuit between intakes and returns.

The reason for this is that any model can be adjusted,
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

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.

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

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

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

However, if such a model is then used to examine wholesale or
main airways, new major airways, blocking off existing main

be detected until the changes are made, which may be after the
expense of thousands or millions of dollars and have potential
author is therefore very reluctant to accept any ventilation
model ‘as is’, without any validation process being conducted.
In fact, it is better to have a ventilation model that doesn’t
correlation with all of the above, than one that has been

The above validation criteria is true for all ventilation
™
, the following

should include above-collar losses for surface fans unless
these are already included by the manufacturer in the fan
curve.
No ‘custom’ values for friction losses, resistances or shock
™
;
all such values should be set up as ‘presets’ as this makes
global changes and auditing of the model much easier and
more robust.
elevation, surface barometric pressure and surface
temperatures. Ensure these are giving the correct surface
intake air density during modelling.
‘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.
spreadsheet view.
Airway cross-sectional areas checked (too high or low) by
sorting in spreadsheet view.

Also check the use of the density-adjust checkboxes in
EDIT dialog box.
Compressibility and natural ventilation pressure turned
on/off as appropriate (compressibility should always be
turned on).
Check for any fans with only fan static pressure curves (all
fans should have fan total pressure curves).
Check for multiple or duplicate airways (two or more
parallel airways set up to show as single airways in the
model).
Primary and secondary layers set up.
all
future submodels (eg future stages of mine life). Views
should include critical parameters such as volume, wind
Note that the appropriate use of ‘favourite’ data types
with wet bulb temperature.

air direction checked especially on key airways including

ramps, travelways, ladderways and exhaust shafts (eg
for potential for water blanketing). Note: set up a userthese views.
in network at correct locations.
air density, blade solidity.
position on the fan curves. Also for ‘auto-close’, ‘rev/min’
and other boxes.
Auxiliary fans placed/provided for including selfclosing dampers and duct resistances (especially where
fans are bolted into walls or have ducts passing through
walls).
Where ducts are in the model, check if leakage must be
modelled accurately.
Compile a list of ventilation controls and fans used in
the model. Check practicality of controls at each location.
Hint: name any airway with a vent control (except simple
walls or bulkheads) so it is easy to compile this list.
Evasés, fan bends, bellmouths correctly placed (if not
already included in fan curves).

Shock losses applied (check these by sorting in spreadsheet
view). Do not use equivalent lengths for reasons noted
above.
resistances or fans. Resistances of drop board regulators
or other openings (eg cracked brows or passes) should
2
open area), or resistance
values (Ns2/m ) not ‘regulator per cent’.
Circuits checked for continuity (unconnected or wrongly
connected nodes, etc). Can check using ‘contaminant
airways and also dynamic modelling. Search for single or
double loose ends.
a global basis to check for ‘high cost’ airways.
Model checked for recirculation using the ‘Recirculation
Check airway densities (sort in spreadsheet view).
Model checked for sensitivities and robustness to changes
in schedule or design.
(for correctness).
Check the model against its basis of design for any
inconsistencies.
Re-entry times checked for typical development and
production blasts.
Heat loads checked and temperatures checked (if required).
Check for excess surface entries (ie airways incorrectly
marked as being ‘surface’ airways), airways incorrectly
marked as ‘close end’, airways incorrectly marked as
Check for custom (ie not preset) resistances, friction
factors, shock losses. Custom values should be converted
2
openings).
Check for at least one open (unregulated) split in each
ventilation district or circuit.
and also entrapment/refuge stations.
fan pressures, etc) summarised and compared between
options for any inconsistencies. This should not only
include parameters under run>summary but also key

As noted earlier, a ventilation model may be valid in the sense
that it accurately predicts how the network will perform, but
the ventilation design/strategy itself may nevertheless still
reasons for this:
1. the ventilation designer does not have the knowledge or
experience to develop a sound design, or
2. the inputs used in the design are incorrect.
Peer review, especially when the peer reviewer is involved in
the design from an early stage, is a helpful process to avoid the
former of these two problems. Peer review is also a very helpful
mentoring tool much like the traditional artisans’ approach to
developing skill and competency in the apprentice.
However, for experienced ventilation designers, the
latter of the above points is of most concern. One reason is
that the mine planning engineers or senior management
often only have a vague understanding themselves of how
some important details of the mine will work, or they have
operations). In many cases, even senior mine planning
engineers and operating managers have only a rudimentary
understanding of ventilation, and in some cases, quite
erroneous understandings. Therefore producing an auditable
ventilation BOD, whilst it can often be a lengthy process, is
a remarkably effective way to ensure all stakeholders are
under the same understanding of how the mine will operate,
and what ventilation standards will be achieved in that
operation. This author has had many experiences where the
process of producing the ventilation BOD has drawn out
critically important disagreements between key persons in
the mine design and operations, which has meant that these
can
without a detailed and explicit BOD, the problems would
not have been recognised even after the ventilation design
had been completed and approved, until operations actually
commenced under the new design, when the problems with
some of the details would have then become apparent.
A small example of the sorts of key inputs that may not be
agreed include:

whether persons will need to be working inbye
(downwind) of a production loader
what the operating temperature limits are for persons
outside air-conditioned cabins.
The actual items to be included in a ventilation BOD will
vary with the particular circumstances of the mine or the
ventilation design. However, Table 3 is an example of such
a BOD. It is not suggested that the actual values in this BOD
should be adopted at all operations. Note that the BOD must
also (within the body of or attached to the BOD) include all
the supporting documentation that is required for the audit
trail (omitted from this example for brevity).

2. A documented BOD, which ensures all the necessary
inputs (factual and assumptions) are agreed, the standards
for the resulting ventilation operations are agreed, and
an auditable paper trail is established for every key
‘ventilation driver’ within the BOD.
3. A validated ventilation model. Again, this must be an
easily auditable document that can be clearly referenced
back to the BOD or ventilation measurements audits.
4. Competent, skilled ventilation engineers in the design
development process. Achieving this is a separate matter
to the content of this paper, but it is clear that no amount of
process or standards, by itself, will result in an optimised
ventilation design if the designer does not have the skills
or experience to do a high quality job.
Templates have been provided for ventilation model
validation and the BOD. These are not prescriptive as they

purpose’ ventilation designs:

on the scope of the work; however, they provide examples of
what is required.

how many workplaces need to be ventilated at any time to

1. A good understanding of the scope, battery limits,
exclusions and deliverables from the work. These need
to be critically reviewed before the study commences as
sometimes the restriction of the scope of the design may
so impact on the design that it renders any conclusions
unsound or at least heavily ‘non-optimum’.
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